MOCKOBCKUI T'OCYIAPCTBEHHbBIN
YHUBEPCUTET umenn M.B.JIOMOHOCOBA

HAY‘IHO:I/ICCHEI[OBATEHBCKI/Iﬂ NHCTUTVYT
AAEPHOU ®U3NKU nmenn J[.B.CKOBEJIbIIBIHA

JI.LH.CmupHoBa

AETEKTOP ATLAS BOJIBIIOI'O AZIPOHHOI'O
KOJIUIAUJEPA

MocxkBa

2010



YIK 539.1.07ATLAS
BbBbK 22.383
C50

Cmupnosa JI.H.

C50 Hetexrop ATLAS 6oibmmioro anpoHHOro Kojutaiinepa : yueOHoe
noco6ue / JI. H. CmupHOBa. — M. : YHuBepcurerckas kaura, 2010.
— 216 c. : Tabi., un.

ISBN 978-5-91304-121-0

B nmanHOi#l paboTe MpHBENEHO ONMHCaHWE IOJCHCTEM JAETEKTOpa
ATLAS, xapakreprcTHK pa0OTBI IETEeKTOpa M METOAOB PEIICHUS
TJIaBHBIX (M3MYECKUX 3a7ad COBPEMEHHOH (M3MKH YaCTHI, [UIs
KOTOPBIX IpeJHA3HAYCH 3TOT JETEKTOp. 3aJada HocoOus MpeArogaraeT
MIPOAEMOHCTPUPOBATH CIIOKHYI0O MHOTOCTYIEHYATyI0 CTPYKTypy CO-
PEMEHHOTO KCIIepUMEHTa (PU3MKH YacTHI. JTa CTPYKTypa BKIIFOYAET
CO3/IaHME U MoJiepKaHne paboTOCIIOCOOHOCTH CaMbIX Pa3HbIX JIECKTH-

VIOIIUX TOACHUCTEM JIETEKTOpA.
YK 539.1.07ATLAS
bbK 22.383

© MI'Yumenu M. B. JlomoHnocoga, 2010.
© HUUS D umenu [1. B. CkobenblibiHa,
2010.
© Cmupnosa JI.H., 2010
ISBN 978-5-91304-121-0 © UzparensctBo «KJY», 00105%Ka, 2010



1 BBeaeuune

Haunnas ¢ 2010rona pasButue (U3KMKKA BBICOKHX SHEPTUil Oyner
OTIPEEIATHCS PE3yJIbTaTaMH, TIOJydeHHBIMI B SKCIIEPUMEHTax Ha bombrom
anponHoM koiutaiinepe LHC B EBpomefickoii mabopaTopun 3JIeMEHTapHBIX
vactur UEPH (CERN). JIaboparopus pacmonoxeHa B JKeHeBe, Ha rpaHHLe
IIBeiimaprm u Opanmuu. B Tteuenme 10-15u ner merexTopsl Oyayt
PETHCTPUPOBATh YACTUIBI, BO3HHUKAIOIINE ITIPH COYAApEHHSAX IMPOTOHOB C
camoil OomnpmION 3HEpruel, NOCTHUTHYTOH Ha 3emie IyTéM YCKOPCHHS
yactul. [Inanupyercs noctuds sHepruu coynapeHusi nporoHos 14 TaB un
ceerumoctn 2:10** cm? ¢l Takas oHeprus COOTBETCTBYeT daCTHIIAM
KOCMHUeCKHX Iyueit ¢ omeprmii 10" 5B, o6pasylommx —IHpoKue
aTMoc(epHbIe JIMBHH M OTHOCSIIMXCS K BEPXHEH IpaHule ux crekrpa. [locie
HECKOJIBKHX JIET pabOThl KOoJUIaiiiepa IIaHuPyeTcsl YBEJIMYEHUE CBETUMOCTH
komtaiizepa 1o 10%° cm? ¢’ Dror mpoekt HocHT HasBaHme cynep-LHC
(SLHC).

ITomumo TpoTOHOB, boybmiod aApoHHBIN KoJutalgep Oynmer
YCKOPSITh TSDKENbIE MOHBI. JHEpPrus MX coyaapeHui nocturaer 5,5 T?B B
CHCTEME B3aMMOAEHCTBUSI HYKIOHOB. CyMMapHasi SHEpPTHsl B3aUMOICHCTBHS
cocrasut Beauuyuny B 1501B (5.5 A?R ~A2/3). DTO MO3BOJIUT UCCIIEIOBATH
HOBBIC COCTOSHMSI BELIECTBA, OTBEYAIOIIME PAHHEMY BpPEMEHH pPa3BUTHS
Bcenennoit nocne bonbioro B3phIBa.

JerexTopsl boabioro agponHoro koJiaiiepa

Kompmo  yckopurtenst  boxpmoro — agpoHHOro  KoJUianaepa
pacrmonioxkeHo moj 3emiedl Ha rayoune 75 — 100m. [nuHa xombra 27 kM.
Cxema yckopurtenbHoro komiuiekca I[EPH mnpuBemena Ha pucynke 1.
JerexTopsl bonbloro agpoHHOro KoJUIaliepa TaKkKe PacHOJIOKEHbI IMOJ
3emsiel Ha ypoBHe yckoputens. OCHOBHBIMH JIETEKTOpaMu KoJulaijepa
spisiroress ATLAS, CMS, ALICEu LHCD. [Ige u3 nux, ATLAS [1,2] u CMS
[3,4], cayxaT ycTaHOBKaMH OOIIEr0 Ha3HAYCHWS WM IPCIHA3HAYCHBI IS
noucka 0o30Ha XUITca, CYNEPCUMMETPUYHBIX M JPYTHX 3K30THUECKUX
vactun. DkcriepumeHT ALICE [5,6] cTaBuT Lenbi0 W3yYeHHE COYAApeHHi
yCKOpeHHBIX HOHOB, a LHCD [7] BBIMIOIHUT MpelU3UOHHOE HCCICIOBaHUE
pacmanoB B-anponoB. Pacronoxenne AeTeKTOpOB Takke MoKa3aHo Ha puc.l.
OO1mmit Buj AETEKTOPOB MpHBENIeH Ha puc. 2 — 5.
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LHC: Large Hadron Collider

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator

ISOLDE: Isotope Separator OnLine DEvice
PSH: Proton Synchrotron Booster

PS: Proton Synchrotron
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LEIR: Low Energy Ion Ring
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Start the protons out here

Puc.1. Cxema yckoputensHoro komruiekca [IEPH n pacnonosxeHust
OCHOBHBIX JIeTeKTOpOB Bosbmioro agpornoro koywtaiaepa LHC.



it Bux gerekropa ATLAS

Puc.2. O6um




Puc.3. O6uwmit Bug nerekropa CMS

Puc.4. O6uwmii Bux gerexkropa LHCb

3amaun ATLAS u CMS onpemenmiam TpeOoBaHHS, KOTOPBIM
JIOJDKHBI Y/IOBJICTBOPSITH 3TH JIETEKTOPHI. B eTekTopax ObLIO HEOOXOIMMO
peanu3oBaTh  JOCTATOYHBIE  TOYHOCTH  HM3MEPEHHH MpPU  BBICOKOM
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OpICcTpOeHicTBIH, 00ecTIednTh 3()(HEeKTUBHBIN OTOOP MOJIE3HBIX COOBITHII IPH
3HAYUTEIILHOM IOJABJICHUM (OHOBBIX MPOLECCOB, JOJITOBPEMEHHYIO
CTaOMIBHOCTh PAabOTHI B YCIOBHAX BBICOKHX PAIMAllMOHHBIX HAarpy3oK H
WICHTU(DUKAIMIO YacTHIl. B yCTaHOBKAax JIOCTHUTHYTHI MaKCHMAlbHbBIC LIS
¢u3uKn Komtaiiaepos pasMepsl. CpaBHEHHE C AHATOTHYHBIMU YCTaHOBKaMHU
Ha 3JIEKTPOH-TIO3UTPOHHOM Kouadinepe LEP (@anpumep, DELPHI [8]) u
MIPOTOH-aHTHIIPOTOHHOM KoJutaiinepe Tosarpon (CDF m DO) mossomsier
OLIEHUTD ATH paznnuusi. YcraHoBka DELPHI umeer auamerp 10w, mmuy 10
M u Bec 35001, a ycramoka DO [9] pasmep 15x9x9 m> u Bec 5000 T.
Jerexrop ATLAS umeer auamerp 25 M u qnuHy 46 M, a BeC yCTaHOBKH
CMS cocrasnsier 12500t1. OcobeHHOCTH KOHCTPYKIMH ycTaHOBOK ATLAS u
CMS 00ycnoBIeHBI ¢ EPBYIO OYEPEIb BEIOOPOM MArHUTHBIX CHCTEM.

3agaun sxkcnepumenta ALICE monck HOBBIX COCTOSIHUIT MaTepuu —
KBapK-TITIOOHHOHN INIa3MBl; N3yYEHUE PAcIpOCTPaHEHHUs KBAaPKOB B SIICPHOH
cpeze; MOUCK KOJUIEKTHBHBIX 3P (EKTOB B SAEPHOM BEIIECTBE.

B skcnepumente LHCD uccnenyrorcst pacmanel ¢ U b-kBapkoB ¢
TOYKH 3peHHsi mpoBepku CTaHAApTHOW MOIENM M TOMCKa HOBOW (PU3HKH
Yepe3 BHUPTYaJIbHOE TPOSBICHWE HOBBIX YacTUI[ B XapaKTEPUCTHUKaX
pacmazos.

CorpyaundectBo ATLAS

OmHUM ©3 JBYX OCHOBHBIX JETEKTOpPOB Ha Koyntaiiaepe LHC
seisieTcst ATLAS. Bmecte ¢ nerekropom CMS, oH OTHOCHTCS K IETEKTOpam
o0Iero Ha3Ha4yeHWs, OCHOBHOI 3ajadveil KOTOPBIX SIBJsIieTCSl TOHMCK
0030Ha XHITCAa W CymepCHMMETPUYHBIX YacThl. [l CO3MaHus KaXI0ro
U3 3TUX JIeTeKTOpoB B cepenuHe 90 romoB pu3nkaMu pasHBIX CTpaH OBLIH
CO3MaHbl MEXIyHapoaHbie cotpymHuuectBa. OcHoBy ATLAS cocraBuim
nmokymeHTsl [Tncemo o Hamepenusx [ATLAS Letter of Intend for a General-
Purpose pp Experiment at Large Hadron Collider aERR,
CERN/LHCC/92-4, LHCC/12, 1 October 1992} Mewmopauaym o
corpyauuuectee 1996

B Hacrosmee Bpemst ydacTHHKaMHu coTpyaHmdectBa ATLAS
spisttores 147 uncruryroB u3 37 crpad. B aBropckom kosuektue 2900
qieHoB, 1800 M3 KOTOPEIX MMEIOT yUeHyIo cTerneHb B (usnuke. OCHOBHBIC
3aTpaThl Ha co3nanue nerekropa ATLAS B mepuoa 1995-2008r. cocraBuiu
522 mmnmmoHa miBeWnapckux (¢pankoB. Bxian Poccunm coBmecTHO ¢
OOBbeIMHEHHBIM HHCTUTYTOM siiepHo# (usuku (OWSIN) r.JlyOHa B co3manue
nerekropa ATLAS cocraBun BemmumHy 25,5 MHJUTMOHA IIBEHIIapCKHUX
¢paskoB, wmm 5% croumoctu netekropa. Ilpm 3tom B Poccum ObuIO
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msrotoBineHo 9% obGopymoBanus mis gerekropa ATLAS [3aiities A.M.
Joknan Ha ceccun OSI® PAH, UTD®, 23.12.2008.]. ITomumo OUSIU,
y4yacTHUKaMu cotpyanndectBa ATLAS ¢ poccHiickoil CTOPOHBI ABISIOTCS 7
uHctutyToB. Koopaunupyer poccuiickoe ydactue B ATLAS HHctutyt
¢usuku Boicokux sHepruii (MDBD) B r. IIporBuHO. OCTaIbHBIMU MICCTHIO
y4acTHUKaMu SBIsIOTCst MHCTHTYT simepHOit ¢usuku um. .. Byakepa (USAD
CO PAH), r.Hosocubupck, Cankr-IleTepOyprckuii MHCTHTYT SIIEPHOM
¢usukn  ([IUSAD) wum. B.IL.KoucrantuHoBa, r.l'atynHa, WHCTHTYT
9KCIEPUMEHTANbHOH W Teopernueckoit ¢usukn (MUTOD), dusnueckuii
uactutyT um. Jlebemesa (PUAH), HaumoHambHBIA HCCIEI0BATENBCKHMA
suepHblil yHusepcurer «MHWOH», HayuyHO-HCCIEN0BATEIBCKUA UHCTUTYT
SIIEPHOMI ¢bu3ukn UMEHU J1.B.CxobenblbHa MocKOBCKOro
roCylapCTBEHHOrO yHHBepcutreTa wumenn M.B.JlomonocoBa (HUUSID
MI'Y), r. Mocksa. B cocraBe ATLAS oxomo 200 aBropoB ot Poccun u
OUSIN.

Poccuiickue Gpu3ukn BHECIH Kak COOCTBEHHBIN TBOPUYECKUH BKIIAT B
cosnanue ATLAS, rtak w© oOecredwsid  BBINOJHEHHE  KPYIHBIX
MPOMBIIUIEHHBIX ~ 3aKa30B [0  H3TOTOBJICHHIO  OOOPYAOBaHHSA W
uHdpacTpykrypsl nerekropa ATLAS. U®BD u OUSMN BHecau Oonblioi
BKIIaX B CO3JaHHE MPEHU3NOHHBIX MIOOHHBIX KaMep MAarHHUTHOTO
cnektpomerpa ATLAS, umu wusrotorneHo okono 20% takux kamep.
3naunteneH Bkiany Poccum B kanopumerpuro ATLAS. B M®DBD Obita
pa3paboTaHa TEXHOJOTHSA JIHThS IO [aBICHHEM W C €€ IIOMOIIBIo
W3TOTOBJIEHBl CHUHTWIIATOPEl i Tadn-kamopumerpa ATLAS. Bbeum
U3TOTOBJIEHBl CHUCTEMa MOHHUTOpPUpPOBaHMA Taili-kKanopumerpa, JIEKTPOBI
s [epennero kanopumerpa. MexaHuka U cOOpKa aJpOHHOTO KaJOpHMETpa
BemoiHeHsl UOBD u OUSN. BUAD Obuta pa3paboTaHa KOHIICTIIUS
TOPIIEBOTO JKUAKOAPTOHHOTO 3IEKTPOMArHUTHOTO KaJOPUMETPA, BBIITOITHECHEI
paboTHI 1O €ro TOYHOH MEXaHWKE W CO3NaHHIO IpPEIIMBHEBOTO ydacTka. B
OUAH  co3gaBamuch  3JEKTPOABI  JUIs  aJAPOHHOTIO  KallOpUMETpA.
3HAYUTENbHBIN BKJIAaJl BHECEH B CO3/IaHWE TPEKOBOM cucTeMbl BHyTpeHHETO
nerekropa ATLAS. I'pynmoit MU®U nox pykoBojacTBoM b.A.JlonrorienHa
B cepenuHe 1980x rojoB Obuia mpeUIOKeHA KOHLCHIMS JETCKTOPa
MEPEeXOJHOTO H3JIyYeHHs Ha OCHOBE MPONOPIHOHAIBHBIX Aper(oBbIX
TpyOoK. TakoW HETeKTOp TOMHMO W3MEPEHHUS TPAEeKTOPHHA TO3BOJISET
3¢ (eKTHBHO BBIIEIATH 3JIEKTPOHBI Ha ()OHE MHTEHCHBHOT'O ITOTOKA a/IPOHOB.
Pa3paboTkoil Takoro nerexkropa coBMectHo ¢ MU®U 3anumManach u rpymnmna
®UAH (pyxoBomutens A.IlIlmenera). B 199G. k paboram 1o co3maHHIO
Jerekropa mnepexoxuoro wusnyuenus ATLAS (TRT) mnpucoenununacs
rpynma HUMA® MI'Y, nepBoHadaibHO 3aHMMABIIAsCS pPa3pabOTKOM
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MHKPOCTPHIIOBBIX Ta30BBIX JETEKTOPOB Julsi TpekoBoil cuctembl ATLAS
(pyxoBomutens JI.H.CmuproBa). B HUMSAD® MI'Y Obiid BBIIOJHEHBI
UCCIIEZIOBAHUS IO «CTapEeHHIO» KOHCTPYKIMOHHBIX 3JIEMEHTOB NETEKTOpa,
UCTIBITAHUS MAaTEPHUANIOB JJIS CO3JMaHMSA LUPKYIALHOHHONW ra30BOH CHCTEMBI
JletekTopa  NEpeXOJHOTO  HW3NIy4YEeHHUs, BBIOOpY  Karaiaus3aTtopa i
BOCCTAaHOBJICHUsI aKTUBHOM Ia30BOil cMecH JeTekropa. TopleBble ydacTKU
JerekTopa nepexoanoro unydeHus ATLAS ObUTH MOTHOCTHIO U3TOTOBIICHBI
B [INAD nmox pykosoactBoM O.JI.Penmna u B OMSAN nox pykoBOACTBOM
B./Jl.ITemexoHoBa.

Herextop ATLAS ycmemHo yd4acTBOBal B 3amycke bBombiioro
aJipoHHOro Koytaiaepa B cenrsiope 2008 r. n nost6pe 2009r. B HOs10pe-
nekadbpe 2009r. nerekropom ATLAS 6buio 3apeructpupoBano 900 Thicsy
MPOTOH-TIPOTOHHBIX COyJdapeHuid npu 3Hepruu B3aumoseicteus 9001»B. B
2010-11rr. mnarupyercss 18 mMecsieB paGOTHl MpH 3HEPTUU COyMapeHUn 7

3 2 -1
T>B IIpHU NOCTCIICHHOM BbIXO/I€ Ha HAaYaJIbHYIO CBETUMOCTD 10°’ CM C .

HenocpencrBeHHo perucrpupyembie pusndeckue 00beKThl B
nerekrope ATLAS

Jns moucka 6030Ha XWITCAa M HOBBIX MAacCCHBHBIX YacTHIl U3 BCEX
COOBITHI pp CcOyOapeHWi HEoOXOAMMO OTOMpaTh TaKWe COyJapeHus, B
KOTOPBIX MMEJO0 OBl MECTO >KECTKOE CTOJKHOBEHHE COCTABIAIOIINX MPOTOH
KBapKOB U TJIIOOHOB. JKECTKOE CTOJIKHOBEHHE COMPOBOKAACTCS OONBIION
nepefadel UMITyJbCca M NMPUBOAUT K OOpa30BaHUIO YACTHUIl ¢ OOJIBIIUMHU
MONIEPEYHbIMH  MMIYJIbCAaMH. TakMMH YacTHUIAMH, OOpa30BaHHBIMH B
KECTKUX COyIapeHHsAX KaK HEMOCTPEACTBEHHO, TaK U B Pe3yJIbTaTe pacraja
JIPYTUX YACTHI, SBIAIOTCS KBAPKM, IIIOOHBI, JeNTOHbI U (POTOHBI. ITH
YACTHIBI H3MEPAIOTCS 1eTEKTOPOM.

KBapku M TIIOOHBI BBICOKOH 3HEprun 0OpasyloT CTPYH aJpOHOB.
MrooHBI 00pa3yloT TpeKH OONBINON NPOTSKEHHOCTH, SICKTPOHBI U 1T-
JIEITOHBI OCTAaBJIAIOT TPEKH BONM3M OOJNACTH COyJapeHWH U KacKaabl B
kanopumerpe. @DoToHBI 00pa3ylOT Kackaabl B AJIEKTPOMAarHUTHOM
KajopumeTpe. MeToJ HEIOCTAIoUIed SHEpPTUU I03BOJSIET PErHCTPUPOBAThH
HEHTPHHO BBICOKMX dHEpruil. Takum o0pa3oM, IS PEeUICHUS ITOCTABICHHBIX
3amau gerekrop ATLAS nomkeH o0najgath NpenU3MOHHOH TPEKOBOW
CHCTeMO#i 1 MOLIHOM KaJIOpuMeTpHeii.

XecTkre CTONKHOBEHHS NMPOHMCXOIAT JOCTATOYHO PEAKO, Oombras
4acTh PP B3aUMOJACHCTBUN HOCUT <«MSTKUII» XapakTep, NMPOUCXOIUT IMpH
MajbIX Tepefadax HUMIyldbca. OTO CTaBUT 3a4ady OblcTporo otbopa
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COOBITHH, MPEACTABIAIONMX (U3MUECKUIl HHTepec, AT JanbHeHmen
peructpanuu. OT60p COOBITHII C 3aJTaHHBIMH CBOMICTBAMH OCYIIECTBIISCTCS B
CHUCTEeMe TPUITepa YCTaHOBKH.

IlraHupyeMasi 49acToTa COYJapeHHH CrYCTKOB MPOTOHOB B
yckoputenie LHC cocrasnsier 45 MI'11. Dta BenuuuHa J0JDKHA 00ECTICYHTH
TpeObyeMylo  CKOpOCTh  Habopa  (HU3MYECKH 3HAYUMBIX  COOBITHIA.
OXHOBPEMEHHO OHa IPEIIONAracT BHICOKYI0O CKOPOCTH PadoThl TPUITEPa
U PErNCTPUPYIONINX CHUCTEM JETEKTOPa W YCTOHYHBOCTH K BBICOKHM
PAIHANMOHHBIM HATPY3KaM, KOTOPBIE CO3JAIOTCS OCHOBHBIM ITOTOKOM
«MATKUX» B3aUMOJCHCTBUI IIPOTOHOB.

Bce aTH TpeOoBaHMsS peaNuM30BaHBI MPU CO3JaHUH JCTCKTOPA
ATLAS. B Hacrosmieir paboTe NPEACTABICHO OIMUCAHUE [ETEKTOpa |
METOJ/IOB HCCIICJIOBAHH, HAMPABICHHBIX HA JOCTH)KECHHE LIENU Ipoekra. B
W3JI0)KEHUH HCIOJIBh30BaHBI TaHHBIE IBYX OCHOBHBIX pabOT COTpYyIHHUYECTBA
ATLAS, conepxaiux omnucanue aetekropa [1] u mpuHIMIIOB peanu3anuu
IKCIIepuMenTa [2].

1. ATLAS Collaboration, The ATLAS Experiment at theERN Large
Hadron Collider, JINST 3 (2008) S08003.

2. ATLAS Collaboration, Expected Performance of theTLAS

Experiment. Detector, Trigger and Physics, CERN-R2B08-020,

December 2008.

CMS Physics TDR, 8.1, V.1, CERN/LHCC 2006-001

CMS Physics TDR, V.II, CERN-LHCC-2006-021

F.Carminati et al., J.Phys.G: Nucl. Part. Phys(22®4) 1517

ALICE Collaboration, J.Phys.G: Nucl. Part. Phys.(2Q06) 1295

LHCb Collaboration, LHCb TDR , CERN/LHCC/98-4, 1998

DELPHI collaboration, P. Aarnio et al., NIM A30332 (1991)

DO Detector, NIM A 338, 185 (1994)

©COoNO O A~W
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Ctpykrypa nerektopa ATLAS

O01mme cBereHus

OCHOBHBIM 3JIEMEHTOM, OIPEICIAIONINM BHEIIHUH BHI U
pasmepsl gertekropa ATLAS, sBiIsieTcss €ro MarHWTHas CHCTEMA.
BHemHuil cBepXIpoBOISIIME BO31YILIHO-3a30PHBIA TOPOUJ CIYXKHUT
kimroueBbiM  37emeHTOoM  ATLAS, obecrieunBasi — MPEU3HOHHOE
HU3MEpeHNe UMITYIIbCOB MIOOHOB BO BCEM IIOCTYITHOM HHTEpBale HX
sHauenuit. O6uuit Bug gerekropa ATLAS npuBeaen Ha pucynke 1.1,
Herektop ATLAS o6namaeT oceBoil cHMMeETpHEH OTHOCHTEIBHO
NIPOJOJBHOTO HANpPAaBJICHUS IIydKa YCKOPEHHBIX IIPOTOHOB U
CUMMETpHUEHl BIepe/-Ha3aJ OTHOCUTEIBHO LEHTPAIBHONH TOYKU
JIETEKTOpPA, I/I¢ MPOUCXOIUT CTOJIKHOBCHHUE ITyYKOB MMPOTOHOB.

, forward calofimeters
Pixel detector A

Torold magnets LAr electromagnetic calorimeters
Muoen chambers Solencid magnet | Transition radiation fracker
Semiconductor fracker

Puc.1.1. Cxema nerexropa ATLAS. Ha cxeme s ymobcTBa
H300paKCHUSL OTCYTCTBYIOT JIBE CEKIMH I[CHTPAJbHOTO TOPOUAA,
[TOJIOBHHA OOJIBIIKNX TOPIIEBBIX JUCKOB MIOOHHBIX Kamep, CEKTOp
KaJOPUMETPOB M BHEIIHEH 4acTH BHyTpeHHero nerekropa. OOmas
JrHA Aetekropa 44 M, muamerp 25w, Bec 7000T.
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LAr hadronic end-cap and



Ha pucyHke BUAHBI 3J€MEHTHl KOHCTPYKUUHM Topouza. OH
COCTOMT W3 IIEHTPAIbHOTO TOpouaa (Gappeins) ¥ JBYX TOPIEBBIX.
Bunnel  ckpyriieHHblE IPOTSDKEHHBIE IPSIMOYIOJbHBIE — CEKLUHU
KaTyulek LeHTpajibHOro Ttopouaa. Bcero ux Bocemb. Karymiku
(oOMOTKM) TOpPLIEBOrO TOpOHMIA HAXOAATCS B 00lieM Kopryce. B
MAardHuTHOM II0JIE TOPOUAOB Pa3MEIICHbI A€TCKTOPBI MIOOHOB. CnpaBa
W cheBa MO KpasM paclojOoKeHbl OONbIINE TOPLEBBIE JUCKH
MIOOHHBIX KaMmep, IuaMmetp 3TuX AuckoB 25 M. TopoummanbHbIid
MarHuT ¢ MIOOHHBIMH KaMe€paMHU COCTaBIISIET MIOOHHBINA CIIEKTPOMETP
nerekropa ATLAS.

CrnefyomuM 3JI€MEHTOM MpH  JBM)KEHHHM K  LEHTPY
JIETEKTOpa OT MIOOHHOTO CIEKTpPOMETpa CIYXKUT aJpOHHBIN
kajgopumerp. OH COCTOMT M3 HECKONbKHX OJ0KOB. lleHTpambpHYyIO
4yacTb 3aHUMAIOT TPU CEKUUHU aJPOHHOTO TaWJI-KaJIOpUMETpA.
TopueBpIM  3JIEMEHTOM aJJpOHHOTO KaJIOpUMETpa  CIIYXKHUT
JKUJKOAPrOHOBBIM aqpOHHBIN KajopumeTp. B HemocpencTBeHHOM
ONMM30CTHM K OCH JeTeKTOpa PpaCIONOKEH IepeTHUH aJApOHHBII
KaJIOpUMETP.

BayTtpu aJPOHHOTO KaJopUMeTpa HaXoauTCA
YKUJIKOAPTOHOBBIM 3JIEKTPOMArHUTHBIN KajgopumeTp. OH Takke UMeeT
LEHTPaJbHYIO, TOPLEBYI0 M IEPEIHION YacTH. Bce kamopuMmeTpbl
BMECTE€ COCTABISIOT KaJOPUMETPHUECKYI0 CHCTEMY JIeTeKTopa
ATLAS.

BHyTpu KaJopuUMeTpUUecKOl CHCTEMBI B HEMOCPEICTBEHHON

Onmm30cTH K TpyOe, B KOTOPOH IBIXKYTCS M CTAIKHBAIOTCS ITYYKH
MIPOTOHOB, pacroyiokeH BHyTpeHHHWH aetekrop. OH MOMENIeH B
MarHuTHOE MoJjie cojieHonna. [ImameTp BHyTpeHHET0 merexTopa 2 M,
mmHa 5,4 M.
OH WMeeT CIOXHYIO CTPYKTYpy. OleMeHTamMu BHyTpeHHero
JCTCKTOpa CJYyXaT MNUKCECIbHBIE U MHUKPOCTPUIIOBBIE KPEMHUEBLIC
JIETEKTOPBl W MPOMOPLUUOHANBHBIC Apei(oBble TPYOKH AETEKTOpa
MEPEXOAHOI0 U3ITYUCHUA. COJ'IeHOI/II[ SIBIIACTCA COCTaBHBIM 3JICMCHTOM
MarHuTHOW cructembl getekropa ATLAS.
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CTpyKTYypa 3JIeMeHTOB J1eTEKTOPa
ATLAS

2 MarautHasg cucrema ATLAS

MarnutHass cucrema ATLAS  sBisercs  yHUKambHOU
THOpPUIHOM CHCTEMOH dYeThlpeX CBEPXIPOBOASIIMX MAarHUTOB!
COJICHOHMAA M TPEX TOPOHMAOB, OMHOTO LEHTPAJBHOTO H JABYX
TopueBbix. OHa umeer auametp 22 M u iuHy 26 M. O0beM, KOTOPBIiA
3aIl0JIHSIET MarHuTHoe nosie BenuunmHoM Gonee 50 MT, cocramiser
ruranTckyio Benmauny 12 000 m°. MarHuTHAs CHCTEMa yCTAHOBKH
pasnensiercss Ha JBE KOMIIOHEHTHI: BHEIIHIOI, COCTOSIIYI U3
TOPOUJATBHBIX MAaTHUTOB, U BHYTPEHHIOIO B BHE cosleHonaa. Obmas
CcXeMa MarHUTHOW CHUCTEMBbI II0Ka3aHa Ha puc. 2.1, BHennue Kpbuibs
COCTaBJIIOT BOCEMb CEKLMH LEHTpajdbHOro Ttoponaa. Ilo kpasm
MEXIy STUMH CEKLHSAMHU Pa3MelIeHbl CEKI[MH TOPLEBOro Topouna. B
LIEHTPE PACIOJIOKEH COJICHOMI.

Puc.2.1.Cxema aneMeHTOB MarHUTHOM cucteMsl netekropa ATLAS.
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Buemnsisi MarHuTHasI cucrema aerekropa ATLAS

CBepxXmpoBOJSAIIMIA  TOPOWJ W3 BOCBMH  CEKIIMHA B
LeHTpabHO# yacTu (6appeine) u AByMsi TOPLEBBIMU YaCTSIMHU CO3/IaeT
MoJIe CO CPEJHUM 3HaueHueM MHAyKuuu nopsaka 0,5 s Oappens u
1T Ha Topmax. BHyTpeHHWII W BHEIIHWUH paaWychl MEHTPAIHLHOTO
Topouaa cocraBisitoT 4,7 u 9,75m, ero mmHa 26 M. s TOpiieBoro
Topouna 3tu paauycel paBHel 0,825u 5,35 M cooTBeTCTBEHHO, €ro
JuiMHa 5 M. B BO3QymIHBIX 3a30pax LEHTPAJIBHOrO TOPOUAA
pa3sMeUmICHbBl ~ MIOOHHBIE  KaMepbl ~ MIOOHHOTO  CIICKTPOMETpa,
OCYIIECTBISIIONINE KaK (YHKIUHM OBICTPOTO 3amycka CHCTEMBI
perucTpanuu CoObITHI (TpUrrepa), Tak MPEHU3HOHHOTO H3MEPEHUS
KOOpIMHAT W WMITyJhCOB MIOOHOB. Ha pmc.2.2 mnpuBeneHa
¢dortorpadus ceknmii IEHTpasbHOTO Topouaa naeTekropa ATLAS,
cIelaHHas B Iporiecce COOPKH MeTeKTopa IO pa3MEIIeHUs IPYTHX
9JIEMEHTOB MIOOHHOTO CIIEKTPOMETpPA, KaJTOPUMETPOB U BHyTpeHHero
nerekropa (okrssops 2004 1.). DT0 M300paXKEHUE CIYXKUT BH3HUTHOM
KapTo4koit skcriepumenta ATLAS.

Kaxmas ©3 BOCBMH KaTyIIeK IIEHTPAJIbHOTO TOPOHIA
HaXOAMTCS B OTJACIBHOW €MKOCTH U3 HEep)KaBelolled crany,
OXJIAXKJIACTCS KHUISIIUM TelUeM, 3aIMBacMbIM B BEpXHEH wYacTu
cucremsl. OOMOTKM BbIIOJAHEHBI w3 mnpoBogauka NDb/Ti/Cu,
CTa0MIM3MpPOBaHHOTO amoMuareM Al. OxiaxaeHne MacChsl TOPOU/Ia B
360 Toun no Temmnepatypel 4,6 K Obuto mpoBeneHo 3a 5 Hemens.
HomunaneHelii TOxK wMarumura cocrtasiager 21,0 xA. Bemnunna
HOMUHAIIFHOTO TOKA JIOCTUTAeTCs B MarHHUTE 3a 2 Jaca. BeIkimodeHne
TOKA MOJKCT OBITh BBIOJIHCHO B T€YCHUE 2-X YaCOB, HO MOXET OBITh
OCYIIECTBIICHO B OBICTPOM PEKUME 38 2 MUHYTHI.

Konctpykus nenrpanpaoro topouaa secom 8901 BMecte ¢
MIOOHHBIMH KaMepamH, Bec KOTopblx coctaBisier 400 1, mocrne
yAAJEeHUS ONOp COXPaHMIa CTPOTO IMIIMHApHUYECKyIo (hopmy. Obmmit
MPOTUO COCTAaBHII BETMUUHY 22 MM, OJTU3KYIO K PACYCTHOM.
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Puc.2.2. BHenHuii BUJ CEKIUIl IEHTPAIBHOTO TOPOUAA NETEKTOpa
ATLAS B okts16pe 2004

ToplieBble TOPOUJIBI IPEACTABISIOT COOOM KECTKHE [ETbHbIE
cTpykTyphl BecoM 240T. D10 HanboIee TSHKENbIEe HIEMEHTHI, KOTOPHIe
MPUIUIOCE OmyckaTh B maxTy aetektopa ATLAS. Topuessie
TOPOUJBI MOXKHO TMEPEABUTaTh MO pelibcaM BJIOJIb HAaIpPaBICHUS
myyka. 1o ofecnedyMBaeT JOCTYH K BHYTPEHHHM DJIIEMEHTaM
JIETEeKTOpa MPHU MOHTaXKe U 0OCITYKUBAHHH.

BakyymHas H30JISILUS TOPOUJIOB cozzaBajiach
muddy3noHHBIME HacocaMH. YTedka BaKyyMa COCTaBHJIA MAaJyro
senmunny 10* MGap(d/e.

Ha pucynke 2.3 noka3aHO pacrioIOKEHHE CHJIOBBIX JIMHHN
MarauTHOTO moJist Topouaa ATLAS. B 3aBucumoctr ot paguyca R u
a3UMYTAJIFHOTO yIJIa ¢ BenndrHa moist m3mensercs ot 0,151 mo 2,5T
co cpenuum 3Hauenuem 0,5 mns Gappenst u ot 0,2 mo 3,5T Ha
Topuax co cpenuuM 3HadeHneM 1T. Xopomras BenuyrHa uarudaromeit
CHIIBI JIOCTHUTAeTCsl 0 3HA4YeHWi rceBaoObicTpoTel | =~ 2,6. B
obnmactu | = 1,4 - 1,6uHTerpan mosi UIMEET MEHBIIYIO BEIUYHHY,
TaK KaK COOTBETCTBYIOIIME TPACKTOPUHU IMPOXOJAT B IUIOCKOCTSIX
KaTyIleK, TJIe UX MOJIsl B3aUMHO KOMIEHCUPYIOTCS.
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JleTabHBIA pacdeT KapThl MATHUTHOTO IOJISI C YUETOM BCEX
METAJUTMYCCKUX KOHCTPYKIHMA, MIOOHHBIX KaMep M KallopuMeTpa
MIPEICTABISIET CIOXKHYIO 3a1a9y. MarHUTHBIN CIIEKTPOMETP OCHAIICH
1840 gatynkamu 1noJid. Pacuersl Ha OCHOBE UX MMOKA3aHUM I1O3BOISAIOT
PEKOHCTPYHUPOBATh BEIMYUHY TOJSA B Ka)XJOH TOYKE MAarHUTHOTO
crekTpoMeTpa ¢ To4HOCThI0 ~1 MT U ero HampariieHHe B peaenax +3
Mpan. Co3naHWe W YTOYHEHHWE KapThl MAarHUTHOTO TONs OyneT
MIPOBOJUTHLCS B TIEPHOJ IKCILTyaranuu nerekropa ATLAS.

Puc.2.3. CuioBbie TMHUHA MarHUTHOTO TIOJISI TOPOUTATEHBIX MATHUTOB
nerekropa ATLAS B mimockocTd, MeprneHIUKYISIPHOW OCH IIydYKa.
Pasmepbl MO OCSM TpHWBEACHB B MM. YacTHIBI, BBUICTAIOIINC W3
Touku coymapenust myukoB (0,0) B momepeyHOM HAmpaBIEHHH K OCH
ITy4YKa, WCIBITHIBAIOT MaKCHMAIbHOE BO3ICHUCTBHE Ha TPACKTOPHUIO
CBOETO JBH)KEHUS.
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dotorpadust Hayama MOHTa)xa dJeMeHTOB Oappenb Topouna ATLAS
B TI0/I3€MHO IIaxTe.

- E
4
.lu_ .

®dotorpadus OGappens ¢ yCTaHOBJIEHHBIMH KaMepaMH MarHUTHOTO
CIEKTPOMETPA U TOPLIEBBIM KAJTOPUMETPOM.
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Buyrpennnii conenona nerekropa ATLAS

Ochb coNeHOM/A pAaCIOIOKEHA BOJb HAIMPABICHHUS OCH
mydyka © oOecrmeuymBacT akCHaibHOEe MarHutHoe mone 2T Bo
Buyrtpennem perektope. KOHCTpyKIMOHHasi 3agada COJICHOHMIA
COCTOHUT B TOM, YTOOBI MUHUMHU3UPOBATH KOJHUYECTBO BEHICCTBA TIEPE]T
ANIEKTPOMATHUTHBIM KAJIOPUMETPOM, CICIYIOIMM 32 BHyTpeHHHM
nerekropoM. JlocTurHyrasi TofmuHa BemiectBa coctasisier ~0,66
paJMAllMOHHBIX JUIMH 10 HOopMaiu. [Ipu 3ToM 00MOTKa COJICHOHMIA W
JKHUIKO-apPTOHOBBIA  KaJOPUMETP, CICAYIOIIUI 332 COJCHOHIOM,
pa3MelleHbl B 001Ieil BaKyyMHONH €MKOCTH, YTO MO3BOJISIET H30€XKAThH
JIBOWHOW CTEHKH BaKyyMHBIX €MKocTed. BHyTpeHHUI W BHEUIHUN
JUaMETP COJICHOMJA COCTABJISIFOT, COOTBETCTBEHHO, 2,46M u 2,56 M.
JuHa conenouga 5,8 m. Pabounii Tok B 0OMOTKE COJICHOM]A
cocraisieT 7, 730kA. Bec karyniku cojenouma 5,4 1, 3amaceHHas
saeprust cocraBusier 40 MJDk. OtHOmeHHe dHeprus/macca mpu
HOMHHAJILHOM TOKe cocrasisier Bcero 7,4 xJ[x/kr (y CMS oHo BbILIE
10!). DTa BeaMUYMHA MOKA3BIBAET, YTO KOHCTPYKIIUSA COJCHOMIA OYCHD
JieTKasi, Kak 3T0 TpeOyeTcs YCIOBUSAMH JeTekropa. JleranbHoe
CpaBHEHHE OTOW BEJIMYHMHBI C [ApaMeTpaMd JPYrHX MArHUTOB
MPUBEJICHO B CICAYIOIIEM paseie.

Ha pucyske 2.4 mpoBemeHa ¢oTorpadust coleHonga B
MPOU3BOJICTBEHHOM ITOMEIICHHH TMOCJIE 3aBEpIICHHS CO3aHUs
0OMOTKH MarHura.

CosneHOU/I BKJIIOYAETCS M BBIKJIFOUACTCS B TEUCHHE IIPHMEPHO
30 mumuyT. B ciiyyae KBCHYHMHra 3amacCHHAash SHEPrHsi MarHuTa
TIOTJIONIAETCS SHTANBIIMEN ero XOoJO0JHON Macchl. TemmepaTypa 3Toi
Macchl MpH 3TOM HOJHHMAaeTcs a0 OesomacHoi BemmumHbl 120 K.
[ToBTOpHOE  OXNakmeHne g0 paboueit  temmeparypbl  4,5K
OCYIIECTBIISICTCS 32 OJIUH JICHb.
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Puc.2.4. Buyrpennuii  comenomny — nerektopa ATLAS B
MPOM3BOJICTBEHHOM  IIOMEIIEHHH TI0CJE 3aBEepIICHHS HaMOTKH
KaTyIeK.

OOpaTHBI OTOK IOJI COJICHOMIA IOTJIOMACTCS aAPOHHBIM
KaJopuMeTpoM. MarauTHass KapTa TIONII BHYTPH COJICHOWAA
onpeﬂens{eTc;I pacquaMH nu I/ISMCPEHI/IHMI/I JATYUKOB. quLIpe ceHcopa
pa3MelIeHbl BHYTPU cosieHouaa mpu Z ~ OBOIM3M TOYKH COyTapeHuUs
ITyYKOB HA PABHOM PACCTOSHHUH 110 a3UMyTalbHOMY yriy. To4HOCTB
nx mokazamii cocraBimsier ~0,01 MT. Onm Oyxmyr paboTaTs Bech
nepron GpyHKunoHupoBanus nerekropa ATLAS.

Bo3MOXXHOCTM MarHUTHBIX IIOJIEH MOXHO OLEHUTh IO
CIIETYIOIINM TIpUMepaM. XapaKTepHbId MIOOH OT pacniaga W-6030Ha ¢
nonepedrbiM uMiyiscoMm 40 I'sB/c umeer mporu® TpaekTOpUH BO
Buyrtpennem gnerekrope 1 mMm. MiooH ¢ ummnynascoMm 1T3B ummeer
mporn®0 B MIOOHHOM cmekTpomeTpe 0,5 MM. DTH  BemmuuHBI
MOKa3bIBAIOT, HACKONBKO Ba)XXKHO MPELUU3NOHHOE 3HAHUE KapThl
MarHUTHOTO IOJII B COJICHOMJAE U JAeTalbHOE 3HaHME TIpajueHTa
MarHUTHOTO TIOJII BHYTPH MIOOHHOTO CIIGKTpOMETpa Ha Bceid
TpaeKTOPHH MIOOHA.
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CpaBHUTeNbHBIN aHAJM3 MATHUTHOM CUCTEMBI JeTEKTOpa
ATLAS

Paguyc conenonma ATLAS cocrasisier 1,25m, mmmHa 5,3 M,
marautHoe Tone 2T. B ycranoBke DELPHI conenonn nmen pagmyc
2,8 M u mmuy 7,4 M, vo none 6puto 1,2T. Tonsko ycranoBka DO
AMEET MarHuTHOE Ioyie cojeHouaa 2T, HO TpU CYHIECTBEHHO
MEHBIINX pa3Mepax cojeHouna: paguyc 0,6 M u mmmHa 2,73 M.
KomundecTtBo BemiecTBa B cTeHKax coneHouna ATLAS, BeipaxkeHHOE B
OTHOCHTEIILHBIX paJHalldoOHHbIX JuinHax X/ Xy, cocrasisier Bcero 0,66,
MHUHHMAIBHOE cpeau cymiecTByromumx yctanoBok: CDF u DO umeror
X/ Xo paBabivu cootBerctBeHHo 0,84u 0,9 mpu paguycax 1,5u 0,6 m.
Jaxxe HeOOJbBIINE OTIMYUS B KOJMYECTBE BCLICCTBA CYLICCTBCHHEL.
OHu  onpenenstoT 3(Q(QEKTHBHOCTh pETUCTparii  (HOTOHOB U
paspelieHue TMpH HU3MEPEHHH WX SHEPTUU B 3JIEKTPOMArHUTHOM
KaJIOpUMETPE, PACIONIOKEHHOM 3a TpeielaMu  cojieHomna. Ha
pucyHke 2.5 moKa3aHO COOTHOIICHHE TOJIIMH CTCHOK COJCHOHIOB B
CIMHMIIAX PATUANMOHHBIX JUTHH W BEIHYIUHBI BZR, rae R — pamgmyc
conmeHouma. BumHo, u9ro conenoun ATLAS  cooTBeTcTBYyeT
TIpeeIbHBIM 3HAYCHUSM TI0 TOHKOCTH CTEHOK IpH OOJBIIOM 00BheMe
MArHUTHOTO IIOJIS.
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Thickness in radiation lengths
o
T
1

B2R [T2m]
Puc.2.5 CoorHolleHre TONILHAH CTEHOK COJIEHOUIOB B €IUHUIIAX
pajMaEoHHbIX [uH 1 Benmuunsl B°R. [PDG, Phys.Lett.B 667,2008]
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Puc.2.6.OTHOIIEHNE BETHYMHBI SHEPTHH E, 3a[TaCCHHON B COJICHOUE,
K BEJIMYMHE XOJOJHOM MacChl coyieHowaa M B 3aBHCHMOCTH OT

BeJUUUHBI 3anacennoi sueprun E. [PDG, Phys.Lett.B 667,2008]

MarsuTHOE TI0JIe COJICHOHA TTO3BOJISICT H3MEPHUTh HUMITYIIBC
3apsDKEHHOM YacCTHUIIBI P MO paguycy I ee TPACKTOPUH U3 BBIPAKEHHS
P = qr B, rme q —Benu4YMHA IEKTPUYECKOTO 3apsiia YaCTHIIbI, HIIH
110 iporu6y ee Tpaektopun S= ¢ B 12/ 8p , L — wmHa myTH B more.
B ycnoBusix kosutadijepa Ui TOBBINIEHHS TOYHOCTHM HW3MEPEHHS
uMmIynbca 3¢QeKTHBHEE YyBEIWYMBATH MArHUTHBIM 00BEM, dYeM
semmunny moms: dp/p ~ p/BR |, rme R cooTBercTByeT pammycy
colcHOMIa. B mone Topomga HMIYNBC — ONpEACIACTCS IO
COOTHOIICHHIO YIJIa OTKJIOHEHHUS W BeNW4uHbI nporuda S. CTpykTypa
mons  Oomee  ClOXKHAs, TIOCKONBKY JICHCTBYeT  paauabHOE
y™menbiienre ot ~1/R. OnTuManbHON CTPYKTYpO# Topomaa st
JMYYIIero KadecTBa W3MEPEHHUI CITy)KUT COOTHOIICHHE BHEUTHETO H
BHYTPEHHETO PajlycoB paBHOE 3-4, UTO peaJn30BaHO B CTPYKType
topouma ATLAS.

Bonbime 00beMbl MAarHUTHBIX MOJIEH, co3nanueie B ATLAS,
00ecreynBaloT NPELM3MOHHOE HU3MEPEHUE HMMITYJILCOB 3apsDKEHHBIX
gacturp, no 1 TsB. HHterpam oT BeaWYWHBI TOJNSA MO 00BEMY
oIpejieiIseT BEeJIMYMHY 3allaceHHOl B Iojie sHepruu. s coneHounaa
CMS BennuuHa 3amacaeMoil JHEPrMH COCTaBISIET T'MIAHTCKOE
3Hauenne 2600 MJDx, KOTOopoe  MOXXHO  CpPaBHHTb  C
COOTBEeTCTBYIOIMM 3HaueHHeM 32 MJ/Dx mis comeHomma ATLAS.
IIpu 3TOM OTHOILCHHE BEIUYMHBI 3aIACCHHON SHEPrHH K BEIHYHHE
XONOMHOM Macchl MarHuta E/M MakCHMANbHO MO OTHOIICHHIO KO
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BCEM CO3/IaHHBIM paHee COJIEHOMJIaM M cocTaBisieT 7 KJK/Kr s
ATLAS u 12 x/Ix/xr ms CMS. Uem Gouibllie BEIHYMHA OTHOLICHHS
E/M, Tem Bblllle CKA4OK TEMIIEPATyphl NMPH HACHIIICHHH MAarHUTA.
3HAYCHHUS ITOrO OTHOMICHHUS IS Pa3HBIX COJCHOMIOB IPUBEACHBI Ha
puc.2.6.

MaruuTtHass cucreMa ATLAS  no3Bomsier  mM3MepsiTh
HUMITYJIECHI MIOOHOB B ITUPOKOM JIMana30He YIIIoB 0e3 MCIIOIb30BaHUS
Buytpennero netrexropa. [ImaTtoii 3a 3To ciayatr O0NbIIue pazMepbl
YCTaHOBKHU M 00JIee BBICOKAS CTOUMOCTb.

3 BuyTpennnii nerekrop ATLAS

BHyTpeHHUI JNETEKTOp PAClONOXKEH B LIEHTPAIbHOW 4acTH
nerekropa ATLAS B HEmocpeICTBEHHOM KOHTaKTe C OOJIACTBIO
COyJapeHU TPOTOHOB BBICOKMX OSHEPTHUH BHYTPU COJICHOMZA C
MarHuTHIM ToeM 2T. OH mpencraBiseTr coO0H TepMETHUHYIO
KECTKYI0O CHCTeMy, 3ajadeidl KOTOpOH SBISIETCS NPEUN3HOHHOE
M3MEpeHHe KOOPAMHAT M UMITYJIbCOB 3apsDKEHHBIX YAaCTHI[ M BEPILUH
MEPBUYHBIX U BTOPUYHBIX B3auMOAeHCTBUN. MIMITyIIbChI 3apsHKEeHHBIX
yacThl[ u3Mepstorcss Bbime mopora 0,5 IaB/c B oGmactu
nceaooOsicTpor [n| < 2,5. Ilpu wu3MmepeHun moaHOro Hadopa
Heynmpyrux —cobbrtuit  (Minimum  biay Bo3MoxHO u3MepeHue
HMITYJILCOB NP MeHbIeM nopore - 0,113B/c. BHyTpenHuit netekrop
obecrieunBaeT  TaKKe  HACHTUQHUKALMIO  3JIEKTPOHOB  JUIA
niceBo0bICTPOT | < 2,0 1 B mHTepBane ummynscoB or 0,5 mo 150
IB/c.

Ormnune xomumaiimepa LHC ot Bcex mpempiaymux u
JICWCTBYIOIMX B HACTOSIIEE BPEMSI COCTOUT B TOM, YTO OCHOBHBIM
HCTOYHMKOM paJHMallMOHHOTO (oHA TPU IJTAHUPYEMOH BBICOKOIL
CBETUMOCTH CIIy’>KaT 4acTUIIbl, 00pa30BaHHbIC NPH B3aUMOICHCTBHSX
YCKOPEHHBIX TIPOTOHOB B oOyacTé coynapeHuii. Hambomburyro
OIAaCHOCTh 3TOT PaJMAlMOHHBIN (OH MpeAcTaBisieT Uil BHyTpeHnero
nerekropa ATLAS. IlpenycmarpuBaercs, YTO BCE CBOW 3aJa4d
BuyTpennuii nerexkTop OyAeT BBINONHATH TPH CaMoOil BBICOKOIt
ceetumoctd LHC. D10 obecrneunBaercss Mcnosip30BaHHEM Hanboiee
HIepeIOBBIX TEXHOJIOTHH.
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Crpykrypa BHyTpeHHero aerekropa

BHyTpeHHUI IETEKTOp pa3MeIlaeTcsi BHYTPU F€pMETUYHOIO
LIJIMH/PA, CHMMETPUYHOTO OTHOCHTENIBHO IIEHTpa [eTeKTopa MpH
z=0, B npoctpanctBe +3512mm u pamuycom 1150mm. OH coaepkut
TP Ppa3NUYHBIX JOMOJHSIONIMX JAPYr JApyra TuOa JEeTeKTOPOB.
BHYTpPEHHIOIO YacTh 3aHUMAIOT [PCIU3HOHHBIC MHKCEIbHBIC U
MHUKPOCTPHIIOBBIC KPEMHHUEBBIC ACTCKTOPHL. B ICHTpaJbpHON dYacTh
(Gappene) oHU pasMeIIATCd Ha I[WIMHAPAX C OCAMH BJOJb
HAMpaBJIeHHs MyYKa, HA KPasiX CMOHTUPOBAHbBI HA JIUCKAX, IOCKOCTH
KOTOPBIX  HCPHCHIMKYJSPHBI  Iy4Ky. BbIOOp  KOHCTPYKIIUH
obecrieynBaeT yCJIOBUE, YTOObI YACTHIBI M3 O0JACTH COYIAapeHUst
MIPOTOHOB TIEPECEKAIH TIOCKOCTU JETEKTOPOB BOIM3H HOPMAITH.

[Mpenu3uoHHas TpeKOBas CHCTEMa IOJYIPOBOJHUKOBBIX
JIETEKTOPOB 00ECIIeUYnBaAET U3MEPEHUsT B 00JIACTH MCEBIOOBICTPOT [n|
< 2,5. HaubGomnee TOYHBIE H3MEpPCHHS KOOPIUHAT HEOOXOIMMO
MPOBOJUTh BONM3M COYHAPCHHU IMy4YKOB. DTy 3a7a4yy BBIIOIHSIOT
MUKCENbHBIE KPEMHHEBBIE JEeTeKTOpbl. OHHM CErMEHTHPOBAHBI 10
pamuycy W asumyTaabHoMy yriy (R — ¢) W B MpOIOIBHOM
HanpasieHun Z. Kaknas gacTuiia mnepecekaer TP CJI0si MHUKCETbHBIX
JICTEKTOPOB. DJIIEMEHT CEHCOPHOW SYEHKH MUKCEIbHBIX JIETEKTOPOB
nMeeT pasmepbl 50 MkMm X 400 mMkM. COOCTBEHHOE KOOPIMHATHOE
paspenienue nukceieil B 0appene cocrasiaster 10 mxm o (R — @) u
115MKM 1o IpoA0aBHON OCcH Z. [T TUCKOB 3TO, COOTBeTCTBEHHO, 10
MM o (R — ¢) u 115 mxm no R. OOiee 4Yucio KaHaoB
CUUTBIBAIOIIEH JIICKTPOHUKH ITHKCEIbHBIX JIETEKTOPOB COCTABIISET
80,4 mH.

[peoaosieB Tpu oSl MUKCENeH, KaXaas 4acTUIla MepeceKaet
BOCEMb CJIOEB MHKPOCTPHIIOBBIX KpeMHHEBBIX jaeTekropoB (SCT),
oOecrieurBass M3MEPEHHUE KOOPIUHAT YETHIPEX MPOCTPAHCTBECHHBIX
TOYeK. MHUKPOCTPHUIIOBBIE KPEMHHEBBIC JICTCKTOPHI Pa3MEIICHBI,
MoJ00HO MHUKCENbHBIM JETEKTOpaM, Ha [MIMHAPAX U JHUCKaXx.
CeHCopbl JIETEKTOPOB MMEIOT JUIMHY 6,4 cM W mepuoji HaHECEeHUs
CTPHUIIOB i cunThiBanusi curHama 80 Mxm. [ KOOpIMHATHBIX
M3MEPEHH CTPHITBI ONMKANIIKMX CIIOEB paclookeHsl moj yriom 40
Mmpaza. [Ipu 3TOM [AETEKTOPHI OJHOTO W3 CIIOEB HUMEIOT CTPHUIIBI C
HanpaBjeHHEM BJIOJIb OCH Z B Oappene U 1o paauycy R Ha guckax.
Yucno KaHaJIoB MEeKTPOHUKH JeTeKTopoB SCTcocTaBisieT npruMepHO
6,3 MIiIH.
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Taxum 00pa3oM, Tpek 3apsXKCHHOM YacTHIBI, BbIICTAIOIIEH
U3 00JIACTH CTOJKHOBEHHs MPOTOHOB, UMEET CEMb MPCIM3HOHHBIX
W3MEpeHNH  MPOCTPAHCTBEHHBIX  KoopawHat.  Ilukcemnm  u
MHKPOCTPHIIOBbIE KPEMHHEBBIE JIETEKTOPBI COCTABISIIOT JHCKPETHYIO
TPEKOBYIO CHCTeMy BHyTpeHHero nerektopa. EE& momomHser
«HETIpepbIBHAsI» TPEKOBas CHCTEMa, COCTOsIas M3 TOHKHUX
npeihoBbx TpyOOk (Straw) mmamerpoMm 4 MM, pPacIOJI0KEHHBIX
ONMM3KO OPYr K JAPYrY, W IO3BOJISIONIAS 3aperHCTpHpOBaTh g0 36
KOOpJIMHAT IepecedeHus yacTuiei Tpybok. B mpoctpaHcTBe Mexmy
TpyOKamMu pa3MeleHbl MEJKO CTPYKTYpHUPOBaHHBIC IUIACTHKOBBIE
Marepuaibl, KOTOpble OOECICUMBAIOT IEPEXOJHOE U3IydCHUE
3apsDKEHHBIX YacTHUI TP IEPECEYSHUH UMH 3TOI0 MHOXKECTBA CJIOEB.
@DOTOHBI TEPEXOJHOTO H3IYYCHUS PETUCTPUPYIOTCS ApeiipoBBIMU
TpyOKaMH HapsAy ¢ CHTHAIAMH OT HOHH3AaLHNOHHBIX MoTepb. [losTomy
9Ta TpEeKOoBas CHCTeMa WMEHYeTCS JAETEKTOPOM IIePEXOIHOTrO
mwanyuenuss  (TRT). DddextnBHas perucrpamus IEPex0IHOTO
M3JIy4eHUs] TI03BOJIAET Pa3AeisiThb TPEKH aJpPOHOB U DJIEKTPOHOB. B
Gapperne TpyOKH UMEIOT JUTHHY 144 cM M pactosioKeHBI MapaIeIbHO
ocu Jerekropa. B meHTpe TpyOKHM UMeeTCs — pa3lellUTelb,
MTO3BOJIAIONIEH CHUMATh AJIEKTPOHHBIA CHTHAJ C IIOJOBHHBI JUTHHBI
TpyOku. Ha Toprax TpyOku umeroT miuHy 37 CM M PacroioKeHbI
pamuansHO B Gopme kosec. TRT mo3Bossier onpenenutsh Tosbko (R —
¢) koopauHary Tpeka. COOCTBEHHOE KOOPAMHATHOE paspelieHue
TpyOkn coctaBmsger 130 mxm. OOmee KOMMYECTBO KaHAIOB
CUNTHIBAaHHS CUT'HAJIOB COCTaBiIsIeT 351 Thics1y.

Ha pucynke 3.1 moka3aHO pAacHoOJOXKEHUE DSJIEMEHTOB
BryTtpennero nerexropa.

KoM0uHanusi Mpeuu3MOHHBIX JIETEKTOPOB Ha  MalbIX
paamycax OT IIEHTpa JETeKTopa W Ipei(oBhIX TpyOOK Ha OOJBIIMX
pammycax oOecreyuBacT HAICKHYIO PEKOHCTPYKLIHUIO TPEKOB U
BBICOKYIO TOYHOCTh u3MepeHus koopauHaT (R — @) u z. Curnans
TpyOOK CYIIECTBEHHO YBEJIMYHBAIOT KOOPIMHATHYIO TOYHOCTH BO
BHEILIHEN obnacTu Bnytpennero JleTeKTopa. Menb1uas
MIPOCTPAHCTBEHHAsi TOYHOCTh TPYOOK B CPABHEHHUH C MPELIN3HOHHBIMH
JICTEKTOpaMi ~ KOMIIGHCHPYETCSl HX OOJIBIIMM  KOJMYECTBOM H
3HAUUTENBHBIM ~ yBEJIMYEHHEM  H3MepsieMOW  JUIMHBI  Tpeka.
B03MOXHOCTE PEKOHCTPYKIMU OJWU3KAX BTOPHYHBIX BEPIIHH OT
pacmaza TKEIBIX YacTHI] 00eCTICYMBACTCS IPEUMYIICCTBEHHO CAMBIM
BHYTPCHHUM CJIOEM IIHKCEJIBbHBIX JETEKTOPOB, pPa3MEIICHHBIX Ha
OUWIMHIPE C PATUYCOM 5 cM.
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21m

Barrel fransifion radiation fracker
End-cap transition radiafion fracker
End-cap semiconductar fracker

Puc.3.1 Cxema Buyrpennero pgerekrtopa ATLAS. TIlokaszaHbl
IWIMHIPEL M JUCKM MHUKCENbHBIX JerekTopoB (pixel detectors),
UIHHIPE! Gappens u topuessie (End-cap)ancku MUKpPOCTPUIIOBBIX
KPEMHHEBBIX JICTEKTOPOB IOJYIPOBOIHUKOBOW TPEKOBOW CHCTEMBI
(semiconductor tracker, SCT) BHemHHH 00BEM, 3aHUMAaEMBbIHA
TPEeKoOBO#l cucTeMol mepexogHoro u3nmyuenus (transition radiation
tracker, TRT).

JleTeKTopB! MepexoJHOr0 U3IyYeHUs: XOpOoLIo paboTany mpu
perucCTpaliii ~ MIOOHOB ~ KOCMHYECKHX  JIydeli B TEpHOI,
MpeaniecTBYIONMiA  3amycky kommaiinepa LHC, u mpm 3amycke
kontaiimepa. Ha pucynke 3.6 mpuBeneHO W300pakeHHE IIEPBOTO
coynapeHusi IpoToHOB ¢ 3Heprued B3ammoneiicteus 900 ['3B. Ha
CeUeHUHM  IICHTPANBbHOW  YacTH  BHYTpeHHero  JAeTeKTopa,
Pa3sMEUICHHOTO CJIeBA, XOPOMIO BHIHBI IIONOKEHHWS KOOPAWHAT
PECKOHCTPYHUPOBAHHBIX TPEKOB YacCTUIl, POXKICHHBLIX B COYAapCHUU.
OHH BKIIIOYAIOT TOYKHU HA JUCKaXx IMOJYIIPOBOAHUKOBBIX JETEKTOPOB U
MHOXECTBCHHbIE OJIN3KO PACHOJO0XKEHHBIE TOUKH OT Jpei(oBBIX
TpyOOK JEeTeKTopa MEepPexXOJHOT0 W3IydeHHs. B mpaBoil dYactu
pHCYHKa II0OKa3aHO 3TO K€ COOBITHE B TIPOJOJILHOM CEUCHHUHU
[EHTPAJIBHOM YacTu metexropa (6appers).
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Collision Event

Puc.3.6 PexoHCTpyKIHs TpPEeKOB OT B3aUMOJACHCTBHS IHPOTOHOB C
sHeprueit 4501B, 3aperncTpupoBaHHOTO BO BHYTpeHHEM JIETEKTOpE
ATLAS B nepuop 3anycka LHC 6 nekabpst 200%. Ha monepeuHom
cedeHNH Oappens B JICBOH YacTH PUCYHKa BUIHBI TPU KOJBIA THCKOB
MUKCENBHBIX ~ JETEKTOPOB, YETHIpE  KOJbLA MHKPOCTPHUIIOBBIX
KPEeMHHUEBBIX JIETEKTOPOB M HENPEPHIBHBIE TPEKH B JETCKTOpE
MEPEXOAHOTO U3TYUCHHUS.

IInkceabHbIE AE€TEKTOPbI

MpusHnun paboThI CEHCOPOB MHKCENbHBIX "
MHKPOCTPHIIOBBIX KPEMHHUEBBIX JIETEKTOPOB OAWHAKOB. 3apsbDKeHHAs
YaCTHIlA [IPU EPECEUCHUH JICTEKTOPA B PE3Y/IbTaTe MOHU3AI[MOHHBIX
MIOTeph JHEPTUU CO37acT CBOOOJHBIC HOCHUTENM 3apsyia B 00beMe
CEHCOpa — DIIEKTPOHBI U JABIPKH. [IPUIIOKEHHOE K CEHCOPY BBICOKOE
HampsbkeHue oOecmeunBaeT WX 3PGEKTUBHBI cOOp W (GOpMHUpPYET
CUTHAJI JIETEKTOpa. 3ajadyeil [eTeKkTopa SIBISICTCS MOJUICPKAHKE
CTaOMIIBHOTO CHTHAla OT YaCTHIBI MPHU HPOJOJDKUTEIBHON padote
nerekropa mopsaka 10 JieT B yCIIOBHSX BBICOKOTO PaJHAIlMOHHOTO
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(oHa M  BBICOKOH 4YacTOThl cuUTHaJIOB. llpenycmarpuBaercs
BO3MOXXHOCTh 3aMEHBI B Ipolecce IKcIutyaranuu gerekropa ATLAS
JUIOb  OMmKalIiero K [EHTPY MHWIMHAPAa C  [HKCEIHHBIMH
JIETEKTOpaMU. DTH YCIIOBHSI ONPEACISIOT MCIOJB30BaHHE HOBEHIINX
TEXHOJIOTHH TPU CO3TaHUH TaKUX JETCKTOPOB.

WurterpanpHas a03a pagualiy CYIIECTBEHHO BIMSIET Ha
CEHCOPbl NHUKCENBHBIX W  MHKPOCTPHIIOBEIX  JeTekTopoB. C
YBEJIMYCHUEM JI03bl paJHalid MeHseTcs padouee HaIpsDKEHHE
JIETEKTOPOB, MEHSIOTCS TOKHM YTedkH. 3MeHsercs caMm XapakTep
poBoaAMMOCTH ceHcopa. [Tocie naTerpansHoit 10361 ((roerca) Fneq
~2x10® cm? npoBoAMMOCTE N-THIIA MEPEXOAUT B IPOBOAMMOCTb P-
tuna. KoHleHTpanus npuMeceil pacTeT Takke B 3aBUCHUMOCTH OT
YBEIMYCHHS TEMIECPATyphl AeTeKTopa. sl yMEHBIICHU npuMecei u
CHIDKEHHS TOKa YTEUKH JACTEKTOPHI paboTaloT IpH TeMIlepaType oT -5
1o -10rpan.C.

[MukcenmpHBIE NETEKTOPH B HamboJiee CIOXKHBIX YCIOBHIX
BBICOKOM paJWalMid W TOTOKOB 9acTuil (3arpy3Kd) JOJKHBI
obecrieunBaTh MpPEHETHHO BBICOKOE KOOPIMHATHOE pa3pelicHHe B
HETIOCPEICTBEHHON OnmM30cTH K 0ONacTH COYAAapeHHiH ITy4KOB.
CeHCOphl TPEACTaBISAIOT COO0O0W TUTACTHUHBI TOMMUHOW 250 MKM,
COC/IMHEHHbIE  C  OKCHAMPOBAaHHBIMH  IUIACTUHAMHM  N-THMNA
CUMTBIBAIOIIMX MHUKCENCH ¢ N+-UMIUIAHTHPOBAHHON  CTOPOHBI
ceHcopa. Jrta oporas M CJIOXKHas IBYCTOPOHHSS TEXHOJOTHs ObLIa
BBIOpaHa MO CIEAYIOIIAM MpUYHHAM: 1) N+HMIUTAHTHPOBAHUE
MI03BOJISIET pabOTaTh C BBHICOKOH d2(PPEeKTHBHOCTHIO cOOpa 3apsia Aaxe
NpU CMEHE THMA MPOBOAUMOCTH CEHCOpa; 2) BBICOKas CTEreHb
OKCHIMPOBAHUS TIOBBIIIACT PAJHUAIIOHHYI0 CTOMKOCTH CEHCopa IO
OTHOIICHHIO K 3apsDKCHHBIM dYacTHLaM, yiydias 3(QQeKTHBHOCTbH
cOopa 3apsia TIpy CMEHE THITa TPOBOIMMOCTH W CHIDKAsI HAIIPsDKEHHE
o0eHEeHN.

B HayanpHBIA TEPHOJ CEHCOpPHI MOJKHBI paboTaTh IMpHU
nanpspkenun ~ 150 B. TMocie 10 mer sKCIuTyaTanuu HampsDKECHHE
cocraBur ~ 600 B. CranpmapTHbIi pa3sMep CEHCOPHOH sueiiku
nuKcenbHbIX neTekTopoB 50 MkM X 400 MKM ompejesnsieTcs marom
CUMTBIBAIOIIEH 2JIEKTPOHUKH. Ha KaKIOM CeHCope pacIoJIOKeHO
47232 cuuThBapOmMX nuKcenaed. Kaxaplii MHKCETh CceHCOpa
coeiMHeH KamenbHbiM KoHTakToM (bump-bonding)c snexTpoHuKoit
gepe3 OTBEPCTHS B H3OJANMOHHOM CJIO€ p-THMA, HAHECEHHOM
TEXHOJIOTHEH p-CIIpes.
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[TukcenbHbIE JETEKTOPBI COEIMHEHBI B MOIYJH, UX BCEro
1744.Monynu pa3meleHbl Ha TpEX LUIMHAPaX B Oappene W LIECTH
JIFCKOB Ha TOpILaX, N0 TP ¢ KaKIOH CTOPOHBL Panuychkl HMIMHAPOB
paBHbI 5cM, 8.8cm u 12cm.

Jlvicku HaXxoAATCs TPpH 3HaUeHHUIX Z-koopauHat 49 cMm, 58cm
u 65 cym. Ha xaxmom mumuaape Haxomutes (1-3)0107 muxceneir. Ha
KaXIIOM IHCKE 2.201¢ nuxceneii. Ux 00I11ee  KOJIMYECTBO 8.0010
MUKCeENei.

HV guard ring

Typel connector

decoupling
capacitors

Puc.3.7. ®ortorpadus um cxeMmaTudeckoe M300paKEHUE MOIYIIS
MUKCENBHBIX IETEKTOPOB Gappesi. JIononHUTebHbIE K TPUBEICHHBIM
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B Tekcrte o0o3HadeHusiM: TepmucTopbl NTC, ayeMeHTBI BBICOKOTO
Hanpsbkenuss HV, curHanpsbeii nepexomuuk 1ype0. dotorpadus
MOJYJISl TIOMEICHA BHU3Y.

®dororpadpust W CXEMAaTHYECKOEC HM300pakeHHE MOMIYIIS
MUKCENIBHBIX  JIETEKTOPOB IMpPUBEACHB Ha puc. 3.7. Moayib
MIPEACTaBISIET COOO0H CTONKY MOCIE0BATEIBHBIX CIIOEB.
CaMblii HIDKHHE CIOH COCTaBISIOT 16 MHKPOIIEKTPOHHBIX CXEM
(uunoB) amexrponuku cuuthiBaus (FE) ¢ 2880 kanamamu kaxnas.
Crnenyronuii cloll COCTaBJIAIOT KallelbHble KOHTaKThl CEHCOPOB C
ANICKTPOHHUKOIN CUUTHIBAHWS, BBHIIIOJIHEHHBIC W3 MHIMS IN WK cluiaBa
cBuHIA U nmHKa PbZn.Jlanee pasmeriens! ceHCOPHI pazmepoM 63,4x
24,4xB. MM 1 ToUHON okoo 250 MkM. CBepXy HaXOAUTCS TUOKast
MTOJTMUMUIHAS TIeYaTHas IJ1aTa U yrpasJistomei mukpocxemon MCC.

MHKpOCTpl/lHOBble KPEMHHUEBBIC 1E€TEKTOPDI

CeHcopbl MHKPOCTPHIIOBBIX KPEMHHEBBIX JeTekTopoB SCT
SBISIIOTCS  OZHOCTOPOHHHMH  JETEKTOPAMH U BBIIONHEHBI 110
KJTaccuueckoi P-in-n rexuonoruu. Tommuua ceHcopos 285 + 15mkm.
ITepron cTpuIOB cUNTHIBaHUS CUrHajia coctaBisier 80 MKM, IpH 3TOM
CTPHUIIBI CEHCOPOB JUIMHOH 6 CM COEIMHEHBI IOCIEIOBaTENbHO H
CUNTBIBAaHUE CUTHAJIA MPOUCXOANT ¢ 3(pdexkTuBHON MHEI cTpuna 12
cm. [TonHoe unciio SCT cencopor 15912.B HavanbHBIN NEpHOA OHH
IOJDKHBI paboTate mpu Hampsokennn ~ 15@. Ilocme 10 ner
SKCILTyaTalliy HAIPsDKEHUE TUIaHupyeTes B uaTepsaie ~ (250-3508B.
HcnpiTanus mokasainu, 4To 3arpyska mymoB mpu mopore 1 ¢pK mocne
MOJIHOW 110361  00ydeHus, cooTBeTcTBytomiedd 10 romam pabGoThI
JIETeKTOPOB, IPU  HCIOJB30BaHUM  JBOMYHOH  (OmHapHO#l )
3IEKTPOHMKH CUHTHIBAHUS COCTABIIAET MaNlyIo BennanHy < 510%.

Cencopsl SCT cmonTHpoBanbl Ha 4088 monynsax. Monynu
pa3MeIeHbl Ha YeThIpeX KOaKCHalbHBIX WLWIMHIApax B Oappene U
JIEBATH OJJHOCJOMHBIX JUCKAaX C Kaxkgoro Topia. OOmias ruiomaib
cencopoB SCTcocrapisier 63 KB.M. Y cpelHEHHBIE PaJAnyChl CEHCOPOB
nuwmHIpoB coctaBisior 29,9 cMm, 37,1 cm, 44,3 cm u 51,4 cwm.
ITpononbHBIE KOOPAWHATHI IUCKOB IIPUBEACHBI B TAOIHIIE.

Huc | 1 2 3 4 5 6 7 8 9
K
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|z|, |85, |93, | 109, | 130, | 140, | 177, | 211, | 250, | 272,
cM 4 4 1 0 0 1 5 5 0

Ha puc.3.8 npusenens dororpadus u cxema SCT momyns
st Oappens. B Momyne ueTelpe ceHcopa, MO 1Ba Ha BEpXHEH H
HWKHEH cTopoHax Moayis. Ha kaxoi ctopoHe ceHcopsl uMeroT 770
CTpHUIIOB ¢ 00IIe# (CoeqUHEHHONW W3 JBYX) JUIMHOW cTpuma 12 cm.
CeHcopbl TOBepHYTHI Ha yrom =+ 20 wMpax OTHOCHTEIBEHO
TeOMETPHYECCKOTO IIeHTpa ceHcopa. OHM MPHUKICCHBI K TePMHYECKON
nuponutrdeckoir ocHoBe TGC, Tommuuo 380 mxMm, KoTopas
obecrieuynBaeT TEPMHYECKYID M MEXaHHYECKYI YCTOHYHBOCTB.
BbicOokoe HampspkeHHe IOAAeTCsl K CEHCOpaM 4Yepe3 MPOBOAAIILYO
ocHoBy. Ilpu cOopke moayneit obecreunBanach BHICOKas TOYHOCTh
MO3UIMOHUPOBaHHUS  CEHCOpPOB. V3MeHeHHe TemmepaTypbl  OT
komHaTHOH 110 -10rpan.C Ha BHOCUT nedopmaliuii B TeOMETpHYECKUE
XapaKTePUCTHKH MOJTYJIS.

BeO facings (far side)
Hybrid assembly i

Siotted washer
v

N ' .

Baseboard TPG | \
Detum washer || Connector
BeO facings (cooling side)

s

A
L
Silicon sensors

Puc.3.8. ®ororpadus (cmea) u cxema SCT momymst st
Oappens. IlmactmHa ocHOBBI TPG BEIMONHEHA W3 TEPMHUYECKOTO
MUPOJUTHYECKOTO TpaduTa, 0OECIEUNBAIONIEr0 XOPOIIHHA TEIUIOBOM
KOHTAKT C CEHCOPOM.

CrpyKTypa MOAYJS AJsl TOPIEBBIX TUCKOB TIOKa3aHa Ha PHLC.
3.9. Kaxpprit u3 1976 #1 Momyneil nMeeT YeThIpe CeHcopa, MO IBa C
KaXIOW CTOPOHBI, NPHKICCHHbIE OCHOBaMHM K obOmieit 6aze TPG.
Cencopbl UMeOT (HOpMY TpameHud W OTIMYAIOTCS [UIS BHEIIHErO,
Cpe/IHer0 ¥ BHYTPEHHETO pajinyca JAUCKA, KaK MOKa3aHO Ha PUCYHKE.
CeHcopbl oBepHyTHI Ha £ 20 Mpajg oTHocuTeNbHO och TPG, 9T00bI
obecreunThb HE0OXO0UMYIO TOYHOCTD OTIpeICTICHHSI
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npocTpaHcTBeHHBIX KoopauHaT (R — @) 1 R. Pasnuuns B Tommmue
MoAyJeil  KOMICHCHPYIOTCS — KJieeM, CJIOH  KOTOpPOro  HMeeT
cTangapTHyo BenmurHy 90 MkM. M3MepeHHOe B TecTaxX HapLUaibHOe
paspemerne Moayiast mo (R — ¢) s HAMpaBICHHBIX 1O HOPMAITH
TPEKOB COCTaBWIO ~16 MKM M HE W3MEHWIOCh IIOCIE JI03bI
obmyuenust. Paspemenne mo z-koopauuate 580 mxm. [P.Swetansky,
Thesis, 2008]

ITocme cOopku Momynel mpoBepka CTPUIOB TOKa3aia, 4To
99.8% wu3 HuX HAXOAATCI B YAOBJIECTBOPHUTEIHHOM pabouem
COCTOSIHUHU.

Puc.3.9. ®ororpadun aucka SCT nocne coopku (ciesa) u
OJIHOTO M3 MOJyiei qucka moayis SCT npasa).

JleTeKTOp NepexoHOro U3JIy4yeHust

Pabounm  snmemeHTOM, WM CeHcopoM, JleTekTopa
nepexoguoro m3aydeHus (TRT) CnyXdT TOHKOCTeHHas TpyOKa
nuametpom 4 mMm. KoHCTpykius TpyOku Obuta pa3paboTaHa ¢ LEIbI0
MHHUMM3AIMK  TOJIIMHBI CTEHOK IIPM XOpomeld MeXaHHYeCKOi
MPOYHOCTH M DIEKTPUYECKOH  IMPOBOAMMOCTH.  McXOmHBIM
MaTepuaIoM sl CTEHOK TPYOKM CIy)KWia MOIMUMMIHAS IUICHKA
(DuPont) ronmmuoii 25 mxM. Ha ruieHKy ObUTH HaHECEHBI TPU CIIOS
nokpbITil. C OJHOW CTOPOHBI 3TO OBUI CIIOH AITIOMHHUS TOJIIUHOM
0,2 MKM ¥ 3aIUTHBIA CIIOW TpaduTa, CMEIIAHHOTO C TIOJIHHUMHIIOM,
tomuuHOH 5 — 6 mMxM. Ha napyroii cropone ObUT HaHECEH CIIOW
HoJMypeTaHa TONIMMHOW 5 MkM. [lns unsrotoBiieHus TpyOKu JBe
MOJOCHl IUIGHKH COBMEINAIUCh CTOPOHAMH C IOJMYPETaHOBBIM
MOKPBITHEM H crekamuch mpu  Temmeparype 200-250 rpan.C.
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CTpyKTypa CTEHKH TpyOKH M mporecc e€ H3rOTOBICHHS TOKa3aHbl HA
puc. 3.10. JlomONHHUTENBHO [UIS YBEIHYCHHS MEXaHUYECKOW
MPOYHOCTH TPYOKH CHApyKd Ha e€ CTeHKH NpPUKICCHB HHUTH
VIJICIJIACTHKA, BCEr0 YCThHIPE HHUTH Ha OJWHAKOBOM YIJIOBOM
paccrosauu. Takas HUTH BUAHA Ha (ororpaduy TpyOKH B HIDKHEH
yacth pucyHka 3.10, oHa OPOXOAMUT BOONb OCH TPYOKH.
DNEeKTpHYECKOE CONPOTHBICHHE CTEHOK TPYOKH, KOTOPBIE CIIyKaT
KaTonoM, coctaBuio < 3000m/m.

B 1uentpe TpyOkH pa3MemieHa aHOIHAsS — IPOBOJIOKA
tonumHod 31 MKM, BBIIOJIHEHHas W3 BoJib)pamMa C 30J0THIM
nokpeitiem Tommmuo 0,5 — 0,7 MkM. AHOZHAas MPOBOJIOKA
3a3eMJICHA M CHIHaI C He€ T0AaeTcsi HENOCPEACTBEHHO Ha
ANIEKTPOHUKY cyHuThiBaHUsA. CONpoTHBIEHHE aHOAa cocraBisieT 60
Om/M, a emkocTh cobpanuoit TpyOku menee 10 nd. ITorenuman
katona coctabisier -1530 B, dro obecreunBaeT BEIUYMHY Ta30BOTO
yennenus Bommsu aoma 2.510" npu BeiGpanHOit akTHBHOM ra3oBoit
cmecu Xe/CO,/0, (70/27/3)./laBnenue rasa B Tpybke Ha 5-10 MGap
mpeBbImaer atrMocdepHoe. TpyOku paboTarOT MpH TeMIeparype
+20C, d9TO PpE3KO OTIMYAaeTCS OT TEMIEPaTypHOrO pexXnMma
MTOJYIIPOBOJHUKOBBIX JICTEKTOPOB M TPEOYET MOCTOSHHOTO KOHTPOJIS
U CIICIUATIBHBIX YCIIOBHI MOICPKUBAHUS TEMIICPATYPHBIX PEIKUMOB.

STRAW WALL

Polyurethane lzyer
5t 2um

nsite

Film (150-180°C)

La yimice
profecton laye
64 2pm

Rod

Alumiriom layer
020 + 008 pm

Aluminum laye~
020 + GOBLm

fim
fim = =t ‘

Kapton
250+ 25um ~={ = Kapftn film
250 = 254m

Puc.3.10. Crpykrypa crenkun  TpyOkm  Jletekropa
HEepPEeXOJHOr0 H3Iy4eHHs (ClieBa), NPOLECC H3TOTOBJICHHS TPYOKH
(ctipaBa BBepxy) u (ororpadusi rOTOBOM TPYOKH C IMPHUKIEECHHOM
BJOJIb OCH TPYOKH HUTH YTJICILIACTHKA.
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BpemenHoli aHanW3  DNEKTPOHHOTO  CHTHAJIA  TPYOKH
oOecrieyrBaeT M3MEPCHUE PACCTOSIHUS MPOXOXKICHHUS YaCTUIBI OT
aHoma. Cxema BpPEMEHHOTO CHTHada mpuBereHa Ha puc.3.11. Uem
Ommke K aHOMy IPOXOAMT YAacTHI[A, TEM MEHBIIE BpeMs IPHUX0na
CHTHaNa C TPyOKH OTHOCHTeNbHO HaudanmpHoW Touku TO. Ilpm
HOPMAaJIbHBIX YCIOBHSIX BpeMs cOopa 3apsijia 3JIeKTPOHOB COCTABISET
~48 wHc, dYro oOecrmeuyuBacT COOCTBEHHOE IPOCTPAHCTBEHHOE
pasperienue BHyTpu Tpyoku 130 mkMm. CuTHaT HOHHM3AIMOHHBIX
MOTEPh YaCTHUIBI perucTpupyercs npu HuzkoMm nopore 300 3B. s
peructpanuu  (OTOHOB MEPEXOJHOTO U3IYUEHHs HCIOIb3yeTcs
BBICOKHIT opor 6 k3B.
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Puc.3.11. Cxema npoxoskAeHHs 3apsDKEHHON YacTHIBI Yepe3
TpyOKy. PaccTosiHue Y KOOpAWHATEI BHYTPH TPYOKH OIpenessieTcst Mo
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JIEBOMY Kpal BpPEMEHM IIPUXOJla HMITYIbCa C HU3KUM IIOPOTOM
perucTpamnuu

[MpuHOMm reHepanMuM W PETUCTPALMH  MEPEXOIHOTO
M3JIy4YeHus mokazaH Ha puc.3.12. DOTOHBI MEPEXOJHOT0 U3Iy4YCHHUE
UCITyCKAIOTCS TOJl MaJbIM YIJIOM 6 K HamnpaBICHHUIO IBHKCHHA
vactuisl 0 = 1A, rme v — JlopeHi-pakTop dacTurbl. IpdeKTuBHOES
HoTJIoIeHHe (OTOHOB MEPEXOAHOTO HWITyYSHUS HHU3KOW SHEPruu
OCYIIECTBISIETCS KCEHOHOM. (DOTOHBI MEPEXOAHOTO M3IydeHHUs
00ecreynBalOT 3HAYUTENIBHO OOJIbIIEE DHEPrOBBLICICHHE IIPH
peTUCTpanyy, YeM HOHU3AIUOHHBIC TTOTEPH PESITUBUCTCKUX YaCTHII.
[TosTOMy OHM JIErKO BBIAGISAIOTCS IIPH HMCHOJB30BAHHH BBICOKOTO
IIOpOTa PETHCTPaly CUTHAA.

_.——l—'____._ -
electron

/ radiator foils straw tube

Puc.3.12. Ilpunuun peructpauyu (OTOHA MHEPEXOIHOTO
nanydeHus: TR, UCIYIIEHHOTO 3JIEKTPOHOM IPH MEPECEUCHHH CIIOCB
panmaropa, B gApeddoBor  TpyOke. Marepuansl  paamaropa
nosunporuieH u CO,.

Jlerextop mnepexomHoro wuznydeHuss TRT copepxur 96
Monyieit B 6appene u 112moxayneii Ha TOpIax ¢ 0OMUM KOJIMIECTBOM
npeiidoBeix Tpyook 372 032./nuHa TpyOOK B Oappene COCTaBIseT
144 cMm, B xonécax Ha Topuax 47 cM. AHOIHAs MPOBOJIOKA B TPyOKax
Oappesst UMeeT MEXaHWYECKYIO IOJAEPXKKY B cepeAnHe TpyOoku. DTa
IUIACTHKOBASI TOJJICP)KKA H30JIHPYET MOJOBHHBI MPOBOJIOKH M CUTHAT
CHHUMAeTCs OTIEIBHO ¢ KaXJ0il CTOPOHBI TPYOKH, COOTBETCTBEHHO, C
ydacTka mumHOM 71,2 cm. Ha puc.3.13 mpusenena Qotorpadus
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cekTopa Oappens Jlerektopa mepexognoro usnyuenus ATLAS. Ha
CHUMKE OTYETIMBO BUJIHA CTPYKTYpa MOAYJEH.

Puc.3.13 ®otorpadust cexropa Oappens JlerexTopa mnepexoxHOTo
n3myueHus ATLAS.

OTHOCHTEEHOE MOJOXKEHHE TpyOoKk B  Oappeine u
COOTBETCTBEHHO  XapaKTEPHBIC PACCTOSHHS MEXIy TpyOKamu
moka3aHel Ha puc.3.14. CpemHee paccrosHHe MEXAy TpyOkamu B
Oapperne ~ 7 MM.

Ha pucynke 3.15 npusenena ¢ororpadust cOOpku MOIyIst
TOpIIEBOW 4acTH - Kolieca JleTeKkTopa MepexopHOro H3IyueHHUS.
KoHCTpyKIMK KOJIEC W3rOTOBJCHBI M3 YIJIENJIACTHKA Ha 3aBOJE B T.
Ilepms.
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Puc.3.14. Cxema pacnonomemm TpyOOK B MoOJyJie
LUEHTpaTbHON YacTu JleTeKTopa MepexoJHOro u3iaydeHus. Mexmy
TpyOKaMu pAaCIONIOKEHO BEIIECCTBO paauatopa. TpyOKH OKPYKEHBI
00omoukoH, 3amomHeHHOW TaszoM COj, NpPeIOXpaHSIOUHM 00beM

BHYTPH TPYOKH OT BOMOKHBIX 3arps3HEHHUH U3BHE.

Puc.3.15. Monrtax koseca TopieBoil uactu JleTekropa
nepexonnoro uznydenus ATLAS.
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OOmmit Bua UeHTpaibHOM YacTH JleTekropa NepexoaHOro
u3ny4eHus u aerekropoB SCTnokaszan Ha puc.3.16.

Puc.3.16. IlenrpampHas uwacTh JleTekTopa MEpeX0THOrO
namydenus u SCT nerexropa ATLAS B cbopke.

Topuessie aneMeHTEl TRT cOCTOST KaKAbIi U3 ABYX OJIOKOB
kosiec. bivokaiimmii k. neHTpy 650K cocTouT U3 12 Kojec, Kaxaoe nu3
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KOTOPBIX MMEET BOCEMb CJIOEB TPYOOK C MPOMEXKYTKOM B 8 MM.
BHemnnit 610k conepxut takke 12 Konec, B KaXXI0M BOCEMb CJIOEB,
HO ¢ mpoMexyTkoM 15 mm. Kaxnpri ciodi mmeer 768 pamuanbsHO
OPUEHTHUPOBAHHBIX  TpPyOOK  mmuHOW 37 CM, DPaBHOMEPHO
pacmpesieNieHHbIX 110 a3UMyTaIbHOMY YIiIy. Mexay ciosiMu TpyOok
pasMenieH paguaTop U3 (Goibr MOJUMpoNHUieHa TOMMMHON 15 MM,
pa3IeNIeHHBIX TIOJUIPOTIIICHOBOK ceTKo. TpyOku oOTeKaeT MOTOK
YIJIEKHCIIOTO rasa.

Hcnonp3oBaHue KCEHOHa B AaKTUBHOM ra3oBoi cMmecH,
KOTOPBIN ABIISETCSA JOPOTHUM Ta30M, MOTPeOOBAIO UCTIOIB30BAHUS IS
TRT 3amMkHYTON LUpPKYJIALUOHHON Tra30BOM cucteMmel. B Taxoil
cucTeMe He0OXOIUM NOCTOSIHHBIA KOHTPOJIb Ka4eCTBa ra30BOM cMecH,
€€ YUCTOTHI OT IMpUMecel, KOTOpble MOTYT NPHUBHOCUTBLCS KaK U3BHE,
NIPOHUKass 4Yepe3 CTEHKH TPyOKH, TaKk ¥ BO3HHKaTb OT
KOHCTPYKL[MOHHBIX ~MaTepHanoB JEeTeKTopa B MpoOIecce €ro
9KCILUTyaTalluy MoJ JecTBreM nainydeHus. OObeM ra30BOil CHCTEMBI
3 »°. Jlns 3ammtel Tpy6oK OoT AuddY3HOHHBIX BO3ACHCTBHI HM3BHE
OHU TIOMELIECHBI B OOOJIOYKH, NMPOIyBacMbIe YIJICKHCIBIM rasom. B
ra30BOH CHCTEME HCIIONB3YeTCs] KaTalnu3aTop, YOAJSIOMUil BpeIHbIe
MPUMECH, BO3HHMKAIOIIME IIOX  BO3ACHCTBHEM  H3Iy4YeHHs, U
pacIEIULIIOIIMK  HakalMBaromuiics 030H. Bcee  marepuainsl,
UCTONb3yeMbIE B AETEKTOPE, NMPOXOISAT KOHTPOJb YUCTOTHI, B TOM
YHUCJIe Ha YCTOMYMBOCTH NIpH OONydeHMH. B mnpuHIMIIE HETEKTOp
a0COJIIOTHO ~ paJMalMoOHHO-CTOMKMA. OpHako TONM  JEeHCTBHEM
U3Ty4eHUs B I1a3Me BOJIM3U aHOJa MPOUCXOAAT CI0XKHBIE NPOIECCHI,
INPUBOAAIINE B  «CTapeHHro» Jerektopa. OHH  BBI3BIBAIOTCS
MOSIBIIEHHEM NOJIMMEPHBIX HAPOCTOB HA AaHOJAX MM pa3pylleHHEM
MTOBEPXHOCTH TIPOBOJIOKH. B 3THX mpomeccax akTHBHBI Jake
CIENOBBIE  KOIMYECTBA  XMMHUYECKH  aKTHBHBIX  PaJHKaJOB.
VYcToiunBOCTh MaTepuaia KaToa U aHOAHBIX MPOBOJIOK K OOJIBIINM
nmo3aM oOmydeHus uccienoBaiack B HUMS® moa pykoBoACTBOM
aBTOpa JJAHHOTO MOCOOuSI.

Bce gacTuisl ¢ monepedHsiM uMITyabcoM Beie 0,51B/c u
3HaYeHHEM IceBIOOBICTPOTH | < 2,0 mepecekatot 1o cBoeit
TpaekTopuu 36 aperihoBBIX TPYOOK, HCKITIOUAS TICPEXOTHYIO 00JIACTh
Mexay Gappesem u TopreBsiMu konecamu mpu 0,8< | < 1,0.B sroit
00J1aCTH KOJIMYECTBO TIepeceKaeMbIX TPYOOK yMeHbIIaeTcs 10 22 B
MHHUMYMe. DJIEKTPOH ¢ 3Hepruel Boiuie 2 '3B cnocoben coznats B
cpenneM ot 7 10 10 curHanoB ¢ BEICOKAM MOPOTOM, BBI3BAHHBIX
MEPEXOTHBIM H3ITy4EHHEM.
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4 Kasnopumetpsl netektopa ATLAS

W3mepenue crpyii B KalopuMeTpe B 00JacTH SHEprui
HecKoJbkuX T9B TpeOyeT, 4TOOk TONMMIKHA KaIOpUMETPa B SHHALIAX
JUTHH TIOTJIOINEHUS Ay, JJIS aJpOHOB cocTaBisuia okojio 11 A, a B
CAVHUIIAX PAJUAMOHHON INMHBI X UL AJIEKTPOHOB W (POTOHOB
oxkosio 30X0 (ITAIN). KpoMe TOro, KalopuMeETpPhI J0JIKHBI 00ECIIEYHTh
3¢ PeKTHBHOE CHIDKCHHE (POHOBOTO ITOTOKA MIOOHOB, JOCTHTAOIIIX
MIOOHHOM  cucTeMbl. BHemHu BO3AYIIHO-3a30PHBIA  TOPOHUT
nerektropa ATLAS uMmeer nocTaTouHOE BHYTPEHHEE HPOCTPAHCTBO
JUIA pa3MeIIeHHUs] KaJOPHMETPOB € TaKMMH TapaMmerpamu. Cxema
pacnosoxxeHus: kanopumerpos jerektopa ATLAS npuBeneHa Ha puc.
4.1.

Tile barrel Tile extended barrel

LAr electromagnetic
end-cap (EMEC)

LAr electrormagnetic
barrel

Puc.4.1.Cucrema xanopumerpoB aerekropa ATLAS.

Bce  xamopumerper  gmerektopa  ATLAS  sBisrorcs
cocraBHbiMHA. OHH TIEPEKPBIBAIOT 06sacTh mceBAOOBICTPOT | < 4.9.
VX KOHCTPYKUHMH YIOBJETBOPSIOT YCJIOBHSM, IIPEIBSBISIEMBIX
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¢u3nYecKUMH  3aJa4aMl  OKCIEpUMEHTa W  PaJMallMOHHBIMU
YCIOBUSIMH CpeIbl. DNeKTpoMarHuTHelil Kanmopumerp (EM) unmeer
BBICOKYIO CTETIEHb CETMEHTHPOBAaHHMS B 00JacTH MCEBIOOBICTPOT,
MEepeKPhIBAEMBIX BHYTPEHHHM [ETEKTOPOM, ISl HPENHU3UOHHOTO
N3MEpEHHS 3IEKTPOHOB u (hoTOHOB. PapnanbHas
CTPYKTYPUPOBAHHOCTh OCTQJIbHBIX KaJOPUMETPOB oOecreunBaeT
HEOOXOMMMOE pa3pelleHUe MPU M3MEPEHHN CTPYH M HEIOCTAIOIIECH
suepruu ETmis.

IMonnas rtommmua EM kanopumerpa nerekropa ATLAS
cocraBisieT > 22 Xy B ueHTpanbHo# dactu (Gappene) u > 24 X, B
TOPLEBBIX YaCTAX. TOJIINHA aAPOHHOTO KaJIOpUMETpa cocTasiseT 9,7
As; B Oappene u 10 A,, Ha TOpLEBBIX y4acTkax. BmecTe ¢ TONUHOM
MexaHudeckux KperieHud 1,3 Ag; 3T0 cocraBiser HeoOxomumbie 11
Ag; A dddekTuBHOTO TOTIOMEHNS (OHA MIOOHOB W HAIC)KHOTO
M3MEpEeHHsI HeJJOCTAIOIIEH SHEPTHH.

IMocnennee 0COOEHHO CYILIECTBEHHO pu TIOUCKE
CYNEepCHUMMETPHYHBIX YaCTHII.

KonmmuecTBeHHBIE XapaKTEPUCTHKH KAJIOPHUMETPOB JIETEKTOPA
ATLAS npusenens! B [Ipunoxenun b.

Hike mpuBeneHO  ONMCAaHUE  OCHOBHBIX  3JIEMEHTOB
kanopumerpun ATLAS.

4.1.  XuxkoaproHOBBIH (LAr) 3JIEKTPOMArHUTHBIN
kajgopumerp (EM)

OnextpoMarHutHblii LAr xamopumerp ATLAS cocrout u3
LEeHTpaJpHOro Onoka (Oappens), COOTBETCTBYIOLIErO  OONAcTH
nceBmobsicTpor | <  1.475, m ABYyX TOpPLEBBIX OJIOKOB,
nepekpoiBarornx obmactu 1,375 <1f| < 3.2.Kaxmpiii ux 31X Tpex
JNIEMEHTOB pa3MEIIeH B COOCTBEHHOM Kpmocrate. Kak yxke
orMedanoch, coneHoun ATLAS Haxomutcs BHyTpu Oappens EM
KaJIOpIMETPa M B IIEIAX yMEHBIICHHS KOJIWYECTBA BEIIECTBA IIEPE
KaJOpUMETPOM OH TOMELIEH B EAWHBIII BaKyyMHBIH KOpIYyC C

KaJIOpUMETPOM. LenTtpanbHbli 610K JIEKTPOMarHUTHOTO
KaJOpUMeTpa COCTOMUT U3 JBYX MACHTHYHBIX YacTeH, Pa3Je/ICHHbIX B
mearpe mpu Z = O mpomexytkom B 4 mMm. Kaxnpni TtoprieBoi

KaJOPHUMETP COCTOMT M3 JBYX KOAKCHAJIBHBIX KOJIEC: BHEIIHETO,
nepekpsiBaroniero obmacte 1,375 < 1| < 2,5, u BHyTpeHHero,
COOTBETCTBYIOIIEro obmactu 2,5 <] < 3,2.

AxTHBHBIM BellecTBOM EM Kkajmopumerpa CIyKHMT >KUIKUN
aproH, HaxoAsmuics mpu Temmeparype okono 160 K, BemectBom
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TIOTJIOTUTEIIA CJIYXUT CBUHEI. Ca0ou TOTJIOTHTENA U DJICKTPO/JOB,
BBIITOJTHCHHBIX M3 KalTOHA, UMEIOT peOpHcTyro (GopMy akKOpACOHA.
OT10 of0ecmednBaeT TMOJHYID CHMMETPHIO  KaJOpHMeTpa IO
a3UMYyTaJILHOMY YTy W OBICTpHI COOp CHTHAma Ha DIIEKTPOIBL..
Tonmaa cmost abcopbepa ONTUMH3HpPOBaHA B 3aBUCHMOCTH OT
3HAYEHHS TICEBIOOBICTPOTHI [I| ¢ IEBI0 OOeCIeUeHHs HANITY4IIero
SHEPreTHYECKOro paspenieHus kamopumerpa. Cioit LAr B TopIrieBBIX
O/loKax yBENMYHMBAETCS C paguycoM KajmopumeTpa. B obmactw,
oTBevarolmlell  NPENM3MOHHOM  (QU3MKE M HCIOJIb30BaHUEM
Buytpennero merexropa| < 2,5,EM kamopumerp paszieneH Ha TPH
CeKIMU 1O IiyOuHe. BHyTpeHHee KO0Jeco TOpLEBOro KaJIopHMeTpa
COCTOUT U3 JBYX CeKIMH 10 TIyOMHe H HMeeT OOJIBIIYIO
KOAKCHAJbHYI0 TPaHYJIIPHOCTB, YeM OCTAJbHOW KamopumeTp. Ha
pucysake 4.2 mokazaHa (popMa CUHTHIBAIONINX JIEKTPOIOB B Pa3HBIX
gactsax EM kanopumerpa. Ha pucynke 4.3 mpuBezieHa cxeMa CeKTopa
6appens EM kanopumerpa. @ororpadun cekropoB EM kanopumerpa
MTOKa3aHbl Ha puc.4.4.
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Puc.4.2. PucyHok pacnoiiokeHHs  3JeKTponoB EM
kanopumerpa ATLAS. Pasmepsl npuBeneHsl B MM. /[IBa BepXHHX
aNeKTpona Ui Oappers, HIDKHMHA clieBa JJIsI BHYTPEHHETO KoJjeca,
crpaBa sl BHEITHETr0. BUTHBI 1Ba WM TPH pas3HBIX CIIOS 110 TITyOHHE.
MaciuTab Bcex pUCyHKOB OJJMHAKOB.
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Cells in Layer 3
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Puc.4.3. Pucynox wmonyns Oappens EM kanopumerpa.

Bugnael ero Tpu ClIOS M PAacXOJUMOCTh  BIIEKTPOAOB IO
a3MMyTaJIFHOMY YTy ¢. Bec momosuns! 6appemns 57 .

Puc.4.4. ®ororpaduu cekropoB Oappens (cmpaBa) u
topuesoro (cnesa) EM xamopumerpa gerektopa ATLAS. Och myuka
Ha JICBOM CHHMKE HAlpaBieHa BBepX. Ha mpaBoM CHHUMKE BHIHBI
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CeMb  CTPYKTYp  MEXaHM4YEeCKOM  MHOAJCPKKH  KOHCTPYKLUH
KaJIOPUMETPA.

DNEKTPO/IbI CYMTHIBAHUS MPEACTABISIOT COOON TPH MEIHBIC
IUIACTUHBI, pa3JeeHHbIe HW30JUPYIOIMMHU TOJIMUMHUIHBIME CJIOSIMH.
Kaxnas mosoBuHa Oappens conepkut 1024 aGcopbepa B dopme
AKKOpJIeOHa. DIIEKTPObI Pa3MEIICHbI IOCEPEANHE PACCTOSHHUS MEWKITY
abcopOepamu. JIpeioBBIA MPOMEKYTOK C KaXKIOHW CTOPOHBI
anekTposa paBeH 2,1 MM, YTO COOTBETCTBYET IOJHOMY BpPEMEHH
npeiida 450Hc npu pabouem Hanpspkenun 2000B.

B o6nactu niceBpobsicTpoThI || < 1,8mepen kamopumerpom
MTOMEIIIEH JCTEKTOp mpecemiuiep. Ero 3agayeil sBIsieTCs Onpe/Ie/icHre
MOMPABKH HA DHEPIHI0, MOTEPSHHYIO JIEKTPOHAMH U (DOTOHAMHU JI0
kasmopuMmerpa. OH COCTOUT M3 aKTUBHOTO ciiosi LAr Tommuuoi 1,1 cm
B Oappene u 0,5 cMm B TopIeBbix 061acTax. CyMMapHOe KOJTHYECTBO
KaHAJIOB  DJICKTPOHMKHM  CYWThIBaHWs EM  Kkajopumerpa €
mpecemiiepoM  coctaBmsier 173 Teicsiud, 14 ThICSY  KaHAIOB
SIICKTPOHMKH NPEAHAa3HAYCHBI TS KaTHOPOBKH KaJOPHMETPA.

Anponnbrii Talin-kanopumerp

AnponHblii  Tailn-xkanopumerp  pasMelaeTcss  CHApYyKu
koprmyca EM  kamopumerpa. OTO COCTaBHOW KaloOpuMeETp C
abcopbepamMu W3 CTadM M CUUHTWLILITOPOM B Ka4eCTBE AKTUBHOIO
BemrecTBa. OH cocTouT U3 TPEX OJIOKOB Oappens. LleHTpanpHbIA 010K
uHON 5,8 M COOTBETCTBYET Mapamerpam mceBaoosicTpoThl | < 1,0.
bokoBble 0JI0KM paciiupeHHOro Oappenss UMET uHYy 2,6 M U
nepekpbiBator obimactn 0,8 < fj| < 1,7.1lo asumyTranbHOMY YTy
KaJopuMeTp cocTtouT u3 64 mopyneii. Ero BHyTpeHHHI pamuyc
cocraBnser 2,28 M, BHemHud 4,25 M. [lo pamuycy kajgopumerp
CerMeHTHUpOBaH Ha obmactu ¢ TommmuoM 1,5 Ay, 4,1u 1,8 A, B
LEHTpabHOM OJioKe. B OOKOBBIX OJIOKaX OH pa3elicH paJualibHO MPU
tommuHax 1,5A,,, 2,6, 1 3,3,,.

JIBe CTOPOHBI CIMHTHIUIAIMOHHON IUIACTHHBI CUMTHIBAOTCS
ONTHUYECKUMH BOJIOKHAMH CO CJABHIOM [0 JJIMHE BOJHBI B JBa
HE3aBUCHUMBIX (OTOYMHOXKHUTEIS. Sdeiiku CUHTBIBAHHUS,
CTPYNIIHPOBAHHBIE ONTHYECKIMHI BOJIOKHAMH B (DOTOYMHOXHTENH, TIO
1 MPOCKTHPYIOTCS B HANpaBICHHH OOJACTH COyJapeHHs ImydkoB. Ha
pucynke 4.5 mokaszaH dYepPTEXK MOAYNS TalI-KalopuMmeTpa, TIe
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OTMEYCHO MOJIOKECHUE CTANBHBIX IIACTHAH U IUIACTUH CHUHTHIUIATOPA,
ONTHUYECKUX BOJIOKOH M (poTOyMHOXHTeNeH. [naMeTp ONnTHYeCKUX
BOJOKOH 1 MM. [[JIs1 cUMTHIBAaHHS CUTHAIOB ¢ moMoIbio 450 Teicsay
ONTHYECKUX BOJIOKOH C IUJIACTHH CIMHTHUIATOPOB U (hOpMHUpOBAHUS
sgeeKk  KajJopuMmeTrpa Obuta pa3paboTaHa HOBas  TEXHOJIOTHA.
OnTryecKkre BOJIOKHA, [0 YCThIPE HUTH B IIEHTPAJIHHOM Oappelie U 1o
TpU B OOKOBBIX MOJYJISIX, 3aKJIFOYEHBI B TOHKHE INIACTHKOBBIE TPYOKH.
Onu obecrieurnBata CerMEHTAIINIO CUNTHIBAHHS CUTHAIOB 110 TIIyOuHE
KaJOpUMeTpa.

Ha puc. 4.6 npuseneHa cxema OpPOJOJIBHON CErMEHTAIMU
TalJI-KalOpUMETPA.

- Photomultiolier
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Puc.4.5. Cxema cekTopa IICHTPaJIBHOTO OJIOKa TailI-
kanopumerpa aerekropa ATLAS.
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[nacTUHBl  CUMHTWILIATOpPA CHENaHbl M3 MOJHUCTUPOIA,
HUMCIOT TOJINUHY 3 MM, pa3Mep o a3uMyty Bapeupyercs ot 200 no
400 MM, mo pammycy ot 97 mo 187 mm. Ilpm mepeceueHuun
3apsDKEHHOM  YacTuledl  CUUMHTWUIATOpa B €0 BEIECTBE
MPOIYLHUPYETCS yIbTPaHOIETOBOE H3ITydCHHUE, KOHBEPTHPYEMOE B
BUJIMMBI CBET CIIEIMAIbHBIMU J100aBKaMH B COCTaBE CLUHTUILITOPA.
Ceer cobupaercss W OT KaXAOW IUIACTUHBI CIMHTHILIITOPA
TPaHCIIOPTUPYETCS ONTUYECKUMH BOJIOKHAMH K (DOTOYMHOKHUTEIISIM.

CUMHTHIUISTOPHI TIIATEIBHO MPOBEPSUIUCH 110 CTAOUIBHOCTH
CBETOBBIXOJa W JUIMHBI TIOTJIONIEHUS CBeTa. Bce pa3mepsl
KOHCTPYKIIMH BbIIEpKUBaIMCE ¢ gomyckom * 0,1 mm. Ucnbitanus
nokasanu, yro nocie 10 net paboThl MOTEpH CBETOBBIXOAA B CaMOii
PaIMaliOHHO 3arpy’KEHHOH 00JIaCTH KaJlOpUMETpa COCTaBsT MEHee
10%.
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Puc.4.6. TlpomonbHas CErMEHTALMUS TaWJI-KaJOpUMETpa
[EHTPAILHOTO 0JI0Ka (ClieBa) U GOKOBBIX GIIOKOB.

TopueBoii LAr agpoHHBIH KaJOpUMeTp

Topuesoit anpounsii LAr kamopumerp (HEC) pacmonoxen
3a TopueBsiM EM kanopumerpom B onHoM ¢ HuM LAr xpuocrare u
COCTOUT M3 JBYX Konec. OH mepekphiBaeT 00iacTh MNCEBIOOBICTPOT
1,5 < f| < 3,2. 0 nepekpeiBacT obnacTh Taiii-KaJopuMeTpa Ha
uHTepBan ncesnodbictpotel 0,2 u 3axBareiBaer Ha 0,1 obnacthb
NICEBIOOBICTPOT IepeaHero kamopumerpa. Kaxknaoe kojeco cocTouT
10 a3uMyTy M3 32 WISHTUYHBIX MOJYJIEH M COCTOUT U3 IIBYX CEKLHii
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no riuyouHe. bimkaiime k 00nacTH COydapeHUH CEKIMH HMEIOT
HOTJIOTHTENb B BUAE MEIHBIX MapajuIeIbHBIX IUIACTUH TOJIIMHOW 25
MM, B yJaJCHHBIX CEKIMAX MEIHbIEC IIACTHHBI MMEIOT ToImuHy 50
MM. BHewnuit paguyc rmmactun 2,05 M, BHyrpennuin 0,475 . B
00JIaCTH TEpPEeKpPBITHS C MEPEIHHM KaJOPUMETPOM OH MEHBIIE H
cocraBmsier 0, 372 M. 3a30p MexAy IUIACTHHAMHM, 3allOJHCHHBIN
KHUIKAM aproHOM B KadeCTBE aKTHBHOI'O BELIECTBA, COCTABIACT 8,5
MM. PucyHok 4.7 nmokaseiBaer ctpykrypy monyis HEC. @otorpadus
Ha puc.4.8 nokaspIBaeT KoJieco KaJopuMeTpa Irocjie HOJHOH cOOpKH.
Ha BHemHe#l cTopoHe BHIHBI OJOKH DIEKTPOHUKH. TopiieBoit
anponHbelii LAr kanopumerp umeer 5 632 xaHaIOB 3JIEKTPOHHUKH
cunThiBaHusi. [IpeaycuinTenu dneKTpoHMKH cuuThiBanusi HEC
BBINIOJIHEHBI Ha OCHOBe GAAr 2JIEKTPOHUKH M B YCJIOBHSX HHM3KOH
TeMIIepaTypbl 00ECIICUNBAIOT ONTUMAIEHOE OTHOLICHUE CUTHA/IIYM.
C KaXI0i STYEHKHN pEerucTpUpyeTcsl OTASNbHBIA CUTHAI.

Baxunoit ocobenHocteio HEC sBisiercss ero crmocobHOCTH
U3MEPATh MIOOHBI W JIIOOBIE WHBIC HOHM3AIMOHHBIC ITOTEPH.
HoHu3anonHbIe TOTEPU MIOOHOB M HX Tpeku n3Mepstorcss B HECu B
Tal1-KaJOpUMETpeE.
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Puc.4.7. CtpykTypa MOy TOPLEBOTO >KHJIKOAPTOHHOTO
kajgopumerpa ATLAS.

Puc.4.8. Koneco TopueBoro LAr ampoHHOr0 Kajopumerpa
mociie COOpKH.

Mepennnii LAr xanopumerp

IlepenHuil >XUAKOAPTOHOBBII KaIOPUMETP HHTEIPUPOBAH B
TOpLIEBOH KpHOCTaT, W300pakeHHbI Ha puc.4.9, 4ro cozmaer
OTHOPOJHOCTh KaJIOPHMETPUHU U Toryomaer (GoH mepeln MIOOHHBIMU
kamepamu. J[mg yMeHbIIEHHS anb0eqo0 HEHTpOHOB B 00BEMe
BHYTPEHHETO0 JIE€TEKTOpa IUIOCKOCTh MEpEeJHEro  KallopuMeTpa
caBuHyTa Ha 1,2 M OTHOCHUTENBHO TIepefHeld  IUIOCKOCTH
ANIEKTPOMAaTHUTHOTO TOPLEBOTO KAJIOpUMETpa W HaXOAWTCS Ha
paccrossauu 4,7 M OT Oo0JlacTH coymapeHWil. DTO YMEHbBIIAET ero
BO3MOJKHYIO TOJIIIMHY M ITOBBIIIAET TPeOOBaHHMS K €ro IUIOTHOCTH.
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Iepennuii xamopumerp umeer toimuHy 10 A,, u coctouT u3 TPEX
Monayned B Kaxaom Ttopue. IlepenHuil MOIyib, BBINOJHEHHBIA U3
MeJH, ONTHMH3UPOBAH U H3MEPEHHUS AIIEKTPOMAarHUTHBIX KacKaIoB.
JlBa mocnenmymmux MOAYJS, BBIIOJHEHHBIE W3  BOJb(pama,
MpeJHa3Ha4eHBl U1 W3MEPEHHs aJpOHHBIX  B3aMMOACHCTBHIA.
Kaxxaplii Moaynb mpencTaBiseT coO00H METaNIMYecKylo MaTpHUIly C
OTBEPCTHSIMH, B KOTOPBIX pa3MEIIEHBl CTepXKHU U TPyOKH
SNIEKTPOIOB, TMapajule/ibHble oOcu myuka. JKugkuii aproH B
MPOMEKYTKAX MEXKIY CTePKHAMH M TPYOKaMH CO3[aeT aKTHBHYIO
cpely Kajgopumerpa. TeXHOIOTHs MO3BOJSIET CTPOTO KOHTPOJIHPOBATH
MPOMEKYTOK MEXKAY IIEKTPOAAMH, TONIIMHA KOTOPOTO B IIEPBOM
monayie cocrasiseT Bcero 0,27 mm u 0,5 mm B mocneanem. Manas
TOJIIMHA MPOMEXKYTKA MO3BOJISAET H30€XKaTh HpoOIeM C HOHHBIMU
3arpy3kamu.  [lomHoe  BpemMsl ~ JIEKTPOHHOTO  CHTHajla B
ANIEKTPOMAarHUTHOM Monyie coctaBimsier 60 He. CTpykTypa Momyis
MepeHero KajopuMmerpa TmokazaHa H©Ha puc. 4.10. O6macts
MICEBIOOBICTPOT mepearero kamopumerpa 3,1 < fi| < 4,9.Komgectso
KaHaJIOB CYMTHIBAIOIICH AIEKTPOHUKH 1762.

Feed-throughs and front-end crates

_~2 -

Electromagnetic end-cap calorimeter
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Puc.4.9. CrpykTypa TOpLEBOrO KpHOCTara, B KOTOPOM
3aKJII0YEHBI MOJIYJIM 3JIEKTPOMArHUTHOTO U afpoHHOro LAr TopueBsix
KaJIOpUMeTpoB ¥ mepexnuit LAr xamopumerp. Buemmnii pammyc
KpHocTara 2,25, mmHa 3,17

Puc.4.10. Crpyktypa MOIyJs IEpeaHEero KaJlophMeTpa.
Martpuna, TpyOKH ¥ CTEp>KHH BHYTPHU TPYyOOK, ¢ KOTOPBIX CHUMAaeTCs
CUTHAJL

B coznanne kamopumerpoB ATLAS 06obioi BT BHECIH
poccuiickue ¢m3uxku u OUSM. UsrotoBnenme m cOOpKa CEKTOPOB
TalI-KaJJOpUMETpa, €ro CIHHTIIIATOPOB W ONTHYCCKOW CHCTEMBI
CUMTBHIBAHMSI U KAJTUOPOBKH, U3rOTOBJICHUE JJIEKTPOIOB CUHUTHIBAHU,
Iu3aifiH M CcOo3gaHue TOpLeBOro aapoHHoro LAr kamopumerpa —
00acTH X BKJIajaa.
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5 MioonHblii ciekTpomeTp AeTekTopa ATLAS

JletexTupyonme TPEeKd MIOOHOB KaMepbl pa3MEIlCHBI BO
BHEIIHEM  MAarHUTHOM  MOJ€, CO3JaBaeMOM  TOPOUAAIBHBIMU
marautamd  ATLAS (1.2). CroekTpomerp MpeqHa3HAueH s
M3MEPEHHsI UMITYJIbCOB MIOOHOB C MCEBIOOBICTpOTON M| < 2,7,4ro0
nepekpeiBaeT obnactb BHyTpeHHero nerekropa. [lpu | < 1,4Mr00HEI
HU3MEPSAIOTCS B IHEHTPAIBFHOM TOPOWAE C BO3MYIIHBIMH 3a30paMHU
(Gappere), B KOTOPBIX pa3MELICHBl KaMepbl  CIIEKTPOMETpA.
MarautHoe T1oJie B OCHOBHOM IIEPIICHAMKYJISPHO HAIPABICHUIO
MIOOHOB, 4YTO OOecHneuyMBaeT MHUHHMMAIbHO BO3MOXKHOE CHIDKEHUE
paspemieHusl 3a C4YeT MHOTOKpPATHOTO paccesHus. MHTerpambHas
BenuunHa nousis coctasisier 1,5 — 5,5Tm B Gappene u ot 1 no 7,5Tm
st 1,6 <] < 2,7.B obnmactu 1,4 < §| < 1,6uHTerpai moss HKe u3-
32 HAJIOXKCHUS [10JIEH MATHUTOB.

B nenTpanbHOl 00slacTH KaMephl pa3MEIleHbl B BUIE TPEX
MIINHAPHYECKUX CIOEB, OCh KOTOPBIX IapajulellbHa HAIpPaBICHUIO
MPOTOHHBIX ITy4koB. Ha Topmax ¥ B mepexomHod o06jIacTé OHHU
pa3Memiarorcsi  Ha  TpEX  IUIOCKOCTSX,  HEPIEHAMKYISPHBIX
HalpaBIeHUIO ITy4Ka MPOTOHOB. KOHCTPYKIMS CIIEKTpOMETpa
MpeIHa3HavYeHa sl paOboThI B YCJIOBHUSAX OOJBININX TTOTOKOB YaCTHIl U
obecreunBaeT HEOOXOAMMBIE OBICTPOJAECHCTBHE, TPAHYIAPHOCTh HU
pafnaMOHHYI0 CTOMKOCTD MPH MUHUMAJIBHBIX d(PdeKTax «cTapeHus»
neTekTopoB. Cxema pa3MelIeHusl KaMep MarHUTHOTO CHEKTpOMEeTpa
mokas3aHa Ha puc. 5.1. OcHOBHBIE XapaKTepUCTUKN KaMep IPUBEACHBI
B [Ipunoxxenuu B.

W3mepenust KOOpAMHAT TPaKTHYECKH BO Bced o0nacTu
NICEBJOOBICTPOT ~ MPOBOAATCS ~ C  IOMOINBIO  NPELHU3HOHHBIX
MOHHUTOPHPYMBIX IpeiioBeix Tpy6ok (MDT). AHOAHBIE MPOBOJIOKH
BHYTpPH TpyOOK HaJIe)KHO N30JIMPOBAHBI u XOpOIIOo
MO3UIMOHUPOBAHbI, YTO TapaHTUPYeT BBICOKYI0 TOYHOCTh HX
namepennii. B obnactu 1,4 < )| < 1,6,rme cymiecTBeHHO Ooiblie
IUIOTHOCTh IIOTOKa YaCTHI[ W BBICOKHH paJuanioHHbIH  (OH,
U3MEPEHHsI OCYIIECTBIAIOTCS C IIOMONIBIO MHOTOIPOBOJIOYHBIX
NPOMOPLIUOHANIBHBIX KaMep C CEerMEHTHPOBAaHHBIM Ha  CTPHIIBI
cuntsiBanus katonoM (CSC).IlonoxeHHe KaMep MOCTOSHHO CTPOrO
KOHTPOJHMPYETCS METOIaMH MEXaHNUECKOH M ONTUYIECKOH MPUBS3KH.
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Thin-gap chambers (T&C)
% ) |

Cathode sirip chambers (C5C)

Resistive-plate
chambers (RPC)

End-cap foroid
Monitored drift tubes (MDT)

Puc.5.1 Cxema wmroonnoro crnekrpomerpa ATLAS B paspese.
O003HauCHBI MOJIOKCHUS M THITBI KaMep CHEKTPOMETpa M MAarHUTHI,
CO3/IAI0IINE BHEIIIHEE MOJIe.

JiBa tnma kamep (RPC u TGC) 00CinyXuBarOT CHCTEMY
TpUrrepa W mepekpeiBaroT obnacte | < 2,4.MUx 3amadeit sBisercs
ornpesiejieHle BpEeMEHH IEepPEeCeUCHUs] CTyCTKOB MPOTOHOB B 00JaCTH
COyJapeHuil, TOYHbIE W3MEPEHUs] MONEPEYHbIX MMITYJIbCOB B
HOPOTrOBBIX O0JIACTAX UL 3allycka TpUITepa W ONpPEIeNCHUE
KOOpIMHAT TPEKOB MIOOHOB B HAIpPAaBICHHH, IEPICHAUKYIAPHOM
HU3MEpeHIsIM TIpenn3noHHbIX Kamep. Kamepst RPC mepexpriBator
nenTpansHyo obnactes | < 1,05.Ha topuax mpu 1,05 < | < 2,4
ycraHoBieHBl kamepel TGC. O6a Tuma kamep 00ecneynBaroT
MOCTYIUICHHE CUTHana B mpenenax 15-25 He, 9TO COOTBETCTBYET
Neproy CTOJNKHOBeHHMst Oanyell. OOa THUHa TPHUITEPHBIX Kamep
HU3MEPAIOT IBE KOOp,ZII/IHaTI)I: OAHY B IJIOCKOCTH HpOFI/IGa TPaCKTOpHHU
(M), nmpyryroo B asuMmyrtanmpHOM TwIockocTd (@) Oe3 mporuba
TPaeKTOPHUH.
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3amaua cHeKkTpoMeTpa — OOECIedYnTh H3MepeHHe mporuda
TPAacKTOPUH MIOOHA C IoIepedHbM ummysnscoM 1 TsB mo ocu z,
kotopeiid paBeH 500 MxM, ¢ TouHocThi0 < 50 MkM. HrokHsAS rpaHuiia
CHEKTpa MOMEPEYHBIX UMITYyJIECOB MIOOHOB OIIPEEIAeTCs BEINYNHON
HOTeph SHEprud B Kamopumerpax (mopsiaka 3 I9B) um cocraBmser
HecKOoJIbKO I'@B. Belme 3T0i rpaHullbl MIOOHBI MOTYT H3MEPSThCS
MIOOHHBIM CIIEKTPOMETPOM aBTOHOMHO.

IMpenusnonnnie kamepbl MDT

OCHOBHBIM  DJIEMEHTOM KaMep MDT SIBJIIFOTCSL
amoMuHueBble TpyOku auametpoM 30 MM, 3aMOJHEHHBIE CMECHIO
razoB Ar/CO2 (93/7)upu naBnenuun 3 6ap. Cxema TpyOKH NPHBEICHA
Ha puc.5.2. AHOHAsS POBOJIOKA U3 BoNb(paM-peHus muamerpom 50
MKM HaxoxuTtcs o norernuaiom 3080B.

Cathode tube

e o
AN :Rm‘,‘.
.
N
at ¥

*

kY AnmLe Wire
— 200970 mm——7—-

Puc.5.2.Ceuenne apetioBoii Tpyokn kamepsr MDT.

MakcumansHoe Bpems Jpeiida 3IEeKTPOHOB OT CTEHOK
TpyOku nocturaer 700 Hc, MOATOMY 3a OTCUET KOOPIMHATHI Oepercst
BpeMsl Havajia UMITyJbca, ompejensieMoe apeiom ¢ Oimxaimero K
aHONy pacCTossHMS OT Tpeka R,,,. BbiOOp Ta30Boi cMecu
obecrieunBaeT MHUHHMalbHBIE 3((EKTe «CTapeHHs», OIHAKO He
CHIKAeT TpeOOBaHMsS BBICOKOW YHCTOTHI Ta30BOl CHUCTEMBI OT
npumecedd. Ilpn mmanmpyemoii cBetumoctn LHC ckopocts cuera
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npeiidoBbix TpyOok Mmoxer mocturate 30 k['y Ha TpyOKy u3-3a
(OHOB.

Cron Tpy6OK M3 TpeX WM YEeTHIPEX PsIoB 00pasyroT eauHYIO
CTPYKTYpYy. BHYTpH Kamepbl Takue CJIOH pa3/ielieHbl MPOMEXYTKaMH
BbIcOTOM OT 6,5 MM 10 317 mMMm. Ha pwuc.5.3 mokazana ctpykrypa
Kamepbl C IByMs CHOSIMH M3 TpEX psnoB Tpybok. [livHa Kamep
BapbUpyeTcs B ipenenax 1 — 6m, mmpuna 1-2 M.

HecMoTpsi Ha KECTKYyIO KOHCTPYKIMIO, H3-3a II€penasioB
TeMIlepaTyp MOTYT BO3HHUKHYTH jedopmannu Kamep. g wux
KOMIIGHCAllMd B Kamepax MpeayCMOTpeHa CHUCTeMa KOHTPOJIA
B3aMMOPACIIOJIOKEHHUSI  DJIEMEHTOB, cocrosimias M3 JBYX
napauleNIbHbIX JIydel Jla3epa 1 JABYX MepeKpECTHBIX, KaK MOKa3aHO Ha
puc. 5.3.Cucrema perucrpupyet aedopmaruy MacmTada HeCKOIbKUX
MHKpOH.

W3MepeHus: B KOCMHYECKMX JydaX M Ha ToMorpade
[OKa3ald, 4YTO IIOJOoXKeHWs aHomoB kamep MDT B cpennem
OTKJIOHSIETCS. OT HOMHMHaIbHBIX Ha < 20 mkm. Paspemenue kamep
OrpaHUYMBACTCS BHYTPEHHHUM paspelieHHeM TPYOOK, COCTaBIIIOIINM
< 80 mkmM. [lns Tpeka, mepecekaromero Tpu ypoBHs kamep MDT |,
OKHIaeMasi TOYHOCTh M3MepeHus: nporuda (carutrer) A4S = 45 Mkm.
CoO0TBETCTBYIOIIAS MTOTPEIIHOCTh U3MEPEHHUS UMITYJIbCa COCTABHT
oplp = A4S+ pl 500mxkMm, rae p usmepsiercs B THB.

iy W,
NN
Three or B
four drift-
tube layers
Drift-tube d Four alignment
il rays (lenses in the

reTiRyEe middle spacer)

Puc.5.3.Cxema kamepst MDT.
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Kamepnr CSC

Kamepsr u3 npetioBbIX TpyOOK CITOCOOHBI CIPABISATHCS C
IIOTOKOM MIOOHOB HYacToToil mpumepuo 10 150 I'm/cm®. B mepsom
CJI0e KaMep Ha Toplax JAeTekropa mpu | > 2 oxugaeMas CKOpOCTbh
cuera BbIIe. it TOTO, Y4TOOBI CIIPABUTHCS C MOTOKOM 4YacTHI, Ha
9THUX ydYacTkax pasmemnieHbl kamepbl CSC co CTPUIOBBIM KaTOIOM.
OHH o0ecrednBalOT BBICOKOE MPOCTPAHCTBEHHOE M BPEMEHHOE
pasperieHue, CnocoOHBI Pa3feisTh MPOXOXKACHUE NBYX TPEKOB IMpPH
BBICOKO#1 CKOpOCTH cuéTa 10 10000 1/cM? 1 Mol 4yBCTBHTEIBHOCTH
K TIOTOKY HEHTPOHOB. DTO JieNacT BO3MOXKHBIM MX pabOTy BIUIOTH IO
sHaueHuu | = 2,7. CSGkamepsl pacIionoKeHbl Ha PACCTOSIHUN + 7 M
OT 00JIACTH CTOJIKHOBCHUH.

Kak n xameper MDT, CSC kamepbl cerMeHTUPOBaHbI Ha
OoJbILIE M MaJIble [0 a3MMyTaJIbHOMY yrity. Cxema ux pa3MmelieHus
nokasana Ha puc.5.4. Cucrema CSCkamep COCTOUT U3 JBYX TUCKOB,
KaXIBII M3 KOTOPBIX HECeT BOCeMb Kamep (BOCeMb OONBHIMX H
BoceMb Maibix). Kaxkmas kamepa mmeer dereipe CSC 1utockocTH,
M3MepSIoLIe HE3aBUCUMO JIBE KOOpAMHATHI Tpeka 1 U ¢. Takum
00pa3oM, Ha KaXJIOM TPEKE U3MEPSETCS YCThIPE HE3aBUCUMBIX TOUKH.
Kamepa  CSC  mpencraBmser  co0OW  MHOTOIPOBOJIOYHYIO
MPOMOPLUOHANIBHYI0 KaMmepy, MPOBOJIOKH KOTOPOH PpacioI0KeHbI
paauanbHO (LEHTpasibHAs MPOBOJOKA HAMpaBieHa [0 pajgdycy, a
ocTanbHbIE apaieNbHbl eif). O0a KaToa UMEIOT CTPHIIbI, HA OJJHOM
KaToJlc OHHM HaIpaBJICHBl MEPICHANKYISIPHO aHOTHBIM IIPOBOJIOKAM,
Ha JpyroMm mapaieiabHo. OHHM Jal0T MONEepeYHble KOOPAWHATHI.
[MonoxeHne Tpeka ompemenseTcss IyTeM HHTEPIOINN 3apsija,
HABEICHHOTO IIPU NPOXOXICHHH YAaCTUIBI HAa KATOTHBIX CTPHUIIAX.
CurHai ¢ aHOJHBIX IPOBOJOK HE CYUTHIBACTCS.
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Puc.5.4.Pazmenienne BOChbMH 00JIBIINX ¥ BOCBbMH Malbix kamep CSC
B TOPIIEBOI 4aCTH
nerektopa ATLAS.

IMpocTpaHCTBEHHOE  paspellieHHe KaMmep  OINpeAeNsieTcs
OTHOLICHHEM CHUTHAJI/IIYM M HEPHOJOM CYUTHIBaHHs cHrHana. OHO
cocraBmsieT 5,31 u 5,56 MM i OONBIIMX U MAaJbIX Kamep IO
HaIpaBICHHIO TPOrHba TpaekTopuM, obecreunBas paspemeHue 60
MKM Ha Kamepy. B wHampapieHun 6e3 mnpormba TpacKTOpHH
paspelieHre coctaBisieT 5 MM. [lapHoe H3MepeHHEe KOOpAWHAT
MO3BOJISICT Pa3MYaTh ABE OMHOBPEMEHHO MPOXOMISIINE YACTHIIBI.
Bpemss gpeiia smextpoHoB coctaBmser wMenee 40 He, 9TO
o0ecreunBaeT BPEMEHHOE pa3pellieHHue OKONO 7 HC Ha IUIOCKOCTb.
Huzkast 4yBCTBUTENBHOCTh K HEHTpOHAM oOecredYrBaeTcs MalbIM
ra30BBIM 3a30pOM U OTCYTCTBHEM BOJOPOJa B COCTaBe Ta30BOil cMecH
(Ar/CO2, 80/20) Pabouee nanpsukernne CSCkamep 1900B. [Tuamerp
AQHOIHBIX HPOBOJIOK 30 MKM, OHHM BBIIOJHEHBI U3 I1030JOYCHHOIO
Bosb(pama ¢ 3% penusi. B manoii kamepe 250 aHOTHBIX MPOBOJIOK, B
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Gompmoit 402 Ha oxny miockocts. ['asosoe ycmrenue 6:10°. Ha myTu
YACTHIIBI 10 HOPMAJIHU co3zaeTcsi B cpeqreM 90 HOHHBIX Tap.

||

- g —»

Puc.5.5 Cxema cuntbiBanus curHana CSC kamep. Illupuna ctpuma
GonbIIMX W MalbIX Kamep cocrtasiser Benumumny b = 1,519u 1,602
MM, COOTBETCTBEHHO. MexcTpunoBslii mpomexxytok 0,25 mm. Ilar
ANIEKTPOHUKH CUYHUTHIBAaHUS a , COOTBETCTBEHHO, paBeH a = 5,308 u
5,567mM. HaBeieHHBIN CHTHAN CYUTHIBACTCS C KATOJHBIX CTPHIIOB.

VYipeHue cursaiga oT 4acTHIIBl B KAMEPE MOXET BBI3BAThCS
HAKJIOHHBIM YTJIOM MEePECeUCHHUs, NCITyCKaHUEM O-3JIEKTPOHA B YTIIOM
Jlopenna.

CucreMa No3MIHOHMPOBAHNUS NPEUN3HOHHBIX KaMep

B cnekrpomerpe ATLAS mpeuusuonnsie kamepsl MDT u
CSC ycraHOBJIEHBI ¢ TOYHOCTBIO 5 MM U 2 MpaJ 10 OTHOLICHHUIO K
CBOMM HOMHHAIBHBIM NO3MIMAM. [lns JnocTmkeHHs TpeOyemoit
TOYHOCTH M3MEpEeHMH HEeoOXOJUMO 3HaThb WX MOJOXEHHE C
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ToyHocThio < 30 MkM. 3aj1a4y MOBBIILIEHUS] TOYHOCTH MOYTH Ha JIBa
opsiiKa BBIIOJIHSET CO3IaHHas B ATLAS cucrema
MTO3UIMOHUPOBAHMS TIOJIOKECHUS KaMep OTHOCHTEIBHO APYT Apyra U
peniepoB. OHa mpeACTaBIsAeT COOOH IIJIOTHYIO >KECTKO CBS3aHHYIO
pemeTky, KOoTopas ¢ IOMOIIBI0 ONTHYECKHX CCHCOPOB IMO3BOJISCT
OTpeNeNaTh TOJIOKeHHe Kaxaod mpoBosokn MDT xamep B
MIPOCTPAHCTBE MIOOHHOH cucTeMbl. O0mIast cxemMa MO3HIIHOHUPOBAHUS
MiooHHOTO criektpoMerpa ATLAS mokasana Ha puc.5.6. lns MDT
Kamep B Oappelie ONTHYecKasi CHCTeMa M03BOJISIET ONPEIEISATh TONBKO
OTHOCHTEINIbHBIE cMelieHus. s aOCOMOTHON MPUBSI3KH TTOJIOKEHUS
KamMep HeoOXOJMMO HCIHOJIB30BaTh AJITOPUTMBI C HCIIOJIb30BaHUEM
TPEKOB.

Ha Topuiax onTuYecKuii myTh MEXKIYy BHYTPECHHUM U CPEIHUM
cloeM KaMmep TIpephIBaeTcs OOOJOYKOH KpHOCTaTa TOPIEBOTO
Topouga. IlodToMy WcCHONB3yeTcs JABYXCTYICHYATas CHCTEMA
MpuUBS3KH KoopawHaT. CHCTeMa CEHCOpPOB Ha TOpLIAaX B IIEJIOM
nepeonpeneseHa W [03BOJISIET  BOCCTAHOBHTh  aOCOJIFOTHbBIE
KoopauHaThl Kamep ¢ TodHocThio 300 MKM, a OTHOCHUTEIBHOE
TIOJIOKEHUE TPOBOJIOK BJOJb TPaeKTOpuil ¢ TouHOCThIO 40 MKM 1O
nporudy. Tounocts mosurmonupoBanus CSC kamep He Xyxke, 4eM
kamep MDT.

B kadecTBe CEHCOPOB IO3UIMOHUPOBAHUS B MIOOHHOM
cnektpomerpe ATLAS wucmome3yercs Tpu pasHBIX CHCTEMBI:
RASNIK, BCAM u SaCam.Bce oHU HCTIONB3YIOT TOYKH BEPIINH
KECTKOTO TPEYroJbHMUKA ONTHYECKUX Jydeill. ONTO3IeKTPOHHBIN
npuemMHuk  u3obpaxenus (CCD wmn  CMOS) orcnexuBaer
MOJIOXKCHNE  OCBEMICHHOH  MHIICHH  Yepe3  CHUCTeMy  JIMH3.
W3o0paxeHne Ha CEHCOpe aHAIM3UPYyeTcd W B pe3yiabTare
BOCCTaHABJIMBAETCS YETHIPE KOOPAMHATHI CMEICHUS OT HOMHHAIEHON
MO3WIMHU: [Ba CMCIICHHUS IIONEPeK ONTHYEeCKOW OCH, BpallcHHE
BOKPYT OCH W TPONOJFHOE CMEIIEHHE BJIOJIb OCH IO H3MEHEHHUIO
YBEJIMYEHUS N300paKeHNUS.
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Puc.5.6. OOmas cxemMa TO3UIMOHUPOBAHUS MIOOHHOTO
cnextpomeTpa ATLAS.

Ha puc.5.7 MIpHUBEJCHA cxeMma ONITUYECKOTO
MTO3UIIMOHKPOBaHUs Tpex cocenuuit kamep MDT B cexTopax Gappes.
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Puc.5.7. CxemMa ONTHYECKOTO TO3UIMOHUPOBAHUA TpPEX
COCEHUH MOAyJiell KaMep B Oappelic MIOOHHOTO CIICKTPOMETpa
ATLAS.

Tpurrepubie KaMepbl MIOOHHOTO CIIEKTPOMeTpa

Tpurrephsie KaMephbl MIOOHHOTO CHEKTpOMeTpa
obecrieunBaloT  OBICTpOE IMOJyYeHHE WHPOPMAMH O TpeKax,
MIEPECEeKAONINX KaMepy, MTO3BOJIIONICH TpUTTepy mepBoro ypoHs L1
ONpPENIEINTh MX KOJIMYECTBO M NpHMEpHyI OsHepruoo. OHH
KOHTPOJHMPYIOT o6nacts < 2.4 u BCIO 00JacTh a3UMyTaJbHBIX
yIJIOB. OTO CTaBUT CJIOXKHYIO 3a7ady oOecredeHUs HeoOXOTUMOTo
paspelieHus Ipy U3MepeHusIX B Oappelie U Ha TOpIax, MOCKOIbKY pH
OJTHOM U TOM K€ 3HAUSHHH MONEPEYHOr0 UMITYJIbCa HOIHBII UMITYJIBC
MIOOHA Ha Toplax yBeinunBaercs. Eciu npu ncesnodsictpore 1 = 0
MOIEPeYHbI MMIIyJbC MIOOHA PaBeH MONHOMY, TO mpu || = 2,4
TIOJIHBIN MMITyJIbC MIOOHA B 5,8 pa3 Oosnblue, 4eM €ro nornepevHslit
UMITYJIbC, @ BEJIMYMHA MArHUTHOTO MOJIS YBEINYMBACTCS JIMIIb BIBOE.
Jlnst penieHust CBOMX 3a71a4 TPUTTEPHBIE KaMepbl Ha TOPLAX JTOJDKHBI
UMeTh OoJiee BHICOKOE pa3pelieHHe M OHO JOJDKHO JONOJIHHUTEIBHO
3aBuceTh OoT [n|. TpeGoBaHHe Ooyee MENKOH CTPYKTYpPHPOBaHHOCTH
TPUITEPHBIX KamMep Ha Topuax oOOYyCJOBICHO TaKkKe TeM
00CTOATENBCTBOM, YTO OHHM HAaxOJSITCS BHE MarHMTHOTO IIONSL M
paccTosiHuE MEXAY MX TpeMsl CJIOsIMU MeHblle, 4eM B Oapperne. Tpeku
37IeCh HE WMEIOT Mporuda, MOA0OHO TpeKaM CaMBIX 3HEPIUYHBIX
9acTHIl C JHeprued B Heckoimbko THB. Cremyer OTMETHTH, YTO
paIualoHHbIH ()OH Ha TOpLax JocTUraeT BexndnHbl B 10 pas Beie,
yeM B Oappese. [Ipyras cI0)XHOCTb COCTOMT B TOM, YTO MarHMTHOE
none B obmactu 1,3 < fj| < 1,6504eHp HeoaHopoano. Hamoxenue
MarHMTHBIX HOJIeil 6appeis U TOPIEBOro TOPOH A IPUBOIUT TAKXKE K
MOSIBJICHUIO KOMIIOHEHTBI TOJS IO a3UMYTIBHOMY YINy, 4YTO
n3rubaeT TpeK B IDIOCKOCTH Oe3 mporuba B yeIoBusAX Oapperst. B nByx
obyacTsX Mo 1M M ¢ IOJie MPAKTHYECKU MagaeT IO HYJs, OCTaBiss
TPAaeKTOPUH YACTHUIl NPSAMBIMHU. [ TOTO, YTOOBI MCKIIIOUNTH IOTOK
JIOKHBIX ~ BBICOKODHEPTHMYHBIX  TPEKOB M3  3THUX  oOJacTe,

UCTIONB3YIOTCS ~ MAackh.  OJTO  Takke  TpedyeT  BBICOKOTO
MIPOCTPAHCTBECHHOTO pPa3peIleHus M MHUHUMH3AIMH [OTEPh B
TpHUITEpE.

TpurrepHsie KaMepbl HMEIOT J[Ba THIA, COOTBETCTBEHHO
oauH ms Gappenst | <<1,05, apyroit Ha Topuax 1,05<m| < 2,4.B
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Oappesie ucnon3yroTcss Gecnpososioynbie kamepsl RPC  (Resistive
plate chamber).IlpocTbie B UW3rOTOBJIEHHH, OHH OOECIECYHUBAIOT
HEOOXOMMMBIE TIPOCTAaHCTBEHHOE U BPEMEHHOE pa3pelicHHe W
YCTOMYMBOCTB K AeopManusaM 1mIockocteil. J[msa TopreBsix obmacten
Oobutn  BeIOpanbl kKamepel TGC (Thin gap chamber)ppurnnn
JIeUCTBUS KOTOPBIX o/100eH NIPUHIUITY JEHCTBUS
MHOTOIIPOBOJIOYHBIX ITPOMOPINOHATIBHEIX KaMep.

Jns yMeHbIlIeHUs CIy4ailHBIX COBIIAJICHUH, BBI3bIBAEMBIX
curHanamu (H)OHOBBIX YACTHII, B TPUITEPHBIX KaMepax OOOWX THIIOB
NpeyCMOTPEHO TpeOOBaHHE HE3aBHCHUMOTO COBIIAJICHHSI CHIHAJIOB
TpUITEpa MO JABYM KOOpIMHATaM N 4 ¢@. B Oappene TpurrepHsie
KaMephbl UMEIOT TPHU CJIOs, Ha TOpLaX 4YeThIpe M3-3a OoJyiee CIOXKHBIX
YCIIOBUH.

Cxema pasMeIIeHHs TPHUITEPHBIX KaMep IOKa3aHa Ha pIC.
5.8.Buemnuii cioit kamep RPC (RPC3ia pucynke 5.8) pacnosnoxen
Ha paguyce 10,2 M. Hwkaue cinon umeroT pamuycel 7.8 M n 8,4 m.
Onu okpyxaror cpeanue kamepsl MDT. Baemnue xamepsr RPC
MIPUMBIKAIOT K TocneaneMy cioro kamep MDT. Bcero RPC kamep
544 .Tlo ocu myuka Tpetuii cnoit kamep RPC mocturaer 3Hadenwuii |z|
= 12,27m. Y kamep TGC onuH ci0i pacroyioKeH Iepell BTOPHIM
konecom MDT kamep, nBa cinosi mocie Hero. YerBeptoiii cioit TGC
HAXOIUTCS MepPel CAMbIM BHYTPEHHHUM CJIOEM TPEKOBOI CHCTEMBI.

Kamepst RPC

Buytpennuit w BHemmuii cimom RPC kamep ciyxar
TPUTTEPOM MIOOHOB C OOJBIIMMH TOMEPEYHBIMH UMIyJIbcamu 9-35
I'3B/c. BHyTpeHHHE CIIOM SBISIFOTCS TPUTTEPOM JUIS MIOOHOB C
OTHOCHUTEJILHO MAJIBIMH ITONICPEYHBIMU HMITyJIbcamu 6-9B/c.

Kamepa cocrouT m3 aByX HeTeKTopoB. Kaxuelii nerexTop
UMeeT JBa  JCTEKTHPYIOIIUX  CJOs, PpAa3leJICHHBIX Ta30BBIM
npoMexxyTkoM B 2 MM. C 000MX JETEKTHPYIOLUIMX CJIOEB, CTPHIIBI
KOTOPBIX B3aMMHO OPTOTOHAJIbHBI, CUUTBHIBAIOTCS CHTHaNbL. Kaxnas
RPC kamepa umeeT, TakuM o00pa3oM, 4eTblpe HabOpa CHUIHAJIOB.
Cxema kamepel NOKa3aHa Ha puc.5.9. Bumael wnzo0paxeHns
crielicepoB 1A TOJJIEP)KaHMsI Ta30BOTO IPOMEXYTKAa M CIOXKHAs
CTPYKTYPa CTEHOK JI€TEKTOPOB KaMepHl.
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Pnc.5.8. Cxema pa3MmemeHuss TPUTTEPHBIX KaMep MIOOHHOTO
cnektpomerpa ATLAS.

Kameper RPC paGortaroT B pexuMe Tra3oBOTO YCHICHHUS
(avalanche modey mnpousBomsAT curHam ¢ MOJHOW MIMPUHON Ha
MOJyBBICOTE B S5 HC M BpeMeHeM mxurrepa 1,5 He. [lnsa cOopa u
nepefayd TaKOro CHUrHajda CTPHIBI JOJDKHBI HWMETh  XOPOIIHUE
XapakTepucTHKd. [103TOMy OHH BBIMOJHEHBI U3 MeIU TOJMIIHUHON 17
MKM U UMEIOT IHUpHUHY 25-35MM.
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Unit 1 Unit 2

10
13

Paper honeycomb

13

50 ey
~ Outer ground
I Polystyrene pad
Schematic, 0339 — Longitudinal strip
not to scale 2 2 PET foil (+glue)
o 2 Graphite electrode 0,05
2 Resistive plate
D.:;ES — — — — — Gas gap with spacer

Transverse strips

Puc.5.9. Cxema kamepsl RPC. Iloka3ansl aBa JeTeKTOpa KaMepsbl
(unit).

Jns  cpabaTbiBaHMS TpHUITE€pa CHUTHAN KaxJIOH KaMmepsl
MpOBEPsIETCAd HA COBHAJEHHE C JABYMs APYIMMHU CIOSMH KaMep IO
OyTH dYacTUObl. IS 3TOro CyIIeCTBYeT CHCTEMAa HPOBEPKH
coBnanenuit. CoBmagenue curHaoB ot cioeB RPC1l m RPC2
(puc.5.8) BbI3BIBacT cpabaTbiBaHHE TpPUITepa HAa MIOOH C MajbIM
HmonepeYHsIM UMIyabcoM. CoBIaieHHe CUTHAIOB BO BCEX TPEX CIOSIX
RPC BeBbBaeT cpabaThlBaHWE TpPUITEpa HAa MIOOH C BBICOKHM
3HA4YE€HUEM MONIEPEYHOTO UMITYJIbCA.

Kamepsr TGC

3agaun kamep TGC Ha Topuax CHCTEMBI OCYLIECTBISTH
TPUITEP MIOOHOB M M3MEPATH JIONOJHUTENBHYIO KOOpAMHATY II0
a3UMyTaJIbHOMY YIJIy B JonosnHeHue k mamepenusim MDT nporuba
Tpeka 1o paauycy. PaamanbHble wu3MepeHHsi mporuba Tpeka
nm3Mmepstorcst B TGC rpynmaMu poBOIIOK, a3uMyTajlbHAs KOOpAWHATA
n3MepsieTcs paguaibHbIMu cTpunaMu. Cxema kameps! T GC nokaszaHa
Ha puc.5.10.
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Prc.5.10. Cxema kamepbl TGC. Iloka3aHbl aHOTHBIC IPOBOJIOKH,
rpaduToBbie Katopl, ciion G-10u KaToOHbIE CTPHITBI, HAIIPABICHHbBIE
MIEPIICHIUKYIISIPHO TIPpOoBoJIoKaM. JlmameTp nmpoBoiaoku 5O MKM.

Kamepsl TGC ABIIIOTCS MHOTOIIPOBOJIOYHBIMU
MPONOPLIMOHAILHEIMU  KaMepaMHi C OCOOEHHOCTBIO B TOM, 4TO
paccTosiHUE OT aHOAHOM MPOBOJIOKK A0 KaTona (1,4 Mm) MeHbIIIe, YeM
paccrosiHus Mexay npoBosiokamu (1,8 mm). Ilpu ucnonb3oBaHHEM
ra3oBoit cMecu ¢ BbicOKuM Kodbduimentom ramenus: (CO2 u n-C5
H12, nsientan, B mpomopuuu 55/45) takas sdeiika mMO3BOISIET
paboTaTh B pEeXMME KBa3H - HACBHILEHHA, M ¢ KO3()(PHUIMEHTOM
yemrenust 3x 10 5.

BrIcokuil MOTEHIMAN 3MEKTPUYECKOTO TONS MEXAy OJIM3KO
pacnonoxxennsiMu  anomamu (2900 B) obGecneumBaeT xoporiee
BpPEMEHHOE pa3pelleHue st OONIBIINHCTBA TPEKOB. C BEpOSTHOCTHIO
99% curHan oT Tpeka NPUXOJUT B HHTEpBasIe 25 HC.

Cemp cioeB  Kamep  cocraBimaoT  tpurrep.  OHu

CMOHTHPOBaHbI B BUJIE ICKOB. BHelIHee KOJIbIIO KaMep MepeKphIBaeT
obmacte 1,05< | K 1,92. BHyTpeHHEE KOJBIO KaMep MEePEKphIBaeT
obmacte 1,92< In| < 2,4.Kamepbl CMOHTHPOBAHBI B OJIWH TPHILIET
nBa ry6nera. CTpykTypa TpUILIIeTa 1 Jy6neTa mokas3aHa Ha puc.5.11.

dotorpadust GONBIIOTO AUCKA C pPa3MEIIEHHBIMH Ha HEM
TGC xamepamu puBeeHa Ha puc.5.12.
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Puc.5.11.CxemMa TpUILICTOB U OYOJCTOB TPUITEPHBIX Kamep
TGC. BuaHbl ClOM aHOAHBIX MPOBOJIOK M IMOJOXXEHHE CTPHUIIOB Ha
KaTO/IHBIX TIOCKOCTSIX.

Puc.5.12. CmonTHpOoBaHHBIE Ha OombmoMm aucke 1GC
kamepsl B maxre aerekropa ATLAS. TlonnepxuBaronye CTpyKTYpbI
BBITOJTHEHBI M3 AIFOMUHUSL.
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6 Ilepeanue nerekropnl ATLAS.

C xaxpoil croponsl xaerekropa ATLAS pacmosoxeHsl Tpu
CPaBHHMTENbHO HEOOJIBIIMX JAETeKTOpa. 3ajadell NepBbIX JBYX
(LUCID u ALFA) sBrnsercs u3MepeHHE CBETHMOCTH B JETEKTOpE.
JHetextop LUCID pacnionoxken Ha paccrostHusx + 17 m ot obmacti
CTOJIKHOBEHHUSI NPOTOHOB. OH PEruCTpUpYeT HEYNPYroe paccesHue
npoToHoB. Jlerektop ALFA Haxomurtcs Ha paccrosHusx * 240 M u
HpencraBisier cobOoil  TPEKOBYHD CHUCTEMY  CLMHTHIUIALIMOHHBIX
BOJIOKOH BHYTPH «PUMCKHX TOpIIKoB». OH NPUOIMKEH K OCH ITydKa
Ha paccTosiHre ~1 MM.

Bamaueii tperbero aerekropa ZDC sBisieTcs ompeneicHue
LEHTPAIBHOCTH COYIAPEHHMH YCKOPEHHBIX TsDKENbIX HOHOB. OH
HaxoAuTCs Ha paccrostHun = 140M cpasy mocne pasjeneHus eauHoi
TpyObl Iyyka Ha JBe He3aBuUCUMBIX. OH mpezcTaBisieT co0OM
KaJIOPUMETP, MOIYJIH KOTOPOTO COCTOAT H3  YepeayHLInXCs
KBapIEBbIX CTEpXKHEH W BOJb(PpaMOBBIX TUIACTHH. Ero 3amadeit
SIBJIICTCS M3MEPEHIE HEHTPATBHBIX YaCTHUII C MCEBAOOBICTPOTOH | >
8,2.CxeMa pacrosnoxeHus JeTeKTOPOB IpHUBeAeHa Ha puc.6.1.

48/ 4m

Dump
resistor
0 hoxes

Puc.6.1 Pacnionoxenue nepennux nerekropoB ATLAS 1o ocn mydka
OTHOCHTENTFHO TOYKH coyaapeHuit P.
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Hetextop LUCID

Jetextop LUCID sBnsieTcs 4epeHKOBCKUM HWHTETPaJbHBIM
JIETEKTOPOM ¥ MPEAHA3HAYCH JUIsl HEMOCPEACTBCHHOTO KOHTPOJIS
ceetumoct B nerektope ATLAS. OH m3MepseT OTHOCUTEIBHYIO
CBETMMOCTh. Ero 3amaya  perucTpupoBaTh HEyNpyrue pp-
B3aUMO/JICHCTBYSI B MIEpeAHEH 00JacTH, YTOOBI, BO-NICPBBIX, U3MEPSATH
HHTETPAITBHYI0O  CBETHMOCTH M,  BO-BTOPBIX,  HEIPEPHIBHO
KOHTPOJIHMPOBaTh CBETUMOCTh U COCTOSIHUE ITy4Ka. B mepcrekTrBe oH
MOYeET OBbITh UCIIOJIB30BAH MPHU BBIICICHUH AU(PAKIUN KaK BETO WA
MeTKa Jjisi OOJIBIIUX TMPOMEKYTKOB OBICTPOTHI B COOBITHAX. B
HavdanpHBI Tieproa pabotrel LHC nperekrop LUCID momken ObITh
MPOKAIMOPOBaH Ha JaHHBIX CBETUMOCTU coOcTBeHHO LHC, nmeromumx
To9HOCTh ~ 20-30%.MoryT OBITh HCITOJIL30BaHBI TAKXKe (QHU3MUECKUe
npoueccel, Hampumep, cdet W u Z-0030HOB HIIM DKCKIIO3UBHOE
pOXJIEHHEe Tap MIOOHOB BO B3aHMMOJCHCTBHSAX MABYX (OTOHOB.
Haubonee Tounas kamuOpoBKa MOXET OBITH BBITIOJHEHA C MOMOIIBIO
nerektopa ALFA, m3mepstomiero ympyroe KyJOHOBCKOE pacCesiHHE.
W3MepeHus CBETUMOCTH TOJKHBI IPOBOUTHCS ¢ TOYHOCTHIO ~ 5%.

IIpu coymapeHusix cryctkoB mnportoHoB Ha LHC wmoryr
MPOUCXOIUTh HECKOIBKO pp-coymapeHui. VX KOIMYecTBO HOIDKHO
ObITh M3MepeHo. Yucno gactun, perucrpupyemoe B nerexrop LUCID,
MPOTIOPIHOHAIBEHO YHCITY COYAAPCHUM.

JleTekTop COCTOMT W3 JBAaAUATH AaJFOMUHHEBBIX TPYOOK
oM 1,5 M m numamerpom 15 MM, OpUEHTHPOBAHHBIX Ha TOYKY
coyaapenuii. Paguyc ux pa3MmenieHdsi OTHOCHTEIbHO ocH myduka 10
cM, uro cootBerctByeT || = 5,8. TpyOku moMemieHbl B KOPITYC,
saronHeHHb razom C4F10 npu nasnennn 1,2 - 1,4 6ap, 4to
obOecrieunBaeT YEepEeHKOBCKUH Tmopor s muoHoB 2,8 I2B wu
anekTpoHoB 10 MbdB. KoHCTpYKIMOHHBIE DJIEMEHTHI JETEKTOpa
LUCID mnoka3ansl Ha puc.6.2.
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Puc.6.2. U3o6paxenus nerexropa LUCID. Ha ¢ororpadun
(a) mBa xopmyca meTekTopoB, TOoTOBbIX K mnpumeHeHuto. Cxema (b)
MOKa3bIBaeT, Kak TpyOKka AeTeKTopa pa3MelleHa B KoHyce. Cxema
eMKOCTH Jis ra3a moka3aHa Ha (). CuHMThIBaHHE YEPEHKOBCKOTO
cBeta poToymHOXHUTeneM - (d).

Herextop ALFA

Jerexkrop ALFA  peammsyer TpagMIMOHHBIH — METOX
HU3MEpPEHHsT CBETUMOCTH HA KOJUIaliiepax IyTeM H3MEpEeHHUs
paccessHHs Ha Majble yIiIbl. AMIUIUTY/a PacCesHUs BIEPE CBA3aHA C
BEIMYMHOM TIOJIHOTO  CEUeHHs  B3aUMOJCHCTBUS  ONTHUECKOH
TEOpeMOif, KoTopas MOXET OBITh INPHMEHEHa Uil OIpE/eNICHUS
cBeTUMOCTH. [IJIst TaKUX M3MepeHuit TpeOyroTes yriabl + 3 MKpaf, 4To
MEHBIIE YIIOBOM pacXoJUMOCTH Iy4ykKa, MO3TOMY HCIONB3yeTCs
CrenuanbHas ONTHKAa (OPMUPOBAHHS Iydka B 00JIAacTH H3MEPEHHH.
TexHnKa <«PHMCKOTO TOpIIKa» COCTOMT B TOM, 4TO HEKHH 00bBeM,
OT/ICJIEHHBI TOHKOW CTEHKOW OT BaKyyMHOH Cpeibl, MOMeNaeTcs
BHYTph TpYObl IIydyka M COEIUHSETCSs C Hed. BHyTpu 3T0TrO
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BBIZICJICHHOT0 0o0ObeMa B TpyOe pasmeruaercst neTekTop. «Pumckue
ropuikn» ATLAS npuOmimkeHbl K INy4Ky CHH3Y M CBEpXy Ha
paccrosiHue B 1 MM. J[eTeKTOp MOCTPOEH M3 HECSTH NBYXCTOPOHHHX
MOAYJIeH, KaKAbli M3 KOTOPBIX COAEPNUT 64 CHUHTHIUIALMOHHBIX
BOJIOKHA, pa3MEIIEHHBIX IepekpEécTHO, B (U — V) reoMeTpuu, ¢ 00enx
CTOpOH. D deKTuBHAs IIIONMAAb ICTEKTOpa 4yTh MeHee 32 x 32 MM,
Mogynn cocTaBISIOT CTONKY 1o TiryOmHe. B cepennmue e€ ¢ nmByx
CTOPOH HaxOASATCS IUIACTUHKU CHUHTWLIATOPA TPUITEpa IEepPBOTO
ypoBHs L1, orchuaroniero emy ObICTpbId curHan. Cxema 3JIeMEHTOB
nerektopa ALFA mnokazana Ha puc.6.3. M3MepeHHoe paspelneHne
nerexropa ALFA cocraBnio 25 + 3MkmM.

_— Front-end boards

Multi-anode
photomultiplier

i ~_Fibre connectors

Upper and lower
Romanpots

Puc.6.3.Cxema anemenToB aerekropa ALFA.
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JerexTop ZDC

OcHOBHOM 3aadeit ZDC SIBIISIETCS H3MepeHue
HEB3aUMOJICUCTBYIOILUX HEUTPOHOB Ipu COyapeHusIx
PEIATHBUCTCKUX TSDKCIBIX HOHOB IPH 3HAYCHHSX IICEBIOOBICTPOT
MP8,3. Ha nauampHOM sTame paboThI B OPOTOHHOM ITy4Ke, KOTa
cBeTHMOCTH KoOImaiizepa Gymer mmke 10°° cm? ¢, merexrop ZDC
OyIeT CIyXUTb AJIsl U3y4eHust AM(PPaKIUU U ObITh JOHOIHUTEIBHBIM
TPUITEPOM [UIsl  peructpauuu Heynpyrux minbias coOwitwii.
Hcnonb3oBanue coBmaaenuit B obonx ZDC nerexkropax momMoraer
MOJABUTh (POH OT B3AMMOJCHCTBUI IyYKOB C OCTATOYHBIM ra3oM MU
rajo ImydJKa.

C kaxmoit u3 cropoH aetekTop ZDC coCcTOMT W3 YeThIpex
MOJIYJIeH: OJJHOTO 3JIEKTPOMATHUTHOTO KajopumeTpa (TosmuHoi 29
paanannoHHbx uMH X0) U Tpex aIpoHHBIX, K&k bl TommmHoi 1,14
JUIMH B3auMOJeHcTBUS AB3. CxemMa MOAYNSA 3IEKTPOMArHUTHOTO
Kajopumerpa mnpuBeneHa Ha puc.6.4. O cocroutr wu3z 11
BONB(PAaMOBBIX  IUIACTHH, NEPHCHANKYIPHBIX IIY4KY, MEXIY
KOTOPBIMH ~ PACIOJIOKEHBl ~ KBapleBble  CTepXHH.  [lmacTHHBI
BoJIb()paMa COCJMHEHBI CO CTANBHBIMH IUTACTHHAMH JUTHHONH 290 MM.
Crepxaelt nuamerpoM 1 MM Bcero 96 W OHM TepeceKaroT IUIACTHHBI
mapaieNbHO IydKy, oOpa3ys Marpuny 8 x 12. CHapyxu cTepKHU
coruytsl Ha 90 Trpag M MIYT BEPTUKAIBHO BBEPX, IJI€ BBIXOAAT Ha
(OTOYMHOXHUTEIH, COOUPAIOIINN YePEHKOBCKHIA CBET OT MPOXOIAIINX
gactuil. [Ipyr TakoM TO0XEHHH CUTHABHBIE CTEP)KHH PETUCTPUPYIOT
CBET U HU3MEPSIOT HJHEPrHi0 YacTHIBI IONepeK mnydka. Mexay
IJIacTHHAMHU BoJibppamMa M ctaysm mpojiokeHsl 1,5 MM KBapieBbie
CTpUIBI, KOTOpPBIC HAYT BEPTHKAIBHO H CUYHTHIBAIOTCS CBEPXY
(hOTOYMHOXKHUTEISIMHA. DTH CTPHUIIBI (PAKTHIESCKH SBIISIOTCS 00pO31aMu
JUISl KBapLEBBIX CTEPXKHEH, HO MMEHYIOTCS TaK Uil OTIMYHS OT
CTEepIKHEH, M3MEPSIONINX KOOPIMHATHL. AIPOHHBIC MOIYJH IOJX00HBI
JIEKTPOMArHUTHOMY, OTJIMYAsCh JIMIIb KOJMYECTBOM CTEPIKHEH,
H3MEpSIOLINX KOOPANHATHI.
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Puc.6.4. Cxema MOJIyJIEH JeTEKTOpa ZDC.:a)
9JIEKTPOMATHUTHBI MOJyJb, B HWKHEH YaCTH CHApyKH BHIHBI
M30THYTBIC KOODIWHATHBIE CTEPXHH, D) Herans, MOKa3bpIBAOIIAs
MOJIOXKEHHE KBapIIEBBIX CTEPXkKHEH B 6opo3aax (cTpumax).

7 Tpurrep nerexkropa ATLAS

Tpurrep nperektopa ATLAS Bmecre c cucremoii cbopa
JTAaHHBIX, BPEMEHHOW M YIIPABISIOMICH JIOTHKOW COCTABISIOT BMECTE
cucremy TDAQ. Cucrema MEIJICHHOTO KOHTPOJISL JIETEKTOPOB
noacucreM obo3Haudaetrca DCS. O0e 3TM cHCTEMBI B OCHOBHOM
pacripesiesieHsl 0 MoJCHcTeMaM JeTeKTopoB. IIpyu 3ToM OHH HMMeIoT
OJIMHAKOBYIO JIOTHKY M OJIOKH.

Tpurrep cocrour u3 TpEX OTAEIbHBIX CHCTEM: TpPUITEpa
nepBoro ypoBHs L1, Ttpurrepa Broporo ypoBHs L2 u ¢umbrpa
coborrrmit EF. JIpa mocrmenHuX YpoBHS 00pa3yrOT BMECTE TpPHUITEp
BBICOKOTO ypoBHs HLT.

Kaxpiii 60s1ee BHICOKHIT YPOBEHb TPHUITEpa MepecMaTpHUBaET
pellieHHe TPEIBIIYIIEero W HCIONIB3yeT MOMOJHHUTEIBHBIC KPUTCPHH
otbopa, ecri 310 HeoOxoauMo. CrcteMa cOOpa MaHHBIX TONy4YaeT U
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COXpaHseT JaHHbIE JUIsl COOBITUS OT OTJEIbHBIX CUCTEM JIETEKTOPOB C
YaCcTOTOW, COOTBETCTBYIOIICH BBIXOJHON YacTOTE COOBITHU TpUITEpa
nepBoro ypoBHs uepe3 1600 kanamoB. Tpurrep mepBOro ypOBHS
UCIIONb3YeT YacTh HHPOPMALIUH IETEKTOPa, YTOOBI IPHHSATH PELICHUE
3a BpeMs < 2 MKC W yAEpXaTh CKOPOCTh ITOTOKa COOBITHI Ha YpOBHE
nopsiaka 75 k['u. J[Ba moClieylomuX ypOBHSI TPUITEpa UCIOIb3YIOT
Oospiie MHGOPMALIMK ETEKTOPOB M CHIDKAIOT YACTOTY IMOTOKA IO
~200T 11 mpu cpeaHeM 00beMe JaHHBIX Ha coObiTHe 1,3 Mobaiita.

Tpurrep nepsoro ypoBHsi L1 ocymecTBiseT NOMCK MIOOHOB,
9JIEKTPOHOB, ()OTOHOB, CTPYH M T-JIENTOHOB, pacHaJalOLIUXCS B
aJIpOHBI, C OOJBIIMMH MOTIEPSYHBIMA UMITYJIbCAMH, a TAKIKE OOJIBIIHE
HEJIOCTAIOIIYI0 W TIOJIHYIO IIONepeuHylo JdHepruio. Mx otbop
OCYILIECTBISICTCS. HAa MAHHBIX Pa3HBIX NeTeKTopoB. L1 BeImonHeH u3
ANIEKTPOHUKH TPOMBIIIICHHOTO MPOM3BOJACTBA, TOTHA KaK TPUITEP
BBICOKOTO YPOBHS HCIOJB3YeT MPOMBINUICHHBIC KOMITBIOTEPEI U
cucteMsl cBs3u. Tpurrep L1 oObenuHsAET JaHHBIE TPUTTEPHBIX KaMep
MIOOHHOTO  CIEKTpOMETpa M  KaJOPHUMETPOB B  LECHTPAILHOM
TPHUITEPHOM IIpoIeccope, KOTOPHI PacloiaraeT «MEHI0» TPUITepa B
BUAe KoMOWMHammi KpuTepueB orbopa coObITHH. Bo3moxHO
HCTONB30BaHue (haKkTopa IMpecKeHINHTa I ONTHMH3AINK Habopa
pPETHCTPUPYEMbIX COOBITMH TNpPH HM3MEHEHHUH CBETUMOCTH  WIIU
(DOHOBBIX YCIIOBHIA.

B kaxxmom coOprtrm Tpurrep L1 oOpasyer takxke obmactu
unrepeca (Rol, Region of Interestkoropbix MoXeT OBITH HECKOIBKO,
ompenenss A HUX Hapsl koopauHat M u ¢. Jlannele Rol comepxar
HHPOPMAIIUIO O TOM, KaKOro THIA TPUITEP U C KAKHM IOPOTOM
MIPUHAICKHUT TaHHOH oOmactu. DTa mH(pOpMANUs HCIOIB3YyeTCS B
TPUTTEPax BHICOKOTO YPOBHSI.

Tpurrep L2 mna ROl ucmons3yeT BCIO  HMEHOIIYIOCS
HHPOPMAIUIO JAETEKTOPOB M JTUX 0OJacTeil, OHa COCTaBJIACT
npuMepHo 2% BcexX WMEIONMXCS JaHHBIX ISl COOBITHS. MeHro
Tpurrepa L2 cocrtaBneHo TakuM 00pa3oM, 4YTOObI YMEHBLIHUTbH
CKOpOCTh HOCTYIUICHHs coObITHl 10 mpumetHO 3.5 k[l cO cpeaHuM
BpeMeHeM 00paboTku cobbiTust 40 Mc.

OxoHUaTeNbHEIH 0TOOp mMpoBOAWT (GHIbTp cobbrThii EF, Ha
BBIXOJIC KOTOPOro MOTOK coctaBiisieT okosio 200 1. OTbop Ha ypoBHE
EF wucnonp3yeT anroputmbl, pa3pabOTaHHBIC Ui IOCICIYIOLIETO
(HU3MYecKOro aHannM3a B NpeAeiax OTBEICHHOTO BPEMEHH IOpSIKA
YETBIPEX CEKYH]I.
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Tpurrep BBICOKOTO yPOBHSA MOJHYI IPEIH3HOHHYIO
nHpOpMAIMIO KAJOPUMETPOB M MIOOHHBIX Kamep, a Takke
Buytpennero  nmerexktopa. Kak  mpaBuio, OH  HCIIONB3YeT
WHKITIO3UBHBIE KPUTCPHH, WM MOPOTH A 3HAYCHWH SHEPTUH WIN
MONEPEYHOT0 HMMITYyNbCa, ¢ OAHUM HcKmodeHueM. s B-dusuku
TpUrrep BTOpOro ypoBHs L2 orOupaer coObITHS, B KOTOPBIX
MIPOBOUTCS PEKOHCTPYKIIHS SKCKITIO3UBHBIX pacnasioB B-me30HOB Ha
YaCTHIIBI C MAJIBIMH [TOTIEPEYHBIMH UMITYJIECAMH.

Tpurrep nepsoro ypoBHsi L1 ocymecTsisier mepBUYHBIIH
oTOOp COOBITHH Ha OCHOBE JAHHBIX TPHUITEpa KaloOpHUMeTpa H
MIOOHHOW cucTeMbl. Tpurrep KaJlopumerpa HCIOIb3yeT JaHHbIE BCEX
KaJIOPUMETPOB (IMEKTPOMATHUTHOrO, apOHHOTO U mepeaHero). Ero
3ajaveil ABnseTcs HACHTH(GUKAKs 00BbEKTOB C BBICOKOH MONEPEUHOH
sHeprueil ET, Takux Kak 351€KTpOHBI, (DOTOHBI, CTPYH U T-JICHITOHHI,
pacrnajaromuecs B aJpOHBI, ¢ OOJIBIIMMH MTONIEPEIHBIMHA UMITYJIbCAMH,
a TaKkxke COOBITHS C OOJBIION HEJOCTAIOMIEH YHEPruei Win OOIbIION
TIOJIHYIO TIOTIepedHo# sHepruei. [IpemycMoTpeH u oTOOp COOBITHII C
OOJIBIION CyMMOW TONepedHbIX dHepruil cTpyd. Ilpm otbope
IeKTpOHa, (OTOHA WM T-JIENTOHA, T.6. YACTUIBI C OOJIBIION
HOIEPEYHOIT JHEPrUeH, JIOJDKHO BBITIOJIHATBCS YCIOBHE
n3oaupoBaHHOCTH. OHO O3HayaeT, 4TO0 YacTHIAa JOJDKHA OBITH
MHUHUMQIBHO OTJEJCHa 10 Yy OT J000ro ApPYroro CurHaiaa
OoubIION SHepruu B maHHOM Tpurrepe. Pemenume tpurrepa L1 mms
KaXIOTO CTOJNKHOBEHHsSI CTYCTKOB IMPOTOHOB (OaHd4eil) cocToMT B
OTIpe/Ie]IeHNH KOJIMYECTBA OOBEKTOB Ka)KAOTO THIA C ONpeeTeHUH
Uil HAX  BenmumHBl mopora sHeprum  Er.  KommdectBo
3anporpaMMupoBaHHbix B L1 moporoB ET jms pasHbIXx 00BEKTOB
Mmensercs ot 4 no 16.

Mroonnsiii Tpurrep L1 wmcnonesyer mHpopmanuio RPC u
TGC kamep. OH ompenenseT HaJIAYUe MIOOHA C  BBICOKHM
momnepedHsiM  uMnyiabcoM  PT,  BeutereBmero w3 obiacté
B3aumosericTBuil. [IpenrycMoTpeHo 6 He3aBUCHMBIX MMOPOTOB MIOOHA
o BenuuyuHe pPT. MHpopmamus 3TOro Tpurrepa isi KaxIOro
mepecedeHns OaH4Yel COCTOMT B KOJNMYECTBE MIOOHOB IS KaXKIOTO
[IOpora IONEPEeYHOro uMIyiabca. IIOBTOPHBIA CYET MIOOHOB IS
Pa3HBIX MOPOTOB HMCKIIOYEH. biok-cxema Tpurrepa nepBoro ypoBHs
L1 nerekropa ATLAS mnpuBeneHa ©Ha puc.7.l. Pemenme L1
IIpUHAMaeTCs IeHTpalbHbIM TporieccopoM CTP Ha ocHOBe NaHHBIX
TpUITEpa KaJOPUMETPAa M MIOOHHOTO Tpurrepa. [lokaszaHbl Takke

72



JUHUM CBSI3M C TPUITEPOM BTOpOro ypoBHs L2, dopmupyrommue
obnactu uHTEepecoB ROI, u ¢ cucremoii cobopa nanuaeix DAQ.

Calorimeters Muon detectors
L1 trigger
~ h A - _ A A -
(" Calorimeter triggers Y [~ Muon trigger Y
EM Ellpiss
< Jet SE, LL
| | SN | S

" Central trigger |

processor
i
H LETTYTTY LyrT Trl --------------!
Timing, trigger and .
control distribution Regions-
I of-Interest
* v Y
Detector front-ends L2 trigger DAQ

Puc.7.1. bnok-cxema Tpurrepa mepBoro ypoBHs L1
nerekropa ATLAS. Peiienne npuHUMaeT HEHTPAIBHBIA MPOLIECCOP
Ha OCHOBE JIaHHBIX KaJOpUMETpa M MIOOHHOTro Tpurrepa. IlokasaHsr
TakKe JMHUH CBSI3H C TPUITEPOM BTOPOTO YpoBHS L2, hopmupyromme
obnactu uaTepecoB ROI, u ¢ cucremoii coopa nanusix DAQ.

MeH1o TpHUrrepa COCTOUT U3 0OBEKTOB, KOJMYECTBO KOTOPBIX
nmocturaetr 256. Kaxapii 00beKT CONepKUT IepeueHb KPUTEPHUEB JUIS
CBOEro ONpeNeNieHns] B IEpBHYHBIX IaHHBIX. PelieHue Ttpurrepa
BMECTE€ C BpPEMEHHBIM CHTHaioM OaHda, dactotoii 40,08 MI'm, u
JIPYTMMH ~ BPEMEHHBIMH  I1apaMeTpamMH, pPacIpOCTPaHSAETCs 110
cHCTeMaM CcuMThIBaHus aetekropos cucremoir TTC (Timing, Trigger
and Control).
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Pemenne L1 Tpurrepa mpuHHMaeTcs Ha OCHOBE JAHHBIX O
KOJIM4eCTBe O0BEKTOB HHTepeca. MHpopmamus o0 3TUX 00BeKTax
HaXOAWTCS B IPOLECCOPAaX TPUITEPOB KAIOPUMETPA U CIIEKTPOMETpa.
Ecmu coOprtie nmpoxoant yposens L1, madopmarms ais kaxgoro Rol
mepenaeTcs ¢ 3TUX IpoIeccopoB Tpurrepy L2 mns mampHelmero
aHaJIM3a.

Baxxnoii 3amadeii Tpurrepa L1 sBisieTcss TOUHAs MPUBS3KA K
0aH4y, OIpEeeNIoNeMy MOMEHT CTOJKHOBCHMS ITyYKOB, MHTEPBAJ
MEX/y KOTOPBIMH COCTaBiseT Bcero 25 Hc. Bpems mnepeceuenus
MIOOHOM KaMmep CIEKTpOMETpa TMPEeBBIIIaeT JSTOT HHTEpBall.
TpyaHocTh TpUrrepa KajJOpUMETpa COCTOMT B TOM, 4YTO €ro
BPEMEHHON CHUTHal BEIUK M B CpEeJHEM IIEPEKPHIBAET YETHIpE
IIPOMEXYyTKa InepecedeHuid OaHueil. IIpy MoJI0XKUTENEHOM peleHu:
L1 uapOp™MAaIms 0 COOBITHH COXpaHsAETCS B MAMATH BO BCEX KaHallaX
CUNTBIBAHUS AETEKTOpa. DJICKTPOHHMKA MaMATH PACIIONOKeHa BOIH3H
JIETEKTOPOB, B CIIOKHBIX paJHalMOHHBIH ycinoBusx. EE o0bem
orpaHudeH. JT0 TpeOyeT MHUHMMH3MUpPOBaTh Bpems pemeHus L1.
CosmanHbii L1 mocTpoeH WX — CHENHWATbHO — pa3pabOTaHHBIX
JNIEKTPOHHBIX MPOIIECCOPOB U OOECTeYWBaeT BpeMs MPUHATHA
pemenns < 2,5 mMxm. Ilpm stom 0,5 MKM sBIseTCS 3amacHBIM
BpemeHeM. lIpumepHO 1 MKM 3TOro BpeMEHM 3aHHMaeT CUTHala
IIPOXOXKJCHUE CUTHANIA Yepe3 TMHUH CBSI3H.

3ajepKka CHTHaJla B IEHTPIBHOM IIPOLECCOpE TpUITEpa
CTP BkiroueHa Bo BpeMEHHBIE 3a/IePKKH TPUTTEPOB KAJIOPUMETPOB U
MIOOHHOH cucteMbl W cocraBmsier 100 Hc. BpemeHHoO# curnan
Tpurrepa L1 BocnpuMHHMMaeTcs Ha IOJCHCTEMAaxX JIOKaJbHBIMH
TpurrepubiMa  miporteccopamu LTP (Local Trigger Processor),
KOTOPbIE YIPABIAIOT BPEMEHHBIMH CHCTEMaMH JETEKTOPOB, U
nepenatorcsi  depe3 cobctBeHHble TTC  cHCTEM  AJIEKTPOHHKE
CUUTHIBaHMS 1eTeKTopoB. BpemenHnoit curnan CTP cunxpoHusupoBaH
¢ gacamu yckopurenst LHC.

Cucrema cOopa JaHHBIX ACTEKTOpa M TPUITEP BBICOKOTO
ypoeasi DAQ/HLT BkirOYaeT: CYUTHIBAHUE, TPUTTEP BTOPOTO YPOBHSI
L2, cucremy moctpoenue cobbitust (event builder) dumstp cobsrruit
(event filter), konduryparuto, ynpapieHHe W KOHTPOIb. Tpurrep
BbIcOKOrO ypoBHsS HLT , Brmrouwarommit L2 w ¢unbtp coObiTHid,
OCYIIECTBIISIET OKOHYATENILHBIH 0TOOP COOBITHI U CHHXKAeT CKOPOCTh
nx nocrymwienus. Cucrema coopa manaeix DAQ (Data Acquisition
System)obecrieunBaeT JOCTYIT JaHHBIX AeTekTOopoB B HLT u 3aTem B
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cucreMy xpaHeHus. CuCTeMa CYMTBIBAHUS AaHHBIX CO3/A€T IOJIHBII
HaOop wuH(popManmu ANl COOBITHS W OTHPABIACT €€ B (HIBTP
cobwrrrii (EF).

VYrpapieHHe  OKCHEPHUMEHTOM  OCYLIECTBISIETCS  MyTeM
YIPaBICHUS ¥ MOHUTOPHHTA PabOYMMH MapaMeTpaMu AETEKTOPOB U
HHOPACTPYKTYpOH OKCIEPHUMEHTa, KOOpAWHAIKEH IPOrpaMMHBIX
CHCTEM JIETEKTOPOB, TPUITEPOB U CUCTEM CUMTHIBAHHUS MH(OPMALHH,
obecreunBaONUIMX cOOp AaHHBIX. DTH (PYHKIIMH BBIIOJIHAIOT CHCTEMA
yhpasieHuss cOOpa JaHHBIX M CHCTEMa MEUIEHHOTO KOHTPOJIA
nerekropoB DCS (Detector Control Systen{QJucrems! yrpapieHus u
KOHTPOJISL SIBJISIFOTCSI paclpeleeHHbBIMA CHCTEMaMHd M HMEIOT JIBE
OCHOBHBIE KOMITOHEHTBI: YIIpaBieHUe mporeccoM (Process managen)
KOHTPOJIIb €ro BeioHeHus (run control).

Onucanne nHGOPMAIMH, UCIONB3yEMON MpU cOOpe NaHHBIX,
coJiepkarcsi B KOH(QHUrypaoHHOH 0a3e naHHbIX. OHAa OpraHn30BaHa
Kak JEPeBO CBS3aHHBIX CETMEHTOB, HEpapXus KOTOPBHIX 3aIaeTcs
cucremamu DAQ/HLT wu jerekTopoB, W MpeACTaBisieT Cco0oi
00BEKTHO-OPHEHTHPOBAHHYIO CXEMY JaHHBIX.

Tpurrep BTOporo ypoBHs L2 mosydaer wuHpoOpMmanmio
OTHOCUTENBHO obsacTeil mHTEepeca ROl oT Tpurrepa L1 u cobupas
HEOOXOMUMBIC JAHHBIC JETEKTOPOB, CO3MACT CAMHYIK) CTPYKTYPY
nmaHHBIX. OCHOBHEIM 3JIeMeHTOM L2 sBisieTcs mporieccopHas gepma,
I7Ie TPOUCXOMUT OTOOp coObiTH. OHa obOecreynBacT CHIDKEHUE
motoka coosituit mpumMepHo B 30 pa3. Ha BbIXoie co37aeTcst KOHEUHOE
coOBITHE, KOTOPOE 3aTeM aHAIM3UPYETCS B (PHIBTPE COOBITHI, BTOpOU
KOMIIOHEHTe TpHUITepa BbIcOKoro ypoBHs HLT. B Ttpurrepe HLT
CYIIECTBYET Habop TPHUITEPHBIX [IETOYEK, AITOPUTMOB
PEKOHCTPYKIIMH, BOCCTAHABIMBAIOIINX TpeOyeMble mapamerpsl (Tpex
WIM KIAaCTep B KaJIOPUMETPE), M AaIrOpPUTMOB OTOOpa cOOBITHH,
COCTaBIISIONIMI TaOIHIIEI CUTHATYP OOBEKTOB Ha BCEX ATarax paboTh
HLT.

®uiabTp  cOOBITHIT  TaKke  MpeACTaBIsieT  coOOM
NPOLIECCOPHYI0 (hepMy 00paboTku coObiTHid. B oTinune ot L2, 3xech
HCTIOJNb3YIOTCS CTaHAapTHOE IpOrpaMMHOE obecrieueHue
PEKOHCTPYKIUU coObIThil aeTekTopa ATLAS 1 anropuTMmbl aHam3a.
ITocne oOpaboTkM COOBITHS, B CiIydae, €CIM OHO COXpaHSIeTCs IS
MOCTEAYIOMIeT0  aHajW3a,  pe3y’bTarbl  paboTBl  TpHITEepa
MIPUCOCIUHSIOTCS K CTPYKTYpe HaHHBIX coObITHs. COOBITHE MONTy4YaeT
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MeTKy Tpurrepa (tag), koropas omnpenessieT, B KaKOi MOTOK JaHHBIX
IUTs (QM3UYECKOTO aHau3a OyJeT HallpaBJICHO TaHHOE COOBITHE.

8 XapakTepuCTHKH TPUITEPa VISl HAYAJLHOI 0
nepuoaa padorsl gerektopa ATLAS

CkopocTH cuyeTa TpuITepa J0 Haydajga SKCIEpPUMEHTa
OTIPENICIISIIOTCS ¢ TIOMOIIBI0 MOJICIUPOBAHHBIX COOBITHIA. Pa3zpaboTka
MEHIO TpUITepa, KaK TMPaBHJIO, TpeOyeT HECKOIbKUX JTaloB
ONTUMH3ALUN KPUTEPUEB 0TOOpA COOBITUI AT TOTO, YTOOBI CKOPOCTH
MOCTYIUIEHUSI COOBITHH oOcTaBajlach BHYTPH 33JlaHHONH MOJOCHI
nponyckanua. IIpu 3ToM HEoOXOIUMO OO0ECIeYHBaTh BBICOKYIO
3¢ (HeKTUBHOCTH 0TOOpa COOBITHH C HCCIeTyeMOi PU3UKOIA.

IlepBbIM mIaroM oOmIpeAeTIeHHs CKOPOCTH cYeTa Tpurrepa
SIBIISICTCSL BEIOOp ONTUMAIBHOTO HabOpa MOJEIUPOBAHHBIX COOBITHIA,
COOBITHIA ¢ OOJBIIMMHU CCUYCHHUSIMH, ONPEACISIFOIIME 00mi (HOH st
MHOTHX HCCIIeAyeMbIX IporeccoB. CoOBITHS, KOTOPBIE JOJDKHBI
mpoiitu ycimoBus oTOopa Tpurrepa, B 3TOM Habope COCTaBIISAIOT
MAITyIo JIOJIFO, IOTOMY JUISL OTIPE/ICIICHUS] CKOPOCTH CUETa TPUTTEpa C
MPUEMIIEMOH  CTaTHCTHYECKOW TOYHOCTBIO oOmiee KOJIMYECTBO
MOJICITUPOBAHHBIX COOBITHH IOJDKHO OBITH Bemuko. Ha pumc. 8.1
MIPUBEICHBI CEUSHHS UIS Pa3IMIHBIX MPOIECCOB MPU IUTAHHPYEMOMH
srepruu u ceetumoctd LHC 14 ToB u 10* em? ¢l Ha mem BHUIHO,
9TO JUIA TToNcKa 0030Ha XWITCa M IPYTUX HOBBIX YAaCTHIl HEOOXOIMMO
0TCeYb HECKOJBKO MOPSIKOB CKOPOCTH CUeTa OCHOBHOTO IIOTOKa
COOBITHH.

JUis HauvanpHOTO JTama »3KCIEPUMEHTa MEHI0 TpUrrepa
chopMUpOBaHO IS CBETUMOCTH 10 em? ¢t u sHeprun 14 TaB.
Hcnonb3oBaics NonHbI HaOOp HeAU(PPAKIMOHHBIX B3aMMOIEHCTBUH
(minimum-bias) u3 ceMu MHIUTHOHOB COOBITHH, COOTBETCTBYIOLIHI
ceyeHnio ~ 70 M0 u obecneynBaroOIlyl0 CTaTUCTHYECKYIO TOYHOCTb
omeHok ~0,1 T'm. Ilpm ™momemupoBaHHU OOJBIINX CBETUMOCTEH
MpeaIoNaraeTcs  WCIONb30BaTh  NOJHBIE  HAOOpEI  COOBITHH,
oOoraiieHHbIe JKECTKAMHU B3aUMOJICHCTBISIMA KBaHTOBOM
xpomoguHamuku (KXJI), BkIrovaromipe HavalbHBIA MOPOT ISt
MONPEYHBIX UMITYJIbCOB MIOOHOB, EM kiactepoB u crpyil. Tosbko
Takpe CcoObITHS OyayT TpoXoAauTh a3y PpPeKOHCTPYKIUH, YTO
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CYIIECTBCHHO yYMEHBIIUT TpeOyeMble BBIYHCIHTENBHBIE pecypchl. B
nononHenne kK KX/ ¢wusuke, mis ompeneneHus cKopocrteil cyera
JIOJDKHBI OBITh YITEHBI U APYTHE MPOLECCH ¢ OOIBIIMMH CEUCHUSIMH,
Hanpumep, poxaeane W u Z-6030H0B. OqHAKO, MOJACTHUPOBAHHBIC
MEHIO TPHUITEpa OMHUPAIOTCS Ha CYLIECTBYIONIEE NOHNMaHNe (PU3HKH U
neTekTopa. B mpomecce skcmepuMeHTa MHOTpeOyeTcss yTOYHEHHE
CYIIECTBYIOIINX OIIEHOK UM pa3pabOTKa HOBBIX KPUTECPHEB A
BBIJIETICHHSI Bce 00Jiee PeKUX COOBITHIA.

o LHC  vs=14TeV L=10*em™?s™ s eviyese
barn TR : J e R i Ay 10
i i 16
= inelastic L1 input — s GHz 710
! 10 15
- 14
mb - bb 10
} | “MHz 10 "
‘ L1 output = HLT input ’—) 10 2
b 10 M
kHz 410 ©
= - Wy j 10 g
E . Zolv
nb - - 1t ; 108
el H 107
g 9g9-Hgy SUSY qq+qg+gg 3
tanfi=2, |.I=mq=l“l‘|’q!2 108
I tanfi=2, p=mz=mg
pb - 4 10°%
.mHz +10°%
8 10°
b 4 10 2
i ‘uHz 4 10
® Zop—3Y scalar LQ M
bkl i i i i
50 100 200 500 1000 2000 5000 -
jet E; or particle mass (GeV)

Puc.8.1. Ceuenmst (eBast IKaga) W CKOPOCTH IIOTOKA
COOTBETCTBYIOIINX COOBITHI (LITKaNa CIpaBa) pasiuyHbIX QU3MIECKHUX

MPOIIECCOB Pp-B3auMoOiciicTBUi npu 3Hepruu u ceertumoctu LHC 14
ToB n 10** em?c™.
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Jlns pacdera MeHIO TpUITEpa ObUIO MHPOBEACHO IOJHOE
mozpenupoBanue tpurrepa (L1, L2 u dumbrpa cobbiTuil) c
UCTIONb30BaHWEM IIOJIHOTO Habopa COOBITHH, CreHepHpOBaHHBIX
PYTHIA u mpomenmux peKOHCTPYKLIHIO B JAETEKTOPE C IMOMOIIBIO
GEANTA4.

MeHio  Tpurrepa  MpeACTaBISeT  coOOW  TaOIHIIHI,
coJieprKallye OnpeesieHns (pU3NIeCKUX 00BEKTOB Ha KaXKJOM YPOBHE
Tpurrepa. ITH OINpeleseH s BKIIOYAOT OPOTH U KPUTEpHH 0TOOpa
o0bexToB. [lpuHsata crnepyromas cuctemMa O0OO3HAUEHHH MEHIO
TpHUrrepa: € —3NeKTpoH, g —otoH, | — ctpys, fj- ctpys B mepenueit
obnacti, XE — norepsnnas nonepeunas sueprus E,, te - monnas
ckajspHas cymma E,, je —ckamsprast cymma suepruii E; ctpyit, mu —
MIOOHBI, tau —t-mentoHsl. TunuyHbIH npuMeT Tpurrepa 2¢15i — nBa
M30JMPOBAHHBIX JJIEKTPOHA C IIONEPEYHBIM HMMITYIbCOM P, > 15
IB/c, unu tau20i_XE30 —#301upoBaHHBIN T-IENTOH, pacHaBIIHIAC
10 aJIpOHHOW Mojae ¢ BUIUMBIM p, Bbiie 20 ['3B um mortepsHHOMN
sueprueit E, Bbmue 30 I9B. Ilpedukc nepen o6o3HaueHHneM
YKas3blBa€T AN KaKOro ypOBHS  TpUITEpa  IPEIHA3HAUYCHO
ompenenenne. Ecnn 00bekT TpeOyeT HECKOJIBKHX IPU3HAKOB,
HCTIONB3yeTcs 00BeanHeHne 3TuX npu3HakoB depe3 AND, xotopsrit
obo3Hauaercss “_ ", Kak 3TO CJeNaHO B NpUMEpe C T-JIENTOHOM, I/ie
0o0beAMHEHBI /IBA NPU3HAKA, C P, U MOTEPSHHOW 3Hepruel. Ecmu ner
YKa3aHUs 1Opora, MOTYT HCIIOJIb30BaTbCsl MPOCTO  CHMBOJIB,
Harpumep, € + | JUisl TPUIrepa Ha 3JeKTPOH U MIOOH.

Tpurrep neporo ypoBHsi L1 nmeer 00603Ha4deHuss 00HEKTOB
3armaBHeIMH ~ OykBamu. Hampumep, EM o0o3Hawaer Kimactep
3NIEKTPOMArHUTHOTO KajopumeTpa, J —cTpyto, | — M301upoBaHHOCTS,
nJ - xommyectBo N crpyir J. ®akrop prescale o6o3nauaer
YMEHBIIEHHE COOTBETCTBYIOIIETO IIOTOKA COOBITHH B YyKa3aHHOE
grcno pas. Ilpu 1 Gepercs kaxkmoe coObitme, nmpu 10 — xaxnoe
necsitoe. Tak yMeHbBIIAeTCs MOTOK COOBITHH ¢ OOIBIIMMH CEUCHUSIMU
IPY HU3KUX [OpOrax Juisl MajaroluX CHEKTPOB 4acTul. B tabmune
8.1 mpuBeneH npumep ckopocteit cuera ctpyii B L1.

Tabmmma 8.1.

J1 (13333 (4] |43 |4
20 (10|18 |10 |18 | 23

O6p |J10|J1 |J2 [J3]| J4
€KT 8 3 512

oO~NG

pres | 4201 60| 20| 5] 1] 1| 1| 15 1] 30 1] 1
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cale |00 | 00| 00| OO |5 0

Ilor | 4 1 1 1| 4| 4| 8 40 1440 | 20| 8
0K, 0
I'y

Ha pucyHke 8.2 npuBe/ieH ClIEKTp 3HEPIUil perucTpupyemMbIX
JMIMPYIOIIKX CTPYH ¢ akTopom prescaleun Ge3 Hero.

3

10 102 R
E; of leading jet (GeV)

Puc.8.2. Duepretnueckuii cuektp ET cTpyit mo mpuMeHeHus
¢dakTopa prescale (myHKTHpP) W TMOCIE €ro NPUMEHCHHS IIpH
ceerumoctu 107 emc™.

CkopocTH TOTOKOB cOOBITHI (ratesS) MIOOHHOTO TpHUITepa
MOXXHO OLICHHTh W3 pHCyHKa 8.3, rie MOKa3aHbl TaKXKe OTIACIbHbBIC
HCTOYHHKH MIOOHOB: pactaigsl b i C-KBapKoB, pacmaipsl Ha jiety T u K-
Me30HOB, pacrnagsl W-6030H0B. Tpurrep nepsoro ypoBus L1 umeer
BBICOKYIO 3 dektuBHOCTE (99%) perucrpanuu MIOOHOB  BBIIIE
MOPOroB B mpeaenax 3G HeKTHBHON 00NacTH ASTEKTOPA.
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Puc.8.3. CkopocT TNOTOKOB MIOOHOB B 3aBHCHMOCTH OT
BENIMUMHBI TI0pora p, npu cBetumoctd 10° em™ ¢ s pasmuanbIx
IIPOLIECCOB IeHepauuy. TeMHbIMU KBaJpaTaMH OTMEYEH CyMMapHbII
CIIEKTD.

Ha HayanbpHOM 3Tare 0OJblIas YacTh TPUITEPOB BHICOKOTO
YPOBHS TpenoaaraeT mpoBeJeHne pacueToB 6e3 oTbopa coObITHH, B
MACCHBHOM PEXUME, HITH [TPU MCIOIb30BAHMH OTAEIbHBIX KPUTEPHEB.
B tabnune 8.2 mpuBeneHbl IpUMEPBl TAKMX TPUITEPIHBIX OOBEKTOB C
HU3KHMH Toporamu ¢ oxumaembivu npu 10 em? ¢t ckopoctsivu

cuera.
Tabmuma 8.2.
O6bexr | €12 | 2e5 | g20] 160 | pl0 | 2mu4 | elOu6 | j120 | 423 | 2b23
TIorok, 19 7 7 10 18 2,3 0,5 9 7 3
I'm

Ha pucynke 8.4 rpaduuecku moka3aHbl CKOPOCTH CUeTa Ha
BBIX0/Ie (MIbTPA COOBITHH IJIsI Pa3HBIX THIIOB TPUITEPOB, a TaKKe
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CyMMapHBIi MOTOK coObITHIi (cumulative rates) mocie HOBOroO
TpHITEpA.

- Rates

- Cumulative Rates

Jets

bjets

Electrons

Photons

Taus

Muons

Missing Et

Total E

Total Jet E

B-physics & Topological
Minimum Bias

Other Topological

0O 20 40 60 80 100 120 140 160 180 200
Rate (Hz)

Puc.8.4. I'paduueckn mokasaHbl CKOPOCTH CYETa Ha BBIXOIE
¢ubTpa cOOBITHIT WIS Pa3HBIX THIIOB TPUITEPOB (TEMHBIEC MMOJOCHL), &
TaKXKe CyMMapHbIi MOTOK coObrThii (cumulative rates,cBersie
IOJIOCHI) ¢ TIOCIIE0BATEILHBIM BKIKOYEHHEM Kaskioro Tpurrepa HLT.

OtoOpaHHbIE TPUITEPOM COOBITHS (OPMHUPYIOT ITOTOKH
BBIXOJHBIX AaHHbIX. JleTekTop ATLAS wHCHONB3yeT WHKIIO3MBHYIO
Mozenb (POPMUPOBAHUS TTOTOKOB, KOTAA OJHO COOBITHE MOXET OBITH
3aIICaHO B HECKOJBKO TIOTOKOB B 3aBHCHMOCTH OT METKH PEUICHUS
Tpurrepa. Ha HavampHOM »dTame OynmeT c(GOpPMHPOBAHO YETHIPE
OCHOBHBIX TIOTOKAa MJaHHBIX, OOO3HAa4aeMBIX Kak egamma mis
aNMeKTpoHOB u (otoHOB, jetTalEtmiss, Bkimtouarommii CTpyH, T-
JETITOHBI C aJPOHHBIMH pAaclafiaMH ¥ IIOTEPSHHYIO IIOTIEPEUHYIO
SHEPIHIO, MOTOK MIOOHOB MUONSH MOJNHBIN NOTOK coOwiTHii Minbias.
CoOBITHS B KQ)K/IOM IIOTOKE MOTYT MMETh HECKOJIBKO METOK TPHUITEpa.
CoOBITHSI C METKaMU OTAENBHBIX CIIOYKHBIX TPUITEPOB MOTYT BXOINTh
B HECKOJBKO NOTOKOB. Hampmmep, 1 tpurrepa miis € + [ coObITHS
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BXOJAT B MOTOK €gammas MUONS,uau COOBITHS C TPUITEPOM € +
Ermis BxomsaT B morok €gammai , jetTalEtmiss.

I[ToTokn cdopmupoBaHBl Tak, 4YTOOBI HMMETh OJHM3KHE
KOJIMYECTBA COOBITHI B Ka)KIOM, BKJIAJ IIOBTOPSIFOIIMXCS COOBITHI HE
nokeH npeBbrmmate 10% . PeanpHBle NaHHBIE BHECYT IOIPABKH B
(dbopMupoBaHHe TIOTOKOB, Kak U Iepexoa K 0Ooiee BBICOKHUM
CBETHMOCTSIM H3MEHHUT KPHUTEpHUU TpHUITepoB. OCHOBHBIE THIIBI
00BEKTOB TpHUITEPa, HMCIONIME BAXKHOE 3HAYCHUE [UIA (DU3UKH
KOJUTaliziepa, paCCMOTPEHBI B CISAYIOMIAX pPa3/ieiax.

9 PekoHCTPYKIHSI 0CHOBHBIX 00beKTOB B
Tpurrepe gerekropa ATLAS.

Jlo mpuMeHeHHsT KpUTEePHEB 0TOOpa COOBITHH 1O HAIMYUIO B HUX
00BEKTOB TPUITEPA, 3TH OOBEKTHI JIOJDKHBI OBITH PEKOHCTPYHPOBAHBI
B Tpurrepe. PaccMoTpum, Kak IpOUCXOANT PEKOHCTPYKIHS OOBEKTOB
B Tpurrepe nerekropa ATLAS.

B kadecTBe 00BEKTOB TPHUITEPa BBIICIAIOTCS TPEKH 3aPSKEHHBIX
YaCTHI], CUTHANIBl KaJOPUMETPa, T-JCNTOHBI, IEKTPOHBI M (DOTOHHI,
MIOOHBI M CTPYH, B TOM YHUCIIe OT D-KBapKoB.

PexoHcTpyKIust TpekoB

[Mpouenypa peKOHCTPYKIUSI TPEKOB B TPHUITEPE BBICOKOI'O
YPOBHS OTJIMYACTCS OT IPOLEAYPHl PEKOHCTPYKIHH TPEKOB B
nporpaMMHOM obecrieuenun nerekropa ATLAS. Jlo pekoHCTpyKIuu
NaHHbIC  JCTGKTOPOB  TOJDKHBI  OBITH  HpeoOpa3oBaHBl B
MPOCTPAHCTBEHHBIC KOOPANHATHI, MM MPOCTPAHCTBEHHBIC TOUKH. DTH
TOYKH HCIOJB3YIOTCA B allOPUTMAax PEKOHCTPYKIHMH TpPEKoB. B
TPUITEPE BBICOKOT'O YPOBHS MX HECKOJIBKO.

Anroput™  pexoHcTpykumu IDScan ucmonesyercs Uit
OBICTPOH PEKOHCTPYKLMH TpekoB B Tpurrepe L2. CHauanma B Hem
ompenernsieTcss KOOpAWHATa TOYKH COYHApeHUs 10 OCH Z, a 3aTeM
MIPOBOJUTCS KOMOWHATOPHBI aHAIU3 [0 IOUCKY TPEKOB BHYTPH
TPYII MPOCTPAHCTBEHHBIX TOYEK, KOTOPHIE OPUCHTHPOBAHBI B TOUKY
coynapenuii. J{ns ompemeneHus MepBHYHOIN BepIMHBEI 001acTe ROl
JIEIATCSI Ha MHOXECTBO obiactedl, cpe3oB (Slices), umerommx
OJIMHAKOBBIH pazMep mo ¢. Kaxnas mpocTpaHCTBEHHas TOYKa B
OJJHOM cpe3e 00BeIUHSICTCS B Mapy ¢ COCEAHHMH B 3TOM Cpe3e HJIH B
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COCEITHUX M OIPEAENSeTCS] HANpaBJICHNWE Mapbl K OCH IyYyKa M TOYKa
MEPECeUCHHS C ITOM OCBIO. 37IeCh UCIOIB3YeTCs TOT (PaKT, 4TO TPEK B
MojJie COJICHOWJAA OCTaeTcs NpsAMbIM B KoopauHatax (p - 2),
nporubasch JHIIb 10 a3UMyTalbHOMY yriy ¢. Bce momydeHHble
3HAUYEHUS KOOPAWHAT IEpeceueHuid Z Ha OJHOMEpPHON THCTOTpaMMe
JAIOT MUK B TOYKE IEPBHYHOrO B3auMojelcTBus. I[IpaBuibHOE
MOJIOKEHHWE TOYKW coymapeHuit ompenensercs B 98% Rol ¢
pasperienunem 150-200 mxM, B 3aBucumoctd oT Tuma Rol.
OTHOCUTENFHO  TOYKH  COYJIApEeHUsl  OINpPEACNSIOTCS — 3HAYEHUS
MICeBIOOBICTPOT ISl BCEX MPOCTPAHCTBEHHBIX Touek ROl u cozmarorces
JIBYMEPHBIE THCTOTPaMMbI KOOpAuHAT Touek (1, ¢). Touku OmHOTrO
TpEeKa, PacHoJIOKEHHBIE B IIPEENaxX y3KOro MpOCTPaHCTBEHHOIO YIJIa,
00pa3yloT KJIACTep Ha 3TOH IIocKocTH. [Ipoucxoaut nanbHelIiee
pasienieHre ToUeK U onpezaeneHue napamerpom tpeka (o0, 1h,).

B anroputme pexoHCcTpyknuu Tpeka SiTrack mpumensercs
KOMOMHATOPHBII ~ METOA, B  HEM  HCIONB3YIOTCA  JIHIIb
MPOCTPAHCTBEHHbIE TOYKH IOJYIPOBOJHHUKOBBIX JIETEKTOPOB. B
ciIydae, KOTJa peKOHCTPYHPYIOTCS pa3HbIEe TPEKH C UCIOIb30BaHHEM
OOJIBILIOTO KOJMYECTBA OJHUX W TEX JK€ TOYEK, OHU HAa3bIBAIOTCS
kiIoHamH. U3 HHX BBIOMpaeTcs TpeK C HAWOONBIINM YHCIIOM
MPOCTPAHCTBEHHBIX TOYEK U, IPH PABHOM HUX KOJIUYECTBE, C MEHBIIUM
3HAYCHUEM ¥2.

WNudopmanus ngerekropa mepexomHoro wu3mydeHus [RT
TAKKe MOXET OBITh HCIOJIB30BaHA Ul PEKOHCTPYKIHH TPEKOB B
Tpurrepe L2. AJrOpuT™M peKOHCTPYKLUH MCIOJIB3yeT METO/I TIOJIHOTO
MIPOTPaMMHOTO oOecrieyeHUs xKalman. 310 METOJ
rucrorpamMmmupoBanms. HabGop  Tpaekropmii  BBIUHCISCTCA B
nepemeHHbIX (¢ — R(Z)). VuuthBaeTCst KapTa MarHUTHOTO TIOJSL ISt
MTOJIOXKEHUS Kaxmout TpyOku. Co3maercs ructorpamma pazmepom 500
nemennid mo ¢ u /0 mo mapamerpy mporuba. KaHampmatel TpekoB
00pa3yloT MakCHMyMBI Ha 3TOHW rucrorpamme. Ecim KommuecTBo
TOYEK B MAaKCHMyM€ JIOCTHI'aeT BOCBMH, TO 3TO KaHAWAAT Tpeka. s
HEro TPUMEHSIOTCS JOMOJNHHUTENbHbIE KpuTepuu. Ha 3TOoM 3Tame
MOXeT OBITh MCIOJB30BaHa HH(pOpManus o BpeMeHU apeida s
YIYYIICHHSI Pa3pelIeHHS.

[Mpouenypa pEeKOHCTPYKLUMH Tpeka B IEJIOM OCHOBaHA Ha
npuMeHeHnd  ¢uiabTpa Kambmana. I[IpocTpaHCTBEHHBIE — TOYKH,
paseleHHbIe Ha TPYIITEI, UCTIONIB3YIOTCS [UIS OTIPEIEIICHIS TPeKa KaK
5-MepHOrO BeKTOpa, ¢ KOMIIOHCHTAMH — JIOKAJIbHBIMH 3HAYCHUAMH X,
Y, ¢, 0 u Q=1p, B rmobanbHOM cucTemMe KoopAuHAT. Onpenensiercs u
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KOBapuaHTHAas MaTpHlla 3TUX NepeMeHHBIX. CHavaja HCIOJIB3yeTCs
npocrass napabonuyeckas AamnmpoKCHManus Tpeka B OJHOPOJIHOM
MarHuTHOM noje. Ha 5Tom 3Tane B kOBapHaHTHYIO MaTPHILy BHOCSTCS
MIOTIPaBKM MHOTOKPATHOTO PacCEesiHHS, MOTEPh HEPTHUH B BEIICCTBE
JIETEKTOpa. 3aTeM NMPUMEHSETCS aHAIN3 10 X2 KaK COOCTBEHHO METO
¢mieTpa. Ilocae TPOXOXKAEHUS OSTOTO  dTama  IPOHU3BOAUTCS
CTaHJApPTHAsl aNIIpoOKCUMalus Tpeka. ECTb W HMHBIE BO3MOXXHOCTH
PEKOHCTPYKIIMH TPEKa, B YAaCTHOCTH HUCIONB3yeMble B TRT.

BaxubeiM amementom L2, wucnosmsdyembiM i oTOOpa
coObITHi B-(u3uky, sBIseTcs peKOHCTPYKLUS BTOPUYHON BEpIIUHBI
o0Opa3oBaHMs TpPEeKoB. J[Is1 MOUCKA TaKOW BEpIIMHBI HCIOIb3YHOTCS
TPEKH, PEKOHCTpyHpoBaHHble B L2. /3-3a orpaHMYeHHOr0 BpEeMEHHU
pacyeToB B TPHUITEpPE, 3TOT AJITOPUTM JIOJDKEH OBITh ObICTphIM. [liist
3TOTO OH JOJDKEH HCIONb30BaTh KOBapHAaHTHYIO MaTpuily 0e3
IpeJBapUTENbHON  HMHBEpPCUH  NEPEMEHHBIX. OcoOeHHOCThIO
aNropuT™Ma CIY’)KHT TO, 4YTO OH HCIOIBb3YyeT B  KayeCcTBE
aNIPOKCHMHUPYEMOT0 IapameTpa
HUMIIYJIBC TPEKa B TIEpUTree, a He B BepIIMHE. BennunHa pasMepHOCTH
MaTpuIlbl U3MEpPeHuil peodpasyercst Ipu 3ToM U3 5B 2.

PekoHCTpykIMst Tpeka Ha ypoBHe GUIbTpa COOBITHH
UCTIONB3YeT HOBBI aNTOPUTM PEKOHCTPYKLMHM, PAa3BUTHIT I
MOCHEAYIOMIEr0 aHamu3a. TpeKu PEeKOHCTPYUPYIOTCS <«H3HYTPU»,
HauMHAS U3 KPEMHHEBOTO JAETEKTOPA M 3KCTpanoaupys Tpek B TRT, u
«3BHe», m3 TRT B KpemHHeBHIH neTekTop. B manpHelimem dgamie
UCHOJB3yeTCs IEpBbli  BapuaHT. Bropoll mnpenHa3HadeH i
PEKOHCTPYKINH KOHBEPCHU (POTOHOB.

PexoncTpyknust TpekoB BHyTpeHHero merekropa B (GHIBTpE
COOBITHI MUCTIONB3YETCS AJIS Pa3HBIX 0OBEKTOB, TAKUX KaK 3JEKTPOHHI,
MIOOHBI, T-JICITOHEI, D-CTpyH.

Ha pucynke 9.1 npuBenenn! 3 PeKTHBHOCTH PEKOHCTPYKITUN
U paspCUiCHUus ONPCACIICHUA HMITYJIBCOB TPEKOB JJICKTPOHOB U
MIOOHOB. OHU OIPEENICHBI MyTeM CPaBHEHHSI PEKOHCTPYHPOBAHHBIX
TPEKOB C MOACIMPOBAHHBIMU.
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Puc.9.1. DpdexkTHBHOCTH PEKOHCTPYKIUH (ClIeBa) U paspellieHne npH
OIIPENeNICHNH HMITYJIbCOB TPEKOB 3JIEKTPOHOB W MIOOHOB B
3aBHCHMOCTH OT MICEBIOOBICTPOTHI TPeKa [n|.

Curnajisl KaJopuMeTpa

CurHajgoM KajJlopuMeTpa CIYXKHT CUTHAlI CUYUTHIBAHUS
sueiku.  JIAs  KMJIKOAprOHHOTO  KaJOpUMeTpa OH  CO37aeTcs
npeiipoBbIMH  2eKTpoHAMHM B aproHe. B Taitn-kanopumerpe
CIMHTWULILMOHHBIE (POTOHBI coOHMpaloTcs Ha (HOTOYMHOXKHTEIX.
CurHaisl OT siYEEK KaJOPUMETPOB (POPMUPYIOTCS B 3aBUCHMOCTH OT
ux TIoyOmHBI B Kajopumerpe. bamms tpurrepa kamopumerpa TT
umeer pasmep 0,1x0,1, mo (, ¢) Bcrogy, KpoMe KpaiiHei mepeaHein
obnactu kanopumetpa. Tpurrep L1 onpenensier kanmunara Tpurrepa
10 MHHUMaJIbHOW dHeprud TT U yCIOBUIO HW30JMPOBAHHOCTH.
Koopaunatel kaHnuaaTta OTCBUIAIOTCS Jajee Uil KOMIIBIOTEPHOHN
oOpabotku, B KoTopoil ¢opmupyercs ROl u  wucnonesyercs
nHopManyus KaXAOH sueiiku Kamopumerpa. Bpems o06paboTku
WHGOPMAITH SMEeK 3aBHCHT OT WX KOJIMYECTBA M KoopawHAT. s
ompezeieHus Hepocramoomed osHeprun Er Ha ypoBHe ¢uiubTpa
COOBITHIT CyMMHPYIOTCSI BCE STYEHKN U ONPEAEIISIOTCS poeKiuu Ex u
Ey u nmnomHas ckamdpHas CymMMa DSHEpPrud. JIONOIHHUTEIBHO
YYUTBIBACTCA  OSHEPTHUA  HMOHM3AIMOHHBIX  IMOTEPh  MIOOHOB,
PEKOHCTPYNPOBAHHBIX HA YPOBHE (DMIIBTPa COOBITHA.

Tpurrep Ha T-JICNTOHBI.

Tpurrep Ha T-JINTOH NOAOOCH TPUITEPY Ha 3JEKTPOH M
¢doTton. OH OTOMpaeT KiacTepbl HEPrHMU KAIOPHUMETPOB B OAalIHAX
pasmepom 0,4x0,4, o (N, @), min 4x4 GamHu, NpU JOIOJTHUTETBHBIX
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YCIIOBHSX, BKJIIOYAIOIIMX TPEeOOBaHWE H30JMPOBAHHOCTH  OTHX
KJIaCTepOB KaK B NEKTPOMATHUTHOM, TaK M aAPOHOM KalOPUMETpax.
Kiactepy tT-JenTOHa COOTBETCTBYET OSHEPrHs JBYX  CaMBIX
SHEpruyHbIX OamieHb EM kanopumeTpa BMecTe ¢ JHeprued 2x2
OameH agpoHHoro kanopumerpa. Ha yposHe L1 stoT TpHrTep nmeer
BOCEMb [OPOTOB, KaXKABIH M3 KOTOPBHIX SIBISIETCS KOMOHMHAalMei
pasnmyuHBIX KputepueB. OTIMYHE CHUTHaua T-JIENTOHAa OT (OHA HPH
Majbix SHeprusx HeBenmko  (pacmamsr  W—tv).  Curyarus
3HAYUTENBHO YIYYIIAeTCs TS T-IENTOHOB BHICOKUX dHEPTHii (pacman
A—v V). Ortnenenne (GoHa YIydlIaeTcs, €CIH YYUTHIBAETCS
nH(opMaIyst 0 peKOHCTPYKIUH TPEKOB Ha ypoBHe L2, XoTs npu 3TOoM
MPOUCXOJUT YMEHbIIeHHE 3(PPEKTUBHOCTH OTOOpa T-iienToHOB. Ha
puc. 9.2 npuBenensl cymmapusie 3¢ dexruHoctu tpurrepa (L1+L2+
¢GuibTp cOOBITHH) 11 0TOOpa OJMHOYHOTO T-JICTITOHA NPU Pa3HBIX
Moporax TPHUITepa.

- —— . . . . . . . .
o _
& [ ATLAS 1
0 i » i, By R |
G 0.8F I il e R
- "', S m%ﬁj ngaaet 4
C oo s ]
= -+ o BE} 4
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B = & ]
04 L o 2 " tau20i -
B = o tau25i 7
F - tau3si -
0.2 B =) O taud5i ]
r = a taufo n
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True visible E; (GeV)

Puc.9.2. Cymmapusie s¢dektuBrocTH Tpurrepa (L1+L2+
¢bunbTp cOOBITHI) IS 0TOOpa OJAMHOYHOTO T-JICTITOHA MPU Pa3HBIX
moporax tpurrepa B getekrope ATLAS npu HavanpHON CBETHMOCTH.
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Tpurrep Ha 3JIeKTPOHbI H () OTOHBI.

Tpurrep Ha SIeKTPOHBI M (DOTOHBI BaXKEH MJISI MHOTHX
(bHU3MYIECKUX TIPOLECCOB M JIODKEH MEPEeKpPhIBATH OYEHb IIHPOKYIO
obmacTe sHEpruil. IlpuMeps! pa3snuYHBIX (QU3UUECKUX MPOIECCOB IS
Pa3HBIX HHTEPBAIOB SHEPTHH MTpHUBEICHBI B Tabmmie 9.1.

Ta6numa 9.1.
Momentum range Examples of some important processes
low pr ~ 5-15 GeV Bq — J/ WK — eenn
B, =K'y
J/ v — ee, Drell-Yan
high pr ~ 20 — 100 GeV H — yy (for m{(H)< 130GeV)

H — ZZ") — eeee,eepyt (for 130 < m(H) < 700 GeV)
top physics, Z — ee, W — ev,
direct photon production

very high pr ~ 100 — 1000 GeV | Z' — ee, W — ev
G — vY.G— ee,
pp — ee* — eey

Tpurrep L1 ucnonb3yer HHGOPMALUIO IEKTPOMArHUTHOTO
(EM) u ampOoHHOTO KaJOpUMETPOB B (OpME TPHUITEPHBIX OalieHb
pasmepom An x A¢ ~ 0,1x0,1. DHeprusi mo riyOuHe Kajopumerpa
cymmupyercs. CKaHUPYIOLIMH ajJrOpUTM BBIACTSCT JIOKAJbHbBIC
KJacTepbl SHepruu B okHe Oarienb 4x4. Tpurrep L2 mnomydaer
uHbpopmanuo  koopauHat ROl kmacTepoB,  MPEBBICHUBLINX
9HEPIreTHYCCKUI TOpPOT, W aHAIM3UPYET MONHBIA HAOOp JAHHBIX B
obnactu Rol. Ompenensiercss nomepeunas sHeprus EM knacrepa u
pasiuuHbIe I[IEPEMEHHBIC, XapakTepHu3ywolue (opMy Kackaga B
pasHbix cnosx EM kanopumerpa. Mudopmamus BHYTPEHHEro
JIEeTeKTOpa HCHONB3YeTCsl Ui OHpeleleHHs KaHOuaaTa TpeKa
anekTpoHa. [IpoBOANTCS PEKOHCTPYKLUS TpeKa M OINPEACNSETCS ero
COOTBETCTBHE KiacTepy. B ¢wmibTpe COOBITHH HCTIONB3YIOTCS
anmroputmel  nojiHoi  (Off-line)  pexoncrpykumu. [lis  tpurrepa
(DOTOHOB HCIIONB3YETCS TOIBKO HHHOPMAITHS KAIOPHMETPOB.
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Ha pwuc.9.3 nokazanbl 3(eKTUBHOCTH TPUITEPOB Pa3HOrO
YPOBHSL JUISl 3JEKTPOHOB B 3aBHCUMOCTH OT IONEPEYHON 3HEpPTUH
9MEKTPOHA M IICEBJOOBICTPOTHI AJSI JIBYX IIOPOTOB TPHUITEPOB €5 H
¢105. BuzgHo, 9TO C MOBBIIIEHHEM Iopora obmiast 3GQGEeKTHBHOCTh
Tpurrepa yiydmaercs. Pe3yabTaTel NMOMY4eHBI MyTEM CPAaBHEHUS C
MOJIE/HPOBAHHBIMH COOBITHSIMH ISl HAYATBHOMN cBeTHMOCTH 107
em?ct. Jlns mopora e5, mpumensemoro c¢ daxropom prescale
HCTIONB30BAHCh coObITHsI JAy—ee. B dusmueckom anamuse (Off-line)
OHM OyIyT HCIIONIL30BATHCS JMIIB it Tpurrepa 2e5. Ha pucynke
BHUJHA TAaKXe TMepexoaHas OoO0JIaCTh MEeXAy OappeieM U TOpIEeBOi
obylacTeio ¢ TOHMXKEHHOH s(dextuBHOCTHIO. Tpurrep el05 Oyner
HCII0JIB30BATHCS IIPU CBETUMOCTH > 10%2em?e™

D¢ pexTuBHOCTH TpUrTepa OyIyT ONpENeNieHbl Ha pealbHbIX
IAHHBIX C momompio Mmeroma “tag and probe”.Jlns sroro Oymer
UCIIONBb30BaH  HA0Op  3aperMCTpUPOBAHHBIX  COOBITHH — Z—ee,
3¢ (PEeKTHBHOCTh KOTOPBIX H3BECTHA, IOCIE MOJIHOTO (hU3HIECKOTO
aHanu3a. KanauaaT anexTpoHa, WASHTU(GHUIUPOBAHHBIA TPUITEPOM H
MPOLIEMNH PEKOHCTPYKINIO B (PU3HUECKOM aHAIN3e, ONpENeIsIeTCs
Kak “tag”, medeHslit. Pacnan Z—ee uaeHTHOHUIHUPYETCS TIPU YCIOBHH,
YTO BTOPOH DJIEKTPOH ONpEAENAeTCs NP PEKOHCTPYKIMH Z B
¢u3mueckoM aHanu3e. B 3TOM ciydae BTOpOH 3JIEKTPOH CIIY>KUT
“probe”, npoGHUKOM, U MOXET ObITh UCIIOJIB30BAH ISl OMPEICTCHHS
3 deKkTUBHOCTH TpHUITEpa, TaK KaK HM3BECTHO, YTO OH SBISETCA
«XOPOLINM AIEKTPOHOM.

Ha pwuc.9.4 npusenensl 3(eKTHBHOCTH TPUITEPOB JUIs
¢oronoB mpu mopore 20[PB ang nmeTekTopa C  HOCaNbHOM
T€OMETpPHUEH.
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Puc.9.4. DddexTHBHOCTH TPUITEPOB PA3HOTO YPOBHS JUIst
(hOTOHOB B 3aBHCHMOCTH OT ITONEPEYHON SHEPTHUH H IICEBIOOBICTPOTEI
JUId Tpurrepa gs.

Mi100OHHBIN TPUTTEP

Jns  muormx oOnacteit  uccrnemoBanuii LHC  BaknO
UACHTU(HUIIPOBATH M BBIACIATH MIOOHBI U3 ITOTOKA YacTHI. Tpurrep
MIOOHOB UMeeT Takxke Tpu ypoBHsa: L1, L2 u ¢unbrp cobertmii EF.
BaxHOW  XapakTepHMCTHKOM Tpurrepa CIyXuT 3(PQPEKTHBHOCTH
BBIJICJICHUS 11ap MIOOHOB. [[OMUMO MIOOHHBIX Kamep, ISl BbIAEICHHS
MIOOHOB  TaKXe MOXeT OBITh  HCIIONb30BaHa  MH(opMaIys
KaJIOPMETPOB.
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Jlns m3ydeHuWs TpUrTepa MIOOHOB OBUIM HCIIOJIb30BAHBI
HA0OpBI MOJICIIUPOBAHHBIX COOBITUH C MONEPEYHBIMH HMITYJIHCAMHU
MI00HOB 0T 2 9B 10 1 T2B. [[yig oneHku (hoHa MIOOHOB OT pacriana
MHOHOB M KAOHOB OT HEYNPYrMX B3aMMOJICHCTBUII IPOTOHOB,
MPOUCXOIIIMX B  00BEME BHYTPEHHETO JETCKTOpa, OBUTH
HCIIONB30BaHel  Minimum  bias HaGopsl © OTAEIBHO IHOHBI,
pacragaronirecs: BO BHyTpEHHEM JETEKTOpE.

Tpurrep L1 popmupyer ROl Ha ocHOBE HaHHBIX TPUITEPHBIX
MiooHHBIX kamep RPCu TGC. [To coBmajeHusIM CHTHAJIOB Pa3HBIX
Kamep IO HAIpaBJCHUsIM 1| U (¢ onpenesseTcs 00J1acTh MONEePEYHBIX
UMIyNIbCcoB MrooHa. llenTpansnbiii npoueccop CTP ompenenseT mo
9TUM JaHHBIM KOJHMYECTBO MIOOHOB Ui pa3HbIX IIOPOTOB.
VYCTaHOBICHO HECKOJBKO THIIOB TpUITEpa A PasHBIX oOiactei
MIOTIEPEYHBIX UMITYJIECOB. JIJIs BBIACICHUS MIOOHOB B 00JIaCTH HHU3KHIX
MOMEPEYHBIX MMITYJIBCOB 3TO mopord muO, mu5, mu6, mu8, mulO.
Jns orbopa MIOOHOB B OOJNACTH BBICOKMX MOIEPEYHBIX HMITYIIECOB
ycranoBineHnbl nmoport Mull, mu20u mu40.Yucio mocie cumBolia
Mmu o6o3HauaeT 3HadyeHue pr mopora. Ilopor mMuO o3Hagaer
TIOJIHOCTBIO OTKPBITHIE OKHA COBIAJICHUH U UCTIONb3YeTCsl P paboTe
¢ kKocmudeckumu dactunamu. Ha ypoae L2 u EF on oGo3nauaetcs
kak MUXX. Tpurrep L2 mnpumeHser Kak OCHOBHOH aJrOpUTM
MUFAST,ucnonp3yromuii Bcro HHGOPMALIUIO AETCKTOPOB B MPEIeiax
Rol. CooTBeTcTBYOIIMI TPEK BO BHYTPECHHEM JIETCKTOPE HAXOIHUTCS C
momomplo  anroputMa MuComb. VYcnoBue — H30JHPOBAHHOCTH
BBIUUCIISIETCS ¢ TOMOIIbi0 MUlSo. OH nexomupyeT aanHbie EM u
aaponHoro kanopumerpoB LAr wu Tail Bgonp Tpeka MiOOHa.
Brinensitorest 1Ba KOHyca ¢ TPEKOM MIOOHa B IIEHTpE. BHYTPEHHHU
KOHYC IMMOTeph COOCTBEHHO MIOOHOM M BHEIIHHH, IJie JAIOT BKJAJ
LIYMBI U COMPOBOXIAIOMINE YACTHIIBI CTPYH MM HAJOXKUBIIMXCS Pile-
UP COOBITHIA.

Crpateruss MeueHHss MiooHa L2 B Taii-kamopumerpe
BBINOJIHAETCS ¢ momolneio TileMuld amroputma. DTO MOBBIIIAET
3 (PEKTHBHOCTh TpUTTEpA A HHU3KHX MOMEPEYHBIX HWMITYIIBCOB.
AJNTOPUTM TPOCIEKHMBACT MMOTEPU SHEPIMU MIOOHOM BO BCEX TPEX
CIIOSX 1O TIIyOHMHE, HAuMHAasi ¢ HWKHEro. ECTh M Apyrue airopuTMebl
MIOVCKa MIOOHOB I10 JaHHBIM KaJIOPUMETPOB.

Anroputmel ¢puiieTpa coObiTuii EF mpakTHyecku coBmamaroT
C TEMH, KOTOPBIE WCIIONB3YIOTCA NPH MOJTHOM PEKOHCTPYKIUH B
mporecce Qu3nyeckoro aHanmmza. OuiIbTp COOBITHA HaYHHACT C
PEKOHCTPYKIIMM TPEKOB B MIOOHOM CIIEKTPOMETpPE B O00JacTsX,
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ompeneneHHbix Tpurrepom L2. Cravanma omnpeznessiercss TPeK B
CIEKTPOMETPE, 3aTE€M OH SKCTPAIOJUPYETCS B TOUKY POXKACHHS M Ha
MOCJIEIHEM IIare IPOMCXOMUT OOBEAMHEHHE TpeKa C TpeKaMH
BHYTPEHHETO JETEKTOpA.

OddekTuBHbBIE MOPOTM ISl  TONEPEYHBIX  HMITYJIECOB
YCTaHABJIMBAIOTCSI  4yTh  HHKE, 4YeM  HOMHUHaibHble. OHH
ONPEEIIAIOTCA TEM YCIOBHEM, dYTO 3(GQEKTUBHOCTH Ha IOPOTe
cocraBisieT 90%ot BesnunHbI 3(h(HEeKTUBHOCTH O€3 mopora.

Tpurrep L1 umeer apdpexruBHocts 6osee 99% s MIOOHOB
BeIIe opora mo pr. Cymmapusiil akcenranc tpurrepa L1 (82% mst
HU3KUX PT u /8% s obnactd BBICOKHX PT) ONpPEAENAeTCs
orcyrctBieM kamep RPC B o0nacTsix pacrojioKeHHs IOJUIEPKEK
marauta (-2,3 < ¢ < -1,7u -1,4 < ¢ < 0,9) u ueHTpaTILHOM
MIPOMEKYTKE criekTpometpa mpu 0.

Meron “tag and probe”ucnonbsyercss aist onpejaeneHus
3¢ (eKTHBHOCTH TpUITEpa HA AAHHBIX AKCIEpUMEHTa. MumocTparus
MeTo/ia IIPU UCIIOJIb30BaHUH pachanoB Z— |y npuBejieHa Ha puc. 9.5.
Pe3ynbraTel mpuMEHEHHMS MeTOoJa IMOKazaHel Ha puc.9.6 mud
3¢ GeKTHBHOCTH pa3HBIX YPOBHEH TpHUITEpa NPH BBIACICHHUHA MIOOHOB
B o0iacTu OOJIBIIHMX TMOMEPEYHBIX UMITYJILCOB MpH Topore mo p, 20
I'B/c.

B Inner Tracker
Probe Muon | B Muon Spectromster Process Generation cuts o [pb]
= \ The invariant mass Z—ptu My > 60 GeVic? 1497
® z f the two track: . - <
Vg s \ i h | < 28,7 > 5 Gev
- //",'\\ £ B ks W — v lpi[n] <28, pr>5GevV 11946
F i Test if thera is
4 B % - track
I I Iz—a' I e b BB — ppX T M| <23.pr > 15GeV 4000
' £ 1p: | < 2.5, pr > 5 GeV
B8R 4\.\ A tt— WTbIF b only leptonic decay 461
\ ; -t 10— 11 My > 60 Geviee 77
: . Tag Mucn lp: || < 2.8, pr > 5 GeV

Puc.9.5. Wmmoctpanuss wmeroga “tag and probe” ¢
UCIIOJIb30BAHUEM pachagoB Z— Uyl Uil U3MepeHue 3P PEeKTHBHOCTH
TpUITEPa MIOOHOB Ha JJAHHBIX SKCIIEPUMEHTA.
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Puc.9.6. CpaBHenne >((exTHBHOCTEH TPUITEPOB
OpY  PETHCTPAlMd MIOOHOB B 00JacTH OONBIIMX ITONMEPEYHBIX
umnyiabcoB npu nopore 20 I'3B/c, onpeseneHHbIX MOIETHUPOBAHUEM
MC u npu ucrnosp30Banuu Meroza “tag and probe”.

Tpurrep b-crpyii

Hammune b-ctpyit B coObiTusix pp  B3auMopeiicTBUi
yKa3bIBaeT Ha BBICOKYIO BEPOSTHOCTh HOBBIX mpoueccoB. Ot6op b-
CTpyll Ha  ypOBHE TpHUITEpPa  CIIOCOOCTBYET  yBEIMYEHHIO
BO3MOYKHOCTEH TpHUrrepa BeicOKoro ypoBHs HLT. Unentndukanus b-
CTpYl BO3MOXKHA JIMIIb C HCIIOJb30BaHUS HMHPOpMAaLMK O TpeKax,
KOTOpast JOCTYIIHA JINIIb Ha YPOBHE TPUITEpa BTOPOro ypoBHs L2.

Tpurrep Ha cTpyn

UnenTndukanus anpoHHBIX CTPYH SBISETCS KPHUTHYCCKUM
mapamerpoM gnerektopa ATLAS. UHcnomnenme »sTod 3amauu
00yCIIOBIEHO SHEPreTHYECKUM paspemeHneM u mkamoi. ATLAS
kamopumetpbl (EM © anpoHHBIN) CErMEHTHPOBAaHBI HA TPHUITEPHBIC
G6amau ¢ TpanymspHocthio 0,1 x 0,1 B mpoctpanctBe 1 X ¢. L1
dbopMupyeT «CTpyro» Kak obsacte 2x2 OamieHb tpurrepa EM wu
azipoHHOrO Kajopumerpa. Cxema L1 anropuT™a cTpyu npuBeJeHA Ha

92



puc. 9.7.TTorck CTpyH MOXKET OCYLIECTBISTHCS ¢ maroM 2x2, X3 uim
4x4 cTpyWHBIX AIIEMCHTOB.

\d

LA
7SS

SN

0.2

e

n

Puc.9.7. Jlmarpamma L1 amroputma ctpyu. IlokazaHa
obnmacte 4x4 sneMeHTOB cTpyn B EM W anpoHHOM KallopuMeTpe,
BBIICJICHHAss W TI0 TJIyOWHE, W JIOKAIBHBIA KiacTep MOMepPedHOi
SHEPTHH Pa3sMepoM 2X2 JIEMEHTOB CTPYH.

[MocneoBaTeNbHOCTh  aNTOPUTMOB — TPHUITEPA  BBICOKOI'O
YpoBHS s CcTpyd mokasana Ha puc.9.8. Ha pwuc.9.9 mpuBeneHsr
9HEPreTHYEeCKUil MaciiTal MOMepeyHol SHeprud CTpyi (OTHOIICHHE
M3MEPEHHOI MOMEpeYHOil JHEepruM K HCTHHHOH) M pa3pelieHue
(morperrHoOCTh) HM3MEpPEHHS OJHEPrHMHM CTPYH B 3aBHCHMOCTH OT
UCTHHHOU 3Hepruu cTpyu E; Ha ypoBHe pmbTpa coObtuii EF.
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Pnc.9.8. [locnenoBaTembHOCTh ANTOPUTMOB, HCIIONB3YEMBIX
IpU PEKOHCTPYKLUHU CTPyH B Tpurrepe BbeIcokoro ypoHs HLT.
OBanaMu  BbIIEIEHBI anroputMbl Feature extraction,s pomobax
AJITOPUTMBI THIIOTE3.
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Puc.9.9. DHepreTnyeckuil Macmrad MONEPEYHON SHEPTHU
crpyii (a) u pasperrenue mo sHepruu crpyii (D) B 3aBucmMocTH OT
ucTHHHON »Heprum crpyn E, Ha ypoBHe duiasTpa cobeituii EF.
Jannsie MC.

10 Xapakrepuctuku gerekropa ATLAS

JlaHHBIE BCEX JETEKTOPOB M OTOOPAaHHBIX TPUITEPOM
COOBITHII 3alMCBHIBAIOTCS BMECTE C KaaHMOpPOBKAMH W JaHHBIMH
COCTOSIHUS IETEKTOPOB M HANPABIISIOTCS JUJISL TOJTHOW PEKOHCTPYKILIUH
M3MEpSIEMBIX XapaKTepUCTUK coObIThit. [lonHas pexkoncTpykius Off-
line mpenHasHaueHa ISl MCIIOJNB30BAHUS B (PU3HUCCKOM aHAIH3E
cobOprtnii. OHa HWCMONB3YeT BCE MaTeMaTHYeckoe olecreueHue
JIETeKTOpa. OJTO O00ECIeYeHHe COCTOUT W3 MHOTHX JJIEMEHTOB,
AJITOPUTMOB M MTPOTPAMMHBIX KOJIOB. YTIpaBlIeHUE ITUMH dJIEeMEHTaMH
OCyLIECTBISIET ~ NporpaMmHas  obosiouka  gerexktopa ATLAS,
nmenyemass ATHENA. Ona oOecneunBaer 3amyck W paboTy
porpamMM (pU3N9IEeCKOTro aHaIIH3a.

OOBbeM JTaHHBIX, NMOCTYMAIOMINX C AETEKTOpa, BEJIHK, W Ul
nX 00pabOTKM MCHOJIB3YeTCsl CUCTEMa PACIPEICNICHHBIX BHIYUCICHUI
GRID. Ona mmeeT HECKOIBKO YpOBHEH opraHm3anuu. ba3oBeIMU
SNIeMEHTaMH SIBISIFOTCSL KoMmbioTepHbie y3ibl Tier0, Tierl, Tier2.
Ilentpom sBasiercss  TierO, pacnonoxennsii B I[EPHe. Omn
OCYLIECTBISIET MEPBUYHYIO 00pabOTKy JAaHHBIX, HX KaJHUOpPOBKY,
co3maer (aiinel mHbQopManmu ansg coObrtmii. [locme mepBUYHON
00paboTku 3TH (ainbl pacceuiatoTcst B 10 BEIYACIUTEIBHBIX IIEHTPOB
Tierl, roe mnPOBOAMTCS OCHOBHOM MACCUB  BBIYHMCIIEHHU 10
PEKOHCTPYKLMH JaHHBIX HW3MEPEHUH. OTH pe3yiabTaThl B (opme
(haiiioB ¢ PEeKOHCTPYHUPOBAHHBIMHU JaHHBIMH PacchUIatoTcs B Tier2,
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IJIe CTAHOBSATCS JOCTYNHBIMU (PM3MKaM, BBINOJNHSIOUIMX aHanu3. s
WHIUBUAYaIBHON pabOThl WM PabOTHl HEOONBUION rPyMIbl (PU3NKOB
1o OIIPEACIICHHON TeMe IIpeAHAa3HAYCHBI JIOKaJIbHBIE
BBIUHCIUTENbHBIE 0a3sl  Tier3, QyHKIMH KOTOPOH yKE MOXKET
BBITIOJIHATH OTAEJIBHBIA EPCOHANBHBIH KOMIBIOTED.

JlocTyn K JaHHBIM OCYIIECTBIISIETCS Yepe3 3arpoc K CHCTEMe
GRID. TIporpamMMHBIF KOJ, BBITIOJHSIONIMKA aHaIHW3, MOCTYIAaeT B
cucremy GRID wu  Haxomur  HeoOXomumble  Qailibl ¢
OKCNIEPUMEHTAIbHBIMA  JaHHBIMH, 3alpalllBaeMble HPOTpPaMMON
¢usnyeckoro aHanmuza. Pe3ynpTaThl paboThl MPOTpaMMBI aHAIHM3a
BO3BpauiaTcs GU3NKY I AajdbHerneld oopaboTku. B aToli cucteme
UCTIONB3YIOTCA  pa3iuuHbBle TporpamMMmHbele TpoaykTel: PANDA,
GANGA, AthenaRootAccess npyrue.

Anamms BBITIOTHACTCS Ha OCHOBE 00BEKTHO-
OPHEHTHPOBAHHOTO sI3bIKa IporpammupoBaHus C++. DTOT S3BIK
UCTIONB30BaH Ul  NPOTPAMMHOTO  OOECHEYEHUs]  JIETEKTOpa.
OKOHYATEIbHBIN aHAJIM3 U MPEACTaBICHNE JaHHBIX OCYIIECTBIISCTCS C
MTOMOIIbIO CUCTEMBI 00OpPabOTKM JTaHHBIX (PH3WKU BBICOKHX JHEPTHI
ROOT.

JI7s BBIMOJTHEHWS aHajin3a CO3JaeTcsl MPOTPaMMHBIN KOJ,
COEIMHSIONINN HEOOXOANMBIE alTOPUTMBI U (alliIbl C JAHHBIMU.

[MporpamMHble KOIBI pa3paboTaHbl HPU  HMCIOJIB30BAHUU
MOZENBHBIX JaHHBIX. COOBITHS pp-B3aMMOJCHCTBUIT MOIEITUPOBAINCH
Monte-Kapio reneparopom, B ocHoBHOoM PYTHIA. C momomsio
nporpammbel GEANT4 MonenupoBanich JaHHbIe paboTHI IETEKTOPOB.
OTH  pe3ynabTaThl  HMCHOJNB30BAJINCh B KadecTBE  aHaiora
9KCIIEPUMEHTAIBHBIX JaHHBIX. BakHas poib TaKuX BBIYUCICHUI
COXPAHHUTCS U IIPU PaboTe ¢ peaTbHBIMH JAHHBIMHU SKCIIEPUMEHTA.

Jlanee mpuBeneHbl xapakrtepuctuku aerekropa ATLAS mo
N3MEPEHHUI0 OOBEKTOB B JAETEKTOPAX, IOJydeHHBIE IIyTEM PacueToB B
MaTeMaTU4YeCKOn MOJENH SKCIIEpUMEHTA. ANTOpUTMBI,
UCTIONb3yeMble B pacyeTax, yXKe He HMEIT OrpaHM4YeHUH IO
UCIIOJIb3yeMOMY BPEMEHH U JIOITYyCKAIOT IIOBTOPHOE ITPUMEHEHHE.

PexoHCTpyKIMA TPEKOB

Bo BHyrpeHHeM [ETEKTOpPE U COJCHOHAE DPEKOHCTPYHPYIOTCS H
U3MEPSIIOTCS  TPEKH  3apsHKCHHBIX  YaCTHIl C  IIONMEPEYHBIMU
nmnyiascamu > 0,5 I'9B/c B umHTepBane mcemoObicTpor | < 2,5.
O} GEeKTHBHOCTE PEKOHCTPYKIMH OPH MaiblX P, OrpaHHYCHA
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MPUCYTCTBHEM  OOJBIIOTO  KONMYECTBA BemIeCTBA B 00beMe
BuyTpennero gerektopa. Jlnsi  ompemeneHUs paspelleHUs OpH
U3MEPEHUH  IIONEPeYHBIX HMIIYJIbCOB TPEKOB  HCIOJIB30BAJIHChH
OT/IENbHBIC TIPSAMO POXKICHHBIE YacTHIBl ¢ p, Bhimme 1 IdB/c u
YacTHLBI CTPyil. BenmuuHbl paspenieHns annmpoKCUMHPOBAIIHCH
BBIPKCHHEM

oy = ox(=)(1 % px/pr)
OHO TmNpUMEHHMMO Kak I TPEeKOB C O4YeHb  OOJIBIIMMHU
(GeckoHEUHBIME) HMIIYJbCAMH, TA€ paspelieHHe ONpenesseTcs] B
OCHOBHOM  pa3pelieHHeM JeTeKTopoB  (0x(®)), Tak u ajd
HHU3KOHEPTUYHBIX TPEKOB, TJ€ OCHOBHYIO TMOTPEIIHOCTh BHOCHT
MHOTOKPATHOE DPAacCesHHEe B BEIIECTBE AETeKTOpa (py YUYHTHIBACT
peanbHbIi p, Tpeka). B tabnune 10.1Benuuunst paspemennii (RMS)
TPH 3HAYCHUHU Py, KOTJA BKJIAJ B pasperieHre OT MHOTOKPATHOTO
paccesHUs paBeH BKJIAIy OT paspelieHHs AETEKTOPOB, H UL 00IacTH
LEHTPAJBHBIX MCEBAOOBICTPOT, TAe 3QHEKT BellecTBa MUHUMAJICH, H
IUIsL TIepefHedl 00NacTH ¢ MAaKCHMMAaJbHBIM KOJIMYECTBOM BEIECTBA.
Pasperiienne u3MepeHus MOMEPEYHOr0 UMITYIIBECa W YTIIOB TOIYYCHO
JUSL TPEKOB MIOOHOB B MEPBBIX TPEX CTPOKAX, a paspeuieHue st
M3MEPEeHUsI TPHIEIBHOTO MapaMeTpa MPHUBEICHO Ul MHOHOB (1Be
HIDKHHE CTPOKH).
Tabmmua 10.1.

Track parameter 0.25 < |n| < 0.50 150 < || < 1.75

ox (=) Py (GeV) ox (=) Px (GeV)
Inverse transverse momentum (1/py) 0.34 Tev~! 44 041 Tev-! 80
Azimuthal angle () T0 prad 39 92 urad 49
Polar angle (cot6) 0.7 %1077 5.0 1.2x1077 10
Transverse impact parameter {dp) 10 pm 14 12 um 20
Longitudinal impact parameter (zy » sin®) 91 um 13 71 um 37

OtmeTuM, 4To curHaibl TRT MCHONB3YIOTCS TOJNBKO TS
TpekoB ¢ | < 2,0.

[Ipn wu3MepeHWH TPEKOB, B TIEPBYIO OUYEpEIh JICITOHOB,
BaXHO MPaBUIIHLHOE OMpE/IeNIEHUE 3HaKa dIIEKTPUUECKOro 3apsiaa. Js
TPEKOB MIOOHOB 3HaK 3apsiia OIpeleNseTcss C JIOCTAaTOYHOM
TOYHOCTBIO B MIOOHHOM CHCTEME [0 CaMbIX OOJIBIIMX 3HAYCHUM
AMITYJILCOB. J[JIs1 3IIEKTPOHOB OH MOXET OBITh WU3MEPEH JIUIIh BO
Buyrpennem perekrope. Ha puc.10.1 npuBeneHsl BepOsSTHOCTH
OmKUOOYHOTO U3MEPEHUsl 3apsjia Ui MIOOHOB U JJIEKTPOHOB ¢ | <
2,5B 3aBHCHMOCTH OT X IOIIEPEYHOI0 UMITYJIbCa (CIIEBA) U 3HAUCHUS
nceBaoObICTpOTHl Tpu p; = 2 TsB (cmpasa). Bugno, uro s
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JNMEKTPOHOB C p, MeHee 1 TsB BeposTHOCTE MPaBHIIBHOTO
OIpeIeIICHUs 3apsiia BHICOKA.

3¢ heKTHBHOCTH PEKOHCTPYKIIHMHA TPEKOB PA3IUYHBIX YaCTHI]
npuBeeHsl Ha puc.10.2. J[ns mHOHOB MOMONHUTENBHBIM () (HEKTOM,
yMeHbIIaomuM 3¢} ekTHBHOCTD, KpoME MHOTOKPAaTHOTO paccesHUs,
CIIy)KHT B3aUMOJICHCTBHE C BELIECTBOM JieTeKTopa. J[jisi 3JeKTPOHOB
CYIIECTBCHEH IOMOJHUTENBHBI BKJIAZ TOPMO3HOTO H3IYUYCHHS.
XapakTep 3aBUCHMOCTH OT MCEBIOOBICTPOTHI OTpaKaeT H3MEHEHHUE
KOJIMYECTBA BELIECTBA B JIETEKTOPE. DIEKTPOHBI, BBIXOJS 32 MPEACIBI
SCT, tepsitor B cpeanem ot 20 no 50% cBoeii snepruu. OyHKH0O
uaeHTH(HUKALMH JICKTPOHOB MPU UMITy/Ibcax 10 2513B/c BeimonHseT
TRT.
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Puc. 10.1 BeposSTHOCTh OIMMOOYHOTO W3MEpPEHUs 3apsja
TpeKa MIOOHA U AJIEKTPOHA B 3aBUCHMOCTH OT IMOIIEPEUHOTO UMITYJIbCa
Tpeka (creBa) u mceBA0OBICTPOTHI AJISI TPEKOB € p, = 2 TaB.
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Puc. 10.2.3¢pexTHBHOCTH PEKOHCTPYKIIHH TPEKOB MIOOHOB,
ITHOHOB M 3JIEKTPOHOB ¢ p, = 51B/c (ciieBa) 1 TPEKOB MHOHOB C Py =
1, 5u 100I3B/c.
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BeauyrHbI OTHOCHTEILHOTO PAa3peIICHHs MPU U3MEPCHHU
MOMEPEYHbIX  HMMITYJIbCOB ~ MIOOHOB B 3aBHCHMOCTH  OT
TICEBIOOBICTPOTHI YaCTHITHI TTOKa3aHbl Ha puc. 10.3.

E_ozz....|....|....|....|....,..
& 0.18F lp]:1DDGeV
% 016 a p,=5GeV -
= 014E < P, =1GeV
0.12F
E I !
0.1
O.OBE— -
0.06F —A—
E ~Hl- —k—
0.04;—-+.J‘"""l—l—rl-:ﬂh»—x-_.
0.02E 4y 4 & A4
ST BN R BT SR R
% 0.5 1 5 2 25

Inl

Puc.10.3. OTHOCHTENIBHOE pa3pelieHHe PH U3MEPEHHUH TOTEPEUHBIX
HMIIYJIbCOB MIOOHOB TIpH 3HaueHWsx p, = 1, 5u 100 I'sB/c B
3aBUCHMOCTH OT IICEBAOOBICTPOTHI YACTUIIBL.

Baxnoit XapaKTepPUCTUKON SIBIISICTCS TOYHOCTD
BOCCTAHOBJICHHS ~KOOPAMHATHI TOYKHA COYAApeHHs] IPOTOHOB,
HaliieHHo# mo Tpekam Bropu4HbIX uactui. Ha puc.10.4 nokazansl
pacrpenelieHisi IePBUYHBIX BEPLIMH B3aUMOACHCTBHUA ISl COOBITHIA
Pa3HBIX THIIOB B MTOTIEPEYHO INIOCKOCTH U 110 OCH ITydKa.

= F 204r
5 e 5 [
g0 Zo12f
£0.12F &
=T o1F
0.1 [
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o.08F s
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G: oo P R Sy G:L antor, ....|....‘L'I“'+~,,._.|_L
-0.1 -0.05 [1] 0.05 0.1 03 02 01 0 01 02 03
Primary vertex residual in x (mm) Primary vertex residual in z (mm)

Puc.10.4. Pa3peuieHne  BOCCTaHOBJICHHUE  KOOPAWHAT  TOYKH
COyJapeHus MPOTOHOB B COOBITUSAX C POXKIAECHHEM Iaphl TOI-KBAPKOB
n 6030Ha Xurrca, paclaiaroIerocs Ha Ba (JOTOHA: MO MEPEMEHHOI
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X B MMOIMEPEYHOM IIOCKOCTH (CII€Ba) M IO MPOIOIBHOI MepeMEHHOMH Z
B MM.

H3mepeHue MONepeyHoOro MMITyJIbca MIOOHOB IO BEJIUYHHE
nporuba TPaeKTOPUM B MIOOHHOM CHEKTPOMETPE 3aBHUCHT OT
TOYHOCTH KaMep W 3HaHUA HX OTHOCHTEIHHOTO MOJOKCHUS
(BBICTPOCHHOCTH JIeTeKTOPa). Pasperiienne 3TuX U3MEpEeHHIA MOKa3aHO
Ha puc.10.5. JletekTop ONTUMU3MPOBaH JyUIi MIOOHOB ¢ p, ~ 100
I'B/c. Tlpy MEHBIINX WUMITYJIBCAX OMHMHOYHBIX MIOOHOB PE3YJBTATHI
Xy’Ke 3a cueT (UIIOKTYyalMi MoTeph B KaJOpUMeTpe, Npu 0oJIbIINX - 32
cuer paspemeHust kamep MDT. Jlns oObeqMHEHHBIX TPEKOB MpHU
MallbIX P, paspelieHue onpejesiercss BHyTpeHHUM JE€TEKTOpPOM, TIe
opu p, meree 10 I'»B/c moMuHHpYyeT BKJIaJ MHOTOKPATHOTO
paccesiHusL.
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Puc.10.5. Pazpemenne B % npu W3MEpPeHUH UMITYJIBCOB OJMHOYHBIX
MIOOHOB B MIOOHOM criektpoMerpe (Stand-aloney npu odbeanHeHu:
JMAaHHBIX cOekTpomerpa u BuyTtpennero merekropa (combined)ms
neHtpaisHoit | < 1,1€nesa) u nepenneii | > 1,706nacreii.

I/I3Mepelme JHEPIvH 3JIEKTPOHOB U (l)OTOHOB

Paspemienne 0pd  U3MEPEHHHM OSHEPTrUHM  JJIEKTPOHOB U
¢doroHoB okasano Ha puc. 10.6.
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Puc.10.6. PaspemieHre npu HM3MEPEHMH OJHEPIHMU JJIEKTPOHOB U
¢oronoB ¢ oameprueir 100 I[»B B 3aBucuMoctH OT WX

HCeBIOOBICTPOTHI.

Bemuunna paspereHust OIpEaeISIeTCSI CTEIICHBIO
cTpykTypupoBanHocTd EM  Kajopumerpa ©  KadeCTBOM  €ro
kamnbpoBku. OO6nacte yxyumieHus paspemieHus npu m| = 1,5

COOTBETCTBYET Iepexofy OT Oappens K TOPIEBOW dYacTH W
HCKIIIOYAeTCS TPU NPOBEICHUM aHalH3a JaHHBIX. 3aBUCHMOCTH
paspenieHusl OT SHEPTUH IEKTPOHOB M (OTOHOB IOKa3aHa Ha pHC.
10.7 15 pa3HbIX 3HAYEHHUH TICEBIOOBICTPOTHI.
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Puc.10.7. 3aBUCHUMOCTh pa3pelieHHs NPH H3MEPEHHH SHEPrHU OT
BETMYMHBI SHEPTHU BIICKTPOHOB (cieBa) U (HOTOHOB IPU 3HAYCHHSX
MICEBIOOBICTPOTEI | n| =0,3,1,1u 2,0.

PexoHcTpykuus cTpyi

PexoHCTpyKuusi CTpyH HCIONB3YEeT BBICOKYIO CTEHEHb
CTpyKTypupoBaHHOCTH  KamopuMeTpoB  ATLAS. IIporpammuoe
obecrieueHne  TO3BOJAET HPUMEHATh  Pa3iIMYHbIE  AITOPUTMEI
BBIZICTICHUSI CTPYH M paboTaTh C TIOOBIMH BXOJHBIMH OOBEKTaMH,
XapaKkTepU3yeMbIMH  YeThIpeX—MMITyJlbcaMu.  J[Ba ~ OCHOBHBIX
QITOPUTMa PEKOHCTPYKIMH — 1) ¢ (DMKCHPOBAHHBIM KOHYCOM H 2) C
IocJIeI0BaTeNIbHON pexoMOnHarueit. O6a anropuTMa HCIOIB3YIOTCS
B IByX KOH(purypanusx. B mepBoM ciydqae st BBIOETICHHUS Y3KHX
CTpyil Tpu mccresoBaHMM criekTpockormun W uiM ft-pokaeHus, a
TaKKe KaHAWAATOB B COOBITHSL CYNEPCHMMETPUH C  OOJBIINM
KOJIMYECTBOM cTpyd. Bo BTOpOM cityyae 1yisi BBIACNEHMS MIMPOKHX
ctpyii npu  wuccienoBanun KX/I-mpoueccoB, IByXCTpYHHOTO
POXICHUS U MHOXXECTBEHHOTO 00pa30BaHMs CTPYH MPU CBETHMOCTH <
10%%cm? ¢, KoHycHBIH alrOpuTM HCIOIB3yeT [Ba IapaMeTpa:
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MIOPOTOBYIO TMOMEPEUHYI0 SJHEPTHIO B HaualbHOM stueiike E; = 113B u
pactBop koHyca AR = 0,415 moucka y3kux crpyit u 0,7 s mouncka
mmpokux. Bemmamaa AR = V((An)? + (A¢)?). B oGomx ciydasx
MPUMEHSIETCsI paclleUieHne U 00beJMHEHNE CTPYH MPH Mopore Ha UX
nepekpeitie B 50%. MoXeT HCIONB30BaThCSl TAKKE BEPCHUS K
aJIropuT™Ma PEKOHCTPYKUUU CTpyH. KOHYCHBIN anroputm BCIEICTBUE
CBOETO OBICTPOACHCTBHSI MCHONB3YETCS TaKKe B TPUITEPE BBHICOKOTO
YPOBHSI.

Bce wu3MmepeHus B sueiikax —KaJopuMeTpa  KanuOpyloTcs ¢
UCIIOJIb30BaHUEM BECOBBIX (DYHKIIHMI, 3aBHCSAIIUX OT T€OMETPUU U
TIOJIO>KCHUS SIYEWKU M ypoBHsI IIyMOB. OCHOBHBIMH TPEOOBaHHUSIMH K
CUTHallaM OT CTPyH TOCie KaluOpOBKM SIBISICTCS JIMHEHHAas
3aBHCUMOCTh OTKJIMKa KaJOpUMeTpa OT 3HEPIHMH CTPYH BO BCEM
U3MEpSIEMOM  [IMAlla30HE SHEPTHi, OJHOPOTHOCTH OTKIHMKa B
3aBHCUMOCTH OT HaIlpaBJIEHHs CTPYH M CTAHIApTHOE pa3pelleHHE.
JInHeHHOCTh OTKIINKA KaoOpHMeTpa IeMOHCTpupyetcs Ha puc.10.8@)
JUIL  BYX HMHTEPBAJOB IICEBJOOBICTPOTHI [OKAa3aHbl BEIWYHHBI
OTHOIIECHWE JHEPTHH, W3MEPEHHOH B KalOpUMETpe, K HCTHHHOH
SHEPIHU CTPYH, HW)KHHE TOYKH JI0 KIMOPOBKH, BEpXHHE IIOCIE
rino6anpsHON KanuOpoBku. OXHOPOIHOCTH YITIOBOTO OTKJIMKAa B JBYX
UHTEpBallaX MONEpEYHbIX OJHepruil crpyd E;, 14 KOHYCHBIX
anroputmoB ¢ AR = 0,4u 0,7 nokaszana Ha puc.10.80). Hapymenust
OJJHOPOIHOCTH B ABYX INEPEXOMHBIX obnacTix mo [n| Gonee 3aMeTHEI
mpu  MeHbmMX oSHeprusx crpyd. Ha puc.10.8@) mpuBemeno
paspenieHre Mo 3HEPTUU CTPYH B 3aBHCUMOCTH OT TEOPETHYECKOTO
3HAYeHUs1 MCEBHAOOBICTPOTHI (Mnu yria) ctpyu [n|. Bee pesynbrarer
MOJTy4€eHBI JyIsl mporecca poxkaeHus apyx KX/ ctpyn.
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Puc.10.8.6) JluHeWHOCTh pacueTHOro OTKIMKA KalopuMeTpa B
3aBHCHMOCTH OT 3Hepruu ctpyu Etruth.

S b e AR=07 30<E.<40GeV ]
g_ 1.1 AR=0.7, 480 < E_ < 640 GeV -]
uJ'E L AR=04, 30 <E_ <40 GeV J

1.05F A AR=0.4, 480 < E_< 640 GeV -
1: '*'_'_‘_. ek —— _:
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0.95F I s =
- oy .
D_g__ [l —rx -
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5

|rLtruth|
Puc.10.80). OnHOPOAHOCTH YIIIOBOrO OTKJIHMKA B JBYX HWHTEpBaax
MOTIEPEYHBIX SHepruil cTpyd E; U1 KOHYCHBIX anropuTMoB ¢ AR =
0,4u 0,7.
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Puc.10.8@) Paspemienue mo sHepruu CTpyid B 3aBUCUMOCTH OT yria

-

Kpome MIpeCTaBICHHBIX napameTpoB, Ka4yecTBO
PEKOHCTPYKIINU cTpyH OTIpesensIeTCs JIOTIOJTHUTENIEHBIMH
TpeOOBaHUSIMH, NPEIBIBISIEMBIMU B IIpoliecce (HPU3MYECKOro aHAIIH3A.
K Hum otHOcATcs 3((EeKTHBHOCTH BBIJENCHUS CTPYH, YHCTOTa
Ha0opa, NPHUMEHHMOCTh BETO W OIPENCNCHHUE THIA CTPYH, €e
MPUHAIEKHOCTH TOMY MM HWHOMY (H3HUYECKOMY OOBEKTY.
Omnpenensorcst 3TH  MapaMeTpbl Ul  KOHKPETHBIX (DU3HUECKUX
MIPOLIECCOB.

Ha pwuc.10.9 ans npumepa mokazaHa 3(pQeKTHBHOCTH
PEKOHCTPYKIMU CTPYH IJIs ABYX alITOPUTMOB B IIPOLECCE POXKICHUS
6030Ha XHWITCa 4Yepe3 MEXaHW3M CIUSHHAS BEKTOPHBIX OO030HOB B
3aBHCUMOCTH OT PAacUYeTHOW ITONEpPEeYHOH SHEpruu CTpyH p,. Pacman
6030Ha Xwurrca ¢ maccoii 120 I'3B mpoucxonut Ha Ba T-JIETITOHA.
Bunno, uro mis ctpyir ¢ p, Beimie 40 3B o0a anroputma paror
Onm3kue pe3ynbTaThl. sl MeHBIIMX 5Hepruit ux 3¢dexTHBHOCTH
otmuyaetcs. [Ipu Mmanbix sHeprusx ( > 10 I'3B) mpumech T0KHBIX
CTpyH BeJHKa U COCTABISLET B IIEHTpaNbHOU oOnactu, Hanpumep, 30%
— 45% 151 yKa3aHHBIX aJTOPUTMOB.
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Puc.10.9. O heKTHBHOCTE PEKOHCTPYKLUH CTPYH JUIS ABYX
KOHyCHBIX anroputMoB ¢ AR = 0,7 B mpomecce poxxaeHust 6030Ha
Xurrca dYepe3 MeEXaHW3M CIMSHHUA BEKTOPHBIX OO30HOB B
3aBHCUMOCTH OT PACUETHOM NONEPEUHOU SHEPTUU CTPYH Pr.

H3mepenne HepocTalomeil nonepevyHon IJHeprun

IIpu wu3MepeHUM HeNOCTAIOUIE MONEepeYHOH DSHEPTruu
0co0yI0 Ba)XHOCTh MMEET JIMHEHHOCTh OTKJIMKA KajopuMeTpoB. Ha
pucynke 10.10 moxas3ana 3Ta BeIMIMHA AJIS pacniaga 6030Ha Xurrea ¢
Mmaccoit 8003B nBa t-nenToHa.

IMpn w3MepeHnu HemocTalolIel SHEPTMH OCOOCHHO BaXKHA
KaTMOpOBKa KAJIOPUMETpA.

Paspemenne ompeneneHus IByX KOMIIOHEHT BEKTOpa
HEJOCTAIOIel JHEPruM B MOMEPeYHOM IiockoctH (X, Y) B
3aBHCUMOCTH OT CyMMapHO HM3MEpPEHHOH IIONEPEYHON 3HEpPTUH B
kajgopuMmerpe X ET mns pasHbIX (H3MUECKHX MPOIECCOB NPHBEACHA
Ha puc.10.11. M3mepeHue KOMIIOHEHT OTOr0 BEKTOpa JaeT
BO3MOKHOCTh OIENENUTh HampasieHde ETmiss. [lns 3HaueHuit
Ermiss Beime npumepro 100 I'9B morpemHocts onpeneneHus yria
cocraiusier 100 mpan. B HekoTOpsIX Ciyuasx mapamerpsl ETmiss
MOTYT HCHOJIB30BAaThCSl JUISt  BBIYMCICHHS JI(PQPEKTHBHOW Macchl
00BEKTOB.
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Baxxnoil 3amadedl Npu PEKOHCTPYKLUUHU CTPYH SABISETCS
UACHTU(HKALMS aJPOHHBIX PACHAZOB T-1eNTOHOB. OHM BBIACISIOTCS
MyTeM TIOMCKa Y3KOrOo KIAcTepa DSHEPIHH B  KaJlOPUMETpE,
COIPOBOXKAAEMOI0 MaJjbIM KOJIMYECTBOM TPEKOB BO BHyTpeHHeM
nerektope. Jpyrum crnoco6oM HIACHTH(OHKAIUM CTPyH SBISETCS
BBIZICNICHUE CTPY# D-kBapKoOB.
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Puc. 10.10. JIuHe#HHOCTh OTKJIMKa KaJOpUMETpa IMPH H3MEPEHUH
HEJIOCTAIOIIEH IONEepedHO SHEPIHH B IIpOIEcce pacmaga 0030Ha
Xwurrca A Ha J1Ba T-JIEITOHA.
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Puc.10.11. PaspemieHue oOmpeneseHUs] IBYX KOMIIOHEHT BEKTOpa

HEIOCTAIOIICH JSHEprMd B MONMEpPeYHoil I1iockoct (X, Y) B

3aBHUCUMOCTH OT CyMMAapHOW M3MEPEHHOM IIOIEPEYHON PHEPIUU B

kanmopumerpe X E, 115 pa3HbIX GU3NIECKUX IPOIECCOB.
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Hnentuduranus crpyii b-kBapkos

B03MOXXHOCTh MIACHTH(UKALNN aAPOHHBIX CTPYH TSDKENBIX KBapKOB
HEoO0XO0aMMa I N3yYCHHSI MHOTHX MPOIIECCOB: POXKICHHS [-KBapKOB,
rmorcka 0030Ha XWrrca u HOBOW ¢u3uky BHe CTaHIAPTHOW MOJICIH.
CTpyrn  PEKOHCTPYHPYIOTCS B  KaJlOpUMETpe  CTaHAAPTHBIMH
aIropuT™MaMu. PaccMatpuBaloTcsl B KauecTBe KaHAWUAATOB B CTpyH b-
KBapkoB ctpyu ¢ pT > 15T9B u || < 2,5.Tpekn Bo BHyTpeHnem
JIETEKTOpPE OTHOCATCA K CTpYe, €CIIU UX PacCTOSHUE OT ocu cTpyu R <
0,4. He yuuThHIBalOTCS HAJIOKEeHHs COOBITHI. B pacuerax momenu
KBapK b win ¢ (W1n 7-enToH) CYNTASTCsl OTHOCSIIUMCS K CTPYye, eCIIH
€ro MmorepeyHblid UMIyIbe 6onee 5 '9B/c i OH OTCTOUT OT OCH CTPYH
Ha AR < 0,3.2t10 ycnoBue OTOMpaeT NPEUMYLICCTBEHHO cTpyu b-
KBapKOB OT IMpoliecca pacIleIUICHUs] TJII0OHAa Ha JaBa b-kBapka B
napToHHOM JBHE. Cpenu TpPEeKOB CTpYH OTOMpAIOTCS HAJEkKHO
n3MEpeHHbIe Tpekd ¢ p, > 1 I'3B u BbIUMCHsETCS MX TMONEPEYHBIA
npunenbHbiii  mapamerp 00 OTHOCHTETBHO TOYKH — COYAApPCHHSI
npoToHoB. BenmmunHa dO onpenenseTcss Kak HaMMEHbILEE PACCTOSHUE
OT TpeKa A0 TOYKH B3aMMOJCHCTBUS M el INPUINCHIBACTCSA 3HAK B
3aBHCUMOCTH OT HAINlPABJICHHUS CMEIICHUS OTHOCHTEIBHO OCH CTPYH,
ompeneNneHHoll B Kanopumerpe. Ecnmu Tpek mepecekaeT och CTpyH
no3agd TOYKH coyaapeHus, To BennunHa dO mMeeT OTpHUATENbHBIH
suak. Ha puc. 10.12mnokasausl pacipeaenenus mapamerpa d0 (d0 <
1 mMM) a1 TPEeKOB OT pa3HbIX KBapKOBBIX CTpyil. HambGosbiiue
nosioxurensHbie 3HadeHuss dO mpucyTcTBYIOT B CTpysix Db-kBapkos,
HauMEHBLINE B CTPYSIX OT JICTKHX KBapKoB U ,d, S
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—— Tracks in b-jets
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Tracks in c-ets

---— Tracks in Fight jets
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Puc.10.12. Pactipeneneuus mapamerpa dO ¢ IpUNHMCAaHHBIM 3HAKOM
IUTSL TPEKOB OT Pa3HBIX KBAPKOBBIX CTPYH.

IToBeIIEHHE HaAICXKHOCTHU I/I}:[eHTI/Iq)I/IKaI_II/II/I MMPOBOJUTCA 3aTEM IMIYTEM
MTOWCKa BEPIIMHBI OT pacmajaa B-agpoHa B cTpye, BKIIIOYAs pacmal c-
KBapKa, BO3HMKIIEr0O OT pacnaga B-agpona. [lng  3toro
KOMOWHHPYIOTCSI Tapbl TPEKOB C HAaWOONBIIMMH 3HAYCHUSIMHU
npunensHoro mapamerpa dO0 u  pexoHCTpyupyeTcs WX oOmias
BepmrHa. J[sg BepImIMH C XOPOIIMM KauyeCTBOM PEKOHCTPYKIUHU
onpenensercss S(dekTuBHas Macca YacTUI, YTOOBl HCKIIOYUTH
paciaget KO u A-vyactunm u koHBepcum (oToHOB. OcraBmiuecs
BEPIIMHBI 00BEIUHAIOTCS B OAHY; onpenersiercs 3GpQekTuBHas Macca
YJaCcTUIl B BEPHIMHEC W OTHOIICHUEC CyMMapHOﬁ OHCPTUM 4YacCTUIl B
BEpIIMHE K OHEPIMU BCEX YACTHIl B CTpye, a TaKXKe IOJHOe
KOJIMYECTBO BEPIIMH C MapaMH TpekoB. [loBeneHHWE 3THUX Tpex
mapamMeTpoB rokasano Ha puc.10.13 i cTpyii b-kBapkoB u nerkmx

CTpyH.
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Puc.10.13. D¢ dexTuBHasT Macca 4aCTHI U3 BTOPHYHON BEPIIUHBI B
cTpye (cupasa), ZOJS SHEPTUH CTPYH, YHOCHMAsi STUMH YaCTULIAMH, U
KOJIMYECTBO [[BYX YAaCTHYHBIX BepIIUH B cTpye (cieBa). CrutormHbie
JIMHUH COOTBETCTBYIOT CTPYsAM D-KBapKOB, MyHKTHUPHBIE — CTPYSIM OT
JIETKUX KBapKOB.

D¢} dexTHBHOCTH BTOPOTO aTOPUTMAa 3aBUCHT OT TOHOJOTHUU
cobpitna. C  mpuMeHeHHeM O00OWX aJTOPUTMOB  BBIUHCISIFOTCS
(GYHKIMM ~ MaKCHMAaJBHOTO  NPABAONOAOOHMS ¥ HCIIOJB3YeTCs
MHOTOIIAPAMETPUYCCKUN  aHAIW3 Ui ONTHMHU3Aluu  (pakropa
MOJABJIEHHs CTPYH JIETKUX KBapKOB W wuieHTH(UKanuu b-cTpyii.
JIOCTHTHYTBIC COOTHOIICHHS CTCIICHH ITOJABJICHHS JIETKUX CTPYd U
sdpdexruBrOoCTH BBIIENeHHs b-cTpyit mokasamel Ha puc.10.14 s
COOBITHI C POXKICHUEM tt ¥ WH. Bumno, 4ro (baxTop MoOmABICHUS
6osee 100 noctimkum npu 3 HeKTHBHOCTH BbiAeneHust b-ctpyit 60%.
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Puc.10.14. CooTHOIIEHNE CTENEHH IOJABJICHUS JIETKUX CTpYH H

s dexTuBHOCTH BhIOETCHHS D-cTpyit s coObITHI ¢ poxaeHHEM tt

(ctipaBa) u WH (ciieBa).
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Koaddurment nomgasneHus CTpyi JErKHX KBAapKOB 3aBUCHUT OT P
CTpYH U €€ 1ceBR0OBICTPOTHL. D10 BUIHO U3 puc.10.15.
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Puc.10.15. Kosddurpent mnopasienuss (pexeKuu) CTPyH JErkux
KBapKOB B 3aBHCHMOCTH OT PT CTpyH (ciieBa) M IICEBIOOBICTPOTHI.
Pa3Hble TOYKM OTBEYAIOT AITOPUTMAaM B JBYXMEPHOM IPOCTPAHCTBE
IPULENBHOTO Iapamerpa (CBETNIBIE TOYKH) H B TPEXMEPHOM
MPOCTpaHCTBE (TEMHBIE TOYKH).

Haunbompmmit HHTEpeC TIPEICTABIAIOT OIIEHKU
BO3MOXHOCTEH JETEKTOpa IS JOCTHKEHUS OCHOBHBIX 3amau LHC:
moucka 0030Ha Xwurrca, CynepcCUMMETPHYHBIX YaCTHUIl U BO3MOXKHBIX
AK30THIECKUX COCTOSTHHA. Pesympratsr MO/JICITUPOBAHHUS
MMOTEHIMAIBHBIX BO3MOXHOCTeH nerektropa ATLAS B nHambonee
aKTyalbHBIX O00JACTSIX (DU3UKK YaCTHUIl TPUBEACHBI B CICTYIOLIMX
paszienax.
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11 ®dusuka CtaHgapTHOI MO/IEH.

I'nodajabHbIe XapaKTePHUCTUKH PP B3auMoaeiicTBU

Ha HavanpHOW cTagmm skcrepuMeHTta B getektope ATLAS
OyIyT NpOBEOCHBI M3MEPEHHs IOJHBIX M HEYNPYI'HX CEYEHUil pp-
B3aumMozericTBuil pu sHeprusix LHC u pacnipenenenuii 3apsskeHHBIX
YacTHUL[ 1O TICEBAOOBICTPOTE W TONEPEYHOMY HUMITYJIbCYy B
LEHTPAIBHOM 001acTh. DTH 4acTUIIBI 00PA3yIOTCs IIPEUMYIIIECTBEHHO
B COY/PEHHSX IPOTOHOB C MAlIbIMH II€PEJaHHBIMH HUMITYJIbCAMH H
ONMCBHIBAIOTCS HEMEPTYpOAaTHBHOM KBAaHTOBOH XPOMOIMHAMHKON
(KX ). Omnucanue CBOICTB TaKMX coObITH uMeeT
(hEeHOMEHOJIOTMYECKYI0 TPUPOJY. XapaKTEPUCTUKH IOJHOro Habopa
Takux coOprtuit (Minimum bias,MB) BaxHs! 11 mOHUMaHUs (QoHA
IPU BBIACIEHUH PEIKHX IIPOLECCOB C OONBIIMMHU MepelaHHBIMH
UMITyJIbcaMH. VX 3HaHWE ITO3BOJIMT HACTPOUTH T€HEPATOPHI COOBITHH
W T[paBWIBHO  BOCIPOM3BOJIUTH  XapaKTEPUCTUKH  YacCTHIL,
COITYTCTBYIOIIMX POXKICHUIO YacTUI] C OONBIIMMH MONEPEYHBIMH
UMITyJbCAaMH KaK IIPH COBMECTHOM C HHMH OOpa30BaHMHU, TaK H
BCJICJICTBUE  HAJIOXKEHWs  OOJIBIIOrO  YHCIa  OJHOBPEMEHHO
PEerHCTPUPYEMBIX COOBITHIA.

IMonHoe cedyeHue pp-B3aMMOJCHCTBUI CKIaibIBaCTCAd U3
CEUCHHUS]  YNPYroro  B3aMMOJCUCTBUS,  IU(MPAKIHOHHOTO |
Heau(pakuuoHHOTO.  JMdpakIMOHHOE B3aHMMOJEIHCTBHE  MOXET
MIPOUCXOJUTH C BO30Y>KI€HHEM OJHOTO MPOTOHA MM ABYX. B mepBom
cllydae mpolrecc AU(PaKIUU Ha3bIBASTCs ONHOBEPIIMHHBIM (Single
diffraction), Bo Bropom mByxBepmmuubiM (duble diffraction).
HenudpakiuuoHuble B3aMMOJEHCTBUSI OTHOCATCS K THUIY CMSTKHX»
B3aMMOJICHCTBHH, YTO  COOTBETCTBYET  MaJIBIM  II€pPEIaHHBIM
umnyiabcaM. CxeMaTndeckd 0oOpa3oBaHHE YACTHI[ B MEPEMEHHBIX
MICEBIOOBICTPOTH 1| M a3MMYTAJIBHOTO yIiia ¢ Ul Pa3HBIX THIIOB
B3aMMOJIeHicTBHH MokazaHo Ha puc.11.1.Buano, 4To B IEHTpABHYIO
o0JyiacTh IIPU MAJIBIX 1) HONAJalOT B OCHOBHOM YacTHUIIBI HEYNPYTUX
COy/apeHuil MPOTOHOB. 3aBUCHMOCTh CEYEHHUH YIPYTHUX M HEYIPYTHX
B3aUMOJICHCTBUI OT JHEepruu mnpuBeneHa Ha puc.11.2 B dopme
MIpeICcKa3aHuil IByX TeHepaTopoB MATKUX B3ammozercTeuil PYTHIA
n PHOJET. OHn wuMeroT pas3Hble MOJACITH OIUCAaHHEe MATKUX
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nporeccoB [SN057+jurnal].KonuuecTBeHHBIE pasiuyus NPU SHEPTHH
14 T3B cocraBmsitor ~ 12u 50% a1t Heynpyrux U ynpyrux CeYeHuUH,
COOTBETCTBEHHO.

Backward 0 Forward Backward 0 Forward
2n n
o ©
¢ hl ¢ hl
C
b,
0 0
M n e M n s
(a) (b)
Backward Forward Backward Forward
0 0
2n 2n

s n Mo n M

Puc.11.1. Pacniono)keHUE BTOPHYHBIX YACTHI[ MPH YIPYTOM
B3aMMOJICHCTBHH MPOTOHOB (a), B mporeccax oxHoBepumuuoN (D) u
JBYXBEepLIMHHON audpakimu (C) u HeynpyroM Bzaumoneictun (d) B
MePEMEHHBIX TICEBJOOBICTPOTSHI 1] U a3UMYTAIBHOTO yTIIa .
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Puc.11.2. 3aBUCHMOCTh OT DJHEPTrUM CEYEHHH HEyNpyrux
B3aMMOJCHCTBUNH MPOTOHOB Gipel U VYIPYTUX GCelas CTpeixamMu
IIOKa3aHa HOMHUHAJbHAs »Heprus kojutaiinepa 14 T>B. CmromHon
JUHMEHN MoKa3zaHbl Npeackas3anus reaepatopa PYTHIA, mrpuxossivu
—rereparopa PHOJET.

Pacnipeniesiennst 3apsbKEHHBIX YaCTHUI TI0 TICEBIOGBICTPOTE M)
1 TIONIEPEYHOMY MUMITYJIbCY PT JUIA PA3IMYHBIX HEYIIPYTHX MPOLIECCOB,
npencKassiBacMble THMH TEHEpaTopamu, ToKasaHbl Ha puc.11.3.
MakcumanbHas IOTHOCTh dacTul] B coObrtd 1/Nco6 (dN\dn) ma
JIEBOM pPHCYHKE HaOMomaeTcs B HETH(DPAKIIHOHHBIX COOBITHSX,
paccuntanubix B PYTHIA.
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Puc.11.3. PacnpeneneHust  3apsDKEHHBIX — YacTHIl IO
nceBaoObICTpoTe 1 (CmpaBa) M IMONEPEYHOMY HMIIYJIBCY Pr IS
Pa3IUYHBIX HEYIPYIux HPOLIECCOB Heu(ppaKIHOHHBIX,
OJTHOBEPIIMHHONW W JBYXBEpPIIMHHOW MU(paKIuM, NpeacKa3aHHbIE
reneparopamu PYTHIA u PHOJET.

Pacnipenenenus 3apsyKeHHBIX YacTHIl IO IICEBIOOBICTPOTE M
¥ TIONIEPeYHOMY HMIyNbCy B aerekrope ATLAS wusmepsioTcs Bo
Buyrtpennem perextope npu |<2,5. B 00ObIYHOM TpUMEHEHUH
HU3MEPSIOTCS YacTUIBl C TIIOTepeYHBIMH HMIyibcamu Bbime 500
MbdB/c, HO BO3MOXHO MPOBECTH HW3MEPCHUsI, MPOJBHHYBIINCH 10
3HaYEeHHH MOMepedHbIx uMiyabcoB 150 MaB/c mpu ucmons30BaHUH
TOJIBKO KPEMHHEBBIX JAE€TEKTOPOB.

pu ceerumoct > 100 em? ¢ orGop Heympyrux co6bITHii
npousBoauTcs L1 Tpurrepom co ciydaifHBIM BHIOOPOM COOBITHI U C
nocienyromumM aHanmuzoMm B HLT. Tlpu MeHbIIel CBETHMOCTH OH HE
SppeKTHBEH W U3MEPCHHS TMPOBOIATCA C  HCIIONB30BaHHEM
CHMHTWULIIHOHHOTO Tpurrepa MBTS  (minimum bias trigger
scintillator). On pa3memnien Ha BHYTPEHHEHW CTOPOHE TOPIEBOIO
aproHHOr0 KPUOCTaTa M mepekpbiBaeT obmacts 2,12 <1ff| < 3,85.0H
CUHTBIBACTCA OAICKTPOHHWKOM Tailyl KaJopuMeTpa M oOecreynBaeT
oicTphIii curaan Tpurrepa L1. Tlpu yBemudaennu ceerumoctn ot 10°°
em? ¢t go 10% em? ¢t u Beime kommuecTBO pp-B3auMOJEHCTBUN
COCTaBIIICT OKOJIO OJHOTO IIPU MEpeceueHHH OaHded U MOXKeT
npuMeHsTbest Tpurrep L1 co ciyuaiinoll BBIOOpKO# coObITHIT U 0e3
ucrnonpzoBanus HLT.
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PacueTsl OKa3bIBAIOT, YTO UIOTHOCTh 3aPSKCHHBIX YaCTHUI] B
HEYNPYruX pp-B3aMMOAEHCTBUSIX 1O M mpu p, Beime 150 MbdB/c
MOXeET OBITh M3MEpeHa C HEeOOJBIION MOTPEITHOCTRIO Ha CTaTHCTHKE
~75000c06brTuii, mm 10° n6™.

IMomumo coObITHi MB, WHTEpec MpeacTaBisieT H3MepeHUe
XapPaKTePUCTHK YaCTHI[, COMYTCTBYIOIIMX IMPOIECCaM C OOJBIIMMHU
MepeaaHHBIMI MMITYJIBCAMH, XECTKUM mpoleccaM. B coOBITHAX ¢
oOpa3oBaHMEM CTpyH, KaKk THIIMYHOTO >KECTKOTO Ipolecca, Io
a3UMYTalbHOMY  YIUIy — OTHOCHUTEIbHO  JHIUPYIOMICH  CTPyH
BBIJEJSIIOTCS 00IaCTH YacTHI[ CONMpoBOkaeHus cTpyH (1), o6macts ¢
MPOTHUBOIOJIOKHO  HAMpaBICHHBIM  BbUIETOM  uactun  (2)

norepeuHble  obmacTi  asuMyTaibHBIX yriaoB (3). Beibop yrmos
mokasaH Ha puc.11.4.

Leading
.}'?t_ - = E\A(b‘
.’ Toward
. / | Ay = 60"
ITransverse “~. 5P
o'l o0 m e LT = i
i - TR _ Transverse |
- 2 |III IIII "o S
Away ' I'x

|Adg|= 120"

Puc.11.4. OGnmactn yrmoB A¢ OTHOCHTENHEHO  HAIpaBICHUS
nuaupyrotneii crpyn. O6IacTh COMPOBOKAAIONINX CTPYIO YacTHll |AQ|
< 60°, obnacts KoMmmeHcupyromux gactuil JAg| > 120°,u obnactu
comyTcTByrommux gactui 60° < Ag| < 120° (underlying event).

Jlannble ToaBaTpoHa nOKa3zajld, 4YTO MHOKECTBEHHOCTH U
MOMEPEYHbIE UMIMYJIbChl COMYTCTBYIOIIMX YAaCTUIl MPAKTUYECKU HeE
3aBUCAT OT TIONMEPEYHOr0 HWMITYyJIbCa CTPYH, WIH IKECTKOCTH
B3aMMOJICHCTBUS, HO TPEBHINAIOT 3HadeHuss MB  coObiTHii.
V3MepeHne CBOMCTB COMYTCTBYIOUIMX COOBITHH M HMX HPaBHILHOE
OTIMCaHHE B TCHEPATOPax COOBITHIA Ba)KHO JJIsI HOHUMAHUS <«MSTKOW»
¢u3ukn U BocmpousBeneHus (oHoB. [IpenckazaHust Mojenei st
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cpemHeil MHOXXECTBEHHOCTH COIYTCTBYIOIIMX YaCTHIl UL  pp-
B3aumoseiicteuil (p, > 0,5IB/¢c, | < 1)npu 14 T3B npuBeneHs Ha
puc.11.5.
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Puc.11.5. Ilpeackazanust Mojene s cpefHedl MHOXECTBEHHOCTU
COIYTCTBYIONIMX YaCTHUI] IJIst pp-B3aumoneiicteuii (p,>0,513B/c, || <
1) npu 14 T3B.

H3mepenue ceuennii oopaszoBanust W u Z — 6030H0B

Uzmepenue ceyenuit oopasoanuss W u Z — 6030HOB UMeeT
¢byHnameHTanpHOe 3HaueHHe. [TonpaBKM BBICIINX MOPSIKOB K 3THM
COCTOSIHMSIM BBIYHCIISIIOTCS C TOYHOCThIO MeHee 1%, mostomy mux
U3MEpEeHHE CIYyXUT BakHoW mpoBepkort KXJI. H3mepenue
mudpepeHInaNbEHBIX ceueHnid Z — 0030HOB MO 1, Omaromaps ux
HAE)KHOMY BBIICIICHHIO [0 JICNTOHHBIM pacrajaMm, IO3BOJIUT
NPOBEPUTh  MapTOHHbIE  CTPYKTypHble  ¢yHkuuun PDF, a
pacnpezienieHusi 110 TOMEPEeYHOMY HMIIYJbCY HeNnepTypOaTHBHbBIE
acnektel KXJI. Muorue napamerpbl CTaHZapTHOH MOJENNM MOTYT
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ObITh yTOUHEHB! B m3MepeHus ¢ W u Z myTeM JOITOBPEMEHHBIX
HA3MEPEHUH.

Jlerexrop ATLAS mnpu cratucruke 50 n6” mpeamonaraer
U3MepuTh cedeHHs oOpaszoBanns W u Z 1O permcrpamum ux
JIENTOHHBIX pacmanoB. Ha pucynkax 11.6 m 11.7 mnoka3zansl
pe3ynbTaThl peKoHCTpyKiuu pacnanoB Z u W ¢ oOpa3oBaHuem
MIOOHOB, U Ha puc.11l.8pexoHcTpykius pacnanoB Z Ha 3JICKTPOHBI.
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Prc.11.6. Pexoncrpykmmst MC coObiTHiT pacmama Z—pp Ha
cratuctuke 50 m6™ BMecTe ¢ (HOHOBBEIMH COOBITUSIMH IO BBEIIECHUS
OrpaHUYCHUI 10 BenuvnHe 3 HEKTHBHON MacChl U

KpHUTEpHS U30JIHMPOBAHHOCTH.
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Puc.11.7. Pexonctpykmus MC cobsituit pacmaga W—pv Ha
cratuctuke 50 n6' BMecTe ¢ (hOHOBBIMH COOBITUSIMH 10 BBCICHHS
OTpaHWYCHHUH Ha BEJMUYMHY MOTIEPEYHO 3 (PeKTHBHON Macchl M.
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Puc.11.8. Pexoncrpykuuss MC coObitmii  pacmaga Z—ee Ha
1

cratuctuke 50 mO ™~ BMecTe ¢ ()OHOBBHIMH COOBITHUSIMH JIO BBEACHUS

OTpaHUYEHHI 110 BeIMYUHY 3P PEKTHBHONU MACCHI.
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OXuaaeMoe KOJNHYEeCTBO COOBITHII Ha cratucthke 50 mo™t
cocrapisier 300 (200)teicstu W pacniafioB ¢ oOpa3oBaHuneM MIOOHA
(omextpona) m 26 - 27 Thicsy s Z pachaJoB Ha MIOOHBI H

OJICKTPOHBI, COOTBETCTBCHHO.

Juddepennnanpapie pacnpenesieHuss Z-0030HOB MOKa3aHbI

Ha

puc.11.9 mno OpICTpOTE ¥  IONCPEYHOMY  HMIIYJIBCY,

N -1
COOTBETCTBYIOIUE HHTErpabHOMN cBeTHMOCTH 20010 ™.

T T T i 90F T T T T T T T T 3

E 80 "~ Measured, belre oracions

= 70 Measured, after corractions 3

3 e 3

4 = 3

— Measursd, after corractions | g‘%* 40F 3
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Z P, [GeV]

Puc. 11.9.0xunaembie muddepeHIranbHble pacpeaeeHus

Z-0030HOB MO OBICTPOTE

(cnmeBa) w momepeyHOMY

HMITYJIbCY,

o -1 o
COOTBETCTBYIOIIUC HUHTETPAJILHOU CBETUMOCTU 200 n6™. CmuromHoM
JHUEH 1oka3zaHnel MC C06LITI/I$I, IMYHKTUPOM H3MCEPCHHBLIC, TOYKU C

MOTpeIIHOCTAMU
HCO6X0,I[I/IMLIX IIOITPpaBOK.

COOTBCTCTBYIOT U3MCPCHUAM IIOCJIC BBCACHUA

Bosnbiras mporpaMma n3MepeHHi IPEACTOUT TS BBIICICHUSI
HPOLIECCOB POXKICHHUsI CTPYHl coBMecTHO ¢ obpasoBanueM W u Z —
0030HOB. Pe3ynbTaThl HM3MEpeHHH MOTYT OBITh COMOCTAaBICHBI C
pacyeramn B smmupyromem (LO) u crnenyromem 3a NHIMPYROLINM
(NLO) nmopsiakom Teopuu BozmymieHuit KXJI.

Ha wnavanpHOM

HUHTETrpaJIbHOI

CBCTHUMOCTHU

15 n6t

mpenanoyaraercss u3Meputbh Maccy W-0030Ha €O CTaTHCTHYECKOM
ToyHocTeio 60 MaB B kanane pacmaza Ha MiooH u 120 MsB npu
pacmajie Ha 3JEKTPOH. MeTo/l OCHOBAaH Ha aIlPOKCHUMAIMH CIIEKTPa
HEJIOCTAIOIINX MOMEPEYHbIX Macc HeWTpuHo mpu pacmage W ¢

KaJIuOpOBKOH 110 pacnany Z —

OcoOblii  uHTEpEC

0030HOB.

OpEeACTaBIACT HU3BMEPCHUC

HapHOTo

oOpaszoBanms 0o030HOB. Ha pmc.11.10 nmpuBeneHs! (eifHMaHOBCKUE

JAuarpaMmbl

119

IPEBECHOTO YpOBHS 00pa3oBaHWs TMap BEKTOPHBIX



0030HOB Ha aJPOHHBIX KoJutaiaepax. CeueHne poXkJICHUS TaKHX Iap
Ha LHC npu sueprun 14 T>B Ha HOpsIOK MPEBBICUT TaKHE CCUCHHS
Ha ToBatpoHe. Eme oauH mOpsSOOK OOECHEYHT YyBEIHUYECHHUE
cBetumocTd. OCHOBHOM MHTEpEC CBS3aH C MPOLECCOM B SKaHalle, I/ie
MIPUCYTCTBYET BepHiMHA CBsA3H Tpex 0030HOB TGC. B CrammaptHOoit
MOJIETH 3TO MOTYT OBITh JumIs BepmuHsl WWy 1 WWZ.

—_——r e ——
Y \ TGC vertex
1/
7 ST g Vs 7 Vi
t-channel u-channel s-channel

Puc.11.10. deiiHMaHOBCKHE JHMarpaMMbl JPEBECHOTO  YPOBHS
o0Opa3oBaHwMsI Map BEKTOPHBIX O030HOB Ha aJPOHHBIX KoJUTaiaepax. V,
V1, V2 = {W, Z, y}. B Skanaie NprCyTCTBYET BEpIIHHA CBA3H TPEX
6030n0B TGC.

AHanu3 noKa3bIBaeT, 4TO Ha HadaJbHOM 3Tarne padotsl LHC
Gmarogaps GoJpluei SHepruu npu uHTErpaibpHoil ceetumoctu (0,1 —
1) 6" nerexrop ATLAS cmoxker oGecreddTs B H3MEPEHHSX
BBICOKYIO CTaTUCTHYECKYI0 3HAYNMOCTh CHTHaJAa M  XOpOIIee
OTHOIICHHE cHUTHanma K (oHy. DTO [acT BO3MOXKHOCTH YIIYYIIUTh
pesyiabtatsl TapaTpona. [Ipu unTerpansHoii ceetumoctu (5 - 30)(1)6'l
CTaTHCTHYECKHUE HEONpeIeICHHOCTH CPaBHAIOTCA c
CHCTEMAaTHIECKAMH. [pu YBETHMYCHUH CBETHMOCTH
9KCIIEpUMEHTANIbHbIE OrPaHUYCHUs] Ha KOHCTaHTy cBsizu 1GC Oyayt
CIy’KMTh B2)XHBIM CBHJETEIILCTBOM O BO3MOKHOH (DM3MKE BHE PaMOK
CrangapTHOW MOJIENH.
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12 Ton-kBapk

Tom-kBapk (t) 6pu1 oTkpeIT Ha T3Batpone B 199%. C ero
OTKpBITHEM OBUIM TIOJHOCTBIO C(OPMHUPOBAHbI TPH IOKOJEHUS
6asucHbIX yacTuIl] CTaHIapTHOW MOJIENN W TOSIBHJIACH HOBasi 0071acTh
¢u3ukn vactui, — ¢uU3MKAa TONI-KBapka. TOM-KBapK poOXIaeTcs
NPEeUMYLIECTBEHHO B aJPOHHBIX B3aHMMOJCUCTBUSX U OBICTPO
pacnanaercs, He ycmeBas Cc(HOPMHpPOBATH aJPOHHOE COCTOSHHE.
Pacmag Tom-KBapka IPOMCXOMUT TMPEHMYIIECTBEHHO M0 KaHay
t—WDb, rae W 3atem pacmamaercsi Ha JIENITOHBI WK aJPOHHBIC CTPYH.
Bompimass Macca Tom-KBapKa CTaBHUT BOIPOC, OOYCIIOBICHAa JH OHA
MexaHu3smMoM Xurrca CTaHgapTHON Moaenu WM HMeeT Oonee
byHIamMeHTaNpHOE  3HAYeHWe s MeXaHM3Ma  HapylIeHHs
anekTpocnaboit cummerpun. @Pusuka BHe CraHIApTHOW MOJAEIU
MOXET ¢ OOJBIION BEPOSTHOCTBIO IIPOSIBUTHCS KaK B IPOIECCAax
pPOXICHUs, TaK M pachajga Tor-kBapka. JlaipHeilee MpoaBHIKEHUE
MIPOM30MET, Korjna OyIeT HaKOIUIEHO OOJIBIIOe KOJHMYECTBO Map TOIl-
KBapKOB M CTaHET BOSMOKHBIM M3MEPUThH MOJSPHU3ALMIO TON-KBApKa U
W-6030Ha, cBsi3aHHyl0 C aHoMaynusMu Wy, BEpIIMHBI, peAKHe
pacnansl TON-KBapKa, YyBCTBUTEIbHbIE K (u3nke BHe CTaHAapTHOMN
MOJIENIN, WM HOBBIE PE30HAHCHI, PAcMaJarolrecss ¢ o0pa3oBaHUEM
nap t-kBapKoB.

Yckopurens LHC Oyner ¢abpukoit t-kBapkoB. MUILTHOHBI
nap TOI-KBapKoB OyayT 3apeructpupoBanbl B jerektope ATLAS npu
MHTerpanbHoii cBetuMocTH 10 (67, oxmaaeMas 3a TepBbE TOMEI
paboter LHC. Peructpammst TON-KBapKOB BKIIOYaeT B PaboOTy
MIPAKTHYECKH BCE CUCTEMBI AETEKTOPA.

bompmas sueprust LHC mnosBosmT wnccnenoBate mporecc
OJIMHOYHOTO 00pa3zoBaHus t- M aHTH t-KBapKOB, OCYLIECTBISEMBIX
Yepe3 MEXaHH3M 3JIEKTPOCIadoro B3aMMOJCHCTBHSA, C BBICOKOI
TOYHOCTBIO U HcclienoBaTh Wy, BEpIIUHY.

B mnporon-mpotorHBIX B3amMozeictBusix LHC rtom-kBapk
o0pa3syeTcsi Kak B TJIFOOHHOM PAcCesHUM, TaK M pacCesiHUM KBapka Ha
aHTHKBapKke. OTHOCUTENBHBIE BKIIA bl IIPOIIECCOB 3aBUCAT OT SHEPTHH
u npupossl 1myukoB: Ha LHC HOMHHHPYIOT TIIIOOHHBIE pacCesHUs
(90% cobbiTHit), Torma kak Ha TIBaTpoHE MPeoOIATAIOT pacCesHHs
KBapkoB. PacueTHoe ceueHue poxaeHus t-kBapkoB Ha LHC
cocraBisier 833+£100n6. 310 cooTBeTcTBYET 00pazoBaHuio 83 THICAY
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nap t-KBapkoB HA HAYaIbHON MHTerpasbHOi cermMocTH 100 167,
win mopsiaka 10° map B rox. JluarpaMMel 06pasoBaHus t-KBapKOB B
munupyromeM nopsake KX/ npusenens! Ha puc. 12.1.

¥

L q f
b) c)

Puc.12.1. [Imarpammsel  oOpa3oBaHus  {-KBapkoB B
muaupytomem nopsiake KXJI : rimooH-rimooHHOe paccesinue (a), (D),
KBapK-KBapKOBOe paccesiHue (C).

Ha puc.12.2 npuBesneHa cxema pacmaia it — napel, IJ1e OJUH
n3 W pacnancs mo aApoHHOMY KaHally ¢ 00pa3oBaHHEM JABYX CTPYH,
JIPYroil 1o JENTOHHOMY. BeposTHOCTH Takoro KaHaiga COCTABISET
43,5%. B 10,3% cnydaeB ob6a W pacmamarorcss 1o JICITOHHOMY
kaHaiy. B ocranbHbix 46,2%00pa3yeTcsi COCTOSIHUE U3 LIECTU CTPYA:
4eThIpe OT pacraja TON-KBapKOB M 1Be oT b-kBapkos. IlepBbie nBa
THIIa pacrazia MpeAroYTUTEIbHEE IS BBIACICHHS 1 aHAIN3a.

Puc.12.2. JlenToH-cTpyHHBIA KaHam pacrazga tt — mapsl. 3a
JICOTOHLI 3€Ch MPUHUMAIOTCA TOJIbKO MIOOH U BJIEKTPOH.
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B CrangapTHO# MoOmenM CyIIECTBYIOT TPH MEXaHHM3Ma
OJIMHOYHOTO pOXJeHusl t-kBapka. JluarpaMMmbl 3TUX MEXaHH3MOB
npuBeneHsl Ha puc.12.3. B t-kaHanbHBII MEXaHM3M [alOT BKJIAJ
ciusane W u TirooHa W t-KaHaIBHBIH OOMeEH. Jlpyrue MexXaHH3MBI
COCTaBIAIOT acconuupoBaHHoe poxaenne W m t (Wt kanan) wu
poxneHue B SkaHane. CeueHHe OJMHOYHOTO POKAEHUS {-KBapka i
LHC ouenusaercs 8 3206 (NLO, B cireayrommeM 3a JHIHPYOUMM
nopsijike Teopun Bo3myenuit KXJ1).

. "/

\_7‘\ w l",l'

q”/ JJ
c)

Puc.12.3. [ImarpamMmbl TpexX MEXaHHU3MOB OJMHOYHOTO
poxxneHus t-kBapka B JTUAMPYIOMEM IMOPSIKE TEOPUH BO3MYIIECHUI
KXJI: t-xanampHbId; W, — accOUMUpOBaHHOE PpOXIECHHE © S-
KaHaJIbHBIN.

MomnTe-Kapio MonenupoBaHHBIN HAaOOp COOBITHIH POXKACHUS
tt —xBapkoB npomsBoauics reaeparopom MC@NLO, riae yuuTsiBasics
BKJIIAJl CJIEAYIOIIEr0 3a IHAMPYIOIIUM TIOpsAaKa, (parMeHTanust u
anapoHusanms MonemupoBanuce ¢ HERWIG, a comyrcrByromue
COOBITUST MOJICJTUPOBANUCE ¢ TOMOINsI0 Jimmy. TIpuMeHsucs |
JPYTUE CIIOCOOBI MOJICIUPOBaHUSA. J[JIs MOJICIUPOBAHUS OJTUHOYHOTO
poxneHus t-kBapka mcnoib3oBaics reHepatop AcerMC maTpudHOTO
QJIeMEHTa, a  TpoIecchl  (parMeHTaluu W aJpOHU3AIUH
MoaenupoBayMch ¢ momonipio PYTHIA. OtaensHo MoaemupoBaioch
MHOT'O COOBITH Pa3IUYHBIX (POHOBBIX IPOLECCOB.

B xauectBe Tpurrepa oOpasoBaHUs {-KBapKa HCITOIB3YIOTCS
TPUITEPbl HA 3JEKTPOH, MIOOH, CTPYIO C OOJNBIIMMHU IMOMEPEUHBIMH
HUMIIYJIbCAMH, a TaKXKe OOJbIIas HeIOCTAIOIas MOIePEUHAsT SHEPIUs.
Bompimoe  komm4ecTBO OOBEKTOB TpHUITEpa JellacT BBIICICHHE
COOBITHH C POXKIEHUEM TOTI-KBApKOB 3P HEKTUBHBIM.
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Hemsto LHC sBuseTcs wu3MepeHue wacchl t-kBapka ¢
To4HOCTBIO 1 I3B. DT M3MepeHHs NPEInosaractcs BBIIOIHHTH B
Tpex cTpyiiHOM KaHane tt — Ivb qgb, rme TpeGyemylo TodyHOCTH
JIOJDKHO O0ECTICUNTh W3MEPEHHE TpeX KBapKOBBIX cTpyit qqgb. dus
9TOTO HYXXHO YMETh HaJe)KHO H3MEPSATh SHEPIHU CTPYH OT JIETKHX
kBapkoB (U, d, su C) B obmactu t-pacmamga. Ha puc.12.4 mokasano
paspellieHHe ONpeNeIeHNus] JHEPIUM CTPYH JIETKHX KBapKOB UL
Pa3HBIX AJITOPUTMOB BBIJEJCHUS CTPYH. Pe3ynbTaThl peKOHCTPYKINU
Mmaccel W 1o SHEprusiM ABYX CTPYH JIETKMX KBapKOB IPHBEACHBI Ha
puc.12.5 s curHanbHBIX M (QOHOBBIX COOBITHiIl. PesynbraTh
MOJICTUPOBAHHS MOKa3bIBAIOT, uyTo Maccy W mpu pacmane Ha [Ba
JIETKMX KBapKa MOXHO H3MEpHUTh HaJEKHO, TPYIHOCTb COCTOMT B
NpaBWIBHOM H3MepeHHH cTpyd b-kBapka. HamGonee sddexTHBHBIM
HPENCTaBIACTCS. aJTOPUTM BBIICICHHS CTPYH C MalbIM paauycam
packpeitus R.

OO /AR A I U B I I R e
uﬁ 0 24:_!- Cone AR=0.40 Tower s
“‘golzzf_ =u:eeen Cone AR=0.70 Tower =
% ' E\ —=a— Kt R=0.40 Tower =
& 0'25_ s Kt R=0.60 Tower =
£ o0.18f -
m§0.155_ _E
—50.14 3
wi E 3
Yo.12F -
0.1 =
0.08_— ATLAS S
o T N R (RO N NN IR

50 100 150 200 250 300 350 400

EDuark [GeV]

Puc.12.4. Pa3penienue TpH OIpPEACICHUU OSHEPTUH CTpYyH
JIETKMX KBAPKOB JUISl Pa3HbBIX AITOPUTMOB BBIIEIECHHS CTPYH.
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Puc.12.5. MuBapuantHas Mmacca JIBYX CTpYi, KOTOpbIe
OTHECEHHI K afpoHHOMYy pacnany W. Curnan u (OH COOTBETCTBYIOT
MHTErpanbHOi cermMocTH 1 (6. [ PEKOHCTPYKIHH CTPYil
UCTIONb30BAJICS MHKIIO3UBHBIN KT-aTopuT™ B E cxeme ¢ pamuycom
ctpyn R=0,4. Toukn COOTBETCTBYIOT CHTHAIy C (OHOM, HIDKHSASA
THCTOTPaMMa OTHOCUTCS K (JOHOBBIM COOBITHSIM.

Ipn UCIIOJIb30BaHNHT pa3paboTaHHBIX METOJIOB
uaeHTHGUKAIIMN CTPYH OT b-KBapKOB M3MepeHne Macchl TOM-KBapKOB
ocymecTBiseTcss ¢ Tpebyemoil TouHocThlo. Ha pmc.12.6 mokaszax
creKTp dBEKTHBHEIX MacC TPeX CTPyi B COOBITHSAX C tt , OMMHOYHBIM
TOIN-KBapkoM M (oHOBEIMH coObiTHAME W+erpys. Ha pucynke
crIpaBa Te ke COOBITHS, HO C yCIoBHEeM orpaHmdeHus Maccel W. Ot
JIaHHBIE ITO3BOJISIIOT OIPEACINUTh CeueHHe OoOpa3oBaHUsl Map TOIl-
KBapKOB Ha Ha4yaJbHOM JTare paboThl CO CTATUCTHYECKOW TOYHOCTHIO
4,5% npu umTerpanbHoli cetmmocti 100 m6™. CucremaTHueckas
MTOTPEIIHOCTH TIPH 3TOM cocTaBisieT 4,9%.
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Puc.12.6. CriekTp > peKTHBHBIX Macc Tpex CTpyii B coObITHAX C ft
OJMHOYHBIM TOI-KBapKoM M (oHOBeIMH coObITHAMH W+cTpys. Ha
pucyske cnpasa (b)re xe coObITHS, HO ¢ OrpaHHYeHreM Ha Maccy W.

W3mepenne cedeHns OOMHOYHOTO POXKIICHHUE TOT-KBapka B 1-
kaHae u B Wy -KaHaje CTaHET BO3MOXKHBIM TIIPH WHTETPAIEHOU
CBETUMOCTH B  HECKOJBKO @6‘1. IIpu cBetumoctu 10 (1)6'1
CTaTUCTHYECKAss IOTPENIHOCTE C OIPENeICHHH CEYCHUS COCTABHT
20%. J[ns ompenmesicHWs CCUYCHUS POXICHHS B B SKaHale
notpedyeTcst 00JbIas CBETHMOCTb.

Ha cBetumoct 1 (6" ngerekrop ATLAS  moxer
HCCIICIOBATh CBOICTBA TOM-KBapKa W BO3MOXKHBII BKIIaJ (DU3UKH BHE
CrannmaptHoit mMomenu. Ilpexme Bcero, OyAyT BBITOJHEHBI MPSMBIC
H3MEpPEHHsI ANIEKTPUYECKOTo 3apsiaa t-keapka. OH 3aKiroyacTcs B
OIpe/IeNICHNH B3BEIICHHOW CyMMBI 3apsioB BCEX aJpOHOB B cTpye b-
KBapKa:

- gl Bilt
Ojet = ==
Zilji- Bil . .
, tae Qi u pi -
3apsi ¥ UMITYJIbC YacTHI[ CTPYH, ] — BEKTOp HANPABICHHS OCH CTPYH,

k — xoaddurment, ontumusupyromnmii pacuerst. [lokasaHo, 4to s
nerextopa ATLAS k=0,5.

Jpyro#i cnoco® ompenencHus 3apsaa t-kBapka OCHOBaH Ha
ompeJieJieHUH 3apsiia CTpyH D-kBapka uepe3 ompejeieHue 3apsja
HEU30JMPOBAHHOTO JIEITOHA BHYTPU OTOH CTPyH. ITOT JIENTOH
MPEUMYLIECTBEHHO OMPEENAETCS TUIIOM pachajarouierocs b- wmu
anti  b-kBapka, HO MOryT OBITH OTKJIOHEHHs, CBSI3aHHBIE C
OCHWILIIHASIMHI HEHTpabHBIX B-ME30HOB WM MIPUCYTCTBHEM B CTPYeE
D-Me30Ha, KOTOpBIA sBIsIETCS MPOAYKTOM pacmaga B-me3oHa u
MOXeT 00pa3oBaTh JIENTOH JPYroro 3apsia IMpPH CBOEM pacraje.
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DKCIEepUMEHTAIbHOE 3HAYEHWE 3apsja CTpyd D-KkBapka myTem
MOJIENIUPOBAHUSL C Y4eTOM (OHOBBIX COOBITHI HANJEHO PAaBHBIM
Qross= - 0,094 + 0,0042cfrar.morp.). Pacupenenenne Beaudud Q.4
MoKasaHo Ha puc.12.7.

3apsi t-kBapka ompenensiercsl CaeayomuM oopa3om. 3apsin
b-kBapka Qp = -1/3. ucnons3yst peKOHCTPYHpPOBaHHBIH 3apsia b-crpywn,
MOYKHO OTIpEAE/IuTh KamnOpoBouHbid kKoapduiueHT Chb = Qyf Qs =
3,54 £ 0,16 Torna 3MeKTPHUUCCKUIT 3apsi TO-KBapKa €CTh
Q= Q( ) + (Qp +):Cy, rme I+ - 3apsn nentona u Q, + - 3apsn
ctpyun b-xkBapka. [nst aHTH t-kBapka 3TH  3apsAOBl  UMEIOT
OTpPUIATENIbHBIA  3HAK.  PEKOHCTPYMPOBAHHBIE  PACHpeeIeHUs
BENIMYUHBI  3apsiia  t-kBapka mokazamel Ha puc.12.7  (b).
PexoHCTpyHpOBaHHOE 3HAYCHUE MOJIYJIsS BEJMUWHBI 3apsiaa t-kBapka,
C YYETOM aHTH i, Mo 3TUM JaHHBIM COCTaBHIO Q... = 0,67 + 0,06
(crar.) + 0,08 €ucr.). Takum 00pa3oM, oOecHeYMBACTCS HAIEKHOE
TIPOBE/ICHAE H3MEPEHHIi Ha HHTErpaIbHOH cBeTHMocTH 1 (6™
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Prc.12.7. PeKOHCTPYHpPOBaHHbBIC PACIPEICIICHUs BEIMYMHBL 3apsiia
ctpyu b-kBapka (a) u t-xBapka (b).

Usmepenne nonspusamuu W u t kBapka B coObITUAX c tt
mapaMd KBAapKOB CIY)KUT BBIICHGHHIO TPHUPOIBI MEXaHH3MOB
oOpasoBanmsi W pacmaga t-kBapka W TOWCKY HOBOW (U3UKH 3a
npenenamu CtanmaptHOM Mognenn. Mudopmamms o crmaax W n t
orpeziesIseTcss U3 YIVIOBBIX paclpeesieH!i NPoJyKTOB HX pacraja B
cucreme mnokos W wnm  {-KBapka, COOTBETCTBEHHO. Pacuersl
MOKa3bIBAIOT, YTO TOYHOCTH OT 1% o 5% B n3MepeHnN MosIpU3aLuu
MOJeT OBITh JOCTHUTHYTA PH HHTErpaibHoil cBetiMocTH 10 p6™.
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13 B-pusuka

[Iporpamma B-¢usuxkn ATLAS Brumowaer MHOTHE 00nacTu
n3y4eHus QU3UKH TSDKENBIX KBAPKOB. MI3MepeHusi CeYSHUH posKaeHHS
Kak b u c-kBapkoB, Tak M TsDKenbIX kBapkoHues, JW u [, cmyxat
MPOBEPKO#T pejicka3anuit kBaHToBoit xpomoHuHamuku (KX/I). Byayt
HCCIIeIOBaHBI CBOMCTBA ceMelicTBa cocTosuuit B-amponos: B, B,
Bos, B. — Me30HOB W 3apsIOBO COMPSDKEHHBIX MM, B-0apuoHOB, H
cnabbIx pacnanoB B-anponos. B CtanmapTHONW MOJETH COOTHOUICHUS
MEX/y KBapKaMH Pa3HbIX apoOMaTOB PETYNUPYIOTCS 3HAYCHUSIMU HX
Macc W 4eThIpbMs napamerpamu Matpunbsl KobGasmrm-MackaBa, WiIu
CKM - matpunsl IIpu BbIcOKOI 3Hepruu kosuiaiinepa CylieCTBEHHO
BO3pAcTalOT cedyeHHs oOpaszoBaHus b-kBapkoB. Ilpu miaHHpyemoin
CBETHMOCTH KoJuTafiiepa OymeT BO3MOXXKHO HaOpaTh KOJIMYECTBO
COOBITHH, KOTOPOE MO3BOJMT YIYYIIHTh PE3YIbTaThl MPEABIIYIIINX
9KCIIepUMEHTOB. Ecin mMOMCK HOBBIX YacTHIl Ha KoJUlalaepe Aact
HETIOCPECTBEHHbIE CBHUETEIHCTBA HOBOW (DHM3MKH, TO M3MEPEHUS B
obmactn B-Qu3MKM HOKHBI JaTh JIOIOJHUTEIBHBIE KOCBEHHBIC
CBUIETENILCTBA O CYIIECTBOBAHUH HOBOH (pu3mKu.

[porpammy B-¢pusukun ATLAS mmaHupyeTcs BBIIOJHATH
IIPU CBETUMOCTSIX 102 em? ¢t wm MEHBIIIUX, B HAYAJILHBIN MEPHO]T
pabotsl yckopurens. [Ipu unTerpansHoil ceerumoctn 10 n6™ npu 14
TsB xerexkropom ATLAS Moxer GbiTh 3apeructpuposano 1,3 - 10°
COOBITHH, cozlepKalnX, Hapumep, pacnansl J¥—ill, BbIETCHHbIE ¢
IIOMOIIBI0 TPHUITEPa HA MIOOHBI C OTHOCHTEIBHO HH3KHMH
MOTIePEYHBIMI MMITyJIbcamMi. Takue cobwiTust comepxar JM-me30HbI
KaK HEIOCPEICTBEHHO POXKJICHHBIC B PP-B3aMMOJCHCTBHAX, TaK M OT
pacnanos B-anpoHos.

Tpy MHTErpaNbHBIX CBETHMOCTSX 10 100 6™ B o6mactu B-
¢u3vkn OymyT paccMaTpHBaThCs 3aJayd HAcTpoiku BHyTpeHHero
JIETeKTOpa M TPUITEPa MIOOHOB M H3MEPEHUS] OCHOBHBIX CCUCHHUI
poxnenus. K HMM OTHOCSTCS U3MEpEHHsT CEYEeHHH IpSIMOro
poxaenust J¥ u [0, ceyenuil Hempsimoro obpasoBanus JM uepes
pacnazgsl B-agpoHOB M CEUCHMH 3KCKIIO3MBHBIX KaHAIOB PAcIazoB
B+ — J¥K+, BOd — JWKO*, BOs— JN¢.

IIpu GOIBIINX HHTErPATbHBIX cBeTHMOCTAX oT 200m6™ 1o 1
$67?  kommuecTBO  COOBITHII  B-(W3MKH,  3apErHCTPUPOBAHHBIX
nerektopom ATLAS, Oyaer cpaBHEMO ¢ UX KOJHYECTBOM,
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HAaKOIUICHHbIM Ha THBaTpoHE, WM MHPEBBICUT €ro. MoxeT craTh
BO3MOXHBIM YJIYYIIICHUE W3MEPCHHS XapaKTePUCTHK B-aapoHOB u
HU3MEpeHNe BEpOSATHOCTEH pEeIKHX pacmagoB B-Me30HOB B ciydae,
©CJTH OHHM TIPCBBIIIAIOT BEJIMYMHBI, TPeACKa3biBacMbiec B CTaHIapTHON
MOJICITH, TOM 9HCIIE JUIS OYeHb peaKoro pacnaga B% — py.

Hamnbonee Ba)KHBIM IEPHOAOM H3y4eHHUS B-m3uku nomkeH
crath mepuoy uHTerpansHoil ceetumoctn 10°° $67, HakomieHHol B
YCIIOBUSIX CBETUMOCTH Ha YpOBHE 10® cm? ¢*. Ha sTuX DaHHBIX
OyZeT BO3MOXKHO TPOBECTH IIMPOKUH CHEKTP HCCICIOBAaHUI
BOIIPOCOB POKACHUS U pacriagoB B-aapoHOB, HampuMmep, H3MEPECHUS
MOJISIPU3AIMH TSDKEIBIX KBAPKOHHUEB M Ap-aJIpOHOB, OCIHHJULALMA B
cucteme coctosianii BOS -B0Os, u3mepenns pacnana B — py.

Uzmepenust B-¢u3uku omuparTcs HAa TPUITEP IEPBOrO
ypoBHs L1, BEIAEISAIOMIIA B2 MIOOHA FUTH OAWH MIOOH C TIOTIEPEYHBIM
umITyIscoM Gosbire 4 [B/c mpu ceermoctr 10! em™ ¢ 1 Gonbime
6 — 81B/c npu ceerumoctn 10° cm? ¢™. Vsmepenns Ha ypoBHe
TpUITEpa BTOPOro YpoBHsI L2 1MO3BOJISAIOT OOjiee TOYHO OIMPEACNSTH
ITOPOTH CHEKTPOB MIOOHOB U MICHTH(HIIMPOBATH MIOOHEI, COBMEIIAs
HU3MEpPEHHsT B MIOOHHOM CIICKTpPOMETpe M BHYyTpeHHEM AETeKTOpe.
CpaBHeHHE M3MEpEHUN B MIOOHHOM CHEKTpoMmeTpe U BHyTpeHHeM
JIETEKTOpE MO3BOJISIET TAKXKE MOABIATH (DOH MIOOHOB OT pacnaoB K-
ME30HOB U MIHOHOB, MPOUCIIEANINX BO BHyTpeHHEM eTeKTOpE.

Wzmepenus u BeigencHue 3G QeKTUBHBIX Macc U BTOPUYIHBIX
BEpUIMH pacnajgoB B-aJpoHOB MO3BOJSIIOT  PEKOHCTPYHUPOBATH
SKCKIJIFO3MBHBIC KaHANIBI pacnagoB B-aqpoHOB, B TOM YuCIic HA YPOBHE
TpuUrrepa oTOmpas Mmapbl MIOOHOB ¢ 3(dekTuBHONH Maccoil mapsl
MIOOHOB, Omu3koi macce JM wim BOS. Pacniagsr B-ampoHoB 6e3
MIOOHOB B  KOHCYHOM  COCTOSIHUH  PEKOHCTPYHPYIOTCS IO
XapaKTepUCTHKaM BCEX TPEKOB BO BHyTpeHHeM jaeTekTope mpu
HAYaJIbHOW MAJIOW CBETUMOCTH U TpeKaM B oOiacTu mHTepecoB RO,
chopmMupoBaHHOH TT0 MaHHBIM L1 KamopumMeTpa, mpu Oosiee BHICOKOH
CBETHMOCTH.

B ananm3e ObLIO HCIIONB30BAHO OKOJIO 1 MUIUTMOHA COOBITHIA,
coJiepKalux B-apoHBl M PAacCUUTAaHHBIX C MOMOIIBIO I'eHepaTropa
PYTHIA6.4 ¢ ucnonp3oBanmeM ctpykrypHoi (yrkmmm CTEQGL.
Pe3ynpTaThl 3TUX PacyeToOB MOTYT PacCMATPUBATHC KaK JOCTATOYHO
HaJeKHBIE JUIS OoOJNacTH (hpa30BOTO TPOCTPAHCTBA, H3MEPSIEMOM
nerektopoM ATLAS. TlonydeHHbIC 3HAUCHUS CEUCHWH JJII SHEPTUH
14 T»B npuseaens! B tabnuiie 13.1 st mporeccoB poxaeHus nap b u
c-kBapkoB u kBapkoHueB JW u [] il MOPOroB MOIMEPEYHOTO
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umnyiabca MooHoB 4 u 6 I»B/c (U4 wim pu6 B tabmune 13.1,
COOTBETCTBEHHO).

Tabmuma 13.1.

Process (u6 threshold) Cross-section || Process (p4 threshold)  Cross-section
bb — u6X 6.1 ub bb— pdx 19.3  ub
cc— pb6X 7.9 ub cc— pdxX 26.3 ub
bb — p6pdXx 110.5 nb bb— pdpdx 212.0 nb
co— pbudx 248.0 nb ce— pdpdx 386.0 nb
pp—J/y(popd)X 23.0 nb pp — J/ypdud)X 28.0 nb
pp— Y(pbpud)X 4.6 nb pp— Y{pdpd)X 43.0 nb
bb— J/y(popd)X 1.1 nb bb— J/y(pdpd)X 125 nb

[MpoxoxaeHue dYacTHIl dYepe3 AETEKTOp MOAEINPOBAIOChH
nporpammoii GEANT4, pekoHCTPYKIMsI pacriaJoB MPOBOAMIACH C
UCIIONIb30BaHUEM ~ aTOPUTMOB ~ MaTeMaTHYecKoro  oOecreyeHus
ATLAS.

Tpurrep B-¢pusuxku

OCHOBHBIM TpUTTEPOM B-(OW3HKH sBISETCSA MIOOHHBIH
tpurrep. Curnan Ttpurrepa meporo ypoBus L1 mocrymaer c
Tpurrepusix MIooHHBIX kamep RPC m TGC. AkcenrtaHc Tpurrepa
COCTaBISIET MO TICEBAOOBICTpOTE 06MacTh f| < 2,4 U Bce 3HAUYCHUS
a3UMyTalbHOrO yryia ¢. MIOOHBI C OTHOCHTEIBHO HHU3KHMH
nornepeuHbMi  ummyiabcamu (4 — 6) I'sB/c peructpupyrorcst mo
COBIA/ICHUIO CUTHAJIOB B JIBYX YPOBHSIX MIOOHHBIX Kamep. MIOOHBI C
BBICOKMMH TIOTIepeuHbiMH uMmyabcamu (> 10 TaB/c) cosmaror
COBIIAJICHUS BO BCEX TPEX YPOBHSX TPUITEPHBIX MIOOHHBIX Kamep.

CymiecTByeT ABa alrOPUTMa TPUITEPa OBYX MIOOHOB [UIsI

peructpammu cocrosuit J¥ w [1 Ha ypoBHE TpWITEpa BTOPOTO
ypoBHst L2. Cxembl 000uX alropuTMOB npHBeeHs! Ha puc.13.1.
B nepBOoM BapuaHTe TOMOJOTHYECKOr0 Tpurrepa o00a MIOOHA
peructpupyrotes Tpurrepom L1 co cBoumu obactsamu uaTepeca Rol.
Bo BTOpOM anroputme MOMCK BTOPOI'O MIOOHA MPOBOAUTCS B 00JIaCTH
Rol nepsoro Mroona cpeau TpexoB Bo BuyTpenHem gerextope. On
UMeeT NpeuMyniecTBa B 3()(MEKTUBHOCTH MOKCKA BTOPOTO MIOOHA C
OTHOCHTEIILHO HU3KHMM IOIIEPEUYHBIM UMITYIbCOM (~ 413B/c).
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D¢ ¢extuBHocTs Tpurrepa L1 perucrpanuu MIOOHOB ¢
HU3KAMH IIONEPEYHBIMH HUMITYJIbCAMH IIpuUBeieHa Ha puc.13.2.
3HayeHNsT A(GQPEKTUBHOCTH COBMAIAIOT C  COOTBETCTBYIOIIMMH
3HAUEHUSIMHU JUISI MIOOHOB B 00JIaCTH BBICOKHUX P;.

IonuHast 3¢(deKTUBHOCTD TpUITEpa ABYX MI0OHOB Ha JAW B
3aBucuMoctu oT AR, pagnyca Rol nepBoro mioona L1, mokaszana Ha
puc.13.3. Anropurm Tpurrepa Broporo ypoBHs TrigDiMuon
3¢ GeKTHBHO BBIIEISIET COCTOSIHUS IBYX MIOOHOB Ha YPOBHE TpUITEpa
L2, coorBerctBytommx pacnagamM JN u  Opyrux MOZOGHBIX ¢
s¢dexruBHoCcTRIO 73% 11t mopora mrooona 4 I'3B/c u 60% mnst
nopora 6 IaB/c. CoorserctBytomme 3HayeHus: 3PPEeKTHBHOCTH
TOMOJIOTHYECKOTO  Tpurrepa  cocraBmsitor  33% u  15%,
COOTBETCTBEHHO. [10TOK JIOXKHBIX TPUTTEPOB (MIOOHBI OT pacmagoB K
¥ T-Me3oHOB) cocraBmser 2 I'm mwis cerumocta 10° em? ¢ mpm
nopore 4 I'vB/c u 90 ' st ceerumoct 10% em? ¢ mpu mopore 6
I'B/c. CHmkeHHe MOTOKa JIOXKHBIX TPUITEPOB Ui HCClie1oBaHus B-
aJIpOHOB BO3MOXKHO MyTEM HM3MEpeHHs npobera 4acTHIbl 0 TOYKH
pacriaga. [Ipu HCHONBP30BaHMM HMMEIOMIHUXCS aJTOPUTMOB TPHUTTEPOB
npu MHTErpambHoOi cermMoctH 100 67 ms pp-B3amMozmeicTBHi
mpu 14 To>B wmoxer ObiTh 3apeructpupoBaHo okojo 300 Teicsd
coObITHit ¢ poxaenuem JV.

Prc.13.1. CxemMBI IBYX aNrOpPUTMOB TpPUTTEpa BTOPOTO YPOBHS LTS
JIBYX MIOOHOB.
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Prc.13.2. DddexTuBHOCTS, Tpurrepa L1 permcrpanmuu MIOOHOB C
HU3KUMU TOINEPEYHBIMU UMITYJIbCAMMU. TeMmHBIE TOYKH TMMOJIYYCHbBI
merogom tag-and-probe,cseribie cootBercTBytor MC pacderam
3¢ (HEeKTUBHOCTH.

ATLAS 3
i1
|
|

iency

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
04

Trigger effi

iht“; i”“”iigi
3¥

ol

Jiyr efficiency from trigger decision
. Jivy efficiency from the map

0.1 0.2 0.3 0.4 0.5

I

AR
Puc.13.3. Tonnast 3¢ dekTuBHOCTH TpHrrepa AByX MiooHoB Ha JAV B
3apucuMocth oT AR, pannyca Rol mepsoro mroona L1.
HccnenoBanus TAKeIbIX KBAPKOHHEB

Perucrpanust  Gombrmoro  kommyectea J¥ w1 B
srcriepumenTe ATLAS wumeeT 0osblioe 3HAYCHHE MO HECKOJIBKAM
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npuunHaMm. Bo-TiepBbIX, Onarojaps y30CTH OTHX PE30HAHCHBIX
COCTOSIHUI OHU JIETKO BBIICIISIOTCS M MOTYT OBITh MCIOJIB30BaHbI IS
BEICTPaWBaHHUS W KalHOPOBKH TpPHITEpa, TPEKOBOH CHCTEMBI U
MIOOHHOTO CITEKTpOMeTpa. BO-BTOPEIX, IPOIECCH PSIMOTO POXKICHHS
TSDKEITBIX KBAPKOHUEB CIIyKaT BaKHOM mpoBepkoit pacueroB KX/I. B-
TPETBHUX, 3TU COCTOSHUS TSKEIBIX KBAPKOHHEB CaMH MOTYT OBITh
MPOAYKTaMH pacmana Oojiee THKEIBIX YacTHI], KOTOPHIE B CBOIO
odepenb CIy)XaT 3HAKaMH MHOTHUX HWHTEPECHBIX (pu3mueckux
MPOLIECCOB, B TOM 4Hcie peAakux. g 3TUX peakux MNpoueccoB
TOYHOE 3HaHHEe TpoieccoB poxaeHus JY¥ u [ MO3BONUT MPaBUIBHO
OILICHUTH (DOHBI.

Amnamus cBoiictB J¥ u [] OCIOXKHSAETCS BIUSHUEM MTOPOTOB
peructpauuu. [lpumep 3ddexTuBHOCTH TpuUrrepa A HU3MEpPCHHS
Ba)KHOTO MapamMeTpa MEXaHU3MOB pOKaeHus (yriia MOSIpH3aLUH) IPH
pasHbIX Tmoporax ImokazaH Ha puc.13.4. Ha Hem moka3aHa
3¢ (PEKTHBHOCTh TpHUITEpa I pa3HBIX 3HAUYCHHH BEIWYWHBI YTIa
nossipusaiuu 0* (COS 0*) B cucremMe KBapKOHUSI ITPH Pa3HBIX MOPOrax
Ha p, MIOOHOB. Onpenenenue yria 0* mokazano Ha puc.13.5.

=N

Percent/bin
Percent/bin
=-]

LTI IO,

08 06 04 02 0 02 04 08 08

07~56 06 04 02 D D20

3

(a) J/yr by Y

Puc. 13.4.Pacnipenenenus peKOHCTPYHPOBAHHBIX YIJIOB MOJSIPH3AIIHH
cos 0* mms J¥ u (] npm mopore p; MIOOHOB p6pd(crurormHas
rucrorpamma) u nopore pl0 ([urpuxoBas rucTorpamMma).
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Puc.13.5.'paduueckoe npescrapieHue yria noysipusann 0* mMexmy
HampasneHueM Bbuteta J¥Y wnu [ B 1abopaTopHOH cucTeMe H
HalpaBJIeHHEM BBUIETA MIOOHA C TIOJOKUTEIBHBIM 3aps0M B CHCTEME
[IOKOSI pacIaBILEHCs YaCTHUIIBL.

Iloporm  peructpanuu  BIUSIOT W Ha  3HAYCHHE
peKoHCTpyHpoBaHHO# Macchl JM.

Paznenenne J¥ npsaMoro poxaeHus B pp-B3arMOJIEHCTBUSIX
u OT pacmaza B-aapoHOB MOXeT OBITH NMPOBEAEHO IO HM3MEPEHHUIO
MOMEPEYHOTr0 CMEINICHUsT BTOpUYHON Bepiiuabl JA¥ OTHOCHTEIBHO
neppuuHoOi BepmmHbl Ly, Yepes BenmuuuMHy 5TOro CMEIIEHUs
OTIPENICISCTCS «ICEBI0-COOCTBEHHOECY BPEMSI JKHU3HU YaCTHIIBL:

Ly My

priJiy) ¢

rae pr (J) u M(INW) — nonepeunsliit UMITysibe U Macchl JAV-4acTUIBL.
TepMuH «ICEBJO» OMNpaBABIBACT OTPHULATENbHBIE 3HAUCHUS ITOH
MIEPEMCHHOM, OOYCIIOBIICHHBIC MOTPEIIHOCTSAMH HM3MEPCHUH, W
NPUMEHUMOCT €€ K TIpsaMopoxiaeHHeiM  JN-uactuiam.
PexoHcTpyHpoBaHHBIE ~ 3HAYCHHs  OTOM  IMEPEMEHHOW Ui
MOJCITUPOBaHHBIX pacnanoB JAV-gactun npuBeaens Ha puc.13.6 mis
CTATHCTHKM 6 16 . Ot6upass pacmagpl JM-uactun ¢ «iceBno-
BpeMeHeM ku3HH» MeHee 0,2 1mc, MOXHO TOIYYHTh HaObop
npsimoposkaeHHbIX JW ¢ addexTrBHOCTRIO 93% 1 "uncToTOM 92% (8%
npumecu  Henpsmbix  JAP). COOTBETCTBEHHO TMpPH  BPEMEHHBIX
uHTepBanax ceeime 0,2 1mc BeIAENSIOTCS ciyvdan poxaenus JW B
pacmanax B-agpoHos.

Pacnipenenennss  3((eKTHBHBIX MacC JIByX  MIOOHOB,
POXICHHBIX B Pa3HbIX MPOIECCax, C OTOOPOM MO <«IICEBIO-BPEMEHHU
xm3am» menee 0,2 mc mokasaHo Ha puc.13.7. Tam ke mpuBenecHO
pacrpenelieHie 10 BBEICHHS 3TOTO KPUTEPHS 0TOOPA.

[pu uHTerpanbHoOil cBermMocTd 1 m6 ™ u Tpurrepe p6pd
MoxeT ObITh 3apeructpupoBaHo 15 000 coberruit ¢ J¥ u 2 500
coObItHii ¢ [,

Pseudo-proper time =
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Puc.13.6. Pacnipenencarne pekOHCTPYHPOBAHHBIX 3HAYCHUH
«rceBno-BpeMend  ku3HM»  JW-uactun. TemHas — IITPUXOBKA
MOKAa3bIBaeT MPSIMOPOXkIcHHBIE JA-uacTHIIBL.

S [ A A A A A s A
g [ bb—ubudX 3
) E [ Direct onia 1
= I M Drell-Yan 7
8 1 & =
s | s
NN
107

9 10 11 12
Mass (GeV)

Puc.13.7. Pactipenenenus 3p(heKTUBHBIX Macc Map MIOOHOB,
00pa30BaHHBIX B IEPBUYHON BEPIIMHE C NPUMEHEHHEM YCIOBHA
«ICceBI0-BpeMeHH u3Hu» Menee 0,2 mc. BujieH CIUIONIHOW TEMHBbII
¢on ot mpouecca Jlpenna-SHa, TMKK IPSIMOTO POXKACHHUS KBAPKOHUEB
M CBeTIIbIi ()OH OT BKIJIAja pacnanoB b-kBapkoB. Bepxusis mrpuxosas
THCTOIpaMMa  TOKa3bIBAET  CYMMapHOE  paclpelelieHHe 10
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NPUMEHEHUs YCJIOBUI Ha BOCCTAHOBJICHWE BTOPUYHON BEpIIUHBI U
YCIIOBUS «IICEBIO-BpeMeHH xu3Hn» Meree 0,21c.

Oxumaercs, uro ot 30 mo 40% JW u [ obpasyrmorcs OT
pacmanoB yc— JM¥ y u yy— [Jy. DHepruu 3TuX (OTOHOB MANBI, HO
MOTYT OBITh M3MepeHbl. Ha prc.13.8cieBa cBeTIbIM (POHOM ITOKa3aHbI
pachpe/ieNieHus 1o MONePeYHbIM UMITYJIbCaM ()OTOHOB, U3MEPEHHBIX B
COOBITUSIX C PeKOHCTpYHUpoBaHHBIMU JA. DOTOHBI OT paHallHOHHBIX
pacnazuoB ). UMEIOT Majoe 3HaueHHe yIjia BbUIETa 0. OTHOCHTEIBHO
Hampasnenns JV¥ ( pacmpenmeneHne mo COSL IOKa3aHO CleBa Ha
puciol3.8). Tlocme orpanmuenus C€O0S o > 0,97 monydyaem
pacmipeneneHie p, (OTOHOB, IMOKAa3aHHOE TEMHOW THUCTOTPAMMOA
cieBa. JlaHHBIE COOTBETCTBYIOT MHTEIPAIBHON CBETUMOCTH 6 n6™.

Events

18, .2 Ba 0s2 084086 088 09 092 0.94 096 0.98 1
b, (GeV) cosit

T FTRRY FRUT1 U1 NRUT] FRUTE FTTTARTETE FUTEY

=]

%2 4 8 8 10 12 14 16

Puc.13.8. Pacripenenerns 1o p; (OTOHOB B COOBITHAX C
poxmennem JN (ciea) W mo COS o yrima BbUleTa (DOTOHOB
oTHocuTenbHO HanpaeieHus JW (cripasa). [TosicHEHHS CM. TEKCT.

W3mepenue BbIXO/A Yho MOXKET OBITH BBIIIOJHEHO HE TOJBKO
[0 M3MEPEHHUI0 PanallMOHHBIX (JOTOHOB, KaK 3TO IOKa3aHo s )C,
HO M 10 M3MEPEHHIO pacnana

xo—> I IF—pppp.

OxujaeMoe cedyeHHe POXKICHUS Ypo npu sHepruu LHC
cocraisieT ~ 1,5Mk0H. C yueToMm BeposiTHOCTH pacnana Ha jasa JW ¢
UX MOCJISYIONIMM PacIIafioM Ha MIOOHBI U (P ()EKTUBHOCTH TPUITEPOB
CeYeHHe KaHalla ¢ YeThIPbMsI MIOOHAMHU COCTaBIIsieT okoso 25 ¢o. Oto
03HAYAeT, 4TO HAa MHTErpatbHON cBetMocTH 10 H6™ MokHO Gymer
sapeructpupoBath 100pacnanos ypo— JN IV —pppp.
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H3mepeHue ceyeHUi poskaeHUS M CBOMCTB IKCKIIO3MBHOI0
+ +
pacnaga B'— J/¥YK

Ucnonb3ys tpurrep Ha JN MOXKHO pPEKOHCTPYHPOBATH
SKCKIIO3UBHBIA pacmang B'-mesona B'— JWK'. DToT kaHan mmeer
OTHOCHTEIILHO 00J1bI1yt0 BepoITHOCTH (10 -3)u CpaBHUTEIBHO JIETKO
MOJKET OBITh BBIJIETICH MyTeM Moucka K-Me30Ha cpeau aipoHOB C P
Boiie 1 I'3B/c mpu yclnoBHHM BOCCTAHOBIEHUSI BTOPUYHON BEPIIUHBI
pacnana u TpeboBaHus paBeHCTBA d((HEKTUBHON MaCChl YACTHIl MAaCCe
B'-Me3ona. M3MepeHue ceueHHs STOrO KaHAaja Ha HAyalbHOM
MHTerpanbHoil cBetuMocTH 10 M6 MOXKET ONpEeNeNHTh CeueHHE
poxnenust b-kapkoB mpu smeprusx LHC. U3-3a crnoxHOCTH
TEOPETUIECKUX PACUCTOB BEIIMYMHA TOTO CCUCHHS WMEET OOJIBIIYIO
HeonpeneneHHOCTh  (>20%). 3HaHHe ero HEoOXOMUMO  JUis
MIPaBIIIBHONW OIEHKH (DOHOBBIX COOBITHH IJISI MHOTHX IPYTHMX HOBBIX
nporeccos. M3mepenns »>ddekTuBHOH Maccsl B'-Mme30oHa, ero
BPEMEHH OKM3HH TIOMOXET OCYIIECTBHTH TOYHYIO HACTPOMKY
TeOMETPHHU JIETEKTOPa U IPaBHIBHOCTh €r0 MaTeMaTHYECKOW MOJIEITH.

Ha pucynke 13.9 mokaszaHsl pacmupenencHust 3QQGeKTHBHBIX
macc JWK' g cobuituii curaana (B'-pacmagos mo aHHOMY KaHaIy)
U (GoHOBBIX coObITHiI mpouecca bb—p6udX. Bumxo, uro ¢on B
00JTacTH CHTHANa Majl M MOET OBITh ammpOKCHMHPOBAH TIIAAKON
dynximeii. Vsmepenne ceyenns kanana B'— JWK' spnsercs oamoit
Y3 TEePBOOYEPEAHBIX 3aJad dKcrmepuMeHTa. OTHOBpEMEHHO OyneT
M3MEpeH U aHAJIOTHYHBIN pacnazn B'-me3ona. M3BecTHO, 4TO BenMYnHA
npsmoro CP-HapymieHHsS B 3TOM pacmaje IpeHeOpeknMO Mana |
METOJJUYECKUE PaA3JIUUMsl B U3MEPEHUSIX MOTYT OBITh BBI3BaHbI TOJIBKO
pasHOif BeposTHOCThIO B3ammopedictBus K' wu  K'-Me3oHOB ¢
BEIIECTBOM JeTeKTopa. M3MepeHHs 3TOro KaHaja BaKHBI TaKKe
MIOTOMY, YTO TIIO3BOJIAT TIPOBECTH HOPMHPOBKY IIPH H3MEPEHHUU
BEpPOSATHOCTEN peKUX KaHaJoB pacnanoB B-me30HOB.

CraTucTHuecKass TOYHOCTh HM3MEPCHHS CEYCHHUs pacrajia
B*— JWK' npu unterpansHoii cBeruMoctr 10 167 cocTaBHT MeHee
5%.
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Puc.13.9. Pacnipenenenne >ddextupupix mace JWK™ nsa
CHTHAIBHBIX COOBITHH pacrasa B'-mMe3ona (UeHTpanbHbIH THK) W
KoMOuHaTopHOoro ¢oHa ot mpomeccoB bb—ubudX. Tlomepeunsie
HMITYJIbChI MIOOHOB > 6 ['3B/c mist mepBoro u > 41'3B/c nnst BToporo.
PaccrostHHE OT TOUKH pOKAEHUS 0 TOYKH pacmazga A > 0,Ium

H3MepeHHe IKCKIIO3UBHBIX KaHaI0B pacnaga BOsu BOd-
ME30HOB.

Pacnag B% — JWo moxer GbiTh u3meper Ha LHC yxe mpu
uHTerpanbHoii  ceetmmoctd 150 61, a mpu 1 ¢6 TouHOCTH
U3MEpEHU MOTYT TIPEBBICHTH OOUIEMHUPOBBIE HaHHBIE. (Ocoboe
3HAYEHHWE  HMMEIOT  (DU3MYECKHE  3aJadd,  CBS3aHHBIE  C
XapaKkTepUCTHKaMH 3TOr0 KaHana. AHAJOTMYHBIE M3MEPEHHS MOTYT
OBITH TPOBEICHBI s pacmana BOd —  JK%™. OsxupmaeMoe
KOJIMYECTBO COOBITHH IUI ATOTO KaHana B 15 pa3 mpeBbImaeT 4ucio
cobbiTmii pacmagma B’ — JW@. MojenupoBaHHbIE OKHIAEMBIC
pacnpeneneHus 3)(OEKTUBHBIX MacC Uil CUTHAIBHBIX COOBITHIl 3THX
pacrazoB 1 GOHOBBIX COOBITHI MOKa3aHbI Ha pucyHkax 13.10m 13.11.
BumHo, uro coGbitus pacnama B% — JW¢ Tpebyror Gomblieit
CTaTHCTHKH, YTO OOBSCHSETCS NPHCYTCTBUEM CTPAHHOTO KBapKa B
COCTaBe BOS —Me30Ha.

Cucrema B°B% wumeer 1Ba COGCTBEHHBIX MACCOBBIX
COCTOSIHUSI, PA3NUYAIONIMXCS BPEMEHEM JKHM3HH. Macmrtad 3Toro
pasnuumst cocrtaBisier AISTS ~ 10". Ha HavanpHOil CTAaTHCTHKE B
HECKOIIBKO COTEH IO ' PasIH4MTb 3TH COCTOSHHS W BenudmHa AI'S
MIPUHUMAETCS paBHOM HyIto. Takoi aHanm3 rmokasad Ha puc.13.11.
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UccnenoBanust ~ CP-Hapyuwienuss — TpeOyeT  METOAMKHU
onpezielieHUss apomara HeWTpajabHOro B-Me30Ha, BO3MOXHOCTH
otmuuth ero ot B’-me3ona. [Ipy 3TOM HYXHO YMETh ONpPeIeNsTh THIT
B u B momenT poxzaenns (t=0), 1 B MOMEHT pacrana. B HeGombIoi
JIOJIe CITydaeB MPUPOAY HEHTPAIbHOTO ME30HA B MOMEHT POXICHUHU
MOYXKHO OIPENeNUTh IO 3HaKy 3JIEKTPHUECKOr0 3apsijia JICNTOHA C
OONBIIMM TIOIIEPEYHBIM HMIIYJILCOM B TOM JK€ COOBITHH, €CIIH OH
OTHOCUTCS K pacmany Japyroro B-aapona. i ocHOBHOM Aoiu
COOBITHIT MPUMEHSIETCS] METO]] ONIpeJIeNIeHHUs 3apsiia KBapKOBO CTpyH.
B cootBeTcTBHM ¢ (hparMEHTAIIMOHHON MOJENBI0 UMITYIIbCHI YacTHI] B
CTpye YHOPSIOYCHBI OTHOCHUTEIBHO HANpaBiCHUs KBapka H
COOTBETCTBEHHO YIOPSAOUEHBI 3JIEKTPUYECKHE 3apsabl aJpOHOB B
CTpYye, clieysl YCIOBHIO COXPAHEHHUS JIEKTPHUYECKOro 3apsina. Takum
o0pa3oM, H3MepeHHe 3apsina CTpyH D-kBapka ITO3BOJISET ONPENCIHTD
THUIT HEUTpaJIbHOTO B-Me30Ha B MOMEHT €T0 pOXKJICHUSI.

T bb — Jiy X

pp — Jiy X

n 1 it |
4500 5000 5100 5200 5300 5400 5500 5600 5700 -
Mass (MeV) Decay time (ps)

Puc.13.10.Pacnipenenenne pekonctpynpoBannbix Mace B (ciesa) u
COGCTBEHHOrO BpeMeHH u3HH B-me30mH0B B pacmage B’y — JWK
npu  mHTErpambHoil cBetmMoctd 10 M6 IS MOJCTHPOBAHHBIX

coObITHi curHana (TeMHast 001acTh) U poHOBBIX cobbITHIT pp — JWX
u bb— J¥X.
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ﬁﬂl;ﬂ 5100‘ ‘5‘296‘ 5366 5;06‘55‘(;0“560’0 4570‘1; 75 \O 2\ \4 - 6 - 8 10
Mass (MeV) Decay time (ps)
Puc.13.11.Pacnpenenenusi, ananoruansie pucyHky 13.10,mms kanama
B% — JWo, re ¢ — K+K-, J¥— pp. MuTerpansHas CBETHMOCTD
M -1
pacnpeneneruii 15016

3apsa KBapKOBOW CTPYH OMPEAEISETCS BBIPAKEHUEM
O = i qipf
Jiet = =
Z;— |p!'|

I7le CyMMHPOBaHHE BEJETCS 0 TPEKaM CTPYH, KaK 3TO OIHCAHO B
pasnene o Tom-keapke. 3apsn Qjet monoxurenen mis b-ctpym u
orpunaresieH i1 b-crpyu. Ilponexypa ompeneneHust THHa KBapka
IIPHU POXKICHUU XapakTepusyercs 3G GeKTUBHOCTRIO etaQ M YHCTOTON
Dtag (Delution).

Ha HavampHOM »3Tame 3KCIIEPUMEHTa BBIACIEHHE 3KCKIIO3MBHBIX
KaHaJIOB pacraja Oy/JeT OCYIIECTBISTHCS B YCIOBHUSIX, KOT/Ia TPUTTEP
na J¥ He OymeT WCHOJB30BATH YCIOBHE HA CMEIICHHE BEPIIHHBI
pacnana. Bynyt namepeHsl XapakTepHCTHKH paclajioB U pa3padoTaHa
METOJMKA OIpEICICHHs THIA KBapka B MOMEHT pPOXXICHHS IO
ANEKTPUYECKOMY 3apsiy ero ctpyu. Bce 3To MO3BONUT BIOCIEICTBHH
uccaenosats 3¢dexrer CP-Hapymenns B pacmagax HedTpanbHbIX B-
ME30HOB.
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IMepcneKTUBBI H3MEPEHHUST CTUHOBBIX XapAKTEPUCTHK
oapuonos Ap— J/¥(up) A(pw)

Ocoboe BHHMaHHE 3acIy)XHBaeT OIICHKa BO3MOXXHOCTHU
nsmepenust Ap-6apuoHoB B nerekrope ATLAS. Kanan pacnaga Apy—
JM(up) A(pmt) wmMeer dYeThlpe TpeKa 3apsDKEHHBIX YaCTHIl U
CMENICHHYIO BEPUINHY pacrlaga U Malblii 0KuJaeMblii GOH COOBITHH.
[Monspuzaus ¥ mapaMeTp HAPYIICHUS YETHOCTH /A, MOTYT OBITh
W3BJICUEHBI M3 YIVIOBBIX paclpeleseHrid 4acTul, oOpa3oBaHHBIX B
aToM pacmaje. OxumaeTcs, 4TO MpH UHTErpaibHON cBetuMocTr 30
$6™* 6ymer 3apernctpupoaro 13000TaKiX pacmagoB W CTOIBKO Ke
AHATIOTHYHBIX PACTIATOB Ap.

Bapuon Ay, sBIsieTcss caMbIM JIETKUM U3 OapHOHOB, MMETOIITIX
B cBoeM coctaBe b-kBapk. On 6bu1 oTKphIT B 1991, kommabopanueit
UA1 u ¢ 3TuX 1op npuBIIeKaeT OOJIBIION HHTEPEC TEOPETHKOB. Kpome
33/1aul BPEMEH JKU3HH Ap, C 3TUM OapHOHOM CBSI3aHBI HPOOJIEMBI
m3mepennst CP-Hapymienus, HapymeHus T-cuMMeTpud, 3QQpeKTaMu
HOBOW (PM3UKH, HM3MEPEHHs] KOPPEISHUHA CIUHOB TOI-KBAapKOB H
u3BIedeHus mapamerpa ciaboit ¢asel y CKM-matpuner. Dddext
HapyIIeHHs] YeTHOCTH B pacnanax Ap UMeeT 0coOblii HHTEpeC, TaK Kak
CIIY’)KUT MPOBEPKON MHOTHX (haKTOPU3AIMOHHBIX MOIETCH TSKEIBIX
KBapKOB U TmepTypbatuBHOil kBapkoBoil xpomoauHamuku (PQCD).
UccnenoBanust Ap BaXHBI TaKkKe Uil TTOHMMAHUS TOTO, MOYEMY
THIIEPOHBI JIEMOHCTPUPYIOT BBICOKYIO CTEIEHb IOJISIPU3ALNU JIaKe
POXIAsCh BO B3aMMOJCHCTBHSAX ITy4Ka B HECKOJNBKO coTeH [3B mpu
O0NIBIINX PT, T1ie OOJNBIIMHCTBO MOAETEH MPEACKa3hIBAIOT OTCYTCTBHUE
moysipu3anui. Jlo cux mop HEsCHO, ecTh N 3T0 3((dexT HOBOH
(HM3UKN WK CYIIECTBYET elle He HalIeHHOE OOBSCHEHHE B paMKax
U3BeCTHOW (u3uku. M3MmepeHune Ay MOMSPU3AUE MOXKET IPOIHTH
CBET Ha pOXACHHE IOJIIPU30BaHHBIX D-KBapKOB W Ha mpodiIeMy
poxaeHust GepMHUOHOB B pp-B3aMMOCHCTBUSX B I[EJIOM.

HHTepec k M3MEpEeHUI0 BPEMEHH XH3HU Ap-OapHoHa CBs3aH
C BOMPOCOM, HACKOJBKO IOJNBINE JKMBET D-KBapKk B cOCTaBe ME30HA,
4eM B cocTaBe rurnepoHa. THBaTpOH HE Jaji MoKa YeTKOro OTBETa Ha
9ToT Bompoc. Ilockonbky oxumaemas craructuka LHC B 100 pa3
MPEBHIIIACT CTATHCTUKY STHX YacTUI] Ha TIBaTpoHE, MOXET OBITh
yAacTcs OTBETUTHh Ha 3TOT BOIPOC W TaKKe MOCTABUTH OTPaHMYCHHS
Ha pacueTel PQCDu Moaeny TsKeIbIX KBapKOB.
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Bo3moxnoctu  merektopa  ATLAS B u3MmepeHuHu
noJspu3au  Ap ONpeNe/sUINCh MyTeM MOJEIMPOBaHUS HaOOpPOB
coOBITHI A, C pa3sHBIMH BEJIMYMHAMH TOJSIPU3ALMH, MOACIUPYS
aMIUTUTYABl pacmajga B JETEKTOpEe MO TpPeICKa3aHWsAM MoOJened u
MIPOBOJS PEKOHCTPYKIMIO XapaKTEPUCTHK pacla/loB CTaHIAPTHBIMH
nporpamMMHbiMK niakeTamu ATLAS. 3anaua MOIeIMpOBaHUS COCTOUT
B TOM, YTOOBI yOemWTHCS B BO3MOKHOCTH H3MEPEHHS HadallbHOM
MOJIPU3AIMM M aMIUIMTYZA pachazga. [lis MomenupoBaHUS paclajia
MOJIAPU30BAHHBIX  YacTUI HCIOJB30BAJCA  QJANTUPOBAHHBIA K
nporpaMMHOMy — obecrniedenuto  ATLAS  mporpamMMHBbIi  maker
EVTGEN.

B kBapkoBoit Mozenu Ay, npescTaBisier codoi pepMUoH, Tae
b-kBapk cBsi3an ¢ (Ud)-TUKBApKOM CO CIIMHOM, PaBHBIM HYIO. B aT0i
MOJIENH NOJAPU3aLus Ay, IOJHOCTBIO ONpeNessIeTcs mosipu3anueii b-
kBapka. Pacuersi KXJ| mpenckasplBalOT Malyio mosisipusanuio b-
kBapka. OHAKO CYIIECTBYIOT MOJENH, TAE MOJsIpu3anus Ap MOXKET
OBITH TOBOJBHO OOJBIIOHN.

W3zydenne mnoispu3anuy NPEIIoNaracT HCCIEA0BaTh HE
TOJIBKO TIPOIECC POKACHUS Ap, HO U XapaKTePUCTUKU YaCTHIl OT €ro
pacnana. Jlmarpamma ciraboro pacnana Ay mokazana Ha puc.13.12.Ha
puc.13.13 moxazaHbl =~ W3MeEpsEMble  YIVIBI Ui U3MEPEHUs
HOJIAPU3ALIHN.

u > u

Puc.13.12 lnarpamma ciaboro pacraga A, — JP A.
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Puc.13.13. Cxema mnpeicTaBieHUs] YIJIOB [UIs ONHCAHMS
pacmamga Ap — J¥ A.

Jlnst Tpex BapHaHTOB MOJSIpU3ALUU Ap ObUIM PacCYMTaHBI
pacmpeseneHus yriioB, XapakTepu3yonmx pacnan: co%), coP;, cod,,
¢1, ¢2. Pesynprarel pacueroB mnpuBeneHbl Ha puc.13.14. Crnepyt
OTMETHTh, YTO OTMEYAETCs XOpOIlIee COrylacue C MpeACKa3aHMsIX
pacmpeleNeHnuii  YIJOoBBIX IMEPEeMEHHBIX MpU  MOJCIUPOBAHUU
pacnanoB ¢ nomoluslo reaeparopos EVTGENu PYTHIA.

VYcnosust Habmonenust pacnama Ap — JH(up) A(pm) B
nerektope  ATLAS  moxasanel Ha puc.13.15. TlpuBeneHsbt
pacnpenenenust apdexruBabix Mace yactuy J¥ A (upA). Iomnas
s¢dexTrBHOCT pekoHCTpykmuu A, — JH(up) A(pm) pacmamos
cocraBisieT oT 3,5 10 6% B 3aBHCHMOCTH OT THIIA TPUITEpa Ha JBa
MIOOHa. BHelIHee moje pacrhpelefeHUs] Ha PUCYHKE OTHOCHTCS K
COOBITHSAM TIOCJIE€ PEKOHCTPYKIMH M TpeOOBaHHS CMEIICHHOM
BepUIMHBL. SIpKOe TMO0Jie OTHOCHUTCS K COOBITHSIM, OTOOpaHHBIM
tpurrepom L1 — L2. Toukamu nokas3aHbl COOBITHSI, OTBEYAIOLINE BCEM
KpUTepusiM  otOopa coObIThil. BumHo, 4to (OHOBBIC YCIOBUS
u3MepeHust  pacnaga  Ap  ONaronmpusATHBL UL M3MEPEHUs
XapaKTepHCTHK pacIaja.
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Puc. 13.14.PacnpenencHus NSATUH YIIIOB, XapaKTSPUIYIOIIIX
pacmag Ap — J¥ A: co$, co$q, 0Dy, @1, ¢o., VI TPEX BAPHAHTOB
nosyspuzatn Ap: 40%, 0% u -40%. Pacnpenenenusi mapamerpoB
Cc09;, C0%,, (2 HE PAINYAIOTCS JUIS BCEX TPEX BapHAHTOB, IOATOMY
JUISl HUX TIPUBEACHO 110 OJTHOMY paclpeielIeHHUIO.
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Puc.13.15. Pacnpenmenenust 3()GEKTHBHBIX MacC HUA.
ToukamMu TMOKa3aHO paclpeneNeHre Iocie IPHMEHEHHsS BcCeX
KpHUTEpHeB 0TOOpA.

IepcnexTHBBI H3MepeHust peaKoro pacnaaa B’s—pp

Pacman HelTpagpHOro B-Me30Ha Ha [Ba JIENTOHA B°=I*I, rme B
KadecTBe JienToHa | moapasymeBaeTcs MIOOH, SNICKTPOH HIIN T-JICITOH,
MOXXET TPOUCXOJUTh TOJNBKO 3a CYET TMPOIECCOB C OOMEHOM
HEUTPaJIBHBIMH TOKaMH, H3MeHstoummu apomat kBapkoB (FCNC),
KOTOpBIC 3aMpelieHbl Ha YPOBHE BEAYIIMX (IPEBECHBIX) AHATPAMM B
CranmaptHoit Mogenu. J[OMyCTUMBIC IHArpaMMbl TaKHX PacragoB B
CrannmapTHOH Mojaeny npuBeaeHs! Ha pruc.13.16.

T P _4._.0\_,/\-\_,’-\_;'». —
b Lt 0 et b w ut
R 8 \ﬂ/\ t )

g - N o Lo el H

> ke NN e—————

Puc.13.16.[IuarpamMmel Hu3miero mnopsiaka CTaHIapTHON MOJCTH st
pacrana BOS—>p+u-.

0
IMockonbky B ¢Me30H sBIsSeTcs TCEBOOCKATIPOM W HMeEeT
MOJIOXKUTENEHYI0 C-4eTHOCTh, @ OOMEH MPOMCXOIWUT IIpH 3HAYCHHUU
yriIoBoro MoMeHta |=0, 3JIeKTpOMarHuTHBIE JHArPAaMMBI 3TOTO THIIA
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3ampemieHbl.  CymecTByeT —JOMOMHHUTENBHOE TOJABJIEHHE 3TOrO
mpoliecca 1o CIUPaNTbHOCTH. B UTOre BEepOsITHOCTH pacmaga TaKoro
tuna B CTaHAapTHON MOJIENN OKa3bIBaeTCA OUE€Hb Majoil. Beipaskenus
NI BEpOSITHOCTEN pacmnaja B% u B%-mesoHoB B CraHgapTHOM
MOJIEIT IMEIOT BHT!

T, TEVL |2 ]
Br(By— ™) = (386 £0.15) x 1.55 P 1‘|?‘r;‘r|b[|:—3 240?&\!
.Bg |Vr;'v”’ |2 fBq
1.527ps 6.7 x 1077 200MeV

B pacmmpennsix Mozensx BHe CTaHIapTHOI MOJENH, TaKuX
KaK MOJIeNb CYyNePCUMMETPHUU, MOJENIU C XUITCOBCKUMH IyOJIeTaMu
WIA  JONOJHWUTCIBHBIME  KaJHOPOBOYHBIMH  0030HAMH, MOTYT
OCYILECTBIATHCS JIOTIOJTHUTENNbHBIE 0OMeHBI CKaJIIPHBIMH,
MICEBIOCKATIPHBIMH U aKCHAIbHBIMH BEKTOPHBIMH TOKAMH 3a CYET
HOBBIX YacTHIl B TETIAX JuarpaMM. I[IOCKONBKY CKaJIsIpHBIE |
TICEBIOCKAJSIPHBIC ONEpaTOphl HE TOAABJICHEI IO CHHPAITEHOCTH, OHH
MOTYT MPHUBECTH K CYIICCTBEHHOMY YBEJIWYCHHUIO BEPOSTHOCTH 3THX
pacrazoB. B oOmem ciydae mposiBIeHHE HOBOW (DM3HKH MOXKET
VBEJIIMYATh WA YMCHBIIATH OTY BEPOATHOCTb. Hampumep, B
MHHHMAJIBHOW CYyIEpCHMMETPHYHON cranmaptHoi mogenn (MSSM)
BEPOSATHOCTh TAKMX PACMaZoB MOXKET 3HAYMTEIHHO BHIPACTH 3a CUET
TOro, YTO OHA OKA3BIBACTCS MpOIOpLUOHANbHOH (tarP)®, rae tarp
napameTp Mo (CM. pasziell CylepCHMMETPHH).

B ycnoBusix Oomnblioro cedeHust poxiaeHus b-kBapkoB u
Gompmoit ceerumocti LHC maxe Ha Hauamsrom stame (10 cm™ ¢™?)
nerekTop ATLAS MoXeT 3aperucTpupoBaTh HEKOTOPOE KOJINYECTBO
coOpITHil  pacmaga Bos—mu. BepositHoCT  pacnana Bod—mu
mpenckassiBaercss npuMepHo B 40 pa3 MeHbIe, YeM UL pacraja
BY— 111, T09TOMy 3TOT KaHasI paciaja MoKa He PacCMaTpPHBACTCS.

Jlnst BELIenenns pacnana B%—p | nenons3yercs tpurrep Ha
JBa MIOOHAa C YCJIOBHEM IPOTHBOIOJOXHOTO 3apsaa B THape.
HopmupoBka  BeposSTHOCTH  pacmaja  OCYHIECTBIIACTCS IO
xapaktepuctukam pacnaga B'—JMK'. KputuunbiM  sBiseTcs
3 PEKTHBHOCTh PEKOHCTPYKIIMH MIOOHOB B TpeOyeMoM IHarna3oHe
MTOTIEPEYHBIX MMITYJIECOB MIOOHOB. OmeHka 3Toi 3¢ (EeKTHBHOCTH U
CIIEKTP TOMEePEeYHBIX HMMITYJIECOB MIOOHOB Juisi pacmaga Bl—up
moka3aHel Ha puc.13.17.

w 1079,

% 10710,

Br(BY — utu) = (1.06 £ 0.04) x
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Puc.13.17. 3¢ HeKTHBHOCTD PEKOHCTPYKIIUHM MIOOHOB (JIeBast
IIKaJja) ¥ CIIEKTP ITONEPEYHBIX UMILYJICOB MIOOHOB (IIpaBasl IIKaJia)
st pacniaza B%— . Tpurrep P> 6 (4)IBlc.

BaxHBIM yCIIOBHEM HAOJIOACHHUS 3TOrO pacrajga sBIsIeTCS
3¢ (GeKTHBHOE TOJAaBICHHE (POHOBBIX KOMOWHAIMA MIOOHOB OT
nporecca bb—ppX. s 3TOro HCmoap3yeTcsi KpUTEpHid Ha KAYeCTBO
BOCCTAHOBIICHHs BepIIHHbI pacmaga (x> < 10), JIMHA MOIEPEYHOro
npo0Oera 10 TOYKHU pacmajaa A0JDKHA cocTaBiaTh 6osee 0,5MM u MeHee
20 MM, yro MeXIy BEKTOpaMH CyMMAapHOTO HMIIYJIbCa IBYX MIOOHOB
W BEKTOpa, CBS3BIBAIOIICTO TOYKH pachaga ¢ IMEPBHYHOTO
B3auMoeicTBus, aAonkeH Obite Menee 0,017 pax. Jo/mkHO Takke
BBIMIOJTHATHCS YCIIOBHE H30JIMPOBAHHOCTH ME30HA, T.C., HANpHUMED,
OTCYTCTBHE TPEKOB Ha MAaJIbIX YIJIOBBIX PACCTOSIHUSX OT HAIIPABICHUS
B-me3ona. [Tocne npuMeHeHHs BCeX 3THX KPUTCPUCB PacIpeeICHUs
9 (PEKTHBHEIX Macc Tap MIOOHOB Ui CHTHAJBHBIX H (POHOBBIX
COOBITHIf UMEIOT BHJI, IPEICTABICHHBIN Ha pucyHke 13.18.
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Puc.13.18.Pacnpenenenus 3¢ dexTHBHBIX Macc rnap MIOOHOB
IUIsL CUTHAJIBHBIX (THCTOrpamMMa) M (JOHOBBIX COOBITHH Ui pacmana

BOS—>up. KonuyecTBO COOBITMI  COOTBETCTBYET HHTErpajbHOU
ceerimocti 10 p6™

U3 pucyHka cieayer, 4To KOMOMHATOPHBIN OH OT mporiecca
bb—uuX mnpesbimaer Bkiajy coObITHII pacmaja, €ClM ero Ce4eHHe
COOTBETCTBYeT mpejackasanusm CraHaapTHOH Mojenu. Bkmag ot
COOBITUH JPYTHUX OKCKIIO3MBHBIX KAHAJIOB, HWMEIOUIMX Ty XK€
TOMOJIOTHIO Paclaja ¢ JAByMsl Tpekamu, HesHauuTelieH. OKHO Macchl
JUISl BBINENICHUS] CUTHaia BbIOpaHo accumerpuubiM {4 — 7 IaB},
9TOGBl  OTCEYh BOSMOXHBIN BKIax or pacnagoB Blq—up. Ipu
ceernmoctr 10 ¢p6™ oxmnaercs 5,7 cobbrruii curnana npu 14+13-10
(hoHOBBIX cOOBITHI. HeoOxomuMo npoomkath padboTy 10 U3MEPEHHUIO
(oHA U XapaKTepHCTHK KaTHOpoBOYHOTO KaHanta B*—JWK",

MepcnexkTuBbl H3Mepenus ocuuaassuuii BOs -mMe3oHoB nmo
aJIpOHHBIM KaHajaM B-pacnanos

Jns mpoBepku CTaHIapTHOW MOJENN C BHICOKOW TOYHOCTBIO
(mopsimka 1%) 6yayt uamepenst napamerp CP-uapymienus Sin(3B) u
CBOWCTBA CHUCTeMBl DB <Me30HOB, TakHMe KaKk pa3HOCTb Macc
cob6erBennbix CP-cocrosiamit AMS pasHOCTH BpeMeH xu3Hu AI'S/IS u
cnabast ¢daza cmemmBanus @S , cBizaHHas c¢ CP-napymieHuem B
CrannmaptHoit Mogenu. B mapamerpuzanuu BonbdenmTeiina sta da3za
ompenenseTcs kak @S =~ 22n. Pasnocte macc CP-uetnbix um CP-
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HEYEeTHBIX cocTOsiHMI BS npuBoguT k mnosiBienuto Bg —cmemmnBaHus.
Dusnueckd HaOII0IAEMBIE COCTOSHUS BOS u ]§OS SIBJISIFOTCSL JIMHEHHOM
koMOuHanuen coocTBeHHBIX CP-cocrostamid. [Tepexoasl Mexay HUMH
pasperieHsl BCJIC/ICTBUE HECOXpaHEHUS apoMaToB BO
B3aUMOJICHCTBUAX CNA0BIX TOKOB W MPOHCXOAAT C YacTOTOH,
MPOTMOPITMOHATIPHONW ~ BEIMYMHE  PA3HOCTH Macc  COOCTBEHHBIX
cocrostHUE AMS. Takne ocumiuiAMy Habnroganuch Ha TIBaTpoHe B
skcriepumente CDF ¢ Bemnuunoi mapamerpa 4Ams = (17,77 +0,10
(cratr.) 20,07 ¢ucr.)) nc™. B sxcriepumente DO Gbimu ycTaHOBICHBI
rpaHuIE 9Toro mapamerpa 17 nct < Ams< 21 nc™. O6a pesynbrata
cornacyrotes ¢ mpeackazanusmu CranmaptHoir monmenu. B ATLAS
CTaBUTCS 3aJada H3MEpPCHMS BeNWYMHBI 4MS U BO3MOXHO Ooiee
TOYHOTO OmpeneneHus hassl cMemnBanms QS . CP-mapymrenus B B -
B% cMemmMBaHMM  SBISIOTCS MPUOPUTETHBIM ~ U3MEPEHUEM  JUIs
oOHapyxeHus 3pdekroB HOBOH (u3uku BHe npenenoB CtaHmapTHOU
momemn. Jlms pacmaga B% — JWo sddexrs: CP-HapymeHus B
acUMMETpHUH, TpenckasbiBaeMble CTaHIAPTHOW MOJENBIO, OYEeHb
Manel. H3mepenme mroboro 3amerHoro 3¢dexra CP-mapymieHwus,
(oGycrmoBienHoi caa0bbiM  B3ammogelcTBueM (asel @5 CKM
MAaTpUIlbl), BBIXOMAIIET0 3a MOpeneNbl npejackasanuii CTaHmapTHOM
Mojenu, OyaeT TpSAMBIM YyKa3aHHEM Ha BKIax (HU3UKH BHE
CranpmaptHol Mojenu. I3MmepeHue Tmapamerpa CMCIIMBaHUE B
cucreMe B°<Me30HOB BaXHO Takke s IMHAMAKA apOMATOB B
CraHgapTHOW MOJIENH U €€ pacIIupEeHHUSIX.

AHanu3 MOJeIMpOBaHHBIX coObITHI B nerektope ATLAS
TOKa3aJ, 4TO TMPH HHTErpambHoil cBeruMocTd 10 6™ MoxkeT GbITH
JIOCTUTHYTA YyBCTBUTEIBHOCTh H3MEPCHHS YaCTOTHI OCIHUIAIUi 29,6
nc'. M3mepeHns Ha ypoOBHE TIATH CTAaHJIAPTHBIX OTKJIOHEHHil
BO3MOXKHEI 0 wacTothl 20,5 mc™’. Tum KkBapka TpH POXKICHHH
orpeziesseTcs 0 3apsay JISNTOHA MapHOT0 KBapKa, Kak 9TO MOKa3aHo
Ha puc.13.19.

opposite side jet signal B jet

Puc.13.19.CMm. Tekcr.
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PekoHcTpynpyroTCsl KaHabl pacnazgos B% — Dgi+ uB% —
Dsal+ . [lo xapakTepuCTHKaM YacTHI[ paclafa ONpPEIeIsIeTCS THII
KBapKa B MOMEHT pacmaja.

B  obomx kamamax  mpucyrctesyer D-S  -mesoH,
pacnagarouiuiicss Ha @x, a ¢ pacrnagaetrcs Ha nmapy K+K-. B pacnane
BOs— D-sa+ k tpem Tpekam ot D’ —-Me30Ha mobaBisieTcss OAWH TPEK
n+-mesona. B pacmage B% — D @al+ meson al+ pacmagaercs Ha p-
ME30H M T, P-ME30H pacmajgaercs Ha [Ba 3apsHKEHHBIX T-ME30Ha.
Takum o0Opa3oMm, B BepHIMHE TPHCYTCTBYET IIECTb TPEKOB
3apsDKEHHBIX YaCTHII.

TpurrepoM Takux COOBITHH CIYKHT MIOOH OT b-kBapka.
Ilonck aapoHHOro pacmaga B-me3oHa ot Broporo b-kBapka
OCYIIECTBISIETCS CpeOW TPEKOB BO BHyTpeHHEM JAeTeKTope.
[MpumeHnMBl A1 METOJA IMOKMCKA. B rmepBoM ciiyyae NpOMCXOANT
[IOJIHOE CKaHMpoBaHUEe BHyTpeHHero aerexkropa. Bo Bropom
ompezenaoTcs obinact moucka ROl B mpocTpaHcTBE YITIOB IO
perucTpanuy CTpyH B KaJlopuMeTpe. BakHO Tak 3aiaTh YCIIOBHS
oTOOpa CTPyH, 9TOOBI MX KOJUIECTBO OBUIO HEBEIHMKO, B HACAIe OJHA
wm ae. Oba Mmeroma maroT Onuskue >(PQPEKTHBHOCTH BBIACICHUS
TpeOyeMBbIX ~aJpPOHHBIX pacmagoB. J(PGEKTUBHOCTH  BbIIEICHUS
pacranoB Benmukd, oT 96% w Bemme. Ilpumeck coObITHH C
HETIPaBWJIFHBIM OMpEZeNIeHneM THIa pacmana cocraBiser or 20 mo
24%. Bce 3T0 yuuThIBaeTCsi B MPOLENYpEe ONpEACIICHUs IapaMeTpa
cmemmBaHuA. [IpuMenHseTcss MeTon MakCHMyMa IIPaBIOIOAOOHS.
OyHKIUS MPaBAONON00H NMEET B KAUECTBE IapaMeTpa BPeMsl KU3HH
gacTUIBI { M CMeImIMBaeMoe COCTOSHHE |, OIpeneNsieMoe uepes
napameTpsl AMsu A7'S. Ita GyHKIMS NPaBJONOA00US IPUMEHSIETCS K
maTH  HabopaM COOBITHH: CMEIIMBaeMble W  HECMEIINBacMbIC
cocrosmst B% i B%, 1 oHOBEIC COOBITHS C HyIEBEIM TapaMeTPOM
cMmemmBanus. s cocTtosHuit BOS u Bod YUYUTBIBAETCS JOJISI JIOKHO
WACHTU(HUIMPOBAHHBIX  coObITHH. IlyTeM momMcka MakcuMyma
(YHKIMHU TPAaBIOIOI00HS ONPEISIAIOTCS TapaMeTPhl CMEITBAHUSL.

JIs  OICHKHM CTaTHCTHYECKOW IOCTOBEPHOCTH B 50 n
UCKIIIOUCHNsT oOnacTeil 3HadeHWi mapamerpa cmemmBaHusi 4AMS Ha
95% ypoBHE IOCTOBEPHOCTH HCIIONIB3YETCS METOH AampOKCHMAIIUN
aMIUTUTYA, TaK KaK METOJ MaKCHMyMa IPaBIONo00Hs B 3TOM CiIydae
UMeeT HeJJOCTATKU.

Ha pucynke 13.20 nokazaHo, KakK BBIIJSAAT OCHMJUISIIIHU
curHanbHbIX cobbrriit B% ¢ mapamerpom cmemmBanne Ams= 17,77
nc-1(pucynok (a), pacmpemencnue 1o 10). DakTop KOHEYHOTO
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paspemieHuss IpU U3MEPEHHH COOCTBEHHOTO BpPEMEHU JKH3HH
IpeBpalaeT 3T0 paclpelesieHHe B paclpeneNeHue, MOKa3aHHOE Ha
pucyke (D). Yuer dona um sdpexra HEnmpaBUIBHOTO ONpEACICHUS
THIIA KBapKa MPH POXICHUHM IPUBOAWUT K (hopMe pacrpenierneHus,
HPUBEACHHOT0 Ha pUcyHKe (c). [lyHKTHpOM Ha 3TOM PHCYHKE ITOKa3aH
BKJIa/1 ()OHOBBIX COOBITHH. Pe3ynbTaThl COOTBETCTBYIOT HHTEIPAIBHON
ceernmoctr 10 h6™
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Puc. 13.20. Pacnpenenenne BOS cMmemmBaeMbIX COCTOSIHUH C
napamerpom Ams=17,77uc™ (a),

TO K€ paclpeAeieHHe INPH YYeTe KOHEYHOrO pa3pelieHUs Npu
U3MEPEHUH COOCTBEHHOTO BpeMeHH H3HH (D) 1 (OHOBBIX U HEBEpHO
MedeHbIx coObiTril (c). IlyHKTHp — BKMax (OHOBBIX coObITHI 6e3
CMCILMBAHUS.

Pe3ynbraTel aHanM3a MO3BOJSIOT OXHMIATh, YTO M3MEPEHHE
napameTpa AMS COBMECTHO ¢ HccieaoBanmsMu pacnaga B’ — I,
ONMCAHHOTO BBIIIE, TO3BOJIUT MOBBICHUTH TOYHOCTH AAHHBIX ITyTEM
COBMECTHOH aNmpoKCHUMAIIUU B CIA0OM CEKTOpe BOS - BT’S CHCTEMBI.
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14 Bo3on Xurrca

Ilouck  nuHaAMUKM,  OTBETCTBEHHOM 3a  HapylleHue
ANEKTPOCTaboi CHMMETPHH SIBIISICTCS OJHOW M3 IIPHOPHUTETHBIX 3a1ad
9KCIIEPUMEHTOB (PM3MKM YacTUI] Ha CYIIECTBYIOIIMX M OyIylmx
koiutaiinepax. CraHmapTHas MOJETb BJIEKTPOCHAOBIX W  CHIIBHBIX
B3aMMOJICHCTBHI OMMCHIBACT MHOTOYNCIICHHBIE SKCIICPUMEHTAIBHBIC
pe3yJbTaThl, OJHAKO MEXaHW3M HapyIIeHHs  3IEKTpOociaboi
cuMMeTpuu ocraercst HensBecTHbIM. Kosmaiinep LHC npu suepruu
14 T3B naer Bo3moxxHOCTH kcniepuMerTam ATLAS u CMS nposecTr
mouck 0Oo3oHa Xwurrca, Kak mpenckaspiBaeMoro CraHAapTHOM
MOJIEITBIO0, TaK M MOJEIAMH C pacurupeHreM CTaHIapTHOM MOJENH, BO
Bceil 001acTy 3Ha4eHU ero Macchl.

B pamkax CranmaptHOi Momemu 0030H XUITca SBISCTCS
€IMHCTBEHHON HEOTKpHITOW yacTuieid. CoBpeMeHHasi TeOpHusl HE J1aeT
yKa3aHUH Ha BENHYHMHY €ro Maccel. VI3 cooOpakeHHit YHHUTapHOCTH
BEepXHHI Tmpenen wmacchl Oo3oHa Xwurrca cocraBiuser ~ 1 TaB.
JlanpHEHIIME  OrpaHMYEHUS MOTYT  OBITh  IOJYYEHBl, €CIH
MPeanoNoXuTh, 9To CTaHmapTHas MOIENb CIpaBeUIMBA JIHIIL IO
HEKOTOpOro Macmiradba A, 3a mnpejeisaMu KOTOPOTO IOSBHTCS HOBas
¢usnka. U3 TpeOoBaHM CTAaOMIBHOCTH 3JEKTPOCIA00TO BaKyyMa H
Toro, yro CraHgapTHas MOJENb OcTaéTcsl MepTypOATHBHOH, MOKHO
YCTaHOBHTH BEPXHUI M HIDKHHUIA TIpeelbl Macchl 0030Ha Xurrca. [Ipu
MacmTabe A mopsaka Maccel Ilmamka (10'° IB), macca 6Gosona
Xwurrca My momkHa Haxomutbes B mpexpenax 130 < M,y < 1801B.
Ecmn HOBas ¢m3mWka MOSABISIETCS Ha MEHBIIEM MacmrTade Macc,
orpaHudeHus craHoBsiTca crnabee. IIpu A = 1 T>B macca 6030Ha
Xwurrca okaspiBaercs B mpenenax 50 < My < 800I3B.

CranpaprHas MO/JIeJb c MHHHUMaJIbHBIM
cymepcuMMeTpuaHbM  pacuupernem  (MSSM)  comepkur  nBa
KOMITJIEKCHBIX IyOJsieTa, OOYyCIOBIMBAIOIIUX CYIIECTBOBAaHUE IISTU
¢usndeckux 6030HOB Xwurrca: Tpex HeWTpanbHbix (1Ba CP-uerHbIX h
u H u oquu CP-HeuetHsIit A) 1 1BYX 3apshkeHHbIX Ht. Ha npeBecHOM
YPOBHE XHUTTCOBCKUH cekTop MSSM moiHOCTRIO OnpeAessieTcs] IByMs
mapameTrpamu, OOBIYHO BBIOMpacMbIX B BHiae MA, wmaccel CP-
HedeTHOro 0030Ha Xurrca, U tarP, OTHOIIEHNS BaKyyMHBIX CPEAHUH
JIBYX  XWITCOBCKMX  1yOieroB.  PaagmannoHHBIE — MOINpaBKU
CYIIECTBEHHO  WM3MCHSAIOT  COOTHOLICHHS,  OINpeJeieHHblE  Ha
JIPEBECHOM YPOBHE. DTO 0COOEHHO CYIIECTBEHHO JUISI MAaCCHI CAMOTO
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serkoro CP-uetHoro 6030Ha Xurrca, KOTOPBI HO APEBECHOM YPOBHE
OJDKEH HMMETh MacCcy MEHblle, 4eM Macca Z-0030Ha. [leriieBbie
MIOTIPABKH 3aBUCAT OT MAcChl TOI-KBapKa, MacC CKaJSIPHBIX YaCTHIl U
0COOEHHO CMEIIMBAaHHUS B CTON CEKTOpe. 37ech CTonm 00O03Ha4yaeT
CYMepCUMMETPUIHOTO MapTHEepa TOM-KBapKa.

Ecnu nerkwmii HedTpanbHbii 6030H Xwurrca h mMoxer ObITh
TPYOHO OTIMYUTH OT 0Oo030oHa Xwurrca CTaHIAPTHOW MOJIENH, TO
OTKpBITHE APYTUX Oojiee THKENBIX 0030HOB XHUTITCa OyNET CIYKUTh
NPSIMBIM CBHJETENLCTBOM (r3nKu BHe CTaHIapTHON MOJIEIH.

Macca 3apspkeHHOro 0030Ha XWITca MEHee YyBCTBUTENbHA K
paJMAllMOHHBIM IIOIpPaBKaM M Ha JPEBECHOM YpPOBHE CBs3aHA C
3HaueHHuEeM MA depe3 COOTHOLICHHE

M2 H*=m2 W + m2 A

Bbonpmas sueprus LHC mosBomut npoABuHYThCS B HOBYIO
KHHEMAaTHYECKyI0 00J1acTh IO CPaBHEHHIO C dKCTepuMeHTaMu Ha LEP
n Ha TaBarpone. Hmxe OymyT moka3aHbl BO3MOKHOCTH AETEKTOpa
ATLAS B obOHapyxenun 6o3oHa Xurrca CraHmapTHOH Mozaenu H
6030Ha Xurrca MSSM, nonydeHHBIE ITyTeM MOJEIBHBIX PACUETOB.
OHH OCHOBAaHBl Ha TEOPETUYECKUX NPEACKA3aHUSAX IS CEUCHHH
oOpazoBanusi 0030Ha XWITca C pasHBIMH 3HAYCHUSIMH MacC U C
Pa3HBIMH MEXaHM3MaMH POXKAEHUs. PaccMOTpeHBI KaHalbI pacnaja, B
KOTOPBIX MOKHO 3aperHCTpUPOBaTh 0030H XHrrea.

Bo3on Xurrca B CtanaapTHoii Mojaenu

s mogenupoBanus B nerekrope ATLAS poxxaenne 0030H
Xurrca B CTaHAapTHOM MOJAENN pacCMaTpPUBAETCS B HECKOJIBKUX
Mexanusmax: cmusaus  rmooHoB  (VBF),  accormuposanHOTO
poxnenue ¢ BektopubiM 6030H0M (WH u ZH) B Beaymiem mopsiake
teopuu Bo3mymienuit (LO) 1 B clieIy0UM 3a JIIUPYIOIIEM MOPSIIKE
(NLO). O6cyskmaeTcs Takke acCOMMMUPOBAHHOE POXKAEHHE C tt-Tapoii
KBapKOB.

Pacyetrsl BeIMOMHEHBI ¢ wucnoib3oBannemM CTEQG6L1 u
CTEQ®M o¢yukiuii pacnpeneneaus naptoHos B nporone (PDF) mist
LO u NLO pacueroB, COOTBETCTBEHHO.
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B Ttabmume 1 nmpuBeneHsl  3HAYeHHWS]  MapaMETPOB
CraHIapTHOU MOJENH, HCIIOb30BAHHBIC B pacUeTax.
Tabmuma 1.
Mg = 190 MeV M, = 1.40 GeV M, = 4.60 GeV
M, =172 GeV Mz =91.187 GeV | Mw = 80.41 GeV
Gr = 1.16639 x 1075 GeV—2 Np =5 ALZ), = 165 MeV

ADED = 226 MeV

a9 (Mz) =0.130

aMO(Mz) = 0.118

BeposiTHOCTH pa3nuuHBIX KaHAJOB pacmana 0o3oHa Xurrca
paccuntsBanmck nporpammoit HDECAY. Ha puc.14.1.h nmpusenensr
BEPOSATHOCTH pacmafa 0o30Ha XWITCAa U CCUEHHS POXKICHHUS B
CraHaapTHON MOJIEIH B 3aBUCHMMOCTH OT Macchl 0030Ha Xurrca.

Branching Ratio
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Puc.14.1. 5. BeposATHOCTH pa3IMIHBIX MO pacraga 0030Ha
Xurrca (cieBa) u cedeHHit poxaeHus 6030Ha Xurrca B CraHaapTHO#M
MOJIENN JUIsl Pa3HbIX MEXaHHU3MOB B MHUKOOApHAX B 3aBHCHMOCTH OT

Macchel 0030Ha Xurrca.

154



(i) Gluen-Fusion
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Puc.14.1.%. [ImarpamMmbl, COOTBETCTBYIOUIHE pPAa3IAIHBIM
MexaHu3mam obpaszoBanusi H-Gozoma na puc.14.1.l: (i)cnustHust
rmoonoB, (i) cimsHume  BekTopHBIX  G030HOB  (VBF),  (iii)
acCOMMpOBaHHOE poXeHne (B composoxkaennu W, Z wmm tt).
(C.Weiser, ATL-PHYS-SLIDE-2009-234).

B ananm3e UCMOJIB30BAIKMCH CIEIYIOIIME KAaHAIBI pacraja

6030Ha Xwrrca:

*  pp—H-yy

*  pp—oH-ZZ(Y) — Al (1 =e,p)

©  pp—AgH—qar'T

s pp—H—-WW —hlv, lvqq

s pp—ttH—tibb

s pp—ttH— it WW,

s pp— ZH— I+l- W'W.
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Pacnan 6030na Xurrca Ha aBa ¢goToHa

Oxwumaercs, uro B uHTepBaie macc 110 < My < 140 1B
06030H Xwurrca pacmagaercsi Ha 1Ba (OTOHa C BEPOSTHOCTHIO,
nocrarouyHo g ero HaOmomennss Ha LHC. Poxnenme ero
COINPOBOXKAAETCS AJPOHHBIMH CTPYSMH C OOJIBIIMM IONEPEUHBIM
UMITYJIbCOM PT. ['JIFOOHBI OT M3JIy4eHWs B HayaJbHOM COCTOSIHUM B
09—H u qg—qgqH natoT ocHOBHOIf BKNaJ B MEXaHU3M TIIOOHHOTO
cnusHust 1 VBF npu poxxnennu 6o30Ha Xurrca B COINPOBOXKICHUU
Takux cTpyd. IlosToMy mouck pacmagoB 6030Ha XUTTCa B COOBITHSAX
C POKICHUEM aJIPOHHBIX CTPYH C OONBIIUMHE PT pACCMATPUBACTCS KaK
nepcrneKTHBHEIN. [Tonck 6030Ha XWITCa B aCCOIMATHBHOM POXKICHHU
¢ W, Z, tf — mapaMu KBapKOB TAK)Ke CIIy’KUT JOMOJTHEHHEM K TOMCKY
aCCOIIMMPOBAHHOTO POXXICHUS 0030Ha XHUITCa COBMECTHO C
aJIPOHHBIMH CTPYSIMU OOJIBLINX P.

@DOTOHBI I aHaNHW3a OTOMPAIOTCA B AIICKTPOMAarHUTHOM
kajopumerpe. B ciydae pacmaga 6o3oHa Xurrca Ha jaBa (OTOHA B
npenenax mceBaoobIcTpoTEl ]| < 2,5 okomo 57% Takux coObITHIt
HMEIOT KOHBepcHIo ()OTOHA BO BHYTPEHHEM JIETEKTOpE Ha pajuycax
mernee 80 cm. Ucmome3yroTcss BO3MOXKHOCTH —JICTEKTOpa ISt
peructpanuu  Takux ~ ¢otoHoB. Ha  puc.14.1.2 mnoka3zaHo
pacnpenenenue 3PQGEKTUBHBIX Macc JBYX (DOTOHOB I pacmajoB
6030Ha Xwurrca ¢ maccoii 120 9B mpu yuere AOIOITHHUTEIBHOTO
BEIIECTBA B JIETCKTOpe. TeMHas o00IacTh COOTBETCTBYET BKIATY
¢oTOHOB C KOHBepcueil. BumHO, 4TO HW3MeEpeHHs BOCIPOM3BOIAT
curHan 6030Ha Xwurrca.
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Mean=(119.46:0.03) GeV3
D At least 1 converted v

o=(1.46£0.02) GeV
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Puc.14.1.2 Pacmpenencane >(QekTHBHBIX Macc IBYX
¢doToHOB I pacmana 6030oHa Xwurrca ¢ Maccoit 120 1B npu ydete
JOTIOJIHATENIBHOTO ~ BEIIeCTBa B JIeTeKTOope. TemHas oOiacTh
COOTBETCTBYET BKJIaay (DOTOHOB C KOHBEPCHUEH B IETEKTOPE.

Ecnmun momelTaThcs MpoOBeCTH MOUCK 0o030Ha Xurrca B
MHKITIO3MBHOM aHaJiu3e, MOCTPOMB pacmpeeieHne 3P(eKTHBHBIX
Macc JByX (OTOHOB, pe3ynbrar Oyner MajloMH(OPMaTHBHBIM.
CluIikoM BeNHK OKa3bIBaeTCs BKJIaJ (OHOBBIX coObITHil. Takoe
pacnpezeneHue nokazaHo Ha puc.14.1.3mpu moporax MomnepeyHoro
nmnynbca ¢oroHoB 40 BB mna mumupyromero u 25 [BB s
CIIEIYIOIIETO 3a JTUANPYIOIUM. 37eCh (HDOHOBBIE COOBITHS C JBYMS
peanbHbIMM  ()OTOHAMH O00O3HA4YEHBI KaK HEYMEHbIIAeMbId (OH
(irreducible bkg),a cobGeiTus ¢, M0 KpaiiHeit Mepe, OJIHUM JIOKHBIM
(fake) dororom obGo3HauaroTCs Kak cokpamaembiii o (reducible
bkg). Mons Broporo ¢ona cocraBiaster 39% OT IOJHOrO CeYeHHs
¢onoBbIX coObITHII. [ 6o030Ha Xwurrca ¢ Maccoit 120 I3B B
MacCcoBOM OKHe, ompejaensieMoM 1o unmpuHe *= 1,45 BOKpyr
HEHTPATBFHOTO 3HAYEHUs, COAepkuTca 26% CHTrHaNBHBIX COOBITHIL
pacnana. CedeHMsT pa3IMYHBIX MEXaHW3MOB TIeHepauuu 0030Ha
Xwurrca ¢ Maccoit 12013B u ceyeHus pa3nnuHbIX (GOHOBBIX COOBITHIA
B 9TOM MacCOBOM OKHE mpuBeaeHBH B Tabmmue 14.1.2.HamoxeHue
JPYTUX COOBITHII HE YYUTHIBAIOCH.
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Tabmuna 14.1.2.

Signal Process  Cross-section (fb) | Background Process Cross-section (fb)
gg—H 21 ¥y 562
VBFH 2.9 Reducible yj 318

1tH 0.35 Reducible j; 49
VH 1.3 Z—ete 18

CuTyauust 3HAYUTENBHO  YJyYIIaeTcs, €CIM  BHIOpaTh
COOBITHSL ¢ OZHOW WJIM JBYMs aJpOHHBIMH cTpysimu. Ha puc.14.1.4
MOKa3zaHo pacmpenenenne 3)(EeKTUBHBIX MacC NBYX (OTOHOB IS
COOBITHII C JIOTOJHUTENBHBIM POXJIEHHEM JBYX CTPYH, B KOTOPBIX
BBITOJIHSUIUCE CIICAYIOIIUE YCIIOBHs O0TOOpa: 1Ba (OTOHA UMEIOT fn|<
2,7, nx momepeuynsle uMmMmyibehl Beime 50 [BB m 25 BB mna
JUIUPYIOIIETO U CJIEAYIOUIEro 32 HUM; B COOBITUH NPHCYTCTBYIOT, 110
KpaifHeii Mepe, ABe aapoHHbIE CTpyH ¢ M|< 5 u momepeyHbIMH
nMmmyascamu Boime 40 n 20 I'3B st nuaupyromeit u creayromeit 3a
HEei, 3TH CTPYH HaXOJITCS B Pa3HBIX mojycdepax 1o 1 U MHTEepBal
MeXJy HUMH 1O mceBiooObictpore An > 3,6. DOTOHBI JOIKHEI
HaXOAMTHCS B MPOMEKYTKE MEXIy CTpysMH, a dddexTrBHas macca
IBYX cTpyd nospkHa ObiTh Gosbiie 500 I'9B. CoObitust, nmeromme
TpeThio CTPyo ¢ p; > 2013B u n|< 3,2, uckmouanucs u3 anammsa. B
OTOOpaHHBIX TaKMM 00pa3oM COOBITHSX CHUTHANl OT pacmaiga 0o30Ha
Xurrca BHJICH 3Ha4MTEeNbHO Jrydme. OXumaemMoe CedeHHE
oOpasoBanus 6030Ha Xurrca ¢ maccoir 120 1B mist okHa mo macce
mpuHo# +2 I'9B cocTasnser 1,28 106.
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Puc.14.1.3Vukmto3uBHBIN a3 3(QGEKTUBHBIX Macc map
(GOTOHOB mpH  OTOOpE JIMAUPYIOIIErO (POTOHA C  TMOMEPEUHBIM
umnynbcom Beime 40 3B u Berme 25 B mis crnegyromiero 3a
JIHUPYIOIIHM.

ATLAS . Signal

Irreducible bkg

l:l Reducible bkg

do/dM,, [fo/GeV]
o
(2]

110 115 120 125 130 135 140 145 150
M,, [GeV]

Puc.14.1.4. Crnektp >¢¢ekTHBHBIX Macc map ()OTOHOB B
COOBITHSIX, WMEIOLIMX JIOMOJHUTENBHO JIBE aJPOHHBIE CTPYH.
[MTapameTpsl 0T60pa COOBITHI TPHUBE/ICHBI B TEKCTE.
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Ecmu ucmons30BaTh B KauecTBe OOBEKTOB COMPOBOXKIACHUS
Ui TBYX(OTOHHOTO pacmana 0030Ha XWITca CHTHANI HEIOCTAOIIEH
norniepeyHoil sHepruu E, Heq M JIENTOH, TO OTHOCHUTENbHAs OIS
CHUTHANBHBIX COOBITHH cTaHeT emé BhEIme. B 3THX COOBITHAX
npeobiagaer oOpasoBaHue ©0030Ha XWITca dYepe3 COCTOSHHS
WH—lvyy u #fH. Pe3ynbTaThl TAKOro aHaIM3a MOKA3aHbl HA PHC
14.1.5.13-3a HemocTaTKa CTATUCTUKH PE3YNIbTaThl MIPUBOAATCS JIHIIH
JUISL Pa3AeTbHOTO HCIOJIb30BAHUS CONPOBOXKIAIOMINX OOBEKTOB Ha
oTAenbHBIX pucyHKax (a) u (0). s oT6opa COOBITHI HCTIONB3YIOTCS
MOPOTH TOMEPEYHBIX HMITYJIECOB JHIUPYIOMEro W 0oJjice MATKOTrO
¢dortoroB 60 u 30 I'3B, nonepeynslii UMITYJIbC JICITOHA, MIOOHA HIIH
ANIEKTPOHA, W HeaocTaromed nomepevnoit maccol Beime 30 [9B. B
ciIydae PEeKOHCTPYHPOBAHHOTO D3JIEKTPOHA HCKIIOYAIOTCS COOBITHA,
Korga 3(QeKkTuBHAs Macca 3JICKTPOHA W OIHOTO W3 OTOOpPAHHBIX
¢doronoB Oimmska Kk macce Z-603onHa (Haxomutcs mexay 80 m 100
I'3B). Ceuenne OTOOpaHHBIX CHUTHAJIBHBIX COOBITHII OOpa3oBaHUs
60o30Ha Xwurrca ¢ maccoit 120 I'3B B okne mo macce 110-1501B
cocrapmsier 0,12 ¢6 (mocmemumit kputepmit mis Z-6030Ha He
npumensuics). Onenka ceueHus GoHOBBIX coObITHIA cocTaBasier 0,067
$6. OnHako, GOHOBBIC YCIOBHUSI BBIIEICHUS TaKUX COOBITUHA MOTYT
OBITh HETOOIICHCHBI.

14

. Signal
ATLAS Irreducible bkg

L

o o o o

[=]

(53]
IIII|IIII|IIII|IIII|IIII|IIII
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Puc.14.1.56). Curnan u ¢GoH i PEKOHCTPYKIMH 0030HA
Xurrca wmaccoit 120 I»B mnpu pacnmage Ha pgBa (oTOHA B
COIPOBOXKACHHH JICIITOHA C OOJIBIINM ITONIEPEYHBIM UMITYJIECOM.

{1080 i e e e e B e

. Signal
ATLAS Irreducible bkg
D Reducible bkg

0.07
-0.06
0.05

d ol dM,, [fo/GeV]

g

0.03

0.02

0.01

140148 50
M,, [GeV]
Puc.14.1.56). Curnan u ¢oH A PeKOHCTPYKIHMU 0030HA
Xwurrca Macco 120 I»B mnpm pacnage Ha aBa (QOTOHA B
COIPOBOXKAECHHUHU OOJIBIION HEOCTAIONIECH TTOIIEPEYHOM MACCHI.

i
0 115 120

Kpome ananmu3a Ha OCHOBE KpHTEpUEB OTOOpa, [uis
BBIZICTICHHSI CUTHaJIa 0030Ha XHUITCA UCTIOIB3YETCS] METO/I MaKCUMyMa
npasgonogobus. Ilpum 3ToM, Kpome H(QQEKTHBHOW MacChl IBYX
(DOTOHOB, YUUTHIBAETCS ONEPEUHBIH UMITyJIbc 0030HA XHITCA U yroi
BbUIETa (JOTOHA B €ro CHCTEME IMOKOS OTHOCHUTEIBHO HalpaBiIeHUs
JBIKEHUsT 0030Ha Xurrca B J1a0OpaTOpHOM cucreme. DTOT aHAIM3
yIIy4IIaeT yCIOBHS BBIACICHHS CUTHAIA.

3HaYNMOCTh BBIJICJICHUS] CUTHalla 0030Ha Xwurrca ¢ Maccou
120T»B npu pacnajge Ha 1Ba GOTOHA JJISI MHTETPAITLHOW CBETUMOCTH
10 6™ mpu cymMMHpOBAaHHK BCeX METOIOB COCTABISET BENMUHHY 3,3
— 3,6. Bropoe 3HaueHuwe obecrednBacT NPUMEHEHHE METOJa
MaKCHMyMa IPaBIONOT00HS.

IMouck 6030na Xurrca no pacnagy H—»Z27* — 4l

Hambonee werkuit curHam 6o3onHa Xurrca B CraHmapTHOU
MOJICITH O’KHJIAETCSI OT €ro paciaja Ha 4eThIpe JIETTOHA, MIOOHA HITH
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snektpoHa, H—ZZ — 4l. Xopomee pa3peiieHne B H3MEPCHHH
SHEPrMU JIENTOHOB M JIMHEHHOCTh DPEKOHCTPYKLHH OOecHeYrBacT
MOSIBICHHE Y3KOTO PE30HAHCHOTO MHKAa Haj TIAAKAM (OHOM.
OcHOBHOH (DOH MPOMCXOTUT OT KaHaja pacmanga AByx Z-0030H0B. ZZ
— 4l. HanGonee OnaronmpusTHBIM Ui IIOMCKA SBISICTCS JMANa3OH
macc mexay 120u 15013B, rae onun 3 Z-6030HOB HAXOIAMTCS BHE
MaccoBOH IOBEPXHOCTH, 00pa3ysi HpH paclajae JIENTOHBI ¢ Ooisee
HU3KMMH 3HAYCHHSMH MONEPEYHOTO UMITYJIbca. BakHbI Taxke (GOHBI
ot cobbituii Zbh — 4l u ti—4l. Jns ux mopamieHUs NpUMEHSETCS
YCJIOBHE M30JIMPOBAaHHOCTH JICITOHOB.

HaGop monenupoBaHHBIX COOBITHH pacrnana 6030Ha Xurrca
H—4l nepekpoiBan obmacts Macc or 120 mo 600 ['3B. Ananu3 3tux
COOBITMII ~ YyBCTBUTEJICH K  HEONPENCICHHOCTSIM B ydeTe
pacnpenerenuss matepuaia B netekrope ATLAS, HeomHOpomHOCTH
MarHUTHOTO TIOJISI I€TEKTOPa, TOYHOCTH 3HAHUS HMPOCTPAHCTBEHHOTO
nojoxxeHus: BHyTpennero nerexktopa m MroonHoro CrekTpomerpa.
CoObITHS MOJENMUPOBAINCH KaK JUIS IPOIECCOB JIMANPYIOIIETO
nopsiaka LO, tak u NLO.

Ha pucynke 14.1.6npuBeneHbl MOMy4YEeHHbIE pacipeie/ieHUs
PEKOHCTPYHMPOBAHHBIX MacC paclamoB 0030Ha Xurrca Ha 4 nentoHa
IIPU Pa3HBIX 3HaYeHUAX Macchl H-6030Ha. BunHo, uTo pacnpeneneHus
CUTHAJIBHBIX W (OHOBBIX COOBITHH CYIIECTBEHHO MEHSIOTCS B
3aBHCUMOCTH OT Macchl H-0030Ha. Oskmmaemas 3HAUUMOCTH IIPH
peructpanyy 0030Ha XHUrrca Ha YeThIPE JICTITOHA B 3aBHCHMOCTH OT
€ro MaccChl JJIsI pa3HBIX HaONI0JaeMbIX JISNITOHOB I[OKa3aHa Ha
prc.14.1.7 ans unrerpansHoii ceernmoctn 30 P67, EE Benmumua
npesbimaer 10 anst wactm 3HaueHmit Macc. Ha panne# cramum
OKCIIEPUMEHTa Ba)KHO OKCIEPUMEHTAIBHO  ONpPEICIUTh  BKIIAJ
doHOBBIX cOOBITHIT Zbh — 4l u t1—4l.

IMouck 6030na Xurrca B pacnagax H—tt.

Kak cnemyer u3 puc.14.1.1, B obmactH MaibsIx Macc
BEpOATHOCTh pacnaza H-0ozona Ha 1Ba (OTOHA CYIIECTBEHHO
IpeBbIIacTcst 0onee BEPOSATHBIMU MOJIAaMH PAcIiajia Ha J(Ba T-JIEITOHA
win 1Ba b-keapka. Ilociennue, HecMOTps Ha OOJIBIIOE CEYCHHUE
Onarozapsi MEXaHU3MY TJIFOOHHOTO CIUSIHUS U BBICOKOW BEPOSITHOCTH
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pacmaja, I0CTaTOYHO TPYAHO HAOMOAAaTh H3-3a Oosbiioro (oxa
MPOLIECCOB KBAHTOBOM XPOMOJMHAMHKU. bBojee pe3yinbTaTHBHBIM
MOXeT ObITh MOUCK 0030HAa XWrTca B pacmaiax Ha JBa T-JICHTOHA,
ocobeHHO B ciydae, koraa H-0030H poxmaercs B COMPOBOXKICHUU
JBYX aJPOHHBIX CTPYHl C OOJNBIINMH MOMNEPEUYHBIMH HMITYJIbCAMU.
Takue cocTosiHHsI 00Pa3yIOTCsl B OCHOBHOM Y€pe3 MEXaHU3M CIHSHUS
BeKTOpHBIX 0030HOB VBF. C npyroii ctoponsl, B MSSM BeposTHOCTH
pacnana H—yy mnojaBieHa W 3TO TaKkKe JIeNlaeT AaKTyaJlbHBIM
n3Mepenue pacrangos H—1tr.

JInst m3ydeHus BO3MOXKHOCTH Habmogats pacnag H—1't Ha
HAYaIbHOW CTAJUH HKCIIEPUMEHTA OBUIO BBIIOIHEHO MOJEIUPOBAHUE
B MONHOM 0ObeMe pacmanoB ¢ apyms jentoHamu (Il ), senTonom u
agpoom (lh) u mByms amponamu (hh) mms VBF wmexanusma
obpazoBanuss H. BcenmexcTBue — Manoro  CeYeHWs  CHUTHAna
uAeHTUUKAIMS HAOIIOIAeMbIX YaCTHI[ B 9TOM aHAM3€ OYCHb BAXKHA.
Kpome TOro, BakeH TpUITEp Ha JCNTOHBI C MaJbIM IOMNEPEUHBIM
HUMITYJIGCOM H CIICIHAIbHBIA TPUITEP HA T-JICHITOH.

< = T T T T T T T T
8 2 & SE Mz ATLAS
o 18 o 30 z J-L=3um‘
\%, 18 ‘é B zob
5 14 5 25 #
] fir}

12 20|

10

o 15

8 10

4

o 5|

fo 56730 140 150 160 170 180 180 200 210 220

my [GeV] my [GeV]

I~ T T T T T T = T T T T T T T
& sl A ZZ o ATLAS 3 [ e ATLAS
0 zz ,. © 50 zz .
o . I L=30 by E . J- L=30 1t
2 20, § 4o 1n
< i}
w

P40 150 160 170 180 190 200 210 220 230 240 4
my [GeV] mg [GeV]

Puc.14.1.6.Pactipenenenus 3phexTHBHBIX Macc Ul CUTHaa
0o30Ha Xurrca NIpH pacnajge Ha 4eThIpe JienToHa M (oHA TIpH
uHTerpanbHoil ceernmocti 30 p6 s pasHbIX Mace 6o30Ha Xurrea:
1301B (cneBa BBepxy), 1501B (cnpasa BBepxy), 180T3B (ciesa
BHu3y) U 300I3B (cneBa BHU3Y).
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Puc.14.1.7. OxumaeMass 3HAYUMOCTb TIPH PETUCTPALAU
0030Ha XHUrTca Ha YETHIPE JICNTOHA B 3aBUCHMOCTU OT €r0 MAacChI JIJIst
Pa3HBIX HAOIIOJACMBIX JISTOHOB JUII HHTETpabHON cBeTMOcTH 30
¢0-1.

Jnst BeIOOpa cocrosirmii ¢ aeymst nentonamu (Il) u nenrorHom
u azgpoHoMm (Ih) wucmome3oBascs  mpocTeWIME  TpUITEp  Ha
M30JIUPOBAHHBIN 3JIEKTPOH C P, > 22 3B 1 M301MPOBaHHBIX MIOOH C
pr = 20 I'B, xots B netektope ATLAS cymiecTByloT BO3MOXXHOCTH
HCTIOJB30BaHMs 00JIee CI0KHBIX KOH(UTYpaIHid TpUIrepa.
Mexannsm VBF obecrieunBaer crenuduyeckue CBOWCTBA CTPYH,
MHOTHE W3 KOTOPBIX MO3BOJISIIOT 3()()EKTUBHO BBIACISATH COOBITHS
CHTHAJla H TIOAABIATH (OHOBBIE COOBITHSA. Hambomee BakHOM
OCOOCHHOCTBIO 3TOTO MEXaHHW3Ma CIY)KUT TPUCYTCTBHE JIBYX
KBapKOBBIX CTPYH, «MEYEHBIX» CTPYH, ¢ OGOJBIINMH IOIEPEYHBIMH
UMIyJbCAMH B  TepelHed o0jacTd, pasleieHHBIX OOJIBIINM
HHTEPBAJIOM IO  ICEBAOOBICTpOTE. Takue  COOBITHA  yKe
paccMaTpUBalNCh BBINIE MPHU OTOOpE COOBITHII C pacmajoM Ha jABa
(oTOHA B CONPOBOKACHUM IBYX CTpyH. B Takom amekrpocmabom
MEXaHH3ME H3-32 IIBETOBOH KOTEPEHTHOCTH MEXKIY <«MEUCHBIMU»
ctpysmu KX/ u3nydeHne MoaBIeHO H MOKET MIPUMEHSITHCS BETO Ha
aKTHUBHOCTh B IIeHTpaibHOH oOmactu. Ha pwc.14.1.8& mnokaszaHno
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pacnpezienieHie o ICeBIOOBICTPOTE 1) CTPYH € MaKCHMAaJbHBIM P,
(cmeBa) u BTOpOIL IO BenuuuHe p, cTpyu (crpasa) s curnana VBF
poxnenust 6o3ona Xurrca ¢ Maccoi 1201B u ero pacnama Ha nBa
MFOOHA(CIIJTONTHAS TMHIS) ¥ (GOHOBBIX COOBITHIA. BuHO, 4TO CTpyH B
cOOBITUSIX cHTHaA W (OHA HMMEIOT pasHoe pachpejaeneHun. s
(OHOBBIX COOBITHI CTPYH HaxOAsATCS B OCHOBHOM B IICHTPAJIbHOI
o0nacT, ISl CHTHAITBHBIX COOBITHH — IpH O00bIIUX 1). [IpoMexyTOK
MO TCEBJOOBICTPOTE MEXIY CTPYSIMU JISl CUTHAIBHBIX COOBITHIM
okasblBaeTcsi Oojblle, Kak 3TO JeMoHCTpupyer puc.14.1.&.
Pacnipenenenus no 3(hHeKkTUBHON Macce ITHX kKe CTPpYH MoKa3aHbl Ha
TOM XK€ PHCYHKe. BUIHO, UTO OrpaHn4mBas BEIUYHUHY dPPCKTUBHOM
Macchl CTPYH, MOKHO OTCEYb OOJIBIIYIO YacTh ()OHOBBIX COOBITHIA.

@ O.fgrprr e Ty & O e T
= E 3 £ E E
S50.09F ATLAS  _yprH(120)5t— up 3 S 0.08F ATLAS  _ yBF H{120)—> 7 — E
Zo0ef 0000 Z(—un) +jets 3 £ 0.08F weme Z{—u1) +jets K
= E == fi—up) +jets E £ E == ) +jets E
S 0.07F e D 0.07F e
3 s E 3 E
0.06f L] E 3 E
0.05F J!-l K 3 E E
0.04F 3 3 E
003 3 2 ]
0.02f = a E
0.01F E H i

oF

b=l

Puc.14.1.8. PacnpezmeneHue 1O TCEBAOOBICTPOTE 1 CIPYH C
MaKCHMaJIbHBIM p; (CJICBa) M BTOPOI 10 BEIWYHMHE P, CTpyH (Cripasa)
JuTst curHaia (CIUTOIHAS JIMHUS) U (DOHOBBIX COOBITHIA.
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Puc.14.1.8. Pacnpenenenue 110 BEJIMYUH HHTEpBalla

TICEBIOOBICTPOTH A1 (CITeBa) MEX Iy CTPYSIMH C MAKCHMAIBHBIMHA P, H
mo 3(heKTHBHON Macce 3THUX ABYX CTpy#d (cmpaBa) [Uisi TeX iKe
COOBITHHA.

[pu BeImENeHNN pacmagoB H—Tt Oonbimoe 3HAYEHHE UMEET
Takke OrpaHWYCHHWE Ha BeJIWYMHY IONEPEYHOW HEeAOCTaIomeH
SHEPTUH, TaK KaK IPU pachajae T-JIENTOHOB YacTh SHEPTUU YHOCST
HEUTPHHO.

Jns  Belgenenuss coObiTHii H—tTt, 1O 00a jenTtoHa
pacragaroTcs 10 JSNTOHHOMY KaHaly, KpUTEPUH BBIICICHHS CUTHAIA
TakoBbl. llocie Tpurrepa Ha W3OJMPOBAHHBINA JIENTOH TpebyeTcs
HAJIMYAE JBYX JICITOHOB OIHOTO THIIA C TPOTHBOIOJIOKHBIMU
3HaKaMH 3apsa ¥ HeJOCTaIoIIeH MONepedHoi 3Heprield B COOBITHH
6onee 40 I»B. OOe cTpym Tt-IenToHA JOJDKHBI CMOTPETh B
MPOTHBOIIONIOKHBIE CTOPOHBI IO a3UMYTaJbHOMY yIJia, YTOOBI
BBIMIOJIHSUIOCH  ycloBHe KoyummHeapuoctu (cos (Ae) > -0,9). B
COOBITHH TOJDKHBI OBITH IO KpaiiHel Mepe onHa cTpys ¢ p, > 4013B,
u Bropas ¢ p, > 20 I'9B. Crpyu npu OoiblIMX 1| ZOJIKHBI OBITH B
pasHbix monycdepax u He ObITh OOpa3oBaHbl b-kBapkamu.
IIpomMexyToK MCeBIOOBICTPOTH MEXIY CTPYAMH IIPH OONBIIHX 1
6omnpie 4,4,a sddextuBHas macca 3TUX cTpyit 6ompire 7001B. He
JIOJDKHO OBITH OPYTUX CTPYH B LEHTpajbHO# obnactu | < 3,2 cp, >
20 I'sB. MaccoBoe okHO st curHana 3¢ (QEeKTUBHON Macchl IBYX T-
nentoHoB *+ 1513B otHOCHTENMEHO Maccer H-6030Ha.

CoBMecTHasI alMmpOKCUMAIIHS PACIPEIC/ICHHI CUTHATIBHBIX U
(OHOBBIX COOBITHI IIpH BBIICICHHH CUTHANA H—t't mns moxn
pacnana t-nentonos (Il) mpusenena na puc.14.1.9.
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3HaunMocTh cUrHama pacmajga H—t't. oxumaemas s
HECKOJIBKMX 3HAYCHUH Macchl 0030Ha XUITCa NPH HMHTETPATBHOU
ceetnmocti 30 ¢6™" mwis THmoB pacmama t-nemronoB (lh) u ()
nokazana Ha puc.14.1.10. Hanoxenune Japyrux coObITHH He
YYUTBIBAIOCH.

5= LA L N N N Y (I B B

ATLAS

VBF H(120)—tt—ll
\s=14TeV, 305

% 80 100 120 140 160 180
m.. (GeV)

Puc.14.1.9. CoBMecTHass amnmpoKCHMAalusi pacrpeeieHui
CHTHAJIBHBIX U (POHOBBIX COOBITUI MpPH BbIAETEHHH cuTHama H—1't
Jutst Mot pacriaja t-nentounos (I).
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Puc.14.1.10.35aunMocTs curHana pacmaga H—1't,
OXHgaeMas JUISI HECKOJbKHX 3HAa4YeHHH Maccel 0030Ha
Xurrca mpu mHTErpanbHOil cBerumoctd 30 G671 s THIIOB
pacmaza t-enroros (Ih) u (Il).

Bosmoxxen monck H-06030Ha B KaHamax pacCrazaa
H—WW c poxaennem H-0030Ha 3a cueT CIUSHHS TITIOOHOB
u mexanmma VBF, a taxke pacmamo HH>WW (*) mpu

acconuupoBanHoM poxxaeanu H ¢ W i #7.

14.2I1epciekTHBBI Noucka 6o3ona Xurrca MSSM

I[lpy MHUHUMANBHOM CYIEPCHMMETPHYHOM PACUIMPCHHUU
CrannmaptHoit Mogemn MSSM Bo3HUKAIOT ABa qy0JieTa XUTTCOBCKHIX
0030HOB C TpeMsi HEHTpalbHBIMH HAOJIHOJACMBIMH COCTOSIHUSIMH U
IBYMs  3apsDKCHHBIMHA. PoXJeHHWE ©  pacmajg  HeHTpalbHBIX
XUTTCOBCKUX 0030HOB B MSSM wu Cranpaprtaoit momenu (CM)
ormmyarorcss. Ecrm B CM mis mace My > 2MW nomMuHHpyIOT
pacmagst Ha WW nmm ZZ, o B MSSM ¢ 6onpimmmu 3HadeHnAME tarny
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oHM WM nozasieHsl (B ciydae h u H), mim orcyrcTBytor (B ciyuae
A). 1 HaobOpoT, KOHCTaHTa CBA3HM C (EPMHOHAMU TPETHETO

TIOKOJICHUSI OKa3bIBaeTCA OOJNBIION Ui Bcell oOmacTu mapamerpoB
MSSM.

Poxnenne HeiiTpaabHbIX 6030HOB Xurrca MSSM

OCHOBHBIMH MEXaHH3MaMH pPOXICHHA O0030Ha Xwurrca
CloyxaT JBa, NpsAMOE pPOXICHHE WIM  acCOlUaTUBHOE, B
conpoBokaernn b-kBapka. Ha prc.14.2.1noka3assl quarpaMMbl 3THX
nporueccoB oopazoBanus 60o3ona Xurrca. Cumson ® 0003HayaeT OMH
U3 Tpex HeWTpaabHbIX 6030HO0B A, H mwm h.

a) b) c) ) e)
g b

g g b b q b
- R D St ¢ S
[
q g 3 b b @ q b

Puc.14.2.1. ®efiHMaHOBCKHE IUArpaMMBI, TArOIIUE BKIAX B
obpazoBanre MSSM 6030H0B Xurrca. J[uarpamma a) COOTBETCTBYET
«OpAMOMY» POXICHHIO, auarpamMmbl oT D) 10 €) naoT Bkiag B
acconuaTtuBHoe pokaeHue ¢ b- keapkom. CumBon O 0603HaYaET OJUH
U3 Tpex HeWTpaabHbIX 6030HOB A, H wmm h.

MexaHu3M  «IpsAMOro»  pOXIEHHE, Judarpamma  a),
JOMUHHPYET U1 O0JacTH Malblx 3HaueHHi tar u ero ceueHwus
3Ha4UTENbHO Oonbiie, yeMm B CM. [lns oGmactu Gosipmmx tar on
TaxkKe mpeobiagaer A MalbIM 3HaueHud Macc 0030Ha A. CeueHus
9TOr0 mpolecca s MOJACIupoBaHus ObutM BhlumcieHbl 10 NLO
MOpSI/IKA.

[IpuMeHSFOTCS  pasHblE  TEOPETUYECKHE  MOAXOABI K
BBIYUCIICHUIO CEYEHHH pOXKIeHUs1 6030Ha XHUITca acCONMaTUBHO ¢ b-
KBapKOM, Ka)XXIblii M3 HUX HCIOJIB3YET OJHY M3 auarpamm ot b) no e)
B Ka4yecTBe Juaupyromniero npuommkenus LO.

» Ceuenme mponecca gg—bb® paccumramo ¢
tounocthio 10 NLO mns cmyuwas, korma oba b-
KBapKa HMMEIOT OOJBIINE IMOMEPEYHbIC HMITYJIBCHI,
rJie TaKue pacyeTsl HaaexKHbl. Ecnu oqun win Het b-
KBapka ¢ OompmmM p,, cedeHuss B NLO momydeHsr
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WHTETPUPOBAHKUEM 110 UMITYJIBCY OJHOTO HIIH 000UX
b-kBapkoB ¢ MasbMu p;.

e Jlna bb—® pacuersr BemonHenst a1 NLO n
NNLO npubmmxenuns. OHE CYUTAIOTCS HACKHBIMU
B Cllydae, Korjia He TpeOyercst Habmo1ath b-kBapk.

* Tlpomecc bg— bd smusiercst cMenraHHBIM ClTydacM
IByX mpempaymux. OH paccyuTaH C TOYHOCTBIO
NLO u HazeXHOCTb BBICOKA, €CIIM HaOIIogaeTcs
onuH b-kBapk ¢ GONBIINM MOMEPEYHBIM UMITYITHCOM
B KOHEYHOM COCTOSIHUH.

» Tpouecc qog— bb® no cpasuenuio ¢ gg—bbd npu
sueprun LHC wumeer Brxian Ha ypoBHe 1% u
MIPUBE]ICH JIAIIb IJIS IOJTHOTHI U3JI0KEHHS.

CpaBHeHue

pacueToB

JUIIL HWHKJIHO3HUBHBIX u

9KCKIIIO3MBHBIX CEYCHHWH IOKa3aHbl Ha puc.14.2. B
nuamasone macc 6ozona Xurrca or 100 mo 400 I'>B
CEUYCHUS yMEHBUIAIOTCS Ha JIBA MOPSIIKA [0 BEJTMYHHE.

di= 14 TeV
S w= (2m, MM

bb — h (NNLO}

0 28— Bbh (NLO)

oipp — bBh +X) [fb] |

T T T T T T T
o(pp— Wheh = X) [fb]
ls= 14Tev
=i2m, - M4

fEF> 20 GeV/

Ingpl < 2.5

2D — WB+H

. . | .
1060 150 200 250 300 350
M, [GeV]

1
100

1 1 1 L L L S
150 200 250 300 350 400 450 500
M, [GeV]

Puc.14.2.2. IHKII03UBHBIE CEYCHHUS IS TIpoliecca bb—®
(rony6ast, mnm Gomee TeMHas ofmacth) M mporecca gg—bbd
(kpacHast, uiu cBeTIast 00J1aCTh) HA PUCYHKE CIIpaBa. DKCKIFO3UBHBIE
ceuennst bg— bd (romy6as, wim Gonee TeMHas 061acTh) U gg—bbd
(kpacHast, wnm cBeTias 001IacTh) Ha pucyHke cieBa. [llupuHa momoc
COOTBETCTBYET TEOPETHYECKOW HEOMPE/ICIICHHOCTH B BHIOOpPE MIKA

pEHOpMaNU3aIiy U (paKTOpU3aIHH.
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Poxxnenue u pacnaj 3apsizkeHHbIX 0030HOB Xurrca

Crparterus moucka 3apsyKeHHOro 0030Ha XHrrca 3aBHCHT OT
BCIIMYUHBI €TI0 MACChl, KOTOpasd ONpCACIACT KaK CEYCHUA, TaK U
HaOmogaemMble Moabl pacmana. s obmactu mMacc H-0o30Ha Hmxke
MacCChI t-KBapKa OCHOBHBIM MCXAaHU3MOM O6paSOBaHI/I$I CJIIYXKUT
pacnan t-xkBapka
t — H'b , u nomunmpyeT kaHan pacnaga H-6030Ha ¢ oOpa3oBaHue T-
nenrona H'—7"v. Beime o6nactu mace t-kBapka poxaenne H-6o30Ha
MPOKCXOUT B OCHOBHOM 3a CUET CIMSHHS TJII00HA J U b-KkBapka (gb~
— ¢ H"). B oroii o6nactu Gompmmx macc H-6030Ha nOMHHHpYeET
pacnan Ha t u b-xBapx H'— t b. Pacnan Ha 7'v ocTaeTcs 3HAUMMEIM I
Oouiee yIOOHBIM JIJIsI BEIICIICHUS.

Iporecc gg — thH sBasercs BaxubIM 11 06macTi Mace H-
0030Ha BOnM3uM Maccel t-kBapka. Ilockomeky LHC  cuyxur
«habpukoit» ft-poaeHns, Jerkuii 0030H XHITCA MOXKET TAKKe
poxnatecs uepes mpouecchl qq, gg — tt— tbH". ITomumo
JOMHHHUPYIOIIUX MEXaHM3MOB POXKICHUS, JAPYTHe MPOLECCH TaKKe
MOTYT 1aBaTh BKJIQJ B POXJICHHE Jerkoro 6030Ha Xurrca. Hampuwmep,
IIPOLIECC OMHOYHOTr0 00pa30BaHus t-KBapKa uimy auarpaMmel ¢ toH" B
KOHEYHOM COCTOSIHHH, HO He HCIOJIB3YIOIINX oOpasoBanue ti-apsl. B
MOCTCAYIOIINX PEe3yabTaTaX MOJCIHPOBAHUSA BKJIAJ OIMHOYHOIO
poxacHMs t-KBapKa HE YUUTHIBAJICS.

CeueHnss  pOXICHUs  3apsDKeHHOro  0o3oHa — Xwurrca
OIICHUBAIIUCH JIIsI IBYX clieHapueB MSSM: ciienapuit A, Tie pacmaj
H+ - 6o3oHa ¢ obpasoBanueM cynepcuMmeTpuuHbix dactul (SUSY-
YaCTHUI) TIOJIaBJIeH, U CleHapuii B, B KOTOpOM Macca caMoro Jerkoro
603oHa Xwurrca h wmakcumanbha. [lapameTpsl 3THX CICHAPUEB
MIPUBEICHBI HIXKE.
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Scenario A: Scenario B (“mip-max” )

o iy =175 GeV o my = 170 GeV

& Msugy = 500 GeV o Mspsy = 1000 GeV

o A, = 1000 GeV o X, =2000 GeV, where 4, =X, + u/tan
e 1 =200 GeV e =200 GeV

o My = 1000 GeV o Mz =200 GeV

o Mz = 1000 GeV o My =800 GeV

3nece M SUSY o0o3HayaeT MSTKHH MacCOBBIH MapameTp
Hapymenus SUSY B cektope chepMHOHOB, | TapaMeTp CMEIIHBAHUS
XurrcuHo, M2 u M3 Msrkue MaccoBble mapamMeTpsl HapymeHus SUSY
B SU(2) cextope rimrorHO ¥ §augino,coOTBETCTBEHHO.

PaccunTaHHBIE CEUCHHS POXKICHUS KOHEYHOTO COCTOSIHUS
tbH" xak ¢ynkuus Benwumubl tarf npusenensl Ha puc.14.2.3 s
cuienapueB A u B. CeueHus uMeoT MUHMMYM Ipu tamp = 7.
IMpomexxytounas obnacte mapamerpoB 4 < tar < 10 oOycnosieHa
MHHUMYMOM B 3HaueHuH FOKaBCKOM KOHCTaHTBI CBsA3H BepiuuHbl thH"
M 9KCIIEPUMEHTAJIBHO MaJIo JOCTYITHA.

g F 190 GeVl H- g F 190 GeV H
et o ge s f ot
H 10° e = 10 T
H - i E s4GaV
2 | 8 r
2 i £ 1ok
© i ©E 70 GaV
70 ga E % GV
190 Gatt E 30 Gy
250 Ga P00 CaY.
1300 Gt 1E FTEY
1350 G- E o0 Gav -
o Gatr = 500 eV
e b 1800 Ga/ H
800 Gey H E
f Scenario A ATLAS £ Scenario B ATLAS
! :
nd 10 20 0 40 50 60 70 80 90 d 10 20 30 40 50 60 70 80 90

tani tang

Puc.14.2.3. OxuyiaeMble CEYCHUSI POXKICHHUS 3apsDKEHHOrO 0030HA
Xurrca s cueHapus A (cipasa) u cueHapus B s obnacteit Manbix
u OonpImx Macc 0030Ha.

Ha puc. 14.2.4noka3aHbl BEPOATHOCTH PANTUIHBIX KaHAIOB
pacnama 3apspbkeHHOTo Oo3oHa Xwurrca. [[ms obmactm Macc Hibke
Macchl t-kBapka 3apspKeHHBIH 0030H pachagaeTcs MPeHMYIIECTBEHHO
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Ha T-JeNToH U HeitpuHo. Ilpu tar > 5 BeposiTHOCTH 3TOro KaHaia
pacmaga cocraBisier ~ 100%. Mogel pacmaga ¢ ¢s u Wh
MIPUCYTCTBYIOT, HO, B 3aBUCHMOCTH OT BEJMYMHHI tarB, oHH Ha OOWH
WIM JBa TOpsAAKAa HIDKe, dYeM Moxa tv. Pacmag W-6030Ha,
oOpasyromerocst OT acCONMUPOBaHHOTO t-kBapka, moOaBisieT
BapUATHBHOCTA B HAOJIOMACMbIC KOHCYHBIC COCTOSHUS  JUIS
BEIJICNICHHUST 3apsDKEHHOTO 0030Ha XWITCa M CIOCOOCTBYET €ro
PEKOHCTPYKLUH U [TOJAaBICHHIO (JOHA, YTO OCOOEHHO BaXKHO.

Brime mopora Maccel TON-KBapka BEPOSTHOCTh KaHala
pacnana H+ — t b GeicTpo pacTer. OH CTAHOBUTCS JOMHHHUPYIOIIUM,
Kak BHIHO U3 pucyHKal4d.2.4. B TOpOTHBOMOJIOKHOCTh JIETKOMY
3apshHKEHHOMY 0030HY XwWrrca, JUisi KOTOPOTO pacriaj Ha T-JICNTOH U
HEHTPHHO IOMUHHUPYET, TSKEbIH 3apshDKeHHBI 0030H Xwurrca
paciajaercs He TONbKO HAa 70, HO C 3aMETHON BEPOATHOCTBIO Ha
JpyTUe KOHEYHBIC COCTOSHHS: v, ¢s , Wh wim SUSYgactumm, riue
9TO JOCTymHO Ti0 kuHemarmke. Ha pwuc.14.2.4 moka3zaHbI
paccuuTaHHbIE BEPOSTHOCTH PacHajgoB Ui JABYX MacC 3apsDKEHHOTO
0030Ha Xwurrca kak ¢yakmus tarp, nerkoro 130IB u tsxemoro 600
I'3B.

2 g —= 2 g
g E 4 T EE ——
EF ! P F
g [ 3 5 [ T
S10E B -]
8 E E Scenaric B (tani=2); 8 E Scenaric; B {tanfi=35)
[ - r F
- o H— v o H s Ty
o Erefe, F~H-—cs WJE —~H™— cs
F | —H=ib Efommeeaf —H-—tb
w0E % wiE B
i ATLAY i
10505 700 300 300 500 500
H* mass (GeV)
2 — 2 =
EE = 8 A
H = = :
3 3
E kveto B S
z1 ity
00
10r = 10r
Fﬁﬂn Ll
s i foenatio A ATLA: s 130 Bcenafio B ATLA
0y ] 10 0y 10
tans tans

Puc.14.2.4 PaccuntaHHbIe BEPOSATHOCTH PAa3TUYHBIX KaHAIOB paciajia
3apsHKEHHOro 0030Ha XHUrrca Kak yHKIHUS €r0 MacChl ISl CIIeHApHs
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B Ha BepxHHX pHCyHKaX, i ciieHapusi A (cieBa) u crieHapust B Ha
HIKHHUX B 3aBUCUMOCTH OT tarp.

Pesynbratel MOJEIMpOBaHUS HaOrolIeHUs HelTpanbHoro MSSM
6030na Xurrca A/H/h —pp

B CrannmaptHo#t Mojenn Takoi pacraj 6030Ha XHrrca o4eHb
Mano BeposreH. B MSSM npu Oonblinx 3HAYCHUSIX OH HMEET
OOJIBIIIYI0 BEPOSTHOCTh U MO3ITOMY MOXET OBITh HCIIOJNIE30BAH MU
UIST €ro HaONIOMEHUs, WIM WCKIIOYEHHUS OOJbIION 00JIacTH B
MPOCTAHCTBE MapamMeTpoB MA-tarf. AHajloOru4HbIA pacnaja Ha JBa T-
JICTITOHA TAKXKE SBJIICTCS MEPCIICKTUBHBIM JIJIsl aHAJIN3a, HO MIOOHBI B
nerekrope ATLAS uMeOT mnpeuMyniecTBa MpPU PETUCTPALKU IO
TOYHOCTH U3MEPEHHUH U HICHTU(DHKALINH.

Ha puc. 14.2.5 mokazaHel MOJCTHPOBAHHBIC CIIEKTPHI
MIOOHOB OT pacmazna A-0030Ha MPH pa3HBIX 3HAYCHUIX MACCHl BMECTE
¢ onieHkamu (oHa. BumHo, 4TO curHanm A-6030Ha XOPOIIIO BBIACTSETCS
mpu OOJBIIUX ITOTIEPEYHBIX MMITYJIECaX MIOOHOB, IO KpaifHel mepe,
it 3HaveHuit macc Oosbire 110 I'3B. YcnoBue H307IMPOBAHHOCTH
MIOOHOB 3((EKTHBHO mMonaBuser (GOH OT POXACHHA ft — map.
IIpuMeHSIFOTCSL JOMOMHUTENIbHBIC TPEOOBAHUS TOAABICHUS AJAPOHHON
aKTHBHOCTH B  OTOMPACMBIX COOBITHAX C  HCIOJB30BaHHEM
BbiZIeIeHHbIX D-cTpyii B kondectBe O wiu 1. Ha puc.14.2.6noka3ansl
CIIEeKTPHI APPEKTUBHBIX MACC IMap MIOOHOB B OTOOPaHHBIX COOBITHSIX
curHana ¥ (QoHa Uil JBYX 3HAYCHHU Macchl HEHTpambHOro 0030HA
Xwurrea.
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£ 018 ATLAS "' -
o 0.16F —e— bDA M, =110GeV
; C —e— bbA, m, =200 GeV ]
o 0.14F —=— DDA M, =300GeV
% 0425 F —&— bbA, m, =400 GeV 7
e O E ¥ Z+light jets ]
i — H sememn 4+ b jets .
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0.06 k E
0.04F =
0.02;— —;

o

o
¢
4]
o
—
o
o

Puc.14.2.5. PacueTHbIe CIEKTpHI MIOOHOB OT pacmana A-
0030Ha TIPH pa3HBIX 3HAUCHHUIX MACCHI BMECTE C OICHKaMH (oHa.

S‘ [ B B e L ] S‘ frrrrrrrrrrrrTTTT r ]
8 10°E a) B J;E:ZATLAs 4 5 105k b) () ED'IA IA'}'LAS -
E . : 3 E H jets El
T Em,=150GeV 5 1T ¢ £ zebiels
D10 e . E 2 10%F Clww E
% E ~-1,=200 GeV E .-_é 80 tt E
Tl .- m,=300 GeV] W M zz ]
102§_ E 3
£ F i ]
10? E =i ;-.'..'.r:'-;L%’!LJ:
E E i

5 [ "

1 1 G T T I N Bt |'|| 1
150 200 250 300 350 150 200 250 300 350
my, (GeV) m,, (GeV)

Puc.14.2.6. Criextpsl 3()(eKTHBHBIX Macc Map MIOOHOB B
COOBITHAX CHTHANA M (OHA JUTS IBYX 3HAYEHHMI Macchl HEHTPaIbHOTO
6030Ha Xwurrca ¢ TpurrepoM Ha BeiaeneHHyro b-crpyro (0 wnn oaHa)
Jutst Macc 6o3oHa Xurrca 150, 2001 3001B u 3nauennem tarp=30.
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Puc.14.2.7. 3nauenus tarf, mpum KOTOPHIX BO3MOKHO
HaOmroeHus HeWTpanbHOro 0030Ha XwuITca Ha YpPOBHE SC Mpu
COOTBETCTBYIOIIMX 3HAYCHUAX Mapamerpa MA Ui MHTErpabHOU
ceernmoct 10 60 u 30 67 (cueBa). O6nacTd HCKIIOUCHHS
COOTBETCTBYIOIIUX MmapaMeTpoB Ha 95% ypoBHE IOCTOBEPHOCTH —
crpasa.

Peructparyisi HEBHIUMOTO pacliaga HEHWTpambHOro 0030Ha
Xwurrca MSSM

Muorue pacumpenns CTaHZaPTHOW MOJEIH BKIIOYAIOT
pacmag 0o30Ha XuWITCa Ha HEB3aUMOJACHCTBYIOIIME YACTHIIBI,
Hanpumep, Haubomee gerkue SUSYwactuisr (LSP), Takume kak
HEHTpaIHO, TPAaBUTHHO, TPABUTOHEI U Apyrue. B ciiyuae MSSM, npu
coxpaHeHHH R-getHocTH, pacmang 0o3oHa Xurrca Ha Tapy
HEHTpaTHHO OyAET B HEKOTOPBIX CIIydasX JOMHHHPOBATH. [IOCKOIBKY
B poxaenue 6o3oHa Xurrca npu 3ueprun LHC nmaror Britang pasnbie
MEXaHU3MbI, TO Uil BBIACIEHHS HEBHOMMOro pacmana H-0030Ha
MOXXHO BBIOpaTh BapUAHTHI C XapaKTEPHBIMH OCOOCHHOCTSIMU
coObITHii. Takyr0 BO3MOKHOCTh AT MEXaHU3M CIIHSHUS BEKTOPHBIX
6o3on08 (VBF) qgH, t#H u IPOIIECC aCCOIMATHBHOTO poxacHus ZH u
WH. MexXaHu3M CIMSHHS TIIOOHOB IIPEICKA3BIBACT 3HAUYUTEIHHO
OoJIbIIE CEYCHHWS, HO HE JAaeT XapaKTCPUCTUK NI BBIICICHUS
HeBUANMOTO pacrnana H-0030Ha.

Juarpamma npouecca VBF mnpusenena na puc.14.2.8 nis
ggH w™exanmsma poxjaenus H-6o3oHa. OH xapakTepusyercs
MPUCYTCTBHEM B COOBITHH JBYX KBAapKOBBIX CTPYH, 0Opa3oBaHHBIX
IIPY B3aUMOJICHCTBHH KBApKOB, U OOJIBIIION HEJOCTAIOMIECH SHEPTHH OT
pacnana H-6030Ha.
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Puc.14.2.8. Iunarpamma mpomecca VBF. CumBon V
ob6oznavaer Z miu W.

Onenkn HaOmoneHuss H-0030Ha momydeHbl s 3HAYCHHAN
ero Maccel B uHTepBasie Mexay 110wu 250 I'3B. Tpurrepusiit ot6op
UCIIOJNIb3YeT KOMOHMHAIMIO TPUITEPOB Ha OOJNBIIYIO HEJIOCTAIOLIYIO
nonepeuynyro sHepruro Enen > 70 wmm 10d3B, B 3aBUCHMOCTH OT
CBETHMOCTH, W UCHTPAJIBHYIO M IMEPEIHIOI CTpyH ¢ pT Oonbme 23
I'3B.

J1y1s BEIEIICHASI CUTHANA UCTIONB3YeTCs 1Ba MeToAa. [1epBrrit
OCHOBaH Ha NPHMEHEHHH KpHUTEpHEB OTOOpa, BTOPOH Ha aHamm3e
¢dopMber  coObITHSI. O0a MeTojma BKIIIOYAIOT YCJIOBUE  OOJBINOM
Pa3HOCTH a3UMYTANbHBIX YIJIOB [Vl MEUEHBIX CTPYH.

[ponemypa oT6opa COOBITHI BEINENAET IBE MEUCHBIX CTPYH
ot nporiecca VBF ¢ PT > 4013B B o6mactu [nj| < 5. Ctpyn HOIKHBL
HAXOIUTBCS B Pa3HbIX moiycdepax u pasHocth An > 4,4, Bennunna
HelocTalomel »SHepruu  JobkHa ObTh Oomemre 100 I@B. Ha
puc.14.2.9 nokazansl >ddexTrBHAas Macca IBYX MEUCHBIX CTPYH H
BEJIMYMHA HEJOCTAIoUIlel IMOoNepeyHOM JHEepruu [Uisi CUTHaja
HeBuauMoro 0Ooszona Xwurrca ¢ Mmaccoit 130 I'3B u Tpex Tumos
(OoHOBBIX COOBITHH. OTMEUYCHBI KpUTEPHH 0TOOpa COOBITHIA.

Ha pnc.14.2.10 noka3zaHsl HepeMeHHas HW30JMPOBAaHHOCTU
HeJIOCTaIoIIeH SHepruy |, onpeieleHHONH Kak MUHUMAaJIbHOE 3HaYCHUE
Pa3sHOCTH a3UMYTalbHBIX YIJIOB MEXIy HEIOCTAloIIeH SHepruedl u
CTpyei, U pa3HOCTh a3UMYTaJbHBIX YIJIOB @) CTPYyil Ui CUTHaIa
HeBHAMMOro Oo3ona Xwurrca ¢ Maccoit 130 @B u Tpex THUIIOB
(hOHOBBIX COOBITHH.
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Puc.14.2.10.T1lepemerHasi M30IMPOBAHHOCTH HEAOCTAIOICH
sHepruu | (cieBa) W pasHOCTH a3MMYTAIBHBIX YIJIOB )] IJIs CHTHAIA
HeBUAMMOro 0Oo3zoHa Xwurrca ¢ Maccoir 130 I'»B u Tpex THIOB
(OHOBEIX COOBITHI. PactipeesieHrss HOPMUPOBAHEI HA CIMHUILY.

Baxupnii ocobennocteio moncka VBF 6o3zoma Xwurrca
CIY>)KUT 3JIeKTpociabasi MpUpOAa CUTHala. ODTO O3HAYaeT, 4To Ha
IPEBECHOM  ypPOBHE OTCYTCTBYeT IIBETOBOM OOMEH  MEXIY
B3auMoIeHicTBytonMMU kBapkamu. Xotss W + jet u Z+jet dous
BKIIIOUAIOT W 3nekTpocnadyro, 1 KXJ[ cocraBnstonie, B CEUYSHUU
nomunupyet KXJI Bxian. [Toaromy, B oTaMuue OT cUrHamia, Ooibiias
4acTh POHOBEIX coObIThi MeeT KX/I cTpyH B IEHTpaIbHON 00JIACTH.
[IpucyrctBue »storo nomonHutenabHOoro KXJ| wusnmydeHus Mexmy
MEUCHBIMH CTPYSIMH CIIY’KHT MOIIHBIM (haKTOpOM MoJaByIeHHUS (oHa.
Ha nene 3ta 0COOGEHHOCTH MAacKUpYeTCs BKJIAJOM COIYTCTBYOLIMX
COOBITHI W HAJOXEHHWEM IPYTUX MPOTOHHBIX B3aUMOJCHCTBHH W
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3 PEKTHBHOCTh €r0 MPUMEHEHHs CHIXKAETCA. MOXHO HCIIOJB30BAThH
3anper Ha MPUCYTCTBHE JICITOHOB B IIEHTPAJIbHOW o0OnacTu.
OcraBmmiics ¢oH 00ycioBieH coObTUIMU Z—vVv. Ho JenToHBI
BBIIEISIOTCS JIMIIb Juis obmactu | < 2,5. O6macts ¢ |n| > 2,5
OCTAaBJISIET JIOXKHBIE COOBITHSI.

AmHanu3 nokasaj, 4To MpU UHTerpaibHoi cBetumoctu 30 ho-
1 Bo3moxHO 3apeructpupoBath VBF HeBuammblii 6030H Xwurrca B
IIMPOKOM HWHTEpBAJle Macc, €Cl €ero CeYeHWe 3a CYeT BKJIaja
nporeccoB BHe CTaHAapTHOM MoJienu cocTaiseT He MeHee 60% ot
ceuenust CTaHIAPTHON MOJICIH.

Juarpamma mporecca accONMAaTUBHOTO poxkiaeHus ZH
nokazana Ha puc.14.2.11 ¢nea). Curnan HeBHAUMOTrO 0030HA
Xurrca MOXeT OBbITh 3apETHMCTPUPOBAH 3a CYET JABYX JICIITOHOB OT
pacnama Z- 6oszona Z—ll. IlpucyrctBue ueBumumoro H-6o3oHa
pEerucTpUpyeTcsi 3a CcYeT OONBIIONW HEJOCTALIeH IONepeyHOit
SHEPrHH.

Puc.14.2.11 Cm.TeKCT.

Ha puc.14.2.11 {npapa) nokazana cxema Takoro pacmana H
Ha xaBa HeWTpammuo. Yactuupel ¥0, oOo3Hayaromme 3TOT pacHaj,
KOMIICHCHPYIOT MOMEPEYHBIC WMITYJIBCHI JICMITOHOB OT pacrmana Z-
0030Ha.
Jli1st aHAITH3a MCTIONB3YIOTCS CTaHIAPTHBIC KPUTEPHHU JUTS JICMITOHOB U
YCIIOBHE Ha BENIMYMHY HenoCTarouieil momepedHoi sHepruu Enenm >
100 I»B. Kpome »3TOro, mNPHUMEHSIOTCS KPUTEPUH  YCIIOBHUS
KOMIICHCAIIUH MOMEPEYHbIX HMITYJIbCOB JICITOHOB M HEJOCTAOIICH
9HepruM W Jpyrue.  Ilpoumemypa — aHanmu3a  HCIIOJNB3YeT
MHOromapametpuueckuii meron ananusa BDT (Boosted Decision
Tree).
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UyBCTBUTEILHOCTh ~ HAOMIONCHHSI HEBHIUMOIO  pacrajia
6030Ha Xurrca s oboux ciydaes (VBF u ZH poxnenust) mokazana
Ha puc.14.2.12.

0?250 L 1T | T T T | T T T | L | 1T | T T T | LI | L i
o [ AVEBF Shape Analysia .
e - dhZH Boosted Dedsion Trea Analysis |
2001 o]

- ATLAS ]
150~ & 3

1 00:— . . _:

B f gn ]

B A u

sop- ¥ A 3

v b by by by by by 1y
O0o~"720 740 160 180 200 220 240 260
Higgs Mass [GeV]

Puc.14.2.12. YyBCTBUTEIBHOCTh HAOMIOACHUS HEBHIUMOIO pacrajia
603oHa Xwurrca s cinydaeB VBF  (temubie cumBoie)) u ZH
poxnenus (oTkphiThie cumBone) ami 30 6T Ha ypoBHe
nocroBepHoctd  95%. VYuren ¢on CranmapTHOW Monenu U
CHUCTEMATUYECKUE IMOTPEITHOCTA. BenmuunHa YyBCTBUTENBHOCTH &2
orpenieNieHa KaK YHCIIO CUTHAIBHBIX COOBITHI, HEOOXOANMBIX, YTOOBI
VBEJIMYHTE MTOJHOE KOJIMYECTBO COOBITHH (cuer) Ha akrtop, B 1,64
pa3a MpEeBHIMIAIOIINI HEOTIPEIeICHHOCTD B YNCIIe (JOHOBBIX COOBITHI:

16406, = N, &2, 3mecb N, — 4MCIIO CHTHAIBHBIX COOBITHH IOCTC
otbopa, 6, = \/NB, rae Ng —ancio (OHOBBIX COOBITHH.

Monck 3apsizkeHHOT0 6030HAa XUrrea.

3apspkeHHBIE 0030H XWITca TIpencKa3blBacTCs MHOTHMH
MOJICIISIMH C PACIIMPEHHBIM XHUITCOBCKHM CEKTOPOM, HampuMep,
MOZIeNb C JBYMsi XUrrcoBckumu ayoneramu (2HDM), mozmenu c
XUTTCOBCKUMH TPHUILIETAMH, BKJIFOUYast Mojienb Majoro Xwurrca (Little
Higgs Models).
Ero otkpeiTne ObUTO OB yOSAWTENBHBIM CHTHAJIOM (U3MKKM BHE
CranmapTHOU MOJEIIH, MEPBBIM IKCIIEPUMEHTAIbHBIM
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CBHUJICTEIILCTBOM ~ CrpaBe/yiMBocTH  Mojenn MSSM, eciu  oHa
peamu3yeTcs B IPUPOAE, U MacmTad Macc CyNepCUMMETPHYHBIX
YaCTHI] JOCTATOYHO BEJIHK, YTOOBI CAETATh MX HEHAOII0IaeMBIMH.

Crparerus moucKa 3apspKeHHOTO 0030Ha XUTITca 3aBHCHT OT
MIPEIIIONIOKEHUsI O €ro Macce, KOTopas OIpeAesieT CEYeHHE ero
POXKICHUS W BEPOSITHBIE KaHAJbl pacnana. B obiactu macc HUxe
Macchl {-kBapka OCHOBHBIM MEXaHHW3MOM POXKICHHUS SIBIISICTCS pacmal
t-xkBapka, t—H+b, a momuumpyomuM kanaioMm pacmaga H—o1v.
[MonoxxurenpHBIX 3apsii 0030Ha XHIrca MMEET YCIOBHOE 3HAuEHHE,
OTPHILIATENBHBIIN 3apsiA MPUCYTCTBYET Ha PaBHBIX mpaBax. B obmactu
OOJIBIIMX MAcCC OCHOBHOM BKJIAJ B POXIICHHE JAaeT IPOLECC CIUSIHUSL
rarooHa U bkeapka, gb—tH+, a ocHOBHBIM KaHaIOM pacmaa CIIyKHT
pacnan Ha t u b-kBapku, H+— tb.

Iouck 3apspkeHHOTO H-0030HA WCMONB3yeT HECKONBKO
00BEKTOB, PEKOHCTPYHPYEMBIX Ha BBICOKOM YpPOBHE, TaKHX Kak
SNIEKTPOHBI, MIOOHBI, CTPYH, oOOpa3oBaHHble D-kBapkom wmm 1-
JENTOHOM. OTH  OOBEKTBI  PEKOHCTPYHPYIOTCA  CHEIHAIbHO
paszpaboranabiMu  anroputMamMu  ATLAS. KoHeuHbIe COCTOSHUSA,
oTOupaeMble TPUITEPOM, COIACPKAT OT IOBYX 10 dYeThIpex b-ctpyii,
JIETKWE CTPYH OT aIpoHHBIX pacmamoB W-0030HOB, ogHO Wik Oolnee
Heditpuno ot W wim H pacmanos, T-1€nTOHBI, pacmagaroiiuecs: C
00pa3oBaHKUEM aJJPOHOB WM HA IEKTPOH, WIH MIOOH, 1 HEHTPUHO.

Ilouck Jerkoro 3apAKEHHOT 0 0030Ha Xurrca.

B cmydae, ecnmu 3apspkeHHBIH 0030H XHITCa HMEET MAalyio
Maccy, TO BepOATHOCTh pacnana t— bW He Gnuska x eamHuie, Kak
9T0 mnpexackaspiBaeT CraHmapTHas MOJAEIb. JTO O3HAYaeT, 4YTO
OCHOBHOM OKHIaeMBbIil JOH OT pacmanos tt-map CTaHmapTHON MOJETH
MEHBIIE Ha BKJIQJ pAacIagoB 3apsHKEeHHOro 0o030Ha Xwrrca. OTOT
3G GeKT ydUTHIBACTCS B aHauM3e. PaccMaTpWBalMCh TPH KaHaia
pacmaga jerkoro H+-6030Ha:

+  ti— bH+bW— br(adp) vbaq

s ti— bH+bW— br(zenm) vbqq
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*  ti— bH+bW— br(adp) vb lv

re T-JISNTOH pacmafaercs IO aJApOHHOMY KaHainy t(adp) WiH
NenToOHHOMY 7(ienm), | 0003HaYaeT AMEKTPOH UITH MIOOH.

Anamu3 npuBomwics ans ceerumoctd 10 33 em-1c-1 s
CICHApHS B MOJEIH MSSM. TTocie MPUMEHCHUS
ONTHMHU3UPOBAHHBIX KPUTEPHEB OTOOPA U Ka)XIOTO KaHaia ObUTH
MOJIYYEHBI pacipeieicHus coobITuil curHana u ¢pona. Ha puc. 14.2.13
Ha BEPXHEM PHCYHKE IOKA3aHbI PACIPEICIICHHs MOMCPEUYHBIX MacC
H+ mis mepBoro kaHaia W AJisi BTOPOro KaHajia Ha HIDKHeM. Macca
H+ B mepBom ciyuyae 130 ['3B, ceueHue COOTBETCTBYET 3HAYECHHIO
tanp = 20, HmwKHAS 3amITPUXOBaHHAas o0ONACTh TUCTOTPAMMEI
COOTBETCTBYeT TONBKO (oHy CraHmapTHoi moxenu. Ha HIKHHX
pHCYHKax MPUBEJCHBI pacipeaenenus momnepeurbix macc W (a) u H+
6030Ha (b) aust 3Hauenus ero macest 110T3B u Benuuune tarf = 20.
TemHast 0061aCTh ¥ MYHKTUP HA PUCYHKaX COOTBETCTBYIOT (POHOBBIM
coObiTsiM. CTaTUCTHYECKAs 3HAYMMOCTh CHUTHAAa OIEHHUBACTCS IO
COBMECTHOM allPOKCUMAIINY JIBYX 3TUX PaCIpeIeIeHu.

% A APt SRt ity AT ISR AR e e s IR
2 zso:—mms Dsw E
E Eﬂﬂf_ D&m—dl-hadfwic _E
3 C ]
150 =
100E =
50 =
% 20

1{}0 120 140 160 TBD 2{}0
Transverse Mass of H* candidate (GeV)
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Puc.14.2.13. PacrpezaeneHusi PEKOHCTPYHPOBAHHBIX IOINEPEUYHBIX
macc H+ 6o3omna ans kananf ##— bH+bW— br(adp) vbqq (BBepxy) u
tt— bH+bW— br(zenm) vbqq(eauzy)(Cm.TekcT).

Jis TpeTbero KaHada KOJIMYECTBO OTOOpPAaHHBIX COOBITHI

Cursajla majlio

n  OICHKa

3¢ eKTHBHOCTU

ero HaOIAeHUA

BBIYMCIIUIACh IIYTEM MHOTONAapaMeTPHYECKOH aNmpoKCUMaluH, C
YYETOM pacupeiefieHui M0 HEeIOCTAaloulell MOoNepeyHOl SHEepTUH,
MHOXXECTBEHHOCTH CTpyH, IOIEPEeYHOr0 HMIIyJbca T-jienToHa. Ha
puc. 14.2.14Ha BepXHUX pPUCYHKaX IOKa3aHbI KOHTYpHI oOmacTel
napamerpoB Mozxenu( Macca H+ u tarf), roe BosmMoxHO HaOoeHUE
9TOTO KaHama Ha ypoBHe 50 (cieBa) M 00JIacTH, KOTOPBIE MOKHO
Oyaetr uckmroYMTh Ha ypoBHe 95% nocTOBepHOCTH B cCiydae
OTCYTCTBHsI CHrHana (Crpasa), Py Pa3HBIX 3HAUCHUSAX HHTErPATbHOM

CBCTUMOCTH.

Kanan 1Ba wnmMmeer

aHaJIOTUYHBIC

MpeacKazanus.

HauOomnpuryro o61acTs mapaMeTpoB MEpeKphIBacT NepBblif kaHai. Ero
OKHJaeMble Pe3yJIbTaThl IPUBEICHbI Ha HIKHUX PUCYHKaX.
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5o discovery sensitivity 95% C.L. exclusion sensitivity
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Puc.14.2.14. OxunaeMbie pe3yibTaThl Uil KaHaja ti—
bH+bW— br(adp) vb Iv (BBepxy) u kamama fi— bH+bW— br(aop)
vbqq (Bum3y).CM. TEKCT.

ITouck Ts:xenoro H+ 6030Ha.

Jnst  amanmumza  poxaenuss H+  0o3oHa ¢ Maccoi,
MpEeBHIMIAOIICH Maccy t-kBapka, OBLTH BEIOPAHEI JiBa KaHAJIa pacraja:
* 99/ gb— t[b] H+ — baq[b] 7(adp) v
* g9/ gb—> t [b] H+— t [b] tb —bW[b]bWb—
blv[b]bgqgb.

CumBoin [b] 0o003Ha4aeT  TOTOJHHUTENbHBIN b,
NPUCYTCTBYIOIMI B MexaHu3Me poxaeHus gg—tb H+, wu
OTCYTCTBYIOIIU# B KaHasie poxaeHust gb — t H+. Ananu3 Beimonnen
st ceetumocTr 10 33Mm-1c-1 B cuienapuu B.

Curnan B cnyyae pacnaga H+—tv  xapakrepusyercs
JKECTKOH cTpyel t-JlenToHa, OOJIBIION HeNOoCTaloUle NomnepevyHon
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SHEPTuil W3-3a MPUCYTCTBUS HEHTPHUHO, OMHOW WK IBYX b-cTpyii,
IByXx Jjerkux crpyidl, W wm f, KOTOphle JOJDKHBI  OBITH
PEKOHCTPYHPOBAHBI B cOOBITHN. OCHOBHOM (DOH COCTaBIISIOT COOBITHS
C pokIeHueM ft —map KBapkoB, B OCOGEHHOCTH KOTA OMH M3 HHX
pacmaznaercs B 00pa3oBaHHEM T-CTPYH M HEHTpHHO, t— b t(amp) v, a
JIpyroil Mo aapoHHOMY KaHamy, t— bqqQ. dpyrumu wmcrounukamu
¢oHa ciyxar omuHOUHOEe poxneHue t-kBapka, Wactpym u
MHorocTpyiHsle KXJI cobbrtus. Pexonctpykuus W u t mossonser
noaaBuTh 3TH (oHbl. Pacrpenenenus coObiTuii curHana u QoHa mo
monepedHoil Mmacce H+ mocnme Bcex 0TOOpPOB TNPHBEACHBI HA
puc.14.2.15 nns tpex 3Havyenmit maccet H+ 170, 250u 400 I'3B.
Ceuenus curHana u ()oHa COOTBETCTBYIOT 3HaueHuto tan = 35.Boxee
TeMHbIe (MITH ToIy0bIe) 06I1aCTH COOTBETCTBYIOT COOBITHSAM CHIHAIIA.

e e
B irocey

i

w%wwgﬁx%—mmm

i [Bev]

Puc.14.2.15. Pacnpenenenus momepeyHbIx macc H+ s
kanana gg/ gb— t [b] H+ — bqq[b] t(adp) v ans Tpex 3HaueHmit
Maccel H+ 170, 25010 4001B. ®oH cooTBeTCTBYET 3HaUCHHIO tarp =
35.

CeueHus BBIJICIICHHBIX cOOBITHH cocTaBistoT 14,7 90, 2,96
n 0,58 $0 mis tpex 3HaueHnuit maccel H+, cooTBeTcTBeHHO. Jliist
Maccel 600 I'3B Beiensemoe ceuenne cocrapuser 0,10, Tawke mist
3HaueHus tarP = 35. CooTBeTcTBYyIONME 3HAYEHHS I1apaMETPOB IS
citydasi HaOJFOJICHWSI CHTHAJa M €ro MCKIIOYCHHs ITOKa3aHbl Ha PHC.
14.2.16.
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5o discovery sensitivity 95% C.L. exclusion sensitivity
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Puc.14.2.16. Oxumaemble pe3yiabTaThl JUISL OTKpBITHs (ClieBa) u
KOHTYpPBI HCKIIOUeHus s kanana gg/ gb — t [b] H+ — bqq[b]
7(aop) v.

IMouck curnana B kanaime gg/ gb — t [b] H+— t [b] tb
—bW[b]bWb— blv[b]bqgb TpebGyer perucrpanum Tpex (wam
4eThIpeX) CTpy#H OT b-kBapkoB, ABYyX CTpyil OT JerKMx KBapKOB
OJTHOTO JICTITOHBI C OOJIBIIMM MOIIEPEYHBIM UMITYJIBCOM M HEHTPHHO.
Kpome TOTO, TpM PEKOHCTPYKIMM MAAIOT BKJAJ JOMOJHUTEIbHBIE
CTPYH COITYTCTBYIOIIMX COOBITHH, 4YTO MPUBOIAUT K YBEIWICHHIO
MHO)XECTBEHHOCTH ~ CTPYH. AHanu3 BKJIIOYAaeT OTPaHUUYCHUS
IapaMeTpoB 0TOOpa M MHOTONAPaMETPUUECKHH aHAIN3 MaKCHUMyMa
npaBionoaoous. PekoHcTpynpoBaHHBIE COOBITHS CHUTHala M (oHa
nokasansl Ha puc.14.2.17 ms macc H+ 200, 250, 40(z 600 I'»B.
3HayeHuss  mapamerpa  tar  BBRIOMpaIOCHE  TAaKMM,  YTOOBI
CTaTHCTHYECKasl 3HAUMMOCTh CHTHAJIAa B PaclpeesIeHHUsIX COCTaBIsIa
5. Pacripenenenus [yl CyMMBbl CHT'Hala U (pOHA MOKa3aHO TOYKAMH,
TEMHBIE 00JTaCTH COOTBETCTBYIOT (POHOBBIM COOBITHSM.
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Prc.14.2.17. PexoHCTpYHUpOBaHHBIC COOBITHS CHTHaJA W (OHA JUTS
macc H' 200, 250, 4061 600T5B B kanane gg/ gb— t [b] H — t [b]
tb —bW[b]bWb— blv[b]bgqgb. IToscaerus cm. TekcT.

B kauectBe mpumMepa Hwke mnpuBeneHa tabmuia 10 pesysnbraTos
BBIIEJICHHsI CWTHaNa W (OHa OSTOro mpormecca. B Hell moka3aHbl
ceuenns HaGmonaemoro curHana H™ B @6 u sddextuBHOCTH
BBIICTCHUS JUIA pasHbIX 3HaueHuit macc H'. IlpuBeneHsl Takske
ceyeHus (hoHOBBIX COOBITHI pa3HbIX MPOLIECCOB c
COOTBETCTBYIOIMMHU 3()(HEKTUBHOCTAMH perucrpannu. Pe3ynbrarhl
COOTBETCTBYIOT 3Ha4YeHuto tar = 35.

Table 10: gg/gb — t[p|HY — t[b]th — bW [b]bW b — bev[b]bggh: Event selection results. The

cross-sections after all cuts are given in fb and for tanfi = 35 as well as the global selection
efficiencies.

Channel S1gm] i+ jets T bb(QCD) | « bb (EW)
” [l I | [b] | Al mm] 11
200 GeV || 016 | O0fs | 21.0 | Q00019 | 12,2 | (0054 | 1.05 | 0.0043
250 GeV || 065 | O038 | 11.7 | Q00010 | 676 | (0030 | 0.74 | 0.0030
400 GeV || 0.26 | 0039 [ 15.9 | .00014 | 891 | A0040 | 105 | 00043
600 GeV || 018 | 0084 | 198 | Q00018 | 105 | 0047 | 1.21 | 0.0040
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Kak u B apyrux pacderax, JUisi 3TUX Pe3yJbTaTOB OOJIbIIOE
3HAUeHWE  WMMEEeT  OLEHKa CHUCTEMAaTHYECKUX  IOIPEIIHOCTEH
HaOJIOIeHNS CUTHAA.

B wurore, aHanu3 i OATH 3HAYEHUN MacChl 3apsiKEHHOIO
6o30Ha Xwrrca, BeimosHEHHBIH B ATLAS, mokaszan, 4ro yxe mIpH
HHTErpanbHON cBeTHMOCTH 1 (0-1 MOKHO OyIeT yiIydmuTh KOHTYPHI
obnacredd, wuckIoyaronmx poxiaeHue H+. bBornee 3HadmMble
Ppe3yJIbTaThl TPEOYIOT PEKOHCTPYKIUH 00BEKTOB BHICOKOTO YPOBHS H,
COOTBETCTBEHHO, OOJIbIIIEN CBETHMOCTH.

OOBbeMHEHHBIE TaHHBIE I TPeX KaHAJIOB paclaja JIETKOro
H" moryr o6ecneunts nabmonenue H npu 10 dp6™, uto mepexpoer
Bce 3HaueHus napamerpa tarp or 20 no 4 Bo Bcem auamnazone macc H+
no npumepro 150 I'3B. [Ins nmpomexyTouHbIX 3HaucHwid tarf ~ 7
posknenne H® moxker GbITh MckmoueHo. Mcrnonb3osanue Gosblieit
CTaTHCTHKA  MOJCIHMPOBAaHHBIX  COOBITHH  MOXET  YJIyYLIHUTbh
pEe3ynbTaTHI U JUIS IPOMEXYTOUHBIX 3HadeHUH tarp.

Ha6monenue Tsxenoro H' Gomee BepoATHO B TV KaHaie

pacnana, rae, HECMOTPSI Ha MEHBIIYIO0 BEPOSTHOCTh TAKOTO Paclaja,
BO3MOXKHO Oouiee 3 pexTruBHOE To1aBIeHne (HOHA.
[MoTeHnnan oTkpwITHSA B criieHapud B MSSM 3aBucuT oT 3Ha4YCHUS
macchl H', n Bo3MokeH B o6nacTu mapameTpos oT mMacchl 20098 u
tar=28 no maccer 350 I»B wu tarm=58 mnpu wuHTErpampHOU
ceernmoctr 30 h6™.

Paspa0oranbl s MPUMEHEHHsI MPOLEIYpa, MO3BOJLSIFOLINE
KOMOWHATOPHO y4YecTh pa3Hble KaHaJbl pacna oB 0030Ha Xurrca s
CyMMapHOW OLICHKHM €ro CeYeHWs WM OOJIacTeH HCKIIIOUEHHS ero
o0pa3oBaHMsA. OTH NPOLEAYPHl MO3BOJSIIOT TaKXE OOBEIUHATH
pe3yJIbTaThl Pa3HBIX OSKCIEPUMEHTOB C YYETOM CHCTEMAaTHYECKHX
MOTPENIHOCTEH 1 BKIaaa (JOHOB.
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15 HUccnenoBanus cynepcuMMeTpH

Teopust cynepcummerpun (SUSY) mnpencraBiser coGoit
Hanbosiee TpHUBICKATEIbHBIN BapuaHT ¢u3uku BHe CTaHAApTHOM
Mopaenn. OCHOBHOM 3aadueil TakoW TEOPHH SBISECTCS MPEAOTBPATHTH
KBa/IPATHYHYIO PACXOJMMOCTh PAJHALMOHHBIX IOMPAaBOK K Macce
0030Ha Xurrca B ycioBusix, koraa CraHmapTHas MOJIENb CIpaBe/IiBa
TONBKO Juis Oosbimoro wmacimtaba A. Ilpeamaraemoe perieHue
MOCTYJMPYET WHBAPUAHTHOCTH TEOPHUH TMPH MPeoOpa3OBaHISIX
CUMMETPHUH, KOTOPBIE MepeBOIAT (EPMHOHBI B O030HBI M HA0OOPOT.
OcHoBHoe mpexackazanune SUSY cocTouT B TOM, 9TO I KaKIOH
yactuipl CTaHAApTHOW MOJENH CYLIECTBYET CYIEpIapTHEp, CIHH
KOTOporo omin4yaercsi Ha Y. B nenapymienHoit SUSY naprHepsl
HMCIOT OJJMHAKOBBIC KBAHTOBBIC YKCIA U MACCHI, COOTBETCTBYIOIIUE
yactuiiaMm CraHgapTHONW Mopend. [oCKONbKY Takve HapTHEpPhI He
HaAfIEHBI,  CyMEpPCHMMETPHsS  JOJDKHA  OBITh  HApPYIICHHOM.
OOmenpuHThIH  (PEHOMEHOJOTHYECKUNA TOAX0J K HCCIETOBAHUIO
CYIEPCUMMETPUU COCTOUT B MPEINOJIOKECHHH O MHHAMAIBHOM
KOJIMYECTBE HOBBIX YACTHUI] M BBEJCHUIO B JIArPAHXKHAH HApPyHICHHOM
CYyIEPCHMMETPUH  YICHOB, HE IMPUBHOCAIINX  KBaAPATHUHYIO
pacxomuMocTh B Teopuio. Takoit mozgensto siBiusiercs MSSM. Ona
xapaktepusyercst 6oipinuM unciaom tapamerpos (~100). nst toro,
4100l  O0ECIeYnTh COXpaHEeHHe OapHOHHOTO U  JICITOHHOTO
KBAaHTOBBIX YHCEJ, BBOJUTCS HOBOE MYJIbTHILIMKATHBHOE KBAHTOBOE
gnciao R, RuetHocth, paBHOoe 1 mns wactun u -1 manas SUSY-
napTHepoB. CylIeCTBYIOT MOJENHU ¢ HapylieHneM R-uetHOCTH, HO B
MPUBEJCHHBIX  3]I€Ch HCCICMOBAHUSAX HCIOJNB30BaHBl  MOJICIH,
coxpaHsiole R-ueTHOCTb.

CrnencTBueM CcoXpaHeHUs R-dueTHocTH sBIsieTcss TOT (akr,
q10 SUSY YacTuIel poXKAa0TCS MapaMH M 9TO KaXKaas pacranacTcst
no cocrostHust camoil  merkoit  SUSYwactumsr (LSP), kortopast
crabuipHa. KocMmonorndeckue AaHHbIe TPEOYIOT NPEANONOKHUTE, YTO
LSPuacTuiel  AOJDKHBI  B3aMMOJEHCTBOBaTh  cabo ©  HE
peructpupoBatbess  aetektopom ATLAS. Dto  o3Hawaer, dTO
OCHOBHOH 0C00eHHOCTBIO coObiTHil SUSY nomkHa ObITh OoJblIast
BEJIMYMHA HEJOCTAIONICH MONEePEYHON SHEPTUU B JETEKTOpe EmHeo.
JIOTIONTHUTENIbHBIC KPUTEPUH OOECIEYMBAIOT YYBCTBHTEIBHOCTh K
LIMPOKOMY KJaccy moaenei. Llenbro MoaenupoBaHus, BBITOIHEHHOTO
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B ATLAS, sBusercss BO3MOXHOCTh II0Ka3aTh, YTO YK€ MpHU
MHTerpanbHoil  cBetmMoctH 1 6 mpum 14 ToB  skcnepumeHt
MTO3BOJIUT TPOBECTH OBICTPYIO TPOBEepKy Oomipmiof rpymmel SUSY
MoJIeNiel 1 pa3paboTaTh OOIYIO CTPATETHIO OYAYIINX HCCIIeT0BAHUM.

[Tockombky HEBO3MOXKHO OXBaTHTh BCE IIPOCTPAHCTBO
napameTpoB MSSM ¢ pasmeproctsio 100, 1enaroTest IpearnoIoKeHUs
0 TIpHpONE HAPYIICHHS CYINEPCHMMETPHH. OTO MPHBOIUT K
(GOpMyJIMpOBaHUIO MoOJEJeH ¢ MajblM YHCIOM IapaMeTpoB Ha
Maciitabe HapylleHus cynepcummeTrpuu. Jlanee ucciemyrorcst IiBe
takux Mozenu: MSUGRA, rme HapylieHHe CynepcHMMETPUH
OCYILECTBISICTCS. TPABUTAIIMOHHBIM B3auMojericterueM, u GMSB, rie
OHO MPOUCXOJUT 3a CUET B3aUMOJICHCTBHS KaTHOPOBOYHBIX TOJIEH.
OTH JIBE MOJICIU MPEACKA3BIBAIOT PA3IMYHBIC TOIOJIOTUH COOBITHIA H3-
3a pa3Ho# mpupoabl LSPgacTuIrel, KOTOPEIME CIIy’KaT caMoe JIETKOoe
Heitrpanmuao B MSUGRAwU rpasutuno B GMSB. [l kaxmoit Monenu
OBUTH OTIpeieNleHBl TOYKU B TIPOCTPAHCTBE ITAPaMETPOB, TSI KOTOPBIX
OBLJIO IPOBEJICHO MOJCINPOBAHUE COOBITHIA M BBIMOJIHEH UX aHAJIH3.

AHamu3 BBIIONHEH COBMECTHO MHOTHMH TpYIIaMH, Kak
OKCIIEPUMEHTATOPOB, TaK M TEOPETUKOB, M HCIONB3yeT oO0Iue
omnpeseneHuss Monened u (pu3mMUeckux OO0BEKTOB, HAOIIOTAEMBIX B
ATLAS. Jlanee npuBeneHs! pe3ynbrarsl ananu3a B MSUGRA.

Toukn B mnpoctpancTBe mnapamerpoB MSUGRA Opun
BEIOpaHBI B BHJIE!

SUL mo =70 GeV, my;» =350 GeV, Ag =0, tan§ = 10, pt > 0. Coannihilation region where
7! annihilate with near-degenerate 7.

SU2 g = 3550 GeV, m,;» = 300 GeV, Ag = 0, tan = 10, p > 0. Focus point region near
the boundary where g2 < (1. This is the only region in mSUGRA where the ;E? has a high
higgsino component, thereby enhancing the annihilation cross-section for processes such
as g0t — Ww.

SU3 my =100 GeV, m, ;, =300 GeV, Ag = —300 GeV, tan§ = 6, u > 0. Bulk region: LSP
annihilation happens through the exchange of light sleptons.

SU4 my =200 GeV, my = 160 GeV, Ay = —400 GeV, tanf = 10, y > 0. Low mass point
close to Tevatron bound.

SU6 mg = 320 GeV, my;, =375 GeV, Ay =0, tan3 = 50, pu > 0. The funnel region where
Em}_--i; ¢ my. Since tan > 1, the width of the pseudoscalar Higgs boson A is large and ©
decays dominate.

SUS.1 my =210 GeV, my;, = 360 GeV, Ag =0, tan3 = 40, p > 0. Variant of coannihilation
region with tan 3 > 1, so that only my, —myo is small.

SU9 g =300 GeV, m, yp =425 GeV, Ag =20, tan 3 =20, it > 0. Pointin the bulk region with

enhanced Higos nroduction
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CHeKTp Macc CynmepcCUMMETPUYHBIX YACTHIL JJIsI KOKI0W TAKOW TOUYKH
npuBejicH B Tabmune 15.1.

Tabmuma 15.1.

Particle Su1 su2 SU3 SuU4 SU6 SUS.1 SU9
dr 76490 3564.13 63627 419.84 870.79 80L16 956.07
iiL 760.42 3563.24 631.51 41225 866.84 797.09 952.47
by 697.90 292480 57523 35849 716.83 69031 868.06
71 57296 213111 42412 206.04 641.61 603.65 725.03
dg 733.53 3576.13 610.69 406.22 840.21 771.91 920.83
iig 73541 3574.18 611.81 40492 84216 773.69 923.49
by 72287 3500.55 610.73 399.18 779.42 743.09 910.76

i 749.46 2935.36 650.50 445.00 797.99 766.21 911.20

255.13  3547.50 23045 23194 411.89 32544 417.21

23831 3546.32 21696 21792 401.89 315.29 407.91

146,50 3519.62 149.99 200.50 181.31 151.90 320.22

23756 3532.27 21629 21553 358.26 296.98 401.08

154.06 3547.46 15545 21288 351.10 253.35 340.86

25698 3533.69 232,17 236.04 39258 331.34 41643

by 83233 85659 T17.46 41337 89470 85645 999.30
n 136.98 10335 11791 59.84 149.57 14245 173.31
el 263.64 16037 218.60 11348 287.97 27395 32539
el 466.44 17976 463.99 308.94 477.23 463.55 520.62
7 48330 29490 480.59 327.76 49223 479.01 536.89
o 262.06 14942 21833 11322 28829 27430 326.00
i 483.62  286.81 480.16 326.59 49242 479.22 536.81
HP 11581 119.01 114.83 11398 116.85 116.69 11445

H° 51599 3529.74 512.86 370.47 38892 43049 632.77

A° 51239 3506.62 511.53 368.18 386.47 427.74 628.60

H* 521.90 3530.61 518.15 378.90 401.15 440.23 638.88

t 175.00 175.00 175.00 175.00 175.00 175.00 175.00

-1 M
S

e e = oew

[

Bugno, urto guama3son macc gactur cocrasiser oT ~ 100 mo 1000
I»B. CedeHnst poXICHHS YACTHI[ TakKe INPEICTABISIOT MHTEpEC U
mpuBeAeHsl B Tabmuie 15.2 ams mmmupyromero mopsiaka LO,
cneayrorero 3a gumupyromum NLO. TIpuBeneHs! TakKe KOIMYECTBA
CTCHEPUPOBAaHHBIX COOBITUH N H COOTBETCTByIOIIEE 3HAUYCHUE
MHTErpaNbHBIX cBeTMMoOcTed L 1 Touek anammza  SUSY,
BeIOpaHHBIX ATLAS.
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Tabmuua 15.2.

Label o9 (pb) N9 (ph) N Libh
SUl 8.15 10.86 200K 15.4
SuU2 5.17 718 50K 7.0
SuU3 20.85 27.68 S00K 18.1
SU4 294.46 402.19 200K 0.50
SU6 4.47 6.07 30K 4.9
SUSR.1 6.48 870 S0K 5.7
SuU9 2.46 328 40K 12.2

DonoBeiMu TIporieccamu Crangaptaoid momenn (CM) mist
noucka SUSY ciyxkat poskaenue nap t-kpapkos, W'-ctpyu, Z'-ctpyn
U MHOXeCTBEHHOe poxzaeHue B KXJ[ um poxaeHuu nap BEKTOPHBIX
0030HOB.

CoObiTHst SUSY xapakTepu3yloTcsi HECKOJIBKUMHU CTPYSIMH C
OONBIIMMH TTONEPEYHBIMH UMITYJILCAMHI M HEAOCTAIOMIEH MOMEepeIHO
sHepruel. JlenToHsl (3MEKTPOHBI M MIOOHBI) M T-JICITOHBI TaKkKe
NPUCYTCTBYIOT B OOJBIIOM KOJMYECTBE B MpOLECCaX, OTBEYAIOLINX
BEIOpaHHBIM TOYKaM aHaJH3a B pocTpaHcTBe mapaMeTpoB MSUGRA.
N3-3a GONBIIOrO KOIMYECTBA CTPYH B COOBITHAX HCIHONB3yeTCS
ANTOPUTM HX PEKOHCTPYKIMH C MaJIbIM PACKPHITHEM KOHYCA.

Jnst XapaKTepUCTHKN COOBITUI HCTIONB3YIOTCS TII00aNbHBIE
nepeMeHHble; d(QdexTuBHag Macca M,yg, monepeunas chepuuHOCTb
ST, nonepeunast macca MT 1 c-momepedmast Macca My,

D¢ dexktuBHas Macca Mey  XapakTepu3yeT  HOJIHYIO
AKTHBHOCTD COOBITHSI U OTIPECIISIETCS KaK

4 | |
J'.I/Ieff — Z ;)];ftf + Z ;)];EPJ _|_ E&IHSS

i=1 i=l1
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rje cymMma GepeTcst o YETBIPEM CTPYSAM B LEHTPAIbHON 00acTu fn| <
2,5 ¢ MakcUMaJbHBIMHA TONEPEYHBIMH UMITYJIbCAMA W BCEM
UACHTH(QUIIMPOBAHHEIM  JIEITOHAM ¥ J00aBiseTCs  3HAYCHHE
HEJIOCTAIONIe TOMEepPEeYyHO JHEpruH. JTa TMEepeMEeHHAs IOMOTaeT
otnenuth coobituss SUSY ot doHoBBIX coObiTHii CM. Kpome Toro,
OHa 00aaeT HMHTEPECHBIM CBOMCTBOM HMETh MAKCHMYMbI I[IPH
3HAYCHUSX, KOPPEIUpOBaHHBIMH ¢ Maccamu nap SUSY wacrwi,
POXICHHBIX B pPpP-B3aUMOJCHCTBUSX, W OYEHb IMOJE3HA JUIS
ompeeNieH s MaciTaba Macc STUX COOBITHIA.
IMonepeunas cdepuunocts ST onpeaensercs Tax:

o 2N
"=+ )

Ime Ay u A, COOCTBeHHBIE 3HAYeHHs C(HEPUUIECKOTO TEH30pa
pasmeprocTH 2x2 §; = XK pkiprj. TeHsop BkmouaeT Bce cTpyH ¢ | <
2,5u p, > 20I3B u Bcem otobpannsM sentoHaMm. Cobertus SUSY
uMmeroT Qopmy, Omuskyro k chepuueckoit (ST ~ 1), mockonbky
HaYaJbHBIC TSDKENBIC YacTUIBI OOpa3yroTcs B JIETEKTOpE IOYTH
MTOKOSAIMIUMICS W YacTUIBI OT WX KAaCKagHBIX PAcIaJioB B Pa3HBIX
HanpasneHusix. B KXJ[  coOBITHSX  YacTUIBI  pasieTaroTcs
NPEUMYIIECTBEHHO TI0 IBYM MPOTHBOIONOKHBIM HampaBieHusM (ST
~0).
[Tonepeunast Macca M, ompeiensieTcst CIeIyIOIIIM 00pa3oM:

miss miss miss

M2 (p%,pF Mg, My ) = mé—l—mi + 2 (EFEF™ —pf-pr)

Ef =/ (pF)>+m2 . pmiss — (p{l’{ss)z—kn?% ,

~ m, ¥ p,” —Macca U HONEPEUHBINH UMITYJIbC BHANMON JaCTHUIIBI
1 p,"°° IBYMEPHBIH BEKTOP HEIOCTAIOIIETO MONEPEYHOTO MUMITYJILCA.
[lapamerp m, ecTb Macca HEBHAMMOW YacTHUBI, OOBIYHO
MIPUHIMAaeMON paBHOW HYJIO. JTa IepeMeHHas Iojie3Ha, KoTJa OJHa
U3 POJMTENLCKMX YACTHIL PACHaaeTcsi Ha OJHY BUIMUMYIO M OJHY
HEBUJIMMYIO 4acTuIlbl, Hapumep W—E€v, rje Maccoil HeBHMMOii
YACTHIIBI HEHTPUHO JIEHCTBUTENBHO MOXHO MPEHEGPEYb.
IepeMeHHas C-TOMEPEUHOit MAcChl My” OMpeeNIeTcs yepes
MOTEPEYHYI0 MacCy M, Kak
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. i) 3 2
m, (P .]]E.]J}“““.ma mg.my ) = min {max {M% (p%, q"Tl"‘,mu.sz. Mﬂp? Ay g -”"zj}]

404 e

rae m, ectb trial macca camoii nerxoit SUSY wactumer u prof
MOTIePeYHbIe UMITYJIBCHI JIBYX BHIMMBIX 4acTHIl (Ka)aas U3 KOTOPBIX
SBJISIETCS  KaHAWJATOM IPOAYKTAa pacmaiga oOJHOM M3  IBYX
poautenbckux SUSY wactui). Bekrophas cymma nepemeHHbix (1 u
02 OrpaHMYMBACTCS PABHOH TIOJHOMY JBYMEPHOMY BEKTODY
HEJOCTAIOMIEr0  IONEPEeYHOro  MMIyidbca  p, o  Benuuuna
HEJIOCTAIOIIEr0 MONEePEYHOro UMIYJbCa TAKMM 00pa3oM y4acTBYET B
onpeneneHnn My2. IlepemMeHHyIO Mr” MOXHO paccMaTpHBaTh Kak
00pa3oBaHHyI0 IyTeM JelleHHs p, > Ha JBe 4YacTd BO BCEX
BO3MOKHBIX KOMOWHAIUSIX, YIOBIETBOPSIOIINX KHHEMATHKE COOBITHS
(mns HEKOTOPBIX M, 37€Ch NPHUHATOH HYyTI0) M BBIYHUCICHHEM
MOTIEpeYHO Macchl sl JIIoObIX BeTBel pacmazga. PesymbTupyromee
3HAUCHUE CIIYKHUT HAMIYYIIAM HIDKHAM OPEIENIOM JUIsSi MACChl MTapHO
poxnmenHoit SUSY wgacThipl, KOoTOpas MOXET paclaiaThCs Ha
HabIII0aeMOe KOHEYHOE COCTOSHHUE C 3aJaHHBIMU 3HA9CHHAMH P,°,
pTﬁ Hmevss.

VcxoaHOe HasHAYEHHE IIEPEMEHHOM M2 COCTOSIO B
nHpOpMaMu O Maccax TMapamMu oOpaszoBaHHBIX SUSY wacrwi,
pacnajarouuxcsi HAMOJOBHHY HEBHUIUMO B  WIPOCTBIX»  JIBYX
YaCTUYHBIX PpACMajaX, TaKHUX Kak JBYX CTPYyHMHBIE WIH [BYX
JIETITOHHBIE KOHEYHBIE COCTOSIHUS, HO MOXET MPUMEHATHCS U B Gosee
CIIOHBIX CITy4asX, OCOOCHHO €CJIM YIAeTCsl ONpPEICiHTh, Kakas
YaCTUIA IPUHAIJICKHUT KaKOW BETBU pacmaja.

NHKII03UBHBINA aHAJIH3

PazpaboraHsl Ba M01X0/1a MHKITIO3UBHOTO aHAIN3a, IEPBBIi
13 KOTOPBIX pacCMaTPUBAET BRIOOPKH coOBITHH THHa cTpym +0, 1, ...
nenToHoB. Bo BTopoM HalineHHble Kputepuu BbiaeneHus SUSY
COOBITHH U1 psfia TOYEK IapaMeTpoB IPHMEHEHBI K OBICTpOMY
MOUCKY MO OOJBLIOMY TOJIIO 3HAYEHHH IMapamMeTpoB MoJeNel, 4To
TIOMOXET 110 MEPBBIM JaHHBIM OIPEIEINTh CTPATEInio JAIbHEHIIETo
MIOUCKA.

B SUSY co6eitusax Ha LHC pomuampyer oOpa3zoBanme
CKBapKoB W TmomHo. [Ipm ycmoBum coxpaneHus R-uetHocTH Ha
KOHEYHOH CTaWH pacmaja 4JacTHIl NPUCYTCTBYIOT JIBE HEBHUANMBIC
LSP yacTuiisl, 4To 03HA4aeT NPUCYTCTBHE B COOBITUM MHOTUX CTpYi
u Gonbmioit E,™°
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Jlyist ciydast OTCYTCTBHSI JISITOHOB MPUMCHSUTHCH KPUTCPHU:
o KpalHeW Mepe, YeThIpe CTPYH B COOBITHH HMEIOT p; > 5013B un
omHa u3 HuXx p; > 100 I'3B, Eimiss > 100I=B u > 0,2 Mg,
cpepuynocts ST > 0,2, pa3HOCTh a3UMYTAIBHBIX YIIIOB CTPYiH H
notepssiaHor dHeprun > 0,2, Mg > 800 I'sB. Pacnpenenenus mo
BeNMUUHE Mgy IOKa3anbl Ha puc. 15.1 s toukn SU3 (ea) u s
ocTambHBIX TOYeK. CIUIOMHONW THcTorpammoin mokaszaH (o CM.
Buano, uto SUSY coObITHS HaIEKHO BBIICISIOTCS MPH BBIOPAHHBIX
KpUTEpHAX OTOOpa. AHAIOTHYHBIC PACHPEACICHUS MONYyYCHBI IS
BBIOOPKH cOOBITHI ¢ omHuM nerrtoroM (prc.15.2).Ha puc.15.260mee
JICTaIBHO MMOKA3aHbI OIICHKU Pa3HBIX TUIIOB (pOHA.
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Ecnmu w3MeHUTh yCIOBHS BBIOODKH, CIENaB HX OOJiee >KECTKHMHU
(ctpyn B cobbrTHH UMeroT p, > 1001B u mumupyromas ¢ p, > 150
B, E™° > makc(10015B u 0,3Mey) u E,™**> maxc(100IB u 0,25
Meg) [Utst citydaeB 2-X ¥ TpeX CTPYi, COOTBETCTBEHHO. Pacmpenenenue
MOCJIe BCEX OTPaHUYCHHI MO BeMWYMHE Meg MOKa3aHbl Ha puc. 17.3.
Bunno, uro aHanmm3 ¢ Oonee KECTKUMH KPHUTEPUSAMH Ha MapaMeTphl
COOBITHSI IPH MEHBIIEM KOJIM4ecTBe CTpyH addextruBeH. Tonbko GoH
OT tt-COBBITHII TPHCYTCTBYET B BHIOOPKE.

'T :I T T T T T 17T T T 17T I T T 17T I T 17T | LB LB | T T T |:
£ ATLAS OsuU3 7
N —0— — SMBG |
>10°E o ®i
U] C R — ]
s I ]
= 10 —= =
2 F 1
M —— :
v g , E
= _"|:_ E
C L ]
0'E 3
g2l Pl e b B by v by by w By
10°0 500 1000 1500 2000 2500 2000 3500 4000

Effective Mass [GeV]

Puc.15.3.Cm.Texcr.

AHaNOTUYHbIC PE3yAbTATHI MOYYCHBI Il COOBITHH C TBYMS
JenToHamMH W t-lentoHamu. Ha puc.17.4 moxazaHel oOmactu
napamerpoB MSUGRA, koTopeie MOTyT OBITh YCTaHOBJICHBI MHpPHU
3HaYUMOCTH 5C Ha MHTErpajbHOW cBeTUMOCTH 1 (1)6'1 IIpU aHajIu3e
COOBITHIA C YETBIPEMS CTPYSIMU M Pa3HBIM KOJIMYESCTBOM JICHTOHOB IS
BenmmunH tarP=10 (cnesa) u tarP=50. ['opu3oHTaIBHBIE W KPHUBBIE
MyHKTUPHBIC JINHUY [TOKA3bIBAIOT KOHTYPHI MACC TIIFOMHO U CKBapKa,
COOTBETCTBEHHO, ¢ marom 5001 B.
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Puc.15.5. [Ipenckaszanus, ananoruunsie puc.17.4,Ho it cOOBITHI C
Pa3HBIM KOJIMYECTBOM CTPYH M OTCYTCTBHEM JICIITOHOB.

N3mepenus xapakrepuctuk SUSY codbrTmii

B ATLAS  pa3paboTaHbl  MeTOIbl,  IO3BOJISIIOLINE
pekoHcTpynpoBaTh pacmaabl SUSY wactun u  onpemensite U3
CBOMCTBa, NMPUMEHHUMbIC HA HAYAJIbHOW CTAJUU SKCIIEPUMEHTA IIPH
MHTerpanbHoil ceetmocti 1 o™

Pacriagpt SUSY wactui MMeroT, Kak IpaBWiio, OOJBIIYIO
BEJINUUHY HesocTaromei SHEPrUU n3-3a TIPUCYTCTBHSA
HEJICTeKTHPYEMBIX ~ HelTpamuHo. B 3ToM  ciiyyae  cmekTpsl
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3¢ (GEKTHBHBIX MacC JBYX JICITOHOB, IBYX CTPYH WM CTPYH H
JICITOHA HMCIOT  XapaKTepHBIE TOPOTM WM Kpas CIEKTpa.
CymectBytor U apyrue ocobeHHoctn SUSY coOwiTHii, KOTOpBIE
MOT'YT U3MEpATHCS B IETEKTOPE.

B cnywae obHapyxenus curHana SUSY, aHaim3 J0ipKeH
OIPE/ICIINTh MAacChl HOBBIX YaCTHIl U YCTAHOBUThH MapaMeTpbl MOJICIH.
Ilockompky TpH YCIIOBHHM COXpaHEHHS R-4eTHOCTH KOHEYHBIe
cocrostuusi LSP He wu3MepsitoTcss B JIeTEKTOpe, Kpas CIEKTPOB
3 PeKTHBHBIX Macc Oojee WH(DOPMATUBHBI IS OMPEHCICHHUS MAacc
YacTHI[, YeM MakcuMyMbl. [Ipu HapymieHnd R-4eTHOCTH HOBBIC
YaCTHIIBI MOTYT HUMETh OOJBIIOC BPEMs JXH3HH M paclaiaThCs B
JIeTeKTope HajeTy. B 3TMX ciydasx MOTyT HaOJIrJIaThCs
crnenu(UYecKue XapaKTEPUCTHKH OOBEKTOB, PETUCTPUPYEMBIX B
ZIETEKTOpE.

[Ipu n3y4eHUH LETIOYKHU pacmaaa

G — q(— P07 q) — X 1g

CumBon gL 0603HauaeT cymeprmapTHepoB NerkuX U m d-KBapKoB,
KOTOpBIX, KaK OXHJAaeTcs, pa3IHuYuTh IO Macce He YyAacTcs.
AHaNOrH9HO Hcmonb3yercs cumbon qR. IlepeMenHas c-TomepedHoit
Maccel MT2 4yBCTBUTENIbHA K Macce MPaBOTO CKBapKaB COOBITHSIX,
IJIe pOXKaeTcsi MapackBapKOB U KaXK/IbIi pacnanaercs mogo0Ho

EERHQ;}:’IO

Jlist ompeneneHuss Macchl CTON KBapKa HCIONB3YeTCsl Kpall CreKkTpa
s dexruBHBIX Macc bt-kBapkoB B pacmame

o e Ar a4

g—hit — X1 bt
B tabmune 15.4npuBeseHs! pacCUNTaHHBIE 3HAUEHUS KPaeB CIIEKTPOB
3 }EeKTUBHBIX MacC I8 TPeX BBIACICHHBIX TOYEK HPOCTPAHCTBA

napameTpoB SU1, SU31 SU4.
Tabmuma 17.4.
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Mass Distribution

SU1 end point (GeV)

SU3 end point (GeV)

SU4 end point (GeV)

edge

e 56.1,97.9 100.2 536
mdee 77.7.49.8 98.3 53.6
nig 611,611 501 340
iy 133,235 249 168

L 180, 298 325 240
s 604, 581 418 340

Ha pucynke 15.6moka3zansl pacnpeneneHns 3pHEeKTUBHBIX MacC ABYX
nentoHoB B coObitusax SUSY curmama u  ¢goma CM  mocie
nNpUMeHeHus] KputepueB otoopa mst touek SU3 npu 1 ¢6-1(nesbrit
pacynok) u SU4npu 0,5 $6-1. CristomiHas ructorpaMma OTHOCHTCS K
CM, Ttoukn 0003HAYAIOT CyMMy CHTHala W (hoHA. ATIpoKcHMAanus
pacnpezenenus st Toukn SU3 mokaszana mosjokeHue Kpasi CreKTpa
IBYyX JenToHoB npu macce 99,7 + 1,4 ¢rar.) = 0,3¢uct.) I'3B, uro
cornacyercs ¢ uctuHHBIM 3HadeHne 100,215B. Anmpoxcumanus Ha
MPaBOM PUCYHKE JaeT BeIW4uHy Kpas cmektpa 52,5 + 2,4 §rat.) %
0,2(cucr.) I'3B npu TeopeTndeckoM 3HaueHnn 53,613B.
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H3mepenust pOTOHOB M A0JITOKMBYIIHX YACTHI[ B
JIeTeKTOpe

JIJI1 HEKOTOPBIX CIIEHApUEB HAPYUICHUS CYNEPCUMMETPUH B
cobprtnax SUSY He o00s3arenbHO MPUCYTCTBHE TaKUX OOIINX
CBOWCTB, Kak MHOXXECTBEHHOE 00pa3oBaHWE CTpyH € OOJBIIMMHU
MOTIEPEYHBIMA MMITYJIbCaMH W OOJbIIast HEIOCTAIOIIAs MOTepeyHast
sHeprus. Takumu xapakrepuctukamu SUSY coObITHIE MOTYT OBITH,
HarpuMmep, (OTOHBI ¢ OOJIBIIMM IONEPEYHBIM HMMITYJIBCOM, Kak
pPOXJIEHHBIE TIPH B3aUMOAEHCTBMM IIPOTOHOB, TaK M OT pachaja
JIOJITOKUBYIIMX YAaCTH, TOJITOKUBYIIHE 3apsKCHHBIC C-JICNTOHBI U R-
anponbl. Takue mpouecchl MOIyT HMMEThb OYEHb Maiblii (oH
CraHmapTHOW MOJAETH W, TaKUM 00pa3oM, HX HCCICAOBAHHE MOXKET
YCTaHOBHTH TIpPENeNbl MapaMeTpOB HEKOTOPBIX MOJENCH HapyIIeHHS
CEeMePCUMMETPHH.

B ATLAS BHIIOHEHO MOJCIIMPOBAHNE TIOTEHIMANA OTKPBITHS
s¢pdextoB Gauge-Mediated Supersymmetry Breaking (GMSB)
mogaenu, mogenu Split Supersymmetry (Split-SUSY) momenu LSP
IPABUTHHO NPH HHTErpanbHOi cBetMocTH 1 (6™

UYeTthplpe XapaKTepHBIX MPU3HAKa COOBITHH MCCIEAOBaHO: TBA
¢oToHa ¢ OONMBIIUM D, U OOJBIIAs MOTEpSHHAS 3HEPrHs, (OTOH, HE
CBSI3aHHBII C MEPBUYHON BEPILINHON B3aUMOJCICTBUSI, CTAOMIBHBIN C-
JISNTOH M CTa0WIbHBIA R-aapoH.

B mopnemun GMSB cIenyromas 3a caMOd JIETKOM dJacTHuIleit
NLSP siBnsieTcs yacTuma 1 u ot pacmajos AByX 3THX 4acTuil B G u
(OTOH TOSBISIOTCS JABa HM30JIMPOBAHHBIX (DOTOHA ¢ OONBIIUM P, U
OoutpIast moTepsiHHAS SHEprus. JlmarpaMMa Takoro pacrmazia nokasaHa
Ha puc. 15.7®on CranmapTHON Monenu Ais TaKUX COOBITHIA OYeHBb
MaJ W MO3TOMY IOTCHIMAT OTKPBITUS I OONBIINX 3(PPEKTHBHBIX
Macc BEIUK MPH MaJlod HHTETrPaJbHON CBETHUMOCTH. DKCICPUMEHTHI
YCTAHOBHMIIM HIDKHIOIOrpaHMIly Macchl wactuua Ol B 93 IBB n
qacTHIBI yacTuna y 1 B 1671B.

B Hekoropbix cieHapusx GMSB wactiua y°1 sBisercs
OTHOCHTENIFHO AonroxuByieil. Eciu amina e€ mpobera conocraBiuMa
¢ pasmepamu BryTrpennero merextopa ATLAS, 10 doTOHBEI OT €&
pacmajoB MOTYT o00pa3oBBIBaTh Kackagsl B KaJlOpUMeTpe, He
HATIpaBJICHHBIC HAa TCPBUYHYIO BEPIIMHY B3aUMOICHUCTBHA. B 3TOM
ciIydae, OIHAKO, MOXET CHW)KaThCI M TOYHOCTH PEKOHCTPYKIHNU
(oTOHA, MOATOMY 31eCh TPEOYIOTCS JOMOTHHUTEIBHBIC UCCIICIOBAHHS.
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CoBpeMeHHbIE 3HAUCHUS] HIDKHEH TIpaHUIbl JUI Macchl M BpEeMEHH
JKM3HM C-1enTOHOB cocTaBisiioT 1011B u 5 He, cOOTBETCTBEHHO.

Ilon cTaOWIBPHBIMH YacTHUIIAMH 37eCh MOHUMAIOTCS TaKHe,
BpeMsI JKM3HH KOTOPBIX II03BOJIIET MM BBUICTETh 3a IPEAEIbI
nerektopa ATLAS. Takue craOWIIbHBIC TSXKEIbIe C-JISITOHBI MOTYT
CYIIECTBOBATh B HEKOTOPHIX clieHapusx GMSB. OHu 00pa3yioT Tpek,
MTOTOOHBIA TPEKy MIOOHA, HO C OOJIBIIEM BPEMEHEM IT0JIeTa IO CBOETO
pacnana. MroonHblil crektpomerp nerektopa ATLAS mossomser
M3MEPSTh BPEMEHaA MPOJIeTa ¢ BBICOKOH TOUHOCTBIO (Gior = 0,7 HC), UTO
obecrieuyrBaeT BO3MOXKHOCTh MPELHU3MOHHOTO W3MEPEHUsI MacChl s
MEIJICHHBIX YacTHI. KpUTHYHBIM 31eCh SBJISCTCS OCYILCCTBICHHE
TpUITEpa Ha TaKHe 4YacTHIl B YCJIOBUSAX OOJIBIIOW YacTOTHI
nepeceucHuid OaHuyeil B yckoputene. boiee paHHHE SKCICPUMEHTHI
YCTaHOBWJIM HIDKHIOIO TPAaHUITY Macch c-inentoHoB 1051B.

CraOuibHBI MACCHUBHBIN CymepcuMMeTpuuHbiid aapon (R-
anpoH) mpeznckasbBaercss Mmomensimu  Split-SUSY wimu  crienapun
SUGRA mozeneii ¢ rpaButuno B kadectBe LSP.Curnan R-agpona B
ETeKTOpe TONO00EH CcHTHaMy c-jentoHa. OTIHYMs COCTaBISIOT
MHOXXECTBEHHBIC ~ SIJICPHbIC  B3aMMOJACHCTBUSI B  JIETEKTOpE JI0
JOCTHKEHHS aJpPOHOM MIOOHHOM CHCTEMBI. OTH B3aUMOACHCTBHSA
NPUBOJAT K TMOSIBJICHUIO B MIOOHHOH CHCTEME TPEKOB C OOJBLIMMH
MOMEPEYHBIMUA HMMITyJIbCAMH, Y KOTOPBIX HET MPOJOJDKEHUS BO
BHyTpeHHEM neTeKkTope WM 3HaK JJIEKTPUYECKOTO 3apsiia Tpeka
pa3iaMyacTcsl B MIOOHHOW CHCTeME€ M BO BHyTpeHHEM JeTeKTope.
Cy1iecTByromas HIKHSIS TPaHHLA Mace JUIsl TAKUX YaCTHIl COCTABIISET
2001B.

Pnc 15.7. lnarpamma pacrmiajia caMoro JIErKOro HeHTpalnHO
NLSP %°1 na rpasutnso G u ¢orton. IIporecc BO3MOKEH B MOJEIH
GMSB ¢ N5=1 u wmamno#i BenmuuuHOW tarf, korma HEUTpaIUHO
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SIBIISICTCSL. B OCHOBHOM (hOTHHO. B 3TOM ciiyyae CTaHIapTHBIA pacraj
SUSY ckBapkoB U TIIOMHO BBINISAIUT, KaK MOKAa3aHO HA TUArpaMMme
xol — G y. B BeTBH pacnana MOTyT IPHCYTCTBOBAThH CTPYH.

Jlns  MozmenupoBaHHWS IEPBOTO  ClIydash HCIIOIb30BaJICs
BapuanT Mmomend GMSB ¢ BeposITHOCTBIO pacmaga Jierdaumniero
HEUTPaIMHO Ha TPaBUTHHO U (PoToH ~ 97% WM MONHOE CeueHUEM
poxnenust SUSY cocrasnsier ~7,816. [Tocne npuMeHeHNsT KpUTEpUEB
orbopa pacmpeieieHHe IO 4YHuCly (OTOHOB ¢  IONEPEYHBIM
umymscoM p; > 20 @B u | < 2,5 momyueno B Buze,
IIpe/ICTaBIeHHOM Ha puc. 15.8.

ATLAS = GMSB1
10 .Z

=W

=
—Jets

1w

10

Number of events |1 fb']]

Puc.15.8.Cwm. Texkcr.
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G NLSP | i i
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100 150 200
A[TeV]

Punc.15.9. 3HaunMOCTb OTKpHITHS HAa YpOBHE 5C B Monenn
GMSB SUSY B none mapamerpoB A - tarff mms pasHBIX 3HaAYEeHHUI
MHTETPaJbHOIN CBETUMOCTH. [[jist 00MacTy BbILIE CIUIOLIHON JIMHUH HE
OTpe/IeIeHO 3HAYMMOCTH B KaHaje C perucrpauueil 1ByX (OTOHOB C
GONBIIMME P,. 3HAYMMOCTH CHTHAIA ompesensercs kak Sig = S/VB,
rae S —4ucio coObITHil curHanma, B - ymcmo QoHOBBIX cOOBITHIA,

OTOOPAHHBIX MO KPUTEPUSM.

[MpuHnun perucrpanuu GOTOHOB OT pachaa JOJIT0KUBYIIUX
CYNEpCUMMETPUYHBIX YaCTHI[ B DJICKTPOMATHHUTHOM KaJIOPHUMETPE
mokasaH Ha puc.15.10.

I.l?l';':l i l : e gl
o _' e _' : h:(“lz)
FrontLayer -~ '
1 {n4)
[ i— o

Puc.15.10Cxema  peructpanmu (GOTOHA OT  pacmajga
JIONTOKUBYIIEH cynepcuMMeTpuaHon gacTrubl ¥01.
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Mepeoiit cmoit EM  u3mepsier Benmumny m (kiacrep 1),
BTOpO# 3HaueHUs M U ¢ (kinactep 2 Ha pucyHke). Bexrop ¢orona
pekoHctpyupyercs B iockocth  (R-Z)  uw Moker  OBITh
9KCTPANONNPOBAH A0 IEPECEUCHUs C OChIO IydKa B Touke Z'. Kackan
Takoro (oToHa OyAeT 3aperucTPUPOBAH OONBIIUM KOJINYECTBOM
S4eeK, YeM CUTHal (OTOHA M3 OOJACTH CTOJIKTOBCHHUS ITy4KOB. B
cily4ae, ecid HeHTpalnHO uMeeT cpeiHee Bpems xu3Hu Oonee 0,05
HC, €ro MOXHO OyJeT U3MepuTh MO 3HAUCHHIO KOOpAUHATBl Z'.
ITockonbky HEHTpaTMHO MacCHBHAs YacTHIA, (JOTOHBI OT e€ pacmajaa
Oynyr mnpuxomute B EM kamopumerp mnozxe, 4eM (OTOHBI OT
B3aUMOJICHCTBUS MEPBUYHBIX NMPOTOHOB. M3MepeHne 3Toro BpeMeHU
TaK)KE MOXKET CIY)KUTb JUIsl IOUCKA TAKUX «HETIPSIMBIX» (DOTOHOB.

MopenupoBanuch JBa MeTo/a HU3MEpEeHNUS -
IIPOCTPAaHCTBEHHass PEKOHCTPYKIMS M BpeMeHHOW curHan. O0a
METOJa  MOJAENBHO  3aBHCHUMBI,  TPEOYIOT  IOMOJHHUTEIBHOM
kamuOpoBku. [Ipm  oOHapyXeHMHM CHTHajJla COBMECTHOE HX
UCTIONb30BaHNE MOXET YCTAHOBHTH T'PAaHMIBI 00JAacTed mapamMeTpoB
MOJIEIEH.

TsKenblii 3apsKEHHBIH C-NENTOH / CYIIECTBYET B PAa3HBIX
Mojensx. MozenupoBanue BbIIONHEHO it mojgenmu GMSB SUSY,
e npy GonbmmxX 3HaveHHsx tarP npucyrcrsyer NLSP c-nenton 7 ,
c1abo CBsI3aHbBI C TPaBUTHUHO. Ero CKOpOCTh 3HAYMTEIHHO MEHBIIIC
ckopocTH cBeTa B < 1. IMIyIbCHBIH CHEKTp, a cleaoBaTenbHo u B, [
YacTHUI[ SBJISAETCS MOJECIBHO 3aBUCHMBIM. B cimydae Oonbmioi
CKOPOCTH [} TaKHMe YacTUIIBI HEOTAETUMBI OT MIOOHOB. [Tpn mMansix f§ <
1 ux MOXHO BbIEIHUTH B feTekTope. KomnoneHnTs! nerekropa ATLAS
NMpHUBs3aHl K  MOMEHTy nmepeceueHuss Oanueii BCID B
MPEIIIONOKEHHH, YTO CKOPOCTH POXKICHHBIX YacTHI[ ONM3KH K
ckopocti cBera P~1. CurHamsl MeIUICHHBIX YacTHI[ B JIETEKTOpE
MOTYT OBITh TOTEPSHBI B JETEKTOPE WM OTHECCHBI K JPYromy
MomeHnty mnepecedenuss BCID. [Ins BbimeneHus TakuX COOBITHI
JIOJKEH OBbITh pa3paboTaH ClelNUaNbHBIA TPUITEp U cucTema cOopa
JTAaHHBIX.

MogenbHble coObITHA cooTBeTcTBOBAIIM GMSB TOuke 5 ¢
napametpamu: A=50 T5B, Mm=250 T5B, N5=3, tarf= 5, suax(u)=+,
Cepas=5000. B 3T0i1 TOUKe Macchl CKBAPKOB M TIIIOMHO COCTABIISIOT
okoino 700T3B, macca Heitrpamuno 11413B, T u [ umerot maccesr 102
u 10013B, coorBercTBenHo. CeueHue B 3T0ii Touke 2316, T 1 €, i
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spnsmorcss co-NLSP wactunamu u o6pasyrorcs B pacnagax x0 — 1 1.
BcreacTBHE MAloro pa3iuuus MAacC HEHTpalMHO M C-NeNTOHA, | u
JIENITOH TIPUMEPHO KOJUTMHEApHBL. Pactipenenenus no p, (cmesa) u mo
CKOPOCTM P I | M CONPOBOXJIAIONIEr0 JIENTOHA (MIOOHA) B
MOJICIIBHBIX COOBITHSAX TOKa3aHbl Ha puc. 15.11.

ATLAS
700 10° 3 3
800 F A7
500 — slepton T ‘J.Jr 1
— muon 1RE |—muon i

1\‘..

T ERTRIRERTE FRERE ATRTRATRTE AREN1NRRTE IS

e -
IARTERTETY IRRTANT]

= i | SoTind |
[‘U 50 100150200 250 300 350 400450 500 &4
P, [GeVic]

Puc.15.11.Cm. Tekcr.

Jns toro, 4ToOBI pPACIIMPHUTL XapaKTEPUCTUKH COOBITHH,
cootBercTBytomux GMSBS5, Oblii HCIIONB30BaHbI COOBITHS C T, ¢
pasHbIMH [ M PaBHOMEPHO pacHpesiesieHHbIE 110 ICEBIOOBICTPOTE.
Split-SUSY cobsitust ¢ gonroxuByiumMu riaronso Maccoit 300u 1000
I'3B Taxke HCIONB30BANINCH AJISI aHAIN3A.

Ha puc.15.12n0ka3aHo pacnpeaeieHue mo Maccam COOBITHIA
GMSB5, otobpanHbIX pa3paboTaHHBIM Tpurrepom L2 (remHas
0051acTB), BMECTE C paclpeeneHueM (POHOBBIX MIOOHOB (IyHKTHpHast
rucrorpamma). Cymma  pacmpeneieHHil MMOKa3aHa  CIUIOIIHOM
rHCTorplaMMoﬁ. KonmuecTBO COOBITHI COOTBETCTBYET CBETHMOCTH
500m6™.
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TOYHOCTH, JNOCTUTHYTHIC MPH PEKOHCTPYKLUH COOBITHH C
Me[neHHbIME  dacTumamu  GMSB5 € momomipio - anropurma
pekoHcTpykiuu MrooHoB MuGirl), mokasans! Ha puc. 15.13.
TsoKenble  JONTOXKHMBYIIUE C-JIENTOHBI MOTYT OBITH H3MEpEHBI B
nerektope ATLAS, ecid OHM CyLIECTBYIOT, yX€ Ha HadalbHOMN
MHTETrpaIbHON CBETHUMOCTH SKCIIEPHMEHTA.

= E =800

Fad EN; ATLAS
e _F 700
S1800F g0
o F @ F
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1400F s00F-
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400F F
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B -truep reconstructed mass (GeV)

Puc.15.13.Pa3pemnicHre npu u3MEpEeHUH CKOPOCTH 3 M1 MACCHI
c-nernronoB GMSB5.
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Iounck R-anponoB B nerekrope ATLAS.

CraOuibHbIC I[BETHBIC aJPOHHBIC COCTOSHHS C OOJBIION
Maccoil mpeickaspiBaroTCs MHOrUMH Mogesimu  SUSY. Anamus
BBIOJIHEH Ul R-aipOHOB, 06pa30BaHHbIX MM CTAOUIBHBIMA [TIIOUHO
Rg wmu cton Rf B pamxax monemn Split-SUSY (stop NLSP/gravitino
LSP, cron NLSPfpasutnno LSP crenapwmii), HO MOXeET OBITH
MIPUMEHEH H JUTS IPYTUX CICHAPHEB.

JuarpaMmsl poxkieHns Rg wiu Rf B THANPYIONIEM TIOPSIKE
IpuBeeHs! Ha puc.15.14.

Puc. 15.14. JluarpamMmbl poxaeHus Rg winm Rf B JTHAMPYIONIEM
HOpSIKE.

Paccesuue R-agpoHOB B BemlecTBe OBLIO YYTEHO B ITOMOIIBIO
GEANT4. TunuuHble NOTEpU SHEPrHM BO B3auMOJCHCTBHAX R-
aJpOHOB HEBEJIMKH, MOPsAAKAa HECKOJbkHX ['3B Ha B3ammopeincTBue,
MTOCKOJIBKY TOJNBKO JIETKHII KBapK M3 cocTaBa R-aIpoHOB NOIDKEH
B3aWMO/ICHCTBOBATh C BEHICCTBOM, OCTABJSSI TSDKEJIBIA CKBapK HIIH
TIIIOMHO HaOJroIaTesieM. JTo 03HavaeT, u4To 1oJs R-aapoHoB, kKoTopast
Oyner Boimenena tpurrepom ($>0,6) wiar OCTaHOBHUTCS B JETEKTOPE,
npeHeOpexkuMo Mana. B momoiHeHHEe K HEPreTHYeCKHM IOTEpsM,
0COOEHHOCTBIO R-aJIpOHOB CIIY’)KUT TO, YTO OHM MOTYT HU3MEHSTh
3apsi WM OapHOHHOE YUCIo. BeeicTBe MHOTOKPATHOTO PACCESIHUS
B BelecTBe Rg MM Rf —aipoHbI, He COZepIKallie aHTH-CTOI KBapK, B
OCHOBHOM JIOCTUTaIOT MIOOHHBIH CIIEKTPOMETp B BHIE OaPHOHOB. ITO
MPOUCXOJUT M3-3a MEPexXoia ME30HOB B OapUOHBI, TOrJAa Kak
0o0paTHBIN mepexo] 3ampemieH. AHTHOApHUOHBI, KaK OXKHIAeTCH,
JIOIDKHBI AaKTHBHO AaHHHTWJINPOBATH B BEIIECTBE M Rf —aJpoHbI,
COJIEpXKAIME AHTH-CTOI KBapK, IOCTHTAOT CICKTPOMETP B BHIE
ME30HOB.

Ha pwuc.15.15 moka3aHel cHeKTpbl TpekoB R-anpoHOB st
pasHBIX Macc W MHTerpaibHOil ceruMocti 167, Kak n ciegoaso
OXKHU/IaTh, COOBITHS CHTHAjJa HMCIOT 3HAYUTEIBHO 00Jiee BBICOKUE
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MOTIepevHble UMIYJBCHI, JocTUrarmue BeauuuH ~1 ToB. doHoBBIX
COOBITHSI UMCIOT 00JIee MATKHE CIICKTPHI.

JlononmHuTenpHas uaeHTHOUKAusS R-aZpoHOB BO3MOXKHA, B
9aCTHOCTH, C TIOMOIIBIO JIETEKTOpa mepexoaHoro m3nydenns 1RT. Ha
puc.15.16mokazaHo OTHOIIEHWE YKCIa CUTHAIOB TRT ¢ BBICOKHUM U
HU3KHM TIOPOTOM, MO3BOIAIONIEE BHIICITATH RE-aIpOHEI ¢ Maccoif
1000 I'3B, ux pacmpeselneHHe MOKa3aHO CIUIOIIHON THCTOIPaMMOM.
MiooHBI cocTaBisoT GoHOBBIe coObITHs. Pasubie oporu (~200M>aB
HU3KHI 1 ~6,5K3B BBICOKHIA) BBIAENAOT RE-aApOHbI, KOTOPHIE H3-3a
OOJIBIION MacChl MMEIOT OrpaHMYEHHbIE 3HAUYCHHMS CKOpOcTH [ H,
COOTBETCTBEHHO, MEHBIIICE YKCIIO CUTHAJIOB IMIEPEXOJHOTO H3ITyUYCHU,
BBIZICTISIEMBIX BBICOKUM 1OporoM. CyIlecTBYIOT Takxke Apyrue
0COOCHHOCTH, TIO3BOJISIOIINE BBIICIATH TPEKH R-aqpoHOB.
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Puc.15.15.Pacnipenenenus tpekos dn/dptmo nonepeyHoMy UMIysibCy
st p, > 50 I'9B Bo BuyrpenHem petektope (cineBa) U MIOOHOM
crektpomerpe (cmpaBa). BepxHue, cpemHne W HIKHHE PHUCYHKH,
COOTBETCTBEHHO, Ui Rg, Rf —ajpoHOB M (DOHOBBIX TPEKOB.
Pacnipenesniennst 1t pasHBIX Macc R-agpoHOB MMEIOT MacuITaOHBIC
MHOXHUTENH 10xN, MPUBEICHHBIC Ha PHCYHKAX.
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Puc.15.16. OtHomeHne 4ucna curHaioB TRT nerekropa
MEPEXOJHOTO M3IYyYCHUS C BBICOKHM ©  HH3KHM IIOPOTOM,
mo3BoJIsTIONIee BhIEATh R-anponst (Rg).

Pe3ynbpraThl aHanM3a  TOKAa3bIBAOT, YTO CTaOWJIbHBIC
MaCCHBHBIE DK30THYECKHE aaApoHbl (R-aIpOHBI)MOIYT OBITH OTKPBITHI
B nerektope ATLAS B agmamazone macc 10 1 ToB mpu mHavambHO#
ceernmoctH 1967~

OO6umii aHanu3 mokasaji, YTO NPU HAYaIbHOW CBETHMOCTU
~1p6™" nerexrop ATLAS cmoxer Habmogath MHOTHE S(QEKTHI
CYyNepCUMMETPUYHBIX  MoJeNell, ecoM  OHH  CYHIECTBYIOT.
Pa3paboTtanHbIe I CYyNEPCHUMMETPUIHBIX MOJETICH, METOIbl aHAIIHN3a
MOTYT BBIIEIIUTh TPAKTHYECKH JIIO0bIe MPOSIBICHNST HOBOH (DU3HMKH 3a
npeaenamu CraHIapTHON Mozenu.
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3ak/aoueHue

B 2010 r. Boxpmo#i agponusrii xommaiimep LJEPH nawan
CHCTEeMaTHYeCKyI0 paboTy M0 YCKOPEHHIO HMPOTOHHBIX MYYKOB U HX
CTOJIKHOBCHHAX B TOYKAX PpACIIOJNIOKEHHUS JETCKTOpOB. IlepBrie
JaHHBIC JUTSI COYAApeHWH MPOTOHOB IpH dHeprum coymapernn 900
B u 2,36 T3B 6 momydensl yxe B koHne 2009r. Otn cambie
MepBble PE3yJIbTaThl MOIJIM CPAaBHUBATHCS C  CYIIECTBYIOIIUMHU
nanHbiMu [[EPHa nuis coymapenuii mpotonoB mnpu 900 IaB wu
TaHHBIMH THBaTpoHa, paboTalomero NpH SHEPTUH COyJapeHHH
IIPOTOHOB ¥ aHTUIPOTOHOB 0KoJI0 2 THB. Crenyromuii HaGOp HaHHBIX
C MHTEerpaibHOI CBETHMOCTBIO 4yTh Bhime 1 $6' Gyzer momyuen B
teuenne 2010-201%r. ast B3auMoeiicTBUH IIPOTOHOB IIPH BHEPTUU 7
THB.

Pesynbrarel, xapakrtepusytomme gerektop ATLAS wu
cucremarusupoBanubie B Tpyae CERN-OPEN-2008-020tHocsTes k
sHepruu coynapenuit 14 TsB, mnpoektHoi sHeprum bombmioro
agporHoro xoainepa LHC. O6bem 3TOr0 TpyIa cocTaBisieT Ooiee
1800 crpanum © TONBKO Majlass dYacTh pe3yiabTaTOB  padoT
corpyauuuectBa ATLAS mpencraBineHa B HEM.

Beille mpuBesieHHbIE JaHHBIE COOTBETCTBYIOT pPe3yJibTaTaM
9TOTO TPyZJa W OTHOCATCA Tarkke K dHeprum coymapenmit 14 TsB.
Bosbliasi 4acTh MPUBEICHHBIX PE3YJIbTATOB MOXET OBITH MOJydeHa
npu  uHTErpambHoil ceermvoctH 1 (6. BpemeHHbie paMKu
MTOJTY9YEHUs] pe3yIbTaTOB COCTABIIIOT HECKOJBKO JIET, B 3aBUCHMOCTH
OT TOro, IpPH KaKOW HHEPrMM M CBETHMOCTH OyzneT paboTaTh
KoJDTaiizep. B mepcriekTuBe TutaHUpYETCsT BRICOKHAN TEMIT HAKOTIICHUS
CTATHCTHKH B JCCATKH M cOTHH (GO 3a roj1. Pe3y/IbTaThl IpH SHEPIUHM
7 T?B, ecnn HEe NPUBEAYT K OTKPHITHIO HOBBIX YACTHII, ITO3BOJSAT
3HAYUTENIFHO PACIIMPHUTH IPOCTPAHCTBO HCKIIIOYEHHBIX MapamMeTpoB
MoJieiiei HOBOM (DU3HKH.

B nmanHON paboTe mNpHBENEHO OMHCAaHWE IIOACHCTEM
nerektopa ATLAS, XapakTepuCTHK pabOTHI JIETEKTOpa W METOJOB
peLieHust TIaBHbIX (U3UYECKHUX 33/1a4 COBPEMEHHOH (hM3MKH YacTHI,
JUIL  KOTOPBIX TMpeIHasHa4yeH »JTOT JAETeKTOp. 3ajada MocoOus
IpeArnojaraeT MpoAEMOHCTPUPOBATh CJIOKHYI0 MHOTOCTYIEHYATYIO
CTPYKTYPY COBPEMEHHOTO OKCHEepHMeHTa (QHU3MKM 4YacTHL. JTa
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CTPYKTypa BKJIOUAeT CO3/aHHE U MOJepKaHHe pabOTOCIOCOOHOCTH
CaMbIX  pasHBIX  JCTCKTHPYIOUIMX  MOJCHCTEM  JETEKTOpA.
[IporpammHast MaTeMaTn4eckas 4acTh IETEKTOpa JOJDKHAa COOHMpaTh,
AHAJIU3UPOBATh JAaHHBIC TIOJACUCTEM H MCPCaaBaTb 0T06paHHyIO u
mpeoOpa3oBaHHYI0 WHQOPMAIUIO Ui JATBHEWIIETO (HU3MYECKOTO
aHaJM3a COOOIIECTBOM YYAaCTHHKOB 3KCIIEPUMEHTA, paclpeIesICHHBIX
[0 CTpaHaM, YHHBEPCHTETaM, WHCTUTYTaM pa3HBIX KOHTHHEHTOB.
OHTI/IMI/IBaHI/IH 3aTparT Ha IMOJYYCHHE pPE3yjibTaTa U KOHTPOJIb HUX
MPAaBUIBHOCTH, COTJIACOBAHHOCTU TAaKXKE SIBISIFOTCS HEOOXOAUMBIMU
aTanmaMu padoTEHI.

Poccus BHecna 3HauMTENbHBINA BKIAA B co3gaHue bospiioro
aJpOHHOTO KOJUIaiiiepa U ero AeTeKTOpOB. X0UeTCsl HaleAThCs, 9TO U
B 00paboTKe W aHajHM3€ PE3yJbTaTOB POCCHICKUE (H3MKU IPOSBAT
ce0s1 Ha BEICOKOM ypOBHE.
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[Tpunoxenue A.

OcHOBHBIE TapaMeTPBl KAIOPUMETPHIECKON CHCTEMBI

nerekropa ATLAS.

Harpe] |

End-cap

EM calorimerer

Number of lovers and [ip | cowerage

Fresampler | oz 152 ] L
Calorimeter 3 =135 | 2
2 135 g = LATS | 3
1
Granolaricy Ar = A% vamsus [i
Fresampler 0.025 % 0.1 o 152 | Q025 =01
Calorimeer 1st layer 0.025,/8 =0.1 oz LD | QOG0 = 0.1
0025 D025 140« i = LATS | OO25 =0.1
CL025,/8 = 0.1
CLO05 6 o .1
CL025,4 =« 0.1
0025 = 0.1
[N
Calorimeder 2nd layer 0023 = 0025 i oo LAD | U050 = 0,025
0075 <0025 140« || = LATS | 0025 = 0025
Ol =01
Calonmeber 2rd laver 0.050 < D028 il = L35 | QOG0 <0025

Numker of madam channe ks

Fresampler TEIE L336 (b sides)
Calorimeter 11780 E2208 (hoih sides)
Lar hadromic end-cap
17 | covernge L3 ] =32
Number of lavers 4
Granularity A = 43 [ENIEYi N 5 ¥
02=0.2 5 il
Eeadcat channe ls 3632 (boih sides)
L forvward calorimeter
1 | covernge Il pcd
Mumber of lavers 3
Cranulanty &x « &y (zm) FCall: 1.0= 16 4,30
FCall: - four iimes ficer 115,
433
FCalz 3.3x4.2 4.50
FCalZ: - four fimes finer 1,
4.4l
FCal® 5.4 47 460
FCal®: -~ four iimes ficer 1133,
475
Eeadcat channe ls 3524 (borih sides)
Scintillator tile calorimerer
Bamel Exended bamel
ip | coverage il = 10 08|y = L7
Number of lavers 3 k]
Granularity A = 42 [NEEYN] 00 =0l
Last laver 0.2=0.1 02 =01
Eeadcat channe ls FTE0 4087 (hoih sides)
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IIpunoxenue b.

Pacnpenenenue Bemniectsa a kanopumerpax ATLAS

20—

12

Interaction lengths

=]

05 1 15 2 25 3 35 4 45 5
Pseudorapidity

8
6
4
2
%

Puc.b. KommuecTBo BemecTBa B €IWHHUIAX  IJIAHBI
B3aMOJICHCTBHS Ay, MPU PA3HBIX 3HAYEHHSX TCEBAOOBICTPOTHI || B
nmerekrope ATLAS. Tloka3aHo KOJMUYECTBO BemiectBa a0 EM
KaJOpUMETpa, OTACIBHO B KAXKIOM OJIOKE KATOPUMETPOB U IOJIHOE
KOJIMYECTBO BEIIECTBA IEpe] MEPBBIM aKTHBHBIM CIIOEM MIOOHHOTO
cnexkrpomerpa (mpu | < 3).
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[Tpunoxenue B.

XapakTepuCTHKU KaMmep MarHuTHoro cnekrpomerpa ATLAS.

Monitored drift tubes
- Coverage
- Number of chambers

MDT
[n| < 2.7 (innermost layer: |n| < 2.0)
1088 (1150)

- Number of channels 339000 (354 000)

- Function Precision tracking
Cathode strip chambers CSC

- Coverage 20<n| <27

- Number of chambers 32

- Number of channels 31000

- Function Precision tracking
Resistive plate chambers RPC

- Coverage [n| < 1.05

- Number of chambers 544 (606)

- Number of channels 359000 (373 000)

- Function Triggering, second coordinate
Thin gap chambers TGC

- Coverage 1.05 < |n| < 2.7 (2.4 for triggering)
- Number of chambers 3588

- Number of channels 318000

- Function

Triggering, second coordinate
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