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® Take a charged object A
rotating around an axis

p=1IA

:u=§qu .

charged body rotating

e But, using angular 9 around an axis of
momentum, svimmeltry
L = mur St e LV b
q
Sl —
ﬁ 2m
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[ Ocdzd lsdzr 2 Btsd3j dzls «

So0dkzEsso OV dZy ~n Odzd S O ftojHMEOLT 80 1Is, Ylsts
Fcdztso 52 idgipifjddeise , O L dzOydls, d o dzlzlstcj dzdzd

e

® |n QM, particles (such as
electrons) have a spin,
which is really just
angular momentum

® A spin-1/2 particle (like
electron) should have

angular momentum of

h 1 i ftcOo d dz dzts!
S=§

spin
charge
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® Beam of silver atoms passes | tebeamoite I,,,,._M,

) atoms of silver
through inhomogeneous Th s
magnetlc ﬁeld /A%msrwhiﬁ
late
® Result was atoms deflected -
% § N l ms= +(1.2)

either up or down

The furnace The special shaped
with silver magnets

® |ater understood to be
due to 2 spin states of
the valence electron

The Stern-Gerlach experiment On the photographic plate are two clear tracks.

Gerlach and Stern,

Z.Phys. 8, 110 (1922)
® But, the magnitude of

magnetic moment was
wrong!

ﬁ = gi? = gyromagnetic ratio
om g§=8 g

[Ocdzdlsdz 2 s dzs ©lsdzd YO j BENOL 5 € &zO

/

J]JesdBdOcdzd Isdetsy Blsdatsh §
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¢ dzts Q3O dz! dz" 2

BOG dzd Is ¢

AThe magnetic moment of the particle relates to its spin angular

momentum via the gyromagnetic%lctor, Q.

p O—V
C a

Aln Dirac theory, point-like, spin Y2 particle has "Q ¢ exactly

AExperimental values:

g, ° 2002
g, ° 2002
g,° 5586
g. ° - 3.826

\

7

point-like
particles

compound
particles

¢ dzts BBOdz! dzf 2 i3OG dzd Isde’ 2Q @K d34 dzls

W PpTI
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(0-2)1 dzj ¢ Is tc t5 dzO

The best precision is achieved for electrons (g-2). The value of @ is
used to get the best determination of fine-structure constant| .

D. Hanneke, S. Fogwell, G. Gabrielse,

ae = (115965218 073-

Phys.Rev.Lett.100:120801,2008

-28) x 10714 (0.24 ppb)

trap cavity

quartz spacer

nickel rings <
0.5cm]

bottom endcap
electrode

microwave inlet

electron top endcap
electrode

compensation
electrode

ring electrode

compensation
electrode

field emission
point



[ 560Oh jdCts R. J . CCffjtedds dels Oz dzr 2 fyj kg ddilte R C A

(0-2) 3 sdzO G O¢ ddzMmistelz d3
dzso™ m 9L Go[dySch’gYQ fnls?cfi

Concerning the Radiative Correction to the
u-Meson Magnetic Moment a
V. B. BERESTETSKII, 0. N. KROKHIN m y : h

AND
A. K. KHLEBNIKOV First Order QED Higher Order
(Submitted to JETP editor January 7, 1956) Vertex Correction Loop Correction

J. Exptl. Theoret. Phys, (U.S.S.R.) 30, 788-789
( April, 1956)

(0-2) B% 5 z@0,000t6OL Bisdzj j ukofise dlsj dzj d ¢
tOBC Oid lsOdzr Otsls day-2) ¢ dgfp 6 Js dzdh dzOY § B

a,= a%ED n a/I;I7ad + aVn\éeak + a/|>|7€WPhySICS
: 2
1,000000 : 60 : 13 . ° %mm/mxg

Jprdzs BT Mg ddzls g toj Mdzydpd foldnefdsdz’ Ldste Odsd 8¢
ftesdLotsHdIs! d tsdzd Mdzdh CStsd3 B Mistets tOMY C



[ B SDIZZdZO[Q O dz dz,r
dzOB tstc Ols ts to dzr 2

m, =207 x m, -
(m,/m,)? = 44,000 - a typical new-physics sensitivity factor

S

» Interacts through its electric charge and magnetic
moment, and its weak charged and neutral currents
(but not the strong force)

+ A pu*can form a hydrogen-like p*e- (QED) atom
« A canform a hydrogen-like pA atom

Muon

« Its ~ 2.2 ps lifetime is long enough to form beams and Proton
long(ish) lived atoms, yet short enough for precision
decay measurements

+ PV in the weak interaction implies it is born polarized

and its decay is self analyzing

}
* Its “muon-ness” is conserved to a very high (perfect?) “+_) et V.V

degree u



Assert: muonium: p*e- is the “perfect atom”

LAMPF Hyperfine splitting experiment determine:i:/ Needed for g-2
Magnetic moment ratio: p /u, = 3.183 345 24(37) (120 ppb)

Best determination of muon mass 105.6583715 £0.0000035 MeV
This atom has no structure

[FT
[ ._'_,.-i: g —
- __.-:_':'_.-"’

N - <18

IR e +
F i, 1 ey ] -v

Ll P,

o ”

S
I
o e V4

Energy /[ 4¥,,.. ]

TEome Rl
* TR Muonium (M)
* \]‘":"*-b;
* r-u::;::“
.........
Nasmetic Frekd[ 1]

Starting now: Next-generation Museum Experiment at J-PARC
-2 Xx10 improvement goal !
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1957: Garwin, Lederman, Weinrich at Nevis (Just after
Yang and Lee parity violation paper - confirmation)

, 85 MEV
PION"BE AM

CARBON ABSORBER —
TO STOP PIONS

GATE-INITIATING
COUNTERS (4"X4")

CARBON TARGET

——
. /g% r"zt:f;ﬁ':“
Nl L AN 2
'3 ~= ]

Direct measurement of g -- asym vs field

.4

COUNTS RELATIVE TO IERO APPLIED ELD
- P =) -
' 4 e
//
&'”M
—aH
|

L
+40 +.60

T | | | I i
=60 - 40 =20 [1] + 20
AMPERES = PRECESSION FIELD CURRENT

Gy = 200+ 0.10 muens behave

like electrons

5% uncertainty

1960:g =2( 1. 00 D2 D 0 0 QMB6)s sy dzts M) &Y H dzw
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[Is TEBWhJaMwW d3¥ Sdatse

AStore polarized muons in the uniform "
magnetic field B

AMomentum rotates with cyclotron
frequency:
1 Q4w
ASpin rotates with Larmor+Thomas .
frequency: momentum
1 QQiE do( 1)Q6r G
ASpin precesses relative to momentum ] .
. %— W
0

with frequency 3
T 11 0Qdaw

RNy sdz' L so Odedj HodYkh dafmw ks sdkso! § s
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CERN-1 (1958-1962)

Such experiments continued at Nevis
and CERN until 1965

Best measurement CERN | (1965)
a, = 0.001162(5) (£4300 ppm)

Just like the electron!
Sensitive to 2nd order QED

The first CERN g-2 team: Sens, Charpak, Muller,
Farley, Zichichi (CERN/1959)




[ 560Oh jdCts R. J . CCMfjted Bj dEsOd dz 2 T d3d ddVts

pr = 1.27 GeV/c
B—1.7T

i

i

Electrons go
inward to detectors

R4t

(ifll
ltHL

A o

a, = 0.001166 16(31), £270 ppm 130 ps of wiggles

Sensitive to 3rd order QED and light-by-light scattering

Lyon - Muon g-2 - UMN - 2016-04 27



Magic r (CERN-III)

Anomalous magnetic moment is independent of [ . The larger [ , the longer

muon lifetime, the more g-2 circles observed i good! But there is a problem:
particles are not stored in the uniform magnetic field.

Solution: introduce gradient with electric field to build a trap.

Viomentum —

Ymagic = 29.3 Contribution from

potential EDM
Pmagic — 3.09 GeV/c (more later)

Magic| completely determines the size of the CERN-type
experiment.
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CERN-IIl (1969-1976)

Muon lifetime dilates to 64 ps (!

RCA
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Layout of BNL experiment (1997-2001)

24 GeV Protons

3 GeV mDecay Channel

P=97%
~10* m stored



