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Elements and periodic table (PT)
 118 elements known
 IYPT
 150 y since PT proposed

by Mendelejew

1834–1907

D. I. Mendelejew,
Zhurnal Russkogo
khimicheskogo obshchestva
1(2–3), 60–77 (1869).



Periodic table of today

Element 43 Tc : Technetium
Discovered in Italy(Palermo) in 1937 
in a sample of Mo bombarded by 
deuterons at Berkeley cyclotron by 
E.O. Lawrence.



Anecdote

Emillo Segre
1905－1989
1959 Nobel prize
Discovery of antiproton

1947 named as 
"τεχνητός"(technitos)

Why not It (Itarium)
instead of Tc ?



Recent discovery of new elements

Dr. Yuri Oganessian

IUPAC announced discoveries of 4 new elements (Dec. 2015)
and approved the names (Nov. 2016)

Dr. Kosuke Morita



Who approves new element ?

(Joint Working Party)

IUPAC (International Union of Pure and Applied Chemistry)
IUPAP (International Union of Pure and Applied Physics)

considers claims for discovery and 
announces the priority

JWP

All SHE were created and found by nuclear physicists working 
day and night.  Nevertheless chemist takes all the credit and . . . 

Announce and naming of new 
chemical elements
(IUPAC takes this as their privilege)

There was a strong complaints from IUPAP to IUPAC for the way of handling.
President: Cecilia Jarlskog EPJ Web Conf 131, 06004 (2016)

Announce, naming etc. (IUPAC) 



What are the next ?

7th period completed !
Next target :119 or 120 on the 8th period!  

1198th 120119



Criteria to verify the discovery of new element
 TWG report

Wapstra et al., PAC 63, 879(1991)
 Applied for elements 110 - 118

 JWG was set up in 2017 
to revise criteria
Hoffmann et al., 
PAC 90, 1773(2018)

 Will be Applied for >118

Since exp. technology
improved much but 
criteria remained, it took 
long time to reach final 
conclusions for 113-118 
in JWP. 



Report of JWG



Hot-fusion island isolated from main land
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Hot fusion island

Island is “anchored” now !



Hot-fusion island anchored 

Mass number A  determined 

(A determined but not Z)

BGS FIONA



Next challenge : discover Z=119, 120

Cold or hot ?
Beam and target combination ?



Cold or hot ?

Cold fusion  Hot fusion
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Hot fusion

40Ar~70Zn + 208Pb,209Bi
13C~26Mg + 248Cm
48Ca + 238U~249Cf

?

<0.01 fb unrealistic 
Hopeless !

Nh(113)  (cold fusion)
22 fb,  1 event / 200 day



Beam & target combination ?

Mc Ts OgNh

Beam

Target

Beam ×

Target
119 120

Cold fusionHot fusion

？

～10 mg ～μg (rotating target ?)

New!



Our realistic decision

Hot fusion by 248Cm(Z=96) 
 249Bk(Z=97)/ mixCf(Z=98) : not easy to prepare 

Z=119   248Cm + 51V →119  

Z=120   248Cm + 54Cr → 120

Start with 51V-beam : Z=119 



Element 119 search 
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248Cm(51V,xn)299-x119 
3n3n: 296119→292Ts→288Mc→284Nh→280Rg→276Mt→272Bh→268Db 4n

4n: 295119→291Ts→287Mc→283Nh→279Rg→275Mt→271Bh→267Db

Five known α-decay chain ! 

71 events observed

3 events observed



Key elements for Z=119, 120
 Predicted cross sections are extremely small.   ( < 10 fb ? )

 High efficiency setup for hot fusion reaction is needed!
 Developed new separators GARIS-II and GARIS-III

 Strong beam intensity is needed!
 Upgrading of RILAC and Ion source

 Actinide material for target is needed!
 Collaboration with ORNL (DOE)

 Enormous amount of beam dose is needed!
 Long BT when sRILAC+GARIS-III becomes available
 Parallel run (RRC+GARIS-II and new sRILAC+GARIS-III)



Hot fusion with 50Ti or 54Cr beam

No prediction on 51V+248Cm
∼10 fb (heuristic guess!)

 Need reliable predictions !

Zagrebaev and Greiner, Nucl. Phys. A944 (2015) 257.



Prediction with 51V beam

Manjunatha, Sridhar and 
Ramalingam
Nucl. Phys. A 981 (2019) 17

51V+248Cm→256119+3n : 4 fb

Adamain, Antonenko and Lenske
Nucl. Phys. A 970 (2018) 22

51V+248Cm→255119+4n : 12 fb

Private comm. : K. Siwek-Wilczynska,  8 fb ∼ 10 fb ?



Key elements for Z=119, 120
 Predicted cross sections are extremely small.   ( < 10 fb ? )

 High efficiency setup for hot fusion reaction is needed!
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New Separator GARIS-II and GARIS-III 

GARIS-II
@E6

GARIS-III
@RILAC

GARIS-II and III GARIS

Compared to GARIS
 Large solid angle
 Shorter flight path
 Transmission x1.7

for hot fusion 

GARIS GARIS-II

Configuration DQhQvD QvDQhQvD

Total length [m] 5.8 5.1

Bend. Angle [deg] 45+10 30+7

Solid angle [msr] 12.2 18.5

Bρ(max) [Tm] 2.16 2.48

Dispersion 
[mm/%]

9.7 19.3

Transmission [%] 40 70



Key elements for Z=119, 120
 Predicted cross sections are extremely small.   ( < 10 fb ? )

 High efficiency setup for hot fusion reaction is needed!
 Developed new separators GARIS-II and GARIS-III
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 Parallel run (RRC+GARIS-II and new sRILAC+GARIS-III)



Strategy of new element search (Facility)
 RILAC facility upgrade
 GARIS-II in RILAC facility transferred to RRC facility
 GARIS-III will be installed in upgraded RILAC facility



RILAC upgrade (2017 -2019)

Beam intensity  > 5 times 

Stop operation:  end of June,  2017
Construction:         2017 – 2019
Resume operation: 2020

E：5 MeV/u, M/q=5

28GHz SC-ECRIS

E： 6.5 MeV/u for M/q=5
SHE

SC-QWR (18 MV)

U
pg

ra
de

Upgrade to sRILAC

GARIS
GARIS-II

Avoid complete shut down 
during the construction



Transfer GARIS-II to E6 exp. room 
(continue the research during the upgrade shutdown) 

RILAC-II + RRC + GARIS-II 

E6



GARIS-II in E6 exp. room 

432

1
1

2 43

E6 room
RIPS

GARIS-II



New separator (GARIS-III)

GARIS-III (≅ GARIS-II) already manufactured and was installed.
Same place as of GARIS-II.  It will be operational in 2020.

GARIS-III



Key elements for Z=119, 120
 Predicted cross sections are extremely small.   ( < 10 fb ? )

 High efficiency setup for hot fusion reaction is needed!
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Rotating 248Cm target is “ready”

Target sector

 Collaboration started with Oak Ridge National Laboratory
 248Cm material transferred 

Rotating system

Prepared by Dr. Haba & Komori



 Predicted cross sections are extremely small.   ( < 10 fb ? )

 High efficiency setup for hot fusion reaction is needed!
 Developed new separators GARIS-II and GARIS-III

 Strong beam intensity is needed!
 Upgrading of RILAC and Ion source

 Actinide material for target is needed!
 Collaboration with ORNL (DOE)

 Enormous amount of beam dose is needed!
 Long BT when sRILAC+GARIS-III becomes available
 Parallel run (RRC+GARIS-II and new sRILAC+GARIS-III)

Key elements for Z=119, 120



Experimental status



System check and detector calibration 
RRC+GARIS-II

51V+139La reaction

CN

α Spectrum 

51V+159Tb reaction

CN

242.6 MeV (center of target) 224.8 MeV (center of target)

α Spectrum 

Energy resolution was deduced to be about 25keV(FWHM)



208Pb (51V,2n)257Db reaction
literature data

Overall consistency examined !

Beam energy: 242.6 MeV (center of target)

Phys. Rev. C 78, 034604(2008) J. Gates et al.,



248Cm(51V,xn)299-xn119 measurement

 Search was started since Jan. 2018.
 Experiment is running intermittently.
 Still a lot of development is needed.

target, background suppression, 
‘on-line’ analysis, . . .  

 Irradiation energy, intensity, accumulated dose and details of 
target are treated as confidential under nSHE corroboration group.
Sorry for this inconvenience !



ToF(MCP2-MCP1) (ns)

On-line spectra

 Video shot
51V-beam with rotating target 
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Summary

 Element 119 search started but not yet in final form.
 A lot of study/work needed.
 Some headache: beam time, target material, budget, . . .

This talk is partly helped in preparing materials by 

Kouji Morimoto Taiki Tanaka Hiromitsu Haba

 RRC + GARIS-II is intermittently running!
 Upgraded SRILAC  + GARIS-III will be ready by beginning? of 2020
Parallel operation becomes possible in principle, if other difficulties solved

Long term perspective 

Pierre Brionnet



The nSHE Collaboration

ORNL, Oak Ridge (USA)
IPHC, Strasburg (France)
RIKEN, Wako (Japan)
Kyushu U, Fukuoka (Japan)
U Tennessee, Knoxville (USA)
JAEA, Tokai (Japan)
IMP, Lanzhou (China)
Tohoku U, Sendai (Japan)
Osaka U, Suita (Japan)
Yamagata U, Yamagata (Japan)
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