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Motivations

How many elements ?

Properties of matter in extreme conditions of mass & charge ?
Limits of the nuclear chart ?



Theoretical challenge

S. Raeder et la., Phys. Rev. Lett. 120 (_2018) 232503
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Experimental challenge

M.G. ltkis et al., Nucl. Phys. A 944 (2015) 204
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Making the heaviest elements
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cross section (pb)

What next ?

V. Zagrebaev et al., Acta Phys. Pol. B 45 (2014) 291
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V. Zagrebaev et al., Journal of Physics: Conference Series 420 (2013) 012001

Cross sections (broad range of predictions ) ?
Excitation functions: Optimal beam energy ?



Intense heavy-ion beams via the Metal lons
from VOlatile Compounds method

H. Koivisto, et al., Nucl. Instr. Meth. Phys. Res B 94 (1994) 291

MIVOC compounds of enriched SOTi (J. Rubert, J. Piot et al., Nucl. Instr. Meth. Phys. Res B 276 (2012) 33)
50T7i beam out of source on target trans. cons.
JYFL ECRIS2 19 euA (1l1*) = 1.7 puA ==> 0,044 puA 2,6% ~0,6 mge/h
GANIL ECR4 28 euA (10+) = 2.8 puA ==> 0,450 puA 16,0% ~0,2 mge/h
DUBNA ECR4M 55 euA (5+) = 11.0 puA ==> 0,490 puA 4,5% ~0,6 mge/h
| RIKEN RILAC 15 euA (1ll+)= 1.6 puA ==> 0.500 puA 30,0% ~0,5 mge/h

MIVOC method:
Intensity, stability, reliability
& low material consumption

>1\/ beam sucessfully tested in RIKEN 2017
46 &47Tj jsotopic MIVOC beams since 2017

>4Cr beam sucessfully tested in Dubna 2018

Metallic beams for next generation of SHE ! ¥t ) W
i s JINR PRIZE 2015




Beams for synthesis, spectroscopy &
chemistry

P.T. Greenlees, Phys. Rev. Lett. 109 (2012) 012501
20

First prompt spectroscopy of a
superheavy nucleus 2*°Rf @ JYFL

18—

— 323

= 218

16:' e

= 271

14f |
B |
12F ‘

Counts / 2keV
—
o
Rf L X-rays

>

>

L g
™~ [}
— wn
< <

‘ 1
\N ‘ W* ‘fﬂwﬂf

1
i
0 100 200 300 400 500
Energy (keV)

thm

O

4Ti beam to prepare the
chemistry of Nh (113) @
FLNR:
46Ti + 141Pr -> Thallium

(Nh homologue)




Synthesis program @ RIKEN (2014-)

S0Tj + 248Cm -> 2950g + 3n
>0Ti from IPHC, acceletaed by RILAC (0.5 puA)

No events — upper limit unpublished

51V + 248Cm _ 299—XU ue + xn
>V from IPHC, beam accelerated by RRC cyclotron

Optimal beam energy determined by barrier
distribution run

Several camapigns since 2017, ongoing
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Perspectives

2020: Start of the SHE Factory @ DUBNA & new RILAC @ RIKEN

Metallic ions beams of °°Ti, °1V & >*Cr (MIVOC + Inductive oven)
-=>up to 10 ppA on target !

Unique 2*8Cm, 24°Bk & 249-2°1Cf targets

-=> two parallel programs in Dubna and RIKEN (with IN2P3 teams)
E119, E120 campaigns ...

R&D to enable the use of an 2>*Es target for synthesis

Ongoing R&D on Uranocene for multinucleon transfer

Reach more neutron-rich SHE with Multinucleon transfer
-=> potential discovery and study or many tens of new SHE

2495Bk @ ORNL




Spectroscopy of super heavy nuclei
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P.T. Greenlees, Phys. Rev. Lett. 109 (2012) 012501
J. Rubert, PhD thesis, Université de Strasbourg (2013)
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Prompt spectroscopy @ JYFL
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AGATA (3-4t) @ RITU (also VAMOSGF) -> increased y"

Perspectives

Calorimetric efficiency: fission barriers
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G. Henning et al., Phys. Rev. Lett. 113, 262505 (2014)

Polarization capabilities: search for M1 resonances in superheavy nuclei
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2004 Gamma Alpha Beta Recoil |nvestigations with the ELectromagnetic Analyser (CSNSM-FLN R-lPHC)
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K. Hauschild, A.V. Yeremin, O. Dorvaux, A. Lopez-Martens et al., Nucl. Instr. Meth. A 560 (2006) 388

Jlaboparopus ancpusix peaxumii M. I H. dneposa.
Jlenerauua GpaHiy3cKuX yICHbIX 00CYXAAET ¢ AMPEKUKE 1ab0paTopHy IU1aHb! OyLyIHX COBMECTHBIX IKCIEPHMEHTOB

Flerov Laboratory of Nuclear Reactions.
A delegation of French scientists discusses with the Laboratory’s leaders prospects of mutual experiments

* |ntense beams
 Dedicated beam time
* Availability of exotic targets
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R GABRIELA@SHELS

ANR-CLODETTE (2013-2017) & RFBR
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v and ICE decay of an isomer in 2>1Fm :

evide

Structure & reaction studies

nce for octupole collectivity

K. Rezynkina et al., Phys. Rev. C 97 (2018) 054332
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counts / keV
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R. Chakma, PhD thesis (Université Paris Saclay)

Best examples of K-conserving decays In the

nuclear chart

Excellent probes of shell structure

Enhanced stability with respect to fission ?

log2(TRecoil-TMother)

22Ne + 238U - 2°°No + 4n (2019)

“At(recoil-isomer) vs subsequent o Energy

9 L}

- .,

B ., .

b . ™ . . .

G =8 .* | preliminary
= ) .. : ° Y .
u < 256

5 % . v ] No Isomer .

- . ., o
o .
i o, L Y
'} : . L B l - llllkl l l

1 "l T e 1l 1 o | ! 3| 1 1 1
o8000 8100 8200 8300 8400 8500 8600 8700 8800 8900
Daughter Energy (keV)

K. Kessaci, PhD thesis (Université de Strasbourg)



Perspectives

-Search for rare decay modes

101

100

-e.g. fission branch from K isomers
-Detailed (high statistics) spectroscopic studies

-from Fm up to Sg using heavy and light beams

o = 0.1 nb for decay
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counts

Perspectives

- Upgrade of GABRIELA to digital GABRIELA with enhanced Xray & ICE sensitivity
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Conclusions & Outlook

SHE research is a challenging field requiring long beam
times, intense beams and technological innovations
(chemistry, detectors, electronics, targets...)

Longstanding in2p3 research programs in the field

Experience & expertise, which has been/will be applied
to other projects (S3 and SIRIUS @ SPIRAL2)

Successful collaborations in Dubna, JYFL and RIKEN

New results & discoveries are foreseen



