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DE LA RECHERCHE A LINDUSTRIE

Cea PHYSICS CASE

Where is located the island of stability?

Superheavy nuclei @ Super Separator Spectrometer
Synthesize new elements,

Ground state properties @LEB S3

*Measure ground states properties of
SHE such as their masses,
radii, etc
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Reaction mechanism

*Gain insight into the mechanism
of fusion and fission by systematic
cross-section measurement : MNT



(22 ISOMERIC STATES IN EVEN EVEN NUCELI
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filed - Benchmark nuclear theory :pairing interaction
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48Cg+204Pph->250Ng

Previous studies

Oganessian experiment 2001:

> 0= 9.5 (-4.9+7.6) nb @ E=216.7 MeV

> t,,,=46 (-11+6) us

> 5 x 108 times smaller than the half-life of 254No

Blezorv 2003:
42 events t,,=5,9 us
22 events t,,=54,2 us
- is this 24°No decay or isomeric decay of 250No?

Cross section (nb)

D.Peterson 2006 @atlas using 2°*Pb target:

158 recaoil fission correlation 5
+
ty,= 3,7 us o = 12 nb short component o = 127 nb

ty,=43us o= 5nb long compononet o = 53 nb

From o ,ng/ O shon they deduced the ground state and isomeric state
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48Ca+204Ph>250No @ JYVASKYLA

204pp(48Ca,2n) 6 days :

> DSSD-Y (80 strips) "digital" electronics TARGET Recoil separator
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250No @ JYVASKYLA USING DIGITAL

ELECTRONICS

Example of digitized trace of recoil followed by an Sf event.
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250No @ JYVASKYLA USING PSA 70
e

PRELIMINARY RESULTS

Example of digitized trace of recoil followed by an electron and Sf event.
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C£Za HINDRANCE FACTOR

> 2°0No - 2°4Rf are the only known case where fission
from a k-isomer is hindered respects to ground state
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» Quasi-particle configurations increase the barrier to fission leading to
enhanced stability

->K isomer in SHN could live significantly longer then g.s. Page 8



Open questions

» Which is the spin and parity of the isomeric state?

» Which is the decay path of the isomeric state decay?

» There is more-substantial fission inhibition from the
isomer (increasing barrier heights for multi-
quasiparticle excitation)?
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Open questions

» Which is the spin and parity of the isomeric state?

» Which is the decay path of the isomeric state decay?

» There is more-substantial fission inhibition from the
isomer (increasing barrier heights for multi-
quasiparticle excitation)?

What we need for VHE - SHE studies

> More intense beams, more beam time
> More efficient separator

» More efficient detectors

» Faster electronics
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_ S3STATUS

Open triplets + primary
Beam dump
& Movable fingers

Courtesy of H. Savajols
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DE LA RECHERCHE A L'INDUSTRIE

CZA INSTALLATION IN THE S3 HALL




C22 Optical modes : Ultra High Resolution Mode %

Target point
High power rotating target
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Cea Optical modes : Converging Mode

Target point
High power rotating target
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CeAa S3 versatile instrumentation

S3 Physics case (26 Lols) A
- VHE-SHE nuclei B i
- Proton drip-line & N=Z
- Nuclear Astrophysics
- Atomic physics

Hadrons and Nuclei

J.A(2015) 51: 66

Delayed spectroscopy
(Superheavy nuclei) ¢
2018

SIRIUS setup
Implantation-decay
station at the mass
dispersive plan

Atomic physics

FISIC setup

Fast lon Slow

lon Collisions
Electron exchange
2020

Ground state propertles :
(mass, size, moments, splns)
2018 DESIR
S3-LEB setup

Courtesy of H. Savajols IGLIS + Mr-ToF 16




PECTROSCOPY AND DENTIFICATION

OF ARE ONS SING S3
FErIOeTtrlf)rr]\(ijcs

» Time of flight (o(t) < 1ns) and tracking (o(x) <0.5mm)
> Large size Implantation detecotor (10x10cm?2, 128x128ch DSSD)

> Digital electronics : ability to detect large> 50MeV pulse followed

(= 10us) by a weak (<15MeV) pulse with good energy resolution.

5 Germanium
detectors

Courtesy of T. Goeltzenlichter (IPHC)




OUTLOOK 1

Spectroscopy
Spectroscopy of odd nuclei and hinting for K-isomer
Reaction mechanism studies: Multinucleon transfer reaction (137 Xe+238U)
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- Zagrebaev,W. Greiner, Nulc. Phys. A 944 (2015) ~ 11ASS number neutron number



OUTLOOK 2

Commissioning S3

Commissioning experiments

Measure and optimize the rejection; Estimate the transmission
Qualify the detection setup '"9Sn(40Ar,4n) 152Er

64Ni(64Ni’3_4n) 124,12583

208pPp(48Ca,2n) 2>*No (T,,=50 s, alpha-branching = 90 %)

V V V V V

SIRIUS
» SIRIUS will be installed at GANIL in T4 2019.

» Commissioning of SIRIUS planned with alpha/electron sources at GANIL.
» In-beam commissioning of SIRIUS @ LISE 2000 using the reaction 40Ar('74Yb,4-5n)209210R3a,

19



DE LA RECHERCHE A LINDUSTRIE

cea OUTLOOK 3

First experiments @ S3+ SIRIUS (Lol s3 Collaboration Workshop 18-22 June 2018)

Understanding nuclear structure responsible for shell stabilization in SHE and understand the influence of nuclear
structure on fusion-evaporation for SHE.

» Decay and isomer spectroscopy of transfermiums elements (N=152,162)
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5 research groups from France, and from Germany, UK, Finland, Slovakia, Russia 20



DE LA RECHERCHE A LINDUSTRIE

Voyage to
SUPERHEAVY Island

« Challenging field of research

 Many open questions, some
of which can be addressed at
the SPIRARL?2 project
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