Spectroscopy of SHE

Voyage to superheavy elements
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What we can learn from spectroscopy of
SHE

»Learn about underlyi
»Lear about nuclear f
»Self consistent calcul
prediction of propertie
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Observables

» Direct mass measurements

» Determination of rotational properties
om ™4 - ; » Ground state properties
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Motivation: Constraining theory
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» Differences in single-particle structure

reflected in the shell gaps for both spherical

and deformed systems

» Microscopic-Macroscopic models
based on a liquid drop model (Z=114)

» Relativistic mean field models
(Z=120,126)

» Hartree-Fock-Bogoliubov -Skyrme
or Gogny Interaction
(z=120,126)

Nilsson Diagram: Neutrons
RMF

Single-neutron energies ¢, [MeV]

b, deformation

Similar differences seen for neutron level structure



VHE Status

o At least an excited states known
o Rotational band (prompt spectroscopy)

Courtesy of Ch.Theisen




Methods and limi

S

o In-beam spectroscopy using RDT & RT

technigue

—“>recent achievements 10 nb @ z=104 (2>¢Rf) @JYFL
2>SAGE spectrometer allowing y/e" spectroscopy

Bottleneck: Target position arrays limiting beam intensities environ 10 pnA
- a factor 100 below the intensities for synthesis
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up to 71 pnA, 40 kHz
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J. Piot et al., Phys. Rev. C 85, 041301 (2012)
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Methods and limits

o Decay spectroscCopy : energies and ordering of single

parficle states can be obtained from the spectroscopy of odd-mass
nuclei and K-isomeric states.

- details studies are feasible up to Z=110
2>systematic nuclear structure study of odd-mass nuclei

2> position of deformed shell gaps in region z=100 and N=152 are
not well reproduced by modern mean-field theories

Bottleneck: limited counting rate

- Needs a beam intensity increase by at least one order of magnitude is
essential




Decay speotroscopy posmon of N=152 gap

1 No 248cm(12C,5n)255No, I, =270 pnA, 6~600 nb

M. Asai et al., Phys. Rev. C 83 (2011) 014315
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» N=152 gap energy increases with the atomic number
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High-K isomers in 2>
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Theory: 8 state, 2-n or 2-v ? -
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K isomerism in 2°°Rf
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S3 and LINAG @ GANIL




Experimental Techniques

Final focal plane :
Selection & Identification Converging mode
=>Time of flight + Energy Gas cq’rcher.+ Laser .|on|saho.n +
> A measurement Mass Resolution by Time-of-flight
= [/p—delayed
= Laser spectroscopy
=>» High resolution Mass

measurement

Achromatic point
Two step reactions

=>Transfer+Fusion (transfer) Mass dispersive moj,e
Delayed spectroscopy DES’R
= p, q,Y, e- decay

Specific Modes
=>» |on-ion collision : FISIC
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Germanium detector
e.x. Exogam2, CLODETTE

\
|
[l

N

Time of flight + irqcking Tunnel detector for |
detector escaped e-and a

'
'

Implantation detector
(HI, o and e- decay)

R&D is ending = Construction phase could start

Search for the funds !




SPIRAL2 day]
Very high intensity beams with:
- Phoenix V3 source A/g=3 RFQ
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» Spectroscopy of K-isomers—> Quasi-particle

S3first day experiment and beyond




K- Isomers in 279Ds & its decay 2¢¢Hs @ GS|

26 decay chains (?’9Ds: 25, 271Ds:1)

* new spectroscopic data
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Courtesy of Dieter Ackermann



> Reaction mechanism

118

100 ¢
» Single particle structure i
» Kisomers _ﬁ =t
> Link cold-hot fusion {2 5
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Two weeks experiment; RFQ 1/6

Spectroscopy up to /=114 ¢
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The limits of fusion-evaporation reactions

Using multi-nucleon transfer reactions ¢
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Multi-nucleon transfer reactions 42
can be used for synthesis of =,

neutron enriched long-living 10+
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Prompt spectroscopy
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Prompft spectroscopy

€ Actinide impairs : sp states, magnetic
moments
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‘Promp’r spectroscopy for light nuclelr actinides

® Actinide impairs : sp states, magnetic 4 !

moments Lr

€ Actinide pair-pair: K-isomers, sp states, 4804 + 208pp
pairing correlations, magnetic moments
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VAMOS gas filled separator

Large acceptance Q ~ 60 msr
—~>Large transmission expected for
fusion-evaporation reactions

EXOGAM2, AGATA
->Gamma spectroscopy, high efficiency

MUSETT
2> Focal plane detection, RDT




Competitors for the very nign intensity
facilities

Present generation facilities (intensities around 1puA ) : Berkely, Dubna, GSI, Riken, IMP/Lanzhou
S3 does better for light ions, and slightly better (x2) for heavy ones

Experimental Hall of the SHE-Factory

Next Generation

Dubna and the SHE Factory

= SC ion source

= Very high intensity cyclotron : 10-20puA
= 15t experiments foreseen in 2016

GSI HLI e
= 28GHz ion source and A/g=6 injector

= new continuous wave Superconducting LINAC
= Construction should start in 2015

= Not funded

SC ion source and associated RFQ are required to compete with the next generation facilities




Summary

o Availability of a high charge state ions source, the
A/Q=6-7 line, actinide targets and a state of the
art detection system

o Availability of VSMOS-GFS from 2017 coupling with
AGATA

o GANIL and Spiral2 phase 2 provide opportunities
to study alternative production schemes of yet
unknown isotopes;

->MNT and fusion—-evaporation reactions
using stable or neutron reach beams




