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•Effective Interaction = analytical
description?
•Extreme limit = mass
•Existence of Super-Heavy
Elements (SHE : Z=108) in nature?

•New island of stability
but no consensus in the
theoretical predictions

•Z=114,120 or 126?
•N=172 or 184?

•What is the contribution of the
reaction mechanisms involved into
the Super Heavy Element
synthesis ?

Summary and PerspectivesSummary and Perspectives
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SHE-VHE : different domains

SHE :Synthesis

VHE :Spectroscopy

Yu. Ts. Oganessian et al., FLNR Dubna
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High domination of the fission processes

Very low cross sections

Presently, experiments
at the limits...

Spectroscopy study limit
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The limits ...
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From a spectroscopic point of view

• Probe of the extreme states of the nuclear matter
• Many parameters are interpolated...when they diverge by extrapolation

• Gaps are strongly correlated with the spin-
orbit interaction
• Importance of the nucleus deformation ?
• Is the SHE gap spherical ?
• What is the real Coulomb effect ?
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Influence of high angular
momentum orbitals ?
“Single-particle states
originating from levels above
and below the potential
spherical Z=114 shell closure
are close to the Fermi energy
for the deformed ground
states of SHE in the Z~100
and N~150 region” (M. Bender)

VHE Spectroscopy :
• Orbital positions
• Identification ?
• Strong constraints on models ?

J. Dudek et al.
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Interest of the VHE Z=100-108 nuclei spectroscopy
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γ/e- spectroscopy will give access
to nuclear parameters
(E*, I, π, deformation, g factor)

The VHE nuclear chart part is an
excellent laboratory for the position of
orbitals involved in the next closed shell

N~152 to N~162

via cold and hot fusion

Dubna : Radioactive targets
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Gamma Alpha Beta Recoil Investigation at the ELectrostatic separator vassilissA

• Project launched by a French (CSNSM and IPHC) - Russian (FLNR) collaboration
• Project dedicated to spectroscopy studies of Transfermium elements at Dubna
(using radioactive targets)
• Project approuved by the SC of the IN2P3 in Dec. 2003
• Project approuved by the SC of JINR Dubna in Jan. 2004
• First results presented at the EXOTAG Workshop at JYFL in Jan. 2005

http://www.csnsm.in2p3.fr/groupes/strucnuc/gabriela.html
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GABRIELA @ FLNR Dubna
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U400

K. Hauschild et al., NIM A560 (2006) 388

• 7 Ge Phase I + 6 BGO from the French-
UK Loan Pool
• Camac electronics (stable and linear)
from FLNR
• Clock @ 1 MHz

• 2 50 μg/cm2 plastic foils -
4 MCP for ToF
• 60x60 mm2 16 strip position
sensitive 300μm thick
detector
• 4 50x50 mm2 segmented
500μm thick Si detectors
with GANIL PA
• Cooling system for ICE
detectors

Improvements :
• γ detection :

• modification of two Ge detectors :
crystal-front face cap shorter. The
efficiency doubled (~18%)

• β detection :
• Thicker Silicon detectors (1 mm)
• Lower power consumption of PA

• Recoil detection :
• replacing the 37° by 8° magnet
• thinner foils for ToF MCP detectors
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GABRIELA @ VASSILISSA

U400
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• First full scale experiment : September 23 - October 25 2004, 32 days
48Ca + 207,208Pb → 253,254,255No*
48Ca + 209Bi → 255Lr*

• Full scale experiment : October 3 - November 9 2005, 36 days
22Ne + 238U → 255No*
22Ne + 209Bi → 224,225Np*
48Ca + 208,210Pb → 256,258No*
48Ca + 209Bi → 255Lr*

• Full scale experiment : October 30 - December 4 2006, 35 days
22Ne + 238U → 255No*
40Ar + 181Ta → 217Pa*,217Th*
40Ar + 182W → 218U*

• Full scale experiment : February 4 - March 5 2008, 32 days
22Ne + 242Pu → 254Rf* (σ ~ 1 nb)
40Ar + 181Ta → 217Pa*,217Th*
40Ar + natHf → 228-xnRa*
40Ar + 165Ho → 205-xnAt*
40Ar + 182W → 218U*

GABRIELA campaigns
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GABRIELA results

A. Lopez-Martens et al., PRC 74 (2006) 044303

A. Lopez-Martens et al., 
EPJ A32 (2007) 245

A. Khouaja, in preparation
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Published results

In preparation

In progress

Failure

K. Hauschild et al., 
PRC 77 (2008) 047305

K. Hauschild, submitted
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A. Lopez-Martens et al., PRC 74 (2006) 044303

This work
R-D. Herzberg et al., 

J. Phys G30 R123 (2004) 207Pb(48Ca, 2n)
0.7 pμA beam intensity
10500 alphas of 253,254No

• Great effort done on the γ-electron spectroscopy
• Experiment taken as check of the GABRIELA setup
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Spectroscopy of 249Fm
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A. Lopez-Martens et al., PRC 74 (2006) 044303

• F. Hessberger et al., EPJ A22 (2004) 417
• R-D. Herzberg et al., J. Phys G30 R123 (2004)
• This Work

No251
102 251

(1/2+)104

(9/2-)204

• Pb with 247Cf ?

Still some open questions...

• 1/2+ state missing
for 247Cf and 249Fm ?
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Spectroscopy of 249Fm - Systematics N=149
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K. Hauschild et al., PRC 77 (2008) 047305
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Isomeric state : Spectroscopy of 209Ra

• 174Yb(40Ar, 5n) 209Ra
• 192 MeV beam energy with
mean intensity of 0.6 pμA
• 6825 alphas of 209,210Ra

Experiment E1 E2 E3 M1 M2 M3

ααk (238)k (238) 4.0(5) 4.8 x10-2 1.1 x10-2 2.8x10-2 1.1 3.8 9.7

ααk (644)k (644) < 2.8(6)x10-2 5.9 x10-3 1.6 x10-2 3.7 x10-2 7.3 1.8x10-1 3.6 x10-1

ααK/K/ααL(644)L(644) > 3 6.0 3.3 1.8

• New isomer observed in 209Ra
measured to be 117(5) μs
• 209Ram state assigned to
13/2+ν(i13/2)−1 excitation.
• Delayed M2 transition in 209Ra agrees
well with systematics
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Isomeric State : Spectroscopy of 253No

A. Lopez-Martens et al., EPJ A32 (2007) 245

• Confirmation of a 31 μs isomeric state
• The 167 keV transition to GS is assigned
to be M2
• Presence of a long-lived isomer
(lifetime~0.9 ms) ... no spectroscopic
information

• 207Pb(48Ca, 2n) 253No
• 217 MeV beam energy with
intensity of 0.7 pμA
• 10500 alphas of 253,254No

ExperimentExperiment E1E1 E2E2 E3E3 M1M1 M2M2

IIγγ (167 keV) (167 keV) 5(3) 776 1035 9 9 3

ααKK//ααLMN+LMN+ 1.3(2) 2.8 0.002 3.3 3.3 1.27

ααLL//ααMN+MN+ 2.8(5) 3.0 2.6 2.4 3.0 2.67

Lifetime Measurement
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• New isomer observed in 255Lr of 1.4 ms
• Lower limit @ 720 keV (assuming LM
conversion)
• high K-isomer 3qp states but not enough
spectroscopic information
• For odd proton nucleus the available
orbitals are the 1/2−[521] (ground state),
7/2−[514], 7/2+[633], 5/2+[512] and
9/2+[624] (Tandel et al.)
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Isomeric State : Spectroscopy of 255Lr

• 209Bi(48Ca, 2n) 255Lr
• 219 MeV beam energy with
intensity of 0.7 pμA
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K. Hauschild et al., submitted

Δt < 2μs
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GABRIELA Summary

• GABRIELA is an unique setup for electron-gamma spectroscopy in the field
of the VHE using radioactive targets (especially for isomeric states)
• 4 publications ... 2 others soon
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A. Lopez-Martens et al., PRC 74 (2006) 044303

A. Lopez-Martens et al.,
EPJ A32 (2007) 245

A. Khouaja, in preparation

Published results

In preparation

In progress

Failure

K. Hauschild et al.,
PRC 77 (2008) 047305

K. Hauschild, submitted
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GABRIELA : Perspectives

• Dedicated to Transfermium spectroscopy elements using radioactive targets.
• Need test efficiency for lighter beams (18O, 12C, ...)
• Estimated transmission efficiency for asymetric reactions using actinides targets
such as  22Ne+238U: >5% (instead of 1%)
• Optimization for symmetric reactions such as Xe+Xe

New mass separator
and its focal plane funded by the ANR  (435 k€) + FLNR DUBNA
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A new mass separator (see A. POPEKO’s talk)

• Sensitivity to low energy EC (new amplifiers/digital electronics)
• New 1 mm thick electron Si detectors
• New Si implantation detector : DSSD
• Simulations for new Ge setup : “clover box” (see A. Khouaja’s poster)

A new focal plane

Ge detectors needs : No plan for a prompt spectroscopy phase
             8 Ge detectors + AC (French-UK Loan Pool)

                Maybe few clovers (tests)
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  ... and Junior !




