dapnia Results and experiences from Coulomb excitation
=9 experiments with radioactive beams at GANIL
saclay and ideas for future experiments at ISOLDE

Andreas Gorgen
CEA Saclay / DSM / DAPNIA / SPhN

» Introduction : Shape coexistence
» Coulomb excitation of 7476Kr at GANIL
» Extracting matrix elements with GOSIA

» Shape coexistence around %8Sr = ISOLDE
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Shapes of atomic nuclei
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Quadrupole deformation of the nuclear ground states
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> oblate ground states predicted around 72Kr
» dramatic shape change around 28Sr and 100Zr
» oblate and prolate states within small energy range = shape coexistence
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Shape coexistence around A=70
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Systematics of the light krypton isotopes
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» energy of excited 0*
» EO strengths p?(EO)
» configuration mixing
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» Inversion of ground
state shape for 72Kr

» Coulomb excitation
to determine the
nuclear shapes directly

E. Bouchez et. al.,
Phys. Rev. Lett. 90, 082502 (2003)
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Radioactive beam production: SPIRAL

SPIRAL:
Systéme de Production d’lons Radioactifs en Ligne
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EXOGAM
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SPhN

saclay

16 large Ge Clover detectors
4 x 4 segmented
photopeak efficiency € = 20%

Double-sided silicon detector
48 rings x 16 sectors
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Coulomb excitation of “Kr and 75Kr

EXOGAM

10°F

74
Kr

SPIRAL beams / 3 10}
T
78Kr 5x10° pps //f/\s\\\ :
74 4 | -
Kr 10* pps :}}\R}}}}\\\\\ a |
4.5 MeV/u \\\\\\\\\*“"’////////
\=2 il
e - ?ergie [uf‘:]' - - -
10° 10°
220, Gate on Kr o Gate on Pb
o | 10° 1ﬂ| 1
.o il > “ 1=>2! - .
2 U s o T e
c .2 " VI 17E e S 10 | l
E ,AW | | S 10 | '. oo/
3 ‘J 1Wr J] fi 2_?\‘26 >4 2.0y 3 NM W I"u JJW-ZE 21{ 81f>61 %0
/

|
10 ‘J
0 500

W i,

1000 1500

Energy [keV]

500

" g

1000
Energy [keV]

1500

Andreas Gorgen

Acta Phys. Pol. B 36, 1281 (2005)
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Coulomb excitation analysis : GOSIA*
*D. Cline, C.Y. Wu, T. Czosnyka; Univ. of Rochester
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Recoil-distance lifetime measurement

dapnia 40Ca(4°Ca,a2p)*Kr
G20 40ca(40Ca,4p)78Kr > GASP
saclay > Koln Plunger
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Lifetime results

dapnia Eur. Phys. J. A 26, 153 (2005)
e=9 aKr 24 4+ Kr  2¢ 4+
saclay new 33.8(6) 5.2(2) new 41.5(8) 3.67(9) [ps]
28.8(57) 13.2(7) 35.3(10) 4.8(5) [ps]
J. Roth et al., J.Phys.G, L25 (1984) B. Wormann et al., NPA 431, 170 (1984)
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Result of ¥2 analysis with GOSIA

> 14 transitional E2 matrix elements

B(E2)=

> 18 transitional E2 matrix elements

(1, |aED)| 1)

21, +1

» 4 diagonal E2 matrix elements

Andreas Gorgen

» 5 diagonal E2 matrix elements

I|.u(E2)| 1>
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Sensitivity to quadrupole moments
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full %2 minimization:
(2 b EDfr) = ~0.70%3
(4 E2)la7) =-1.02:33

negative matrix element
(positive quadrupole moment Q)

— prolate shape

(23] a(E2)2;) =+0.3375%

positive matrix element
(negative quadrupole moment Q)

= oblate shape
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Quadrupole moments Qg in “Kr and "°Kr
dapnia
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E. Clément et al., to be published

» direct confirmation of the prolate — oblate shape coexistence
> first reorientation measurement with radioactive beam
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Comparison with theory
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GCM-HFB (SLy6) calculation
M. Bender and P.-H. Heenen,
priv. comm.

» satisfying agreement for in-band and inter-band strengths

oblate prolate
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» inversed ordering of prolate and oblate states
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Shapes in neutron-rich A=100 nuclei
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J. Skalski et al.,
NPA 617, 282 (1997)
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Experimental evidence for shape change W. Urban et al.,
EPJ A22,241 (2004)
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(129)  ausp
fission fragment spectroscopy
) (incl. RDDS and Doppler profile methods):
. 98Sr » Deformed structures observed for N>56
> Large gs deformation (3,~0.4) for N>60
e > Shape coexistence in 98Sr, 100Zr (N=60)

Coulomb excitation goes beyond:
» static quadrupole moments and shapes
» observation of collective non-yrast states
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Experimental conditions at REX-ISOLDE

Strontium ISOLDE SC-Yields

Andreas Gorgen

|Element||Yie]d (ﬂtoms.-"uC)HNuclgus” Half Life || Target IITarget density {gfcml)”
Sr 2.80E+08 94g 75.3 s U Carbide 65
Sr 5.60E+08 95g 2395 U Carbide 65
Sr 5.70E+06 96g 1.07 s U Carbide 65
Sr 1.10E403 100g 202 ms U Carbide 13
| St || 6.00E+03 || 100g || 202ms || U Carbide || 65 I
98g 653ms

» ISOLDE production seems sufficient
» REX beam development work needed
» Pure beam from laser ion source ?

» Letter of Intent to the next INTC

» Collaborators welcome

ISOLDE workshop 2006 6.-8.2.2006
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Summary

dapnia

eSP » Shape coexistence in light Kr isotopes
saclay » p?(E0), mixing

» Low-energy projectile Coulomb excitation at GANIL/SPIRAL
> transitional and diagonal matrix elements for 7476Kr

» Plunger lifetime measurement after fusion-evaporation
» complementary measurement of B(E2) values

» Direct proof and quantitative understanding of shape coexistence
» comparison with theory

» Shape coexistence around %8Sr
» case for Coulomb excitation at REX-ISOLDE
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SPhN
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Isomer spectroscopy of "?Kr at LISE

T8Kr

73 MeV/u
~1 011 ppS

‘Be target

new shape isomer in 72Kr

710

2+

time of flight

> 2Kr : ~3 ions/sec
> Isomer ratio;: 5.5+1.2 %

E. Bouchez et al.,
PRL 90, 082502 (2003)
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> p2(E0) = 72(6) -

Ge detectors

—il

» astrophysical importance:
waiting-point in rp process
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Level mixing extrapolated experimental
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Lifetime measurement with GASP and the K6ln Plunger
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Singles vs. coincidence measurement
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Transition strengths : B(E2)
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» B(E2) reduced for 2*—0" transitions = influence of mixing
» theory describes trend, but not absolute values
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Quadrupole sum rules

Model-independent method to determine
shape of charge distribution from set of

matrix elements
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M(E2, 1= 0) = Qcosd
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