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Introduction : Shape coexistence Introduction : Shape coexistence 

Coulomb excitation of Coulomb excitation of 74,7674,76Kr at GANILKr at GANIL

Extracting matrix elements with GOSIAExtracting matrix elements with GOSIA

Shape coexistence around Shape coexistence around 9898Sr Sr ⇒⇒ ISOLDEISOLDE
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Shapes of atomic nuclei

Prolate

Oblate

Quadrupole deformation of the nuclear ground states

M. Girod, CEA Bruyères-le-Châtel

oblate ground states predicted around 72Kr
dramatic shape change around 98Sr and 100Zr
oblate and prolate states within small energy range ⇒ shape coexistence
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Shape coexistence around A=70

shape coexistence expected in
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Systematics of the light krypton isotopes

Inversion of ground 
state shape for 72Kr

Coulomb excitation
to determine the
nuclear shapes directly
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E. Bouchez et. al., 
Phys. Rev. Lett. 90, 082502 (2003)

energy of excited 0+

E0 strengths ρ2(E0)
configuration mixing

Mixing of the ground state
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Radioactive beam production: SPIRAL

78Kr
68.5 MeV/u
1012 pps

74Kr
4.7 MeV/u
104 pps

SPIRAL: 
Système de Production d’Ions Radioactifs en Ligne

ECRIS
Target

SPIRAL

CIME

CSS2

CSS1
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EXOGAM

16 large Ge Clover detectors
4 × 4 segmented
photopeak efficiency ε = 20%

Double-sided silicon detector
48 rings × 16 sectors
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Coulomb excitation of 74Kr and 76Kr

SPIRAL beams 
76Kr  5×105 pps
74Kr  104 pps

4.5 MeV/u

EXOGAM

Pb

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

γ yields as function of scattering  
angle: differential cross section
least squares fit of ~ 30 matrix 
elements (transitional and diagonal)
experimental spectroscopic data

lifetimes
branching ratios
mixing ratios

Simultaneous fit of all 
transitions not possible

Results inconsistent with 
published lifetimes,
especially with 4+ in 74Kr

New RDM lifetime measurement

74Kr

2+

4+

6+
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Recoil-distance lifetime measurement

forward detectors (36˚)
gated from above

74Kr
Example:  74Kr ,  4+ ,  36˚

Eur. Phys. J. A 26, 153  (2005)

40Ca(40Ca,a2p)74Kr 
40Ca(40Ca,4p)76Kr GASP

Köln Plunger
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Lifetime results

2+

4+

6+

Results consistent with 
transition probabilities from 
Coulomb excitation.

Lifetimes used to 
constrain GOSIA fit.

⇒ enhanced sensitivity for 
non-yrast transitions and 
diagonal matrix elements

74Kr 2+ 4+ 76Kr 2+ 4+

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. Wörmann et al., NPA 431, 170 (1984)

Eur. Phys. J. A 26, 153  (2005)
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Result of χ2 analysis with GOSIA

14 transitional E2 matrix elements
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Sensitivity to quadrupole moments
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Quadrupole moments Q0 in 74Kr and 76Kr

74Kr 76Kr
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direct confirmation of the prolate – oblate shape coexistence
first reorientation measurement with radioactive beam

E. Clément et al., to be published
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Comparison with theory

oblate prolate

experimental
B(E2) values in e2fm4

74Kr

satisfying agreement for in-band and inter-band strengths
inversed ordering of prolate and oblate states

GCM-HFB (SLy6) calculation
M. Bender and P.-H. Heenen, 
priv. comm.

oblate prolate
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96Kr

98Sr

100Zr

J. Skalski et al., 
NPA 617, 282 (1997)

M. Girod
CEA Bruyères-le-Châtel

Shapes in neutron-rich A=100 nuclei

96Sr 98Sr 100Sr 102Sr 104Sr94Sr92Sr

100Zr 102Zr 104Zr 106Zr98Zr96Zr94Zr

94Kr 96Kr 100Kr 102Kr98Kr92Kr90Kr

92Se 94Se 96Se 98Se90Se
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Experimental evidence for shape change W. Urban et al., 
EPJ A22,241 (2004)

96Sr

98Sr

fission fragment spectroscopy
(incl. RDDS and Doppler profile methods):

Deformed structures observed for N>56
Large gs deformation (β2~0.4) for N>60
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

ISOLDE production seems sufficient
REX beam development work needed
Pure beam from laser ion source ?
Letter of Intent to the next INTC
Collaborators welcome

98g     653ms
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Summary

Shape coexistence in light Kr isotopes
ρ2(E0), mixing

Low-energy projectile Coulomb excitation at GANIL/SPIRAL
transitional and diagonal matrix elements for 74,76Kr

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 98Sr
case for Coulomb excitation at REX-ISOLDE



ISOLDE workshop 2006                        6.-8.2.2006Andreas Görgen 19

Collaboration

E. Clément, E. Bouchez,  A. Chatillon,  A. Hürstel, 
W. Korten,  Y. Le Coz,  Ch. Theisen,  J.N. Wilson

Saclay
J.M. Casandjian, G. de France

GANIL
T. Czsonyka,  J. Iwanicki,  P. Napiorkowski,  M. Zielinska

Warsaw
G. Sletten

NBI
C. Andreoiu,  P.A. Butler,  R.-D. Herzberg,  D.G. Jenkins,  G.D. Jones

Liverpool
F. Becker,  J. Gerl

GSI
W.N. Catford,  C. Timis

Surrey
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Isomer spectroscopy of 72Kr at LISE

78Kr
73 MeV/u
~1011 pps

9Be target

SiSi detectorsdetectors

Si(LiSi(Li) e) e-- detectordetector

KaptonKapton

vetoveto

Ge detectorsGe detectors

E. Bouchez et al., 
PRL 90, 082502 (2003) 
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new shape isomer in 72Kr

time of flight
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72Kr : ~3 ions/sec

ρ2(E0) = 72(6) · 10-3

astrophysical importance:
waiting-point in rp process

Isomer ratio: 5.5±1.2 %
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distorted at low spin.
⇒ influence of mixing
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Lifetime measurement with GASP and the Köln Plunger 

40Ca(40Ca,a2p)74Kr 
40Ca(40Ca,4p)76Kr
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Singles vs. coincidence measurement
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Transition strengths : B(E2)

B(E2) reduced for 2+→0+ transitions  ⇒ influence of mixing
theory describes trend, but not absolute values

Vampir
A. Petrovici et al.,
Nucl. Phys. A 665, 333 (00)

Theory:
HFB+BCS-LN+AMPGCM
M. Bender, P.H. Heenen
priv. comm.
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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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