Enhanced 0y  — 2} E2 transition strength in 1121149y

R. Kumar?, P. DoornengaLZ, A. JuinGant, R.K. Baowmik?!, S. AppANNABABU®
P. Bepnarczyk*®, L. CAceres®, J. GiperkALL”8, A. ExkstROM®, R. GarG?,
J. Geri?, M.Gorska?, H. Grawe?, J. Kaur9, I. Kojounarov?, S. Manpar?, S.
MuknerieeS, S. MuraLtaarY, W. Prokopowicz?, PusupenDrA P. Sngu!!
P. Rerrer??, H. Scuarener?, A. Suarmal3, R.P. Snoul, D. SwaL?, anp
H.J WoLLERSHEIM?

nter-University Accelerator Centre, New Delhi 11006 @i
2RIKEN Nishina Center for Accelerator-Based Science, W&aitama 351-0198, Japan
3Department of Physics, M.S.University of Baroda, Vado@®2®002, India
“Helmholtzzentrum fiir Schwerionenforschung, 64291 Daats Germany,
5The Niewondniczanski Instute of Nuclear Physics,
Polish Academy of Sciences, 31-342 krakow, Poland
6 GANIL, B.P. 5027, 14076 CAEN CEDEX 5, France
"PH Department, CERN 1211, Geneva, Switzerland
8Department of Physics, Lund University, 22100 Lund, Sweden
9Department of Physics & Astrophysics, University of Delbglhi 110007
1pepartment of Physics, Panjab University, Chandigarh 180Mhdia
INFN-Laboratori Nazionali di Legnaro (LNL), 35020 Legng#eD) - Italy
2nstitut fir Kernphysik, Universitat zu Koln, 50937 Ki Germany
Bpepartment of Physics, Bareilly College, Bareilly 24300lia

The poorly known B(E2;0—2*) values of**2Sn and!'“Sn have been mea-
sured to high precision. Two Coulomb excitation experiraevere performed to
determine the reduced transition probabilities relativé*¥Sn in order to mini-
mize the systematic errors. The obtained B{E&lues of 0.242(8)4? for 1°Sn
and 0.232(8) #? for 1%4Sn confirm the tendency of large B(B2values for the
lighter tin isotopes below the midshéfi®Sn that has been observed recently in
various radioactive ion beam experiments.

PACS numbers: 21.10.Re, 23.20.Js, 25.70.De, 2¥}60.

1. Introduction

In recent years the tin isotopes which is the longest sbedkell chain of semi-
magic nuclei, have been intensively investigated both feaperimental and theo-
retical perspectives. In particular, the excitation ergsrgnd the reduced transition
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probabilities across the=50 chain have been examined in detail. Radioactive ion
beams yield new experimental results close to the doublyiatdSn and!32Sn,

but very accurate data of the stable mid-shell nuclei are algyreat relevance
for our understanding. The experimental B(E2;¢2*) values on the neutron-rich
side of the Sn chain drop considerably with increasing autumber and are
well described by the seniority scheme. On the proton-ride an almost con-
stant plateau of high B(E2) values emerges. These unexpkigk B(E2) values
caused a persistent discrepancy between the results okthdarge-scale shell
model (LSSM) calculations and experiment findings.

2. Experiments

Two Coulomb excitation experiments [1, 2] were performe@ &t- Helmholtz
zentrum, Darmstadt and Inter University Accelerator GeRt*AC, New Delhi. At
GSl we performed two consecutive measurements Usit&n and*'%Sn beams at
an energy of 3.4A MeV on 2Ni target. The tin beams were provided by the UNI-
LAC accelarator at GSI. Beam particles were incident on en@/@m? 58Ni target
with a purity of 99.9%. In the experiment carried out at IlUA@rgets of*'2Sn
and%sn were bombarded with®8Ni beam at 175 MeV using a tandem Van de
Graaf accelerator. Both targets were of thickness 0.3&mfgwith an enrichment
of 99.5% and 98%, respectively. The scattered beam partasie recoils were
detected in an annular gas-filled parallel plate avalancateo PPAC. The PPAC
was position-sensitive in both the azimutlgahnd the pola® angles. In both ex-
periments Clover Germanium (Ge) detectors were used toureettse de-excited
gamma rays. At GSI two Super-Clover Ge-detectors were neduat angles of
¥, = 25 relative to the beam axis in the forward direction at a distaof 20 cm
from the target. At IUAC four Clover detectors (distancedmet 22-2cm) were
mounted ai}, ~135 with respect to the beam direction.

3. Analysis and Results

The data analysis was very similar for both experiments,ilithe described
in the following only for the measurement performed at IUADe particle iden-
tification and the particle position measurement allowedegipe Doppler correc-
tion of the measuregl-ray energies. A Doppler shift correction was performed for
each Clover detectot}(,¢,) event-by-event. Figure 1 shows the Doppler corrected
spectra fot12Sn excitation (top) anéfNi excitation (bottom) with the dominating
2] — Oy transitions. From the observation of the Doppler corregtedy lines
corresponding to thej2— 0 ¢ transitions, the target and projectile excitation can
be extracted. ThB(E2 1) value of'12Sn was obtained from the experimentaiay
intensity double ratiolf,(**2Sny1,(**Ni)] / [1,(**°Sny1, (>*Ni)] of the 2} — Of



decays. The experimental data were compared with Coulomitaggn calcula-
tions which were performed with the Winther-de Boer COULEote [3]. The
slowing down of the projectiles in the target, the uncetiaof the PPAC bound-
aries and the adopteld®sn B(E2 1) value (3 %) were considered for the error
calculation in both the cases. The resultB@?2 1) values in**?Sn and'4Sn are
0.242(8) éb? and 0.232(8) #?, respectively.
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4, Discussion

The deduced B(E2;0-2") values of'1?Sn and'1Sn are compared with theo-
ritical models i.e Large-Scale Shell-Model (LSSM) and Relstic-Quasiparticle-
Random-Phase Approximation (RQRPA). In figure 2 (left) teszimental B(E2)
values are compared to LSSM calculations for an increasimgber t= n of pro-
ton np-nh excitations. The evolution of the B(E2) systensais presented here
from the pure neutron space=Q) to t = 4 proton excitations. The+ O curve
shows a slight asymmetric maximum a&\70, which is shifted to N- 68 (t= 2)
and N= 66 (t= 4) with increasing number of ph excitations. These cal@ist



demonstrate the important role of core-polarizatidieas when one breaks the
1005 core and allows for proton excitations.
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Fig. 2. Experimental B(E2) values are compared to LSSM ¢aficuns (left) and RQRPA
calculations (right). For the LSSM calculation8%r core was considered which allows
for different proton core excitations#£t0, 2, 4)

The experimental data are also compared with RQRPA caiootaf4]. The
RQRPA calculations are independent tiketive charges for protons and neutrons
and do not require any inert core for tB¢E2 T) values. It is interesting to note
that the same RQRPA calculations yield quite satisfactgrgement also for the
Ni and Pb isotopes [5]. In view of there being no free adjusintd parameters,
the agreement with experimental data is quite good. The inp=irtant feature is
thg asymmetric behaviour of the B(B2lata with respect to the midshell nucleus

Sn.
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