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Cluster structures in stable and unstable nuclei

Typical cluster structures known in stable nuclei

L 20N e
o
80 @ e
QO o9/ \©Q V 009@8 Q90
o+t
160 +

Unstable nuclei

o-cluster

@ xcitation

Heavier nuclei
Si-Si, Si-C, Pb-C, Mo-a

203ppy a )

Molecular

3a linear chain

(0)e)
@
60\,€9

90

14c*

orbital

/
J 00
'«‘ g
~

Be,C, O, Ne, F

BAr-a, *Mg-a, 288i=a/




%Ru Population of °Ru cluster states
by alpha transfer to Mo
Asymmetry molecular cluster structure

124Ce Populated by fusion evaporation *2Mo+32S
Is it a indirect evidence exotic cluster emission?

ZMo+3%S



The Experiment at IUAC, New Delhi, 14 UD Pelletron machine)

+325 (150 MeV) + %Mo
—124Ce (compound nuclei)

92Mo target self-supporting,
Au backing

& Measured p-rays in coincidence mode
& INGA (14 CLOVER array)

Indian National GammaArray(INGA)*y'y mode
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Decay of compound nucleus produced by a heavy-ion fusion-evaporation reaction
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Nuclear structure near drip line
Reaction dynamics

Sp=3.4MeV
Sn=12.7MeV

CN process, nCN process, transfer etc.
Pre-equilibrium cluster emission, Evaporation of CN



High spin states of transitional nuclei (A
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96Ru

%.98Ru can only be produced
efficiently via the v p-process.
Furthermore, the production of Ru
In the vp-process heavily depends
on the presence of very proton-rich

material in the ejecta.
M.Eichler etal., J.Phys. G 45, (2018)

Excitation Energy (MeV)

Mixed symmetry states , |

A.Henning et al,
Phys.Rev. C 92, 064317 (2015) ol 0

Kharraja et al, PRC 57, 83, (1998)

Total nucleus {F'E}-;:.IE (fm) {IEFJJJ / {TE}'F:;_::[J
a0g 4.220 0.990 .
UM o 1399 0.903 M.A.Souza, H.Miyake
"Ru 4.363 0.993 Phys.Rev. C 91, 034320 (2015)
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Alpha cluster transfer
32g 2Mo - °Ru (Z=44, N=52)
Q=-1.56 MeV

S,=10.696, 5,=7.348

Gate on 832 KeV

U.Datta, J.Ray et al.,
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Origin of negative parity states in °Ru populated in a cluster transfer

A. Cluster structure
F. lachello, PLB, 1981

Z1/A1 Z2/A2
Dipole moment (C M)= 1.27 e fm

B(E1) (CM) = 1.1 e2fm?

R1 R2
| Dipole moment (Oct. Def.)= 0.058 fm

B. Octupole deformation B(E1) (CM) -2.4x 10 4 e2fm?2

Preliminary Expt. Life time (5-) ~ 5 ps
U.Datta, J.Ray, I.Ray, et al,
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Octupole deformation in 118Xe
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octupole deformation in 118Xe |
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| Normalised w.r.t *Cs
54| ™ Exptati50 MeV
: ®* PACE4

| p=No. of protons
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Relative population wrt *Ccs

Fusion evaporation channel of 325+°2Mo
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FIG. 5: Comparison of experimental result with PACE4 cal-
culation of **S 4+ %?Mo at 145 MeV using different values of
(a) fission barrier scaling factor, K ;= 0.4, 0.8, 1.0; (b) level
density parameter constant, K = 6, 8 and 10.
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Evaporation of “hot” and rotating 2*Ce

32 92 124 - =
S+ "Mo— Cc—éA{+Aj

Spherical I

Deformed I

113 e
[]]C]E:ET :ﬁl
- [ B]
111 112 113 114 115 116 117 118 119 120

Fragment mass number

- . . 120
Channel cross-section o relative to = Cs

=
|

B8 DCM
B LisFus

Z130 Dynamical Cluster model,
A.Kaur PRC2014, 2015

Lee Sobotka talk

3%
[

pre-equilibrium cluster
emission
Schuetrumpf & Nazarewicz

111 2 13 14 15 15 I;‘ 18 19 120 21 P PRC96 2017
4

. . . .32 a2 .
Population of various isotopes in S+ Mo reaction

Relative population with respect to *Cs
1

[l
el

=
]




Collaboration

U.Datta!, J.Ray!, I. Ray!: G.Mondal, R. K. Bhowmik?,
A.Chakraborty?, S.Chakraborty'4, S.Ganguly®, R.Garg®,
S.Goel®, S. Mandal®, B. Mukherjee®, P. Mukherjee’,
S.Muralithar?, D. Negi?, M. Saxena®, A. Rahaman'®?, |. Ray"
Purnima Singh®, A. K. Singh®, R. P. Singh? and INGA
collaboration

1Saha Institute of Nuclear Physics,Kolkata

2Inter University Accelerator Centre (IUAC), New Delhi
3Viswa Bharati University, Bolpur, WB, India

4 Camelia Institute of Technology, Kolkata
>Chandannagar College, Chandannagar

SUniversity of New delhi, New Delhi

’St. Xaviers College, Kolkata

8Jalpaiguri Govt. Engg. College, Jalpaiguri, WB
dIndian Institute of Technology, Kharagpur



o ¥




What we can learn from cluster??
Why we want to study clusters in nuclei??

Symmetry cluster and asymmetry cluster
%Ru (Z=44, N=52, S,= 10.696, S,=7.348 Q,=1.696 MeV)

Description of simple experiment at India
Population of states by alpha transfer
Symmetry cluster near beta stability states
Population nuclei near drip line

Cluster structure near drip line
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