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Why cluster-transfer reactions with RIBs?

o Cluster-transfer reactions:

o

JO Elastic break-up

0—0 >0)
Weakly bound \
nucleus (e.g. "Li) @ Cluster transfer

o/

o Possible advantages:
 Study of new mass regions
* Probe of different nuclear structures
* Population of Yrast and off-Yrast states
* Medium high spin-energy states
o Particularly suitable to study n-rich nuclei

o Never tested so far with RIBs
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Why cluster-transfer reactions with RIBs?

* Probe of different nuclear structures

* Population of Yrast and off-Yrast states

o Particularly suitable to study n-rich nuclei

o Near magic nuclei 2Pb and 132Sn:

211Po 212Po

208B1 209Bi

Z=82 ‘Z‘Ii»ip\-. 207Pb | 208Fb

|.1 d

1305n 1318n

Z=5

125In 130In | 131In|132In 133In

128Cd 125Cd|130Cd|131Cd 132Cd

N=82

Simone Bottoni — UNIMI & KU Leuven




o Cluster-transfer reactions:

6 Elastic break-up

Weakly bound

nucleus (e.g. 'Li) Cluster transfer

o

o Possible advantages:
* Study of new mass regions
* Probe of different nuclear structures
* Population of Yrast and off-Yrast states
* Medium high spin-energy states
o Particularly suitable to study n-rich nuclei

o Never tested so far with RIBs

TEST CASE: 98Rb+7Li @ 2.85 MeV/A

Why cluster-transfer reactions with RIBs?
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The experiment

8Rb/*Sr + "Li @ 2.85 MeV/A

o The reaction

o Details of the experiment

* Beam composition: = 60 %’*Rb & 40 %?3Sr
* Beam intensity: 2.4-10% pps
* Target: 1.5 mg/cm? LiF

o The experimental setup

12919

LLLLLL
COMPLIS

o Miniball
o 7 triple clusters (113 segments)
o0e=5% @1 MeV

o FCD from T-REX :
e Distance: 22 mm
o 24° <9, <65°
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The experiment

o The reaction z1
98 98 T 3
Rb/ Sr + Ll @ 2'85 MeV/A 40 9821- 9QZr lOOZr IOIZI- IOZZI- 103Zr
o Details of the experiment . sy | ooy | 100y 4,1Y o2y
+ Beam composition: =~ 60 %”*Rb & 40 %5Sr Dy ry: i 4
* Beam intensity: 2.4-10% pps 38 o8 Sr IOOS} 1015y
* Target: 1.5 mg/cm? LiF o=
37 IR b
o The experimental setup
58 59 60 61 62 63 i\l
y
19%419c
. o Aim of the experiment:
* Cluster-transfer mechanism
1 st * Population of A =100 region by transfer
o Miniball o Technique:
o 7 triple clusters (113 segments) « Cluster (o or t) transfer in %Rb/%Sr
ce=5%@1MeV * Detection of emitted particle (t or o)

* Neutron evaporation
o FCD from T-REX :

e Distance: 22 mm
o 24° <Y, <65°

* Detection of y-rays in coincidence

REACTIONS TOOK PLACE BOTH ON °Rb AND *8Sr

Simone Bottoni — UNIMI & KU Leuven



Particle detection
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Y spectroscopy

t - transfer a- transfer
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t - transfer
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Y spectroscopy
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* e.g. Rb+'Li

50 L T T T T I T T T T I T T T T I T T T T I T T T T I T T T T ]
¥ E*,,«= 20 MeV* > B.E. - Unbound states
40 L E*=16 MeV - ]
— [ EB*=19 MeV o= ]
% 30 e m E
[ BF=22 MeV ]
Igl L i
s 20+ ]
S8 L i
10F .
0 : 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 :

10 20 30 40 50 60

6lab [deg]

)
(o)

Cross Section
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Cross Section

t - transfer a- transfer
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* e.g. Rb+'Li
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Cross Section

o Total wave function:

l//totz(pA(r))(a(Ra)-i_wB(r ’))(/J(Rﬂ)

o Cross section:

o <(pB;(/} |Vint| ¢A)(a>
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o Internal states:

Cross Section
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1-step DWBA transfer from {7
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o Total wave function:

l//totz(pA(r))(a(Ra)-i_wB(r ’))(/}(Rﬂ)

o Cross section:

o <(pB;(/5 |Vint| ¢A)(a>

Continuum

n

Optical parameters from elastic scattering

Cluster model (e.g.

"Li=a_core+t):

FRESCO ‘dc/dE , do/dQ
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Cross Section
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Cross Section

Elastic Transfer
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Excitation energy distributions and angular distributions

are qualitatively reproduced by the model
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Conclusions

o Rb/*Sr + "Li @ 2.85 MeV/A at REX — ISOLDE using the MINIBALL — T-REX setup
o Analysis of particle — v coincidence for cluster-transfer channels

o Difference in neutron evaporation due to different structure

o Spin un to 6 h observed.

o Comparison of cross sections with DWBA cluster transfer to continuum

o Qualitative agreement with theory

o Use of the same mechanism in future experiments to populate neutron-rich nuclei at medium-

high spin with a new generation of radioactive beams (HIE-ISOLDE, SPIRLAL?2, SPES etc.)

» S. Leoni et. al, “Interplay of single-particle and collective structures in 46Ca” - 3K + 7Li — Lol AGATA@GANIL

* R. Orlandi, F. Flavigny et. al, “Study of 0" states and deformed structures in ¥*Ca” — #Ar + SLi — Lol AGATA@GANIL
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