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Heavy-ion reaction and multi-nucleon transfer

Experimental study of nuclear production by
multinucleon transfer reaction

Y.X. Watanabe (IPNS, KEK)
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Low energy heavy ion reactions

* Elastic scattering

* Coulomb excitation

* Direct reaction
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Features of deep inelastic collision
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Deep inelastic collision: Energy damping and N/Z equilibration
136Xe + 208pp (8.2 MeV/A)
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Deep inelastic collision: Isotopic distribution
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Neutron-rich nuclei around N = 126
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Projectile dependence
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Nuclear production

Semi-classical approach
Single-particle transfer probability
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Macroscopic approach
Langevin-type dynamical equation of motion
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MNT reaction of 136Xe + 198pt
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+ Xe + 7°Pt
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Comparison with measurements: 136Xe + 208pb
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MNT measurement of 13¢Xe + 198pt

at GANIL
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Charge and mass distributions of PLF
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Z identification of PLF
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Atomic number

Z (CHANNEL)

Z-A distribution of PLF
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Angular distributions
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Isotopic distributions of PLF (0, ==1p, &= 2p transfer)
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Isotopic distributions of PLF (=3p, == 4p transfer)
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Evaluation of TKEL (Total Kinetic Energy Loss)
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TKEL = E* ;- Q
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Z — N distribution of PLF for different TKEL
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Evolution of centroids of distributions
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<N>/<Z>

N/Z equilibration

1.5

—-PLF

—*— Primary PLF

0

100
TKEL (MeV)

200

<N>/<Z>

300

58Nij + 238U (8.5 MeV/A)
64Nij + 238 (8.3 MeV/A)

58.64)\; 233UCN (64Ni+238u)

1.0

Eloss (MeV)

R. Planeta et al., Phys. Rev. C38 (1988), 195 — 209.

23



100

=

0.1
—-50

0

100
TKEL (MeV)

Variances

200

Angular distributions, TKEL distributions,
<Z>, <N>, 0%, o, c,% follow the past
studies

58Ni + 238U 64Ni + 238U
(8.5 MeV/A) (8.3 MeV/A)
5BN1 + 238U Gd—N-l + 23BU
8 T T T T T

0 50 100 150 O 50 100 150
ELoss (MeV)

R. Planeta et al., Phys. Rev. C38 (1988), 195 — 209.

24



Pnz

Correlation coefficient

1.2
1.0
0.8 o
0.6 i%§+} X- _ Onz®
0.4 - PNz =
) | ONOy
0.2
0 Independent transfer
_0.2 ) naependaent transrer
-0.4 ﬁ"""”i/ 58N + 238U 6aNj + 238
0.6
50 0 50 100 150 200 250 300 (8:5MeV/A) (8.3 MeV/A)
TKEL (MeV) sy 4 238y san; 4 238
- -
S
Q
- :
05 1 1 1 L L 1
(4] 50 100 150 0 50 100 150

Eoss (MeV) -
R. Planeta et al., Phys. Rev. C38 (1988), 195 — 209.



Evaluation of TLF distribution

<v> =5
N Detected by VAMOS
Primary fragments ‘ N @ y
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Pure binary kinematics
Ageam *+ ATarget = Apip + Appp <v> 9 @

Loeam + ZTarget = Lpp + Lyjpe

. Excitation energy sharing in mass ratio
TKEL = E*;5; - Q

| / E*pie = E¥*or X Mppe/ (Mg + My e¥)
\ » VoL » Primary PLF A » Primary TLF A
E

B v, B TLFA

26



 (mb)

o (mb)

o (mb)

Isotopic distributions of TLF (0, *=1p, £

10*

Z=78(Pt) ____________ ________________ Ol’l‘l: _____ ___________________ ____________________

10°
102

10

1¢
175

190 195 200 205 210
Mass

p strlpplng

180 185

10°E

=Z = 79 (AU)
_______________ lp (PLF) peak¢

102

1DE_

195 200 205 210
Mass

190

180 185

- Z=80 (Hg) .. %
----- AL SR

10"

IIIIIIII| IIIIIIII| IIIIIIII| I|IIIIIII|

195 200 205 210 215

Mass

" i & %
10475 480 185 190

2p transfer)

® Measurements after evaporation
GRAZING after evaporation

p-pickup: Larger cross section
Lighter distribution
N/Z equilibrium & evaporation

20ub -

2020s: Gpazing ~ ~50 ub (X 2.5)

180 185 190 195 200 205 210 215
Mass

107 ¢
175

102

10

& (mb)

1

-2

10375

195 200 205 210 ,215

Mass

180 185 190



Isotopic distributions of TLF (*3p, & 4p transfer)
p-stripping p plckup
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TKEL dependence of isotopic distribution
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Summary

Low energy heavy ion reaction
Deep inelastic collision
Direct reaction-like : Angular distribution, Charge and mass spectrum
Fusion-fission-like : Energy spectrum
Deep inelastic collision
<N>, <Z>: N/Z equilibration is a monotonic and continuous process according to
energy dumping
Isotopic distribution (nucleon exchange): Q-values , Dynamical effect
Production of neutron-rich nuclei around N = 126
136Xe + 198pt : Q-values, (N/Z),, ~ (N/Z),,
Experimental study of 136Xe + 198pt
PLFs were detected
Angular distributions, TKEL distributions, <Z>, <N>, 6,2, 6,2, 6,2 follow past studies
pzy ~ 0 for TKEL < 70 MeV
TLF distributions were deduced
G > Ggrazing around N = 126 ¢ TKEL < 75 MeV
Relatively large orbital angular momentum at the border between QE and DIC would
contribute to the n-rich and p-deficient TLF production
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