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The strength of inverse kinematics for fission

Isotopic fission yields
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FRAGMENT YIELD (W)

Fission yields in direct kinematics
FF2

J.P. Unik, IAEA -SM-174/209

9
|

M N A Al 2291
7! ‘
£
5 | N
a i
3 \
2
|
O —————
7 1 12
6.
5
-
. \
2| \
1 f A
(o] | ,\'..L..* — - ]
7 160 1
6 . \ ~ By 1)
5 | \ ]
. S '
3 \
= / \1
2
| 4 \ / \
DL L ) S -
| = A0 42 20 52 "4 160
6 ‘f s =26 Mpyinn
¢ { N\
4 { / \
3 3 \aa 50/ \
2 ' &
HE RV | \ %6 a8 J NG
Jr .

S = T

0 120 g 160
6 / \ \. min.f)
5 3 ! 4 N\
4 ) / 3
3
2 4
| J
) : D]
780 60
0 - afl
s - :
a ¢ 4
3
2 \
oL e . =
-1 120 160
5
% \ ' op

‘\ P

. \ ’,
2
0=80""“% 00 3 3 50 140 150 160

FF1

Mass distribution: OK
Isotopic distribution:
prompt or B-delayed
spectroscopy

Limited by the
-lifetime of the FF
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Fission in inverse kinematics: kinematical boost for a
direct identification of the fission fragments
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Transfer-induced fission in inverse kinematics
@ GANIL

238 +12C @ 6.1 MeV/u At'Tv.
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Transfer-induced fission in inverse kinematics
EXOGAM

VAMOS

Bp-ToF-AE-E
SPIDER AE-E,0

S. Pullanhiotan et al., NIM 593 (2008) 343
M. Rejmund et al., NIMA 646 (2011) 184



Transfer-induced fission in inverse kinematics
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Fission probabilities
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Fission fragment identification
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Normalized yield

Isotopic distributions of fission fragments induced in
2 proton transfer
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Mass distribution for 240Pu E*~9 MeV
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Isotopic distributions offfis_sion fragments induced in
usion

238 4+12C->250Cf E*~45 MeV
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Assets of the experimental set-up:
Reconstruction of kinematical properties
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Average velocity of fission fragments
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Recovering scission masses from fragment velocities

Y X

V*1 V*Z

A" v = A5V, Momentum conservation
A"+ A", = A, Mass conservation
<V > = <y > Isotropic evaporation

<vi>/<vy,> =A%/ AT AT = AL (vi/(vit vy))
ATy = Ac(ve/(Vit V)| A% = A~ ATy
A%, = A- A,




Reconstruction of the scission fragment masses A*

Vi A3 « <Va>
Ve A* Momentum conservation <A >i= ApsHAS
1

<A*>2:<A*>1

Zy = Zrps — Z1 Charge conservation

Neutron excess of the fragments at scission
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Scission point model:
minimization of the total potential energy
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250Cf E*=45 MeV :
only liquid-drop terms play a role (shell effects disapeared)
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Scission point model: influence of different mass terms
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Diminution of symmetry energy with deformation ?
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A diminution of 10% is predicted when deformation increases
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Other explanation: Remaining of shell effects in BE

BE (MeV/A)

BE (MeV/A)

T z=50 4 Z=50
BE = BE + SE + SE
SE = 3%exp(-(Z-50)2/(2%32))*4%exp(-(N-82)%(2*3.52))
SE . = 3*exp(-(Z-54)2/(2%32))*4%exp(-(N-90)%(2%3.52))
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Scission-point model with shell effects
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Shell effects remain quite strong, even at E¥*=45 MeV ??
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CONCLUSIONS

Inverse kinematics is a powerful method
- Broad range of actinides produced
— Isotopic distribution
— Kinematical properties
— Access to the scission point !!
e Neutron evaporation multiplicity
e Neutron and proton sharing

Talks of
L. Audouin,
D. Ramos

— Evidence for charge polarisation, even at moderate (high)
excitation energy
— Possibility of investigate the influence of excitation energy

Talk of
D. Ramos
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<TKE*> (MeV)

Total kinetic energies
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