Experimental cross sections and velocities
of the light nuclides produced in the
proton-induced fission of 238U at 1 GeV

M. VALENTINA RICCIARDI!

K. -H. SCHMIDT!, F. RETMUND!, T. ENQVIST!, P. ARMBRUSTER!,
J. BENLLIURE?,
M. BERNAS3, B. MUSTAPHAS, L. TASSAN-GOTS,
C. STEPHAN*, A. BOUDARD?, S. LERAY#, C. VOLANT#,

S. CZATKOWSKIS, M. PRAVIKOFFS

1 — GSI Darmstadt, Germany

2 — Universidad de Santiago de Compostela, Spain
3 — IPN Orsay, France

4 — DAPNTIA / SPhN CEA /Saclay, France

5 — CEN Bordeaux, France




PART I:

EXPERIMENT AND RESULTS




THE EXPERIMENT: 1 A.GeV 238U — p

direct kinematics Inverse kinematics
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THE FRS AT 6SI AND THE EXPERIMENTAL SET-UP
for LIGHT RESIDUES
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RESOLUTION
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DISCRIMINATION OF FISSION EVENTS
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Velocity [cm/ns]

VELOCITY OF ALL RESIDUES

hydrogen+titanium

titanium alone
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Evidence for a "binary" decay




CROSS SECTIONS OF THE LIGHT RESIDUES
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Data available at: http://www-w2k.gsi.de/charms/data.htm




PART II:

INTERPRETATION OF THE
EXPERIMENTAL RESULTS




VELOCITY OF THE RESIDUES
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We can interpret the counts in the two wings as very asymmetric
fission products in proton-induced reactions on 238U



TRANSITION FROM FISSION TO EVAPORATION

velocity [cm/ns]

Velocity: from scission-point model towards
asymmetric decay from undeformed nucleus

e Mean velocities in the frame
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CROSS SECTIONS:
MASS AND CHARGE DISTRIBUTIONS
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TRANSITION FROM FISSION TO EVAPORATION

Conditional saddle / MeV

Mass distribution: the statistical transition-state model

400 T T T T T T T T T T T T T T T T T T 30 T T T T T T T T T T T T T T T T T T
35.0 | . =
x 25
f !
30.0 ) 1
n ] I
25.0 2.0 ! i
I o i It
0.0 Q
2007 5> 154} i
15.0 L
I 10 -
10.0 0 -~ -
> *I Vgt syst 1
| systiem
00 [ AN N NN T S | N T N TN SN TN N T ' 1 C 1 1 |gl 1 Iy [ L [y [ TN N T N |
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10

A/(A+A,) A/ (A+A,)




OUR STATISTICAL MODEL
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THE FISSION MODEL:
THE FISSION PROBABILITIES

Fission decay
width: transition-
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THE FISSION MODEL:
THE FISSION-FRAGMENT PROPERTIES (SEMIEMPIRICAL)

J. Benlliure et al./Nuclear Physics A 628 (1998) 458-478
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Fig. 1. Potential energy at the fission barrier for 28U (upper part) and 28Pb (lower part), as a function of
mass asymmetry expressed by the neutron number of one of the preformed fragments.




THE VERY ASYMMETRIC FISSION:
THE INTERMEDIATE-MASS FRAGMENT EMISSION
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RESULT FOR 1 GeV p on 238U
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RESULT FOR 1 GeV p on 238U
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RESULT FOR 1 GeV p on 238U
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RESULT FOR 1 GeV p on 238U
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RESULT FOR 1 GeV p on 238U
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RESULT FOR 1 GeV p on 238U

]
—_— o =1
= | [

2 2 2 & =8
[QU] UOI1D9S S50

L L1 B 11210 |13 113 . 11

I (TTTE SRR 11T T SR (TN I M [T RS SR 111

2 B 2 e e
[QW] UOI}D8s S50

T ________ T ________ T ________ T ________ T ___

Luiss [T | Liviiis biiss

2 & 2 e e

[QW] UOI1D8s SSOJD

30 35 40 45

25

35 40 45
neutron number

30

29

40 £5

35

30
neutron number

25

neutron number

30

35 40 45 50

neutron number

30

— r o o
e ' e & g

— —

[QUJ] UOI}DaS SS0UD

s = B b B
[GUU] UOI1DS SS0.D

T T ________ T ________ T ________ T ________ T _____
L - un
-
- 4 &
-
- - u
o
- 4 &
]
- 4
_ boiies s | lF e

e T e = =]

[QUJ] UDI1D8S SS0.1D

neutron number

neutron number



RESULT FOR 1 GeV p on 238U
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RESULT FOR 1 GeV p on 238U
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RESULT FOR 1 GeV p on 238U
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RESULT FOR 1 GeV p on 238U
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RESULT FOR 1 GeV p on
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RESULT FOR 1 GeV p on 238U
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ADDITIONAL EFFECTS

1 — Thermal expansion of the nucleus
2 — Pre-formation factor
3 — Surface effects on the level density

4 — Deformation of the nucleus

For light systems > Thermal instabilities (break-up)




CONCLUSIONS

LIGHT NUCLIDES FROM 1 A.GeV 238U + p
The experimental data:

‘Formation cross-section for every isotope, along with its velocity
distribution, could be measured at the FRS

The physics:

‘Yields and velocities of light nuclides from 1 A-GeV 238U + p
indicate a transition from fission to evaporation

*The experimental data could be successfully reproduced by a
statistical model, combining a fission approach with the evaporation
of infermediate-mass fragments

‘No indications for a multifragmentation-type of decay have been
observed



Partial widths 7;, and 7, for emission of
neutrons and protons.
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Modelling the Width in A and N/Z

of Fission-Product Isotopic Distributions
Approximated parabolic potential

Ulm)=C,-(n-n,)

Statistical population:

Y(1) o< exp2fa(U, —=U(m))} -

Y (17) o< eXpJ - (77_—710)1 with
1 20,
267 ="
C

U = potential energy,
n = either A (mass split) or N/Z (polarisation),
Crr = stiffness of the potential,

7'= nuclear temperature.



