High energy proton emission
and
Transport models

R. Wada
Cyclotron Institute, TAMU



d2g/dQdE (mb sr'! MeV ™)

Physics Letters B 471 (2000) 339-345
High energy proton emission i heavy ion reactions

close to the Fermi energy *

R. Coniglione *. P. Sapienza. E. Migneco °. C. Agodi. R. Alba. G. Bellia °.
A. Del Zoppo. P. Finocchiaro. K. Loukachine *. C. Maiolino. P. Piattelli.
D. Santonocito

m e

u*"\.\ Laboratory reference frame
;A\‘\,‘ljo Boltzmann—Nordheim—Vlasov (B N“fj
— MS fit

1o

v The calculations are initialized with 0 WExp  Losnvx2 | s
104 a sharp cut-off (270fm/c) Fermi o109 . 1 BNV | y
momentum distribution and take _F o4 om_ - W |
e Kinematical limit the free NN cross section. > am - !
” or P, = 270fm/c. = 107 "o . 50 ‘E 0 "
. % 106 , ? - NN -,
104 § 107 3 e T i
106 5 108 | o TT ]
106 ; Central collisions :
1010 10-Y A ] ] ]
50 100 150 200 250

250 E,, (MeV)



Nuclear Physics A 620 (1997) 81-90

High transverse momentum proton emission in
Ar + Ta collisions at 94 MeV/u*
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12C+12C @ 94 A MeV
“OAr+°lV @ 44 A MeV
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AMD : quantum fluctuation in time evolution of wave packets
(Diffusion process)

A. Ono, PRC53, 2958 (1996)
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AMEF-FM : Quantum fluctuation in collision process

(ry,P,) / (r,P’)
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P. + AP, (i=1,2)

Momentum fluctuation is partially taken into account
in the diffusion process.
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The Ty = 3h°v/2Mp ~ 10 MeV originally corresponds to
the expe}:tati::rn value of the mean energy for the Gaussian
distribution,
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Apply AMD-FM at higher energy AMD-FM
36Ar + 181Ta at 94 A MeV
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Up to 100 A MeV, high energy proton emission
can be explained by the quantum fluctuation
in the diffusion and collision process.
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Higher Energy (100-400 A MeV) ?
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[when compared with f(r,p)], one finds the numbers of
two- and three-particle collisions for a-gas in equilibrium
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3 body collisions in AMD-FM

NN interaction 2 mean field propagation+ NN collision term

=

NNN interaction = (mean field propagation)+ 3N collision term

3N collision term (A. Bonasera et al., Phys. Rep. 243, 1(1994)) ¢
3 consecutive NN collisions

At each collision, Fermi boost is taken into account
in same way as AMD-FM;
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No. of collision [1/(fm/c)]
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Summary

1. High energy proton emission below 50A MeV can be explained
by AMD with a two nucleon collision term with Fermi boost together
with the diffusion process.

2. 3N collisions play a significant role for the high energy proton emissions
above ~“100A MeV heavy ion collisions.

3 3N high energy proton production is very localized at the reaction time of
high density and high temperature, and this will provide a probe for
a hot-high density nuclear matter study.



