Lawrence Berkeley National Laboratory
Recent Work

Title
BREMSSTRAHLUNG IN THE NUCLEAR FIREBALL MODEL

Permalink
https://escholarship.org/uc/item/1s72p495

Author
Kapusta, J.I.

Publication Date
1976-10-01

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/1s72p495
https://escholarship.org
http://www.cdlib.org/

Submitted to Physical Review C

LBL-5056
Preprint "'\

BREMSSTRAHLUNG IN THE NUCLEAR FIREBALIL MODEL

J. I. Kapusta

4 October 1976

¢

f

N

/

For Reference

Not to be taken from this room

\

_/

Prepared for the U. S. Energy Research and
Development Administration under Contract W-7405-ENG-48

.



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



LBL-50%6
*
BREMSSTRAHLUNG IN THE NUCLEAR FIRERALL MODEL

J. I. Kapusta
Lawrence Berkeley Laboratory

University of California
Berkeley, California 94720

October 27, 1976
ABSTRACT

The recently proposed nuclear fireball model is used to
calculate the iow-energy (S 10 MeV) bremsstrahlung.from relativistic

heavy lon collisions. For 1o§-energy photons with wavelengths larger

‘ than nuclear dimensions and frequencies smaller than the inverse

collision time the bremsstrahlung is nearly independent of details of
the collision process. “The number of photons produced per collision
depends strongly on the impact parameter. Production cross sections
are generally strongly peaked in the forward direction with a broad
hump in the backward direction, and appear to be large enough to be

geen experimentally.

In a recent paperl a nuclear fireball model was used to
calculate the proton inclusive spectra from relativistic heavy ion
collisions. The essential ingredients of the model are: geometry,
to calculate the number of nucleons in the fireball; kinematics, to
calculate the veloclty of the fireball and the energy deposited in it;
and thermodynamics, to describe the decay of the fireball. At LOO
MeV/nucleon the model with a single fireball reproduces the gross
features of the proton energy and angular distribution. At 2100
Mev/nucleon it is necessary to assume two fireballs with their relative
velocities determined by a transparency parameter.

Without making any further assumptions it is possible to
calculate the low-energy bremsstrahlung radiated during the direct
collision procesgs. The fireball model does not specify how the system
evolves from projectile plus target to fireball(s) plus fragments.

For relativistic heavy 1on'collisions the inverse collision time

is of order c¢/2R, where R 1is a nuclear radius. To & photon with
frequency << ¢/2R the collision will appear as instantaneous.

Thus we assume that the acceleration of charge which produces the
bremsstrashlung can be treated as a delta-function. All that need be
specified then are the incoming and outgolng currents. This limits
us to calculating bremsstrehlung photons with energy less than 10 Mev.
This assumption is equivalent to a long-wavelength approximation so
thet all nuclear form factors which might appear can be set equal to
one. The use of classical electrodynamics is Justified since all
photon energies will be negligible compared to nucleon and pion masses.
Note that the decay of the fireball(s) will not contribute substan-

tially to the bremsstrahlung since it is a thermodynamic expansion.
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It should be noted that bremsstrahlung has been calculated?"3
and observedh for the (basically) Coulomb scattering of non-relativistic
heavy ions. The acceleration of charge due to the-nuclear Coulomb
field is small compared to accelerations during the direct collision
process and hence will be ignored.

The bremsstrahlung calculation proceeds in the standard
way.5 For one-firgball production the number ofiphotons per unit

energy per unlt solid angle is

2 2 : 2
a“N o« sin” 0 [E, (b)2,vy (Fp(v)z,, +FT(h)zT)vF(h)
dE da 4" B 1 -Vp cos @ 1 - VF(b) cos ©
(1)
and for two-fireball production it is
a’n a s1n @ FP(b)ZPvP
dE dq ZZZ E 1 - vy cos [¢]
2
i Fp(b)zpvn(b) ) FT(b)ZTvTF(b)
1 - VPF(h) cos @ 1 - VTF(h) cos 9
(2)
The cross section 1s obtained by integrating over all impact
parameters b
R _+R
@y FOT 2y .
= 2n bdb . (3)
dE do o dE dn

Here a 1is the fine structure constant; € 1s the angle from
the incident direction in the lab; the P, T, and F subscripts refer
to projectile, target, and fireball}; PP(T) is the fraction of

projectile (target) nucleons participating in the collision to form

-

a fireball; Z is the charge number; and v > 0 refers to lab

velocity (c=1). It should be noted that the factorization into

E_l times a function of angle is characteristic of soft bremsstrahlung.
For the special case when projectile and target are

identical we can write down analytic formulae for the above expressionsﬁ

2 2 2
> > 2 q 2]
da’N B E:z sin vP i VPF i VTF
: 2
ho”™ - - -
dE do yr B 1 vP cos 6 1 vPF cos 8 1 vTF cos 6
(&)
2 b
« {1+[2-1] 8 @ -3
Ve
p
(s Y] (1.9 +73) Z%zRe sin2 2] 1?
4E do 28y E (5)
1
2 B
v [l + 'l -V ) ] (1 +n)
where v = P L
R I
PF 1 2
1+ (1 - vg)“ + v
P P
VTF = VPF ('] had 'T|) (6)

[fere R 15 the nuclear radius, B = b/2R, and n 1is the transpar-

ency. For one-fireball production n = O so that v__ = v

PF TR’ and

for two-fireball production 0 <n < 1.
Figure 1 shows the double differential cross section for

ho 238 ~
photon produetion for ca and 5‘U on .ZRU at 100 and 2100
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MeV/nucleon. At the higher energy two fireballs have been assumed
with n = 79%. The sha}p peak in the forward direction, which is
present in all the cross sections, 1s due to the denominators

(1 - v cos 8) which arise from relativity. The broad hump in the
backward direction, which is not even noticeable in one of the graphs,
arises for the same reason. The dip in the central region is due to
interference between the incoming and outgoing currents.

Figure 2 shows the number of photons produced per unit
energy per unit solid angle as a function of impact parsmeter, at some
fixed angle ch;sen to be at or near the maximum of the cross section.
When the projectile 1g smaller than the target the curve 1s relatively
flat out to a critical impact parameter. RT - BP and then decays
away. When projectile and target are identical there 1s no plateau,
tﬁe curve Just decays ffom i1ts maximum at zero impact parameter. )
Notice that for identical projectile and target over 90% of the
bremgstrahlung is produced in collisions with an impact parameter less
than one-half its maximum value.

In this paper only the bremsstrahlung from the direct
nucleus-nucleus collision hasg been considered. There are other sources
which might interfere with the observation of this bremsstrshlung.

In the low KeV region there may be photons emitted during electronic
trangitions. In the high Kev and low MeV region there may be
photons emitted by the residual prakctile and target nuclei (if any)
maklng EM transitions after the direct collision. Thet portion of
these and other processes which is isotropic in the 1lab can be
accounted for when comparing with the calculations of direct bremsstrah-

lung, but the rest may or may not present difficulties.

(=

Experimental confirmation of these calculations would be
an independent verification of the validity of the nuclear firebsll
concept. On the other hand the low energy bremsstrahlung does not
provide any information on the details of the collision process since
}t only depends on the incoming and outgoing currents. One should be
able to obtain much more information about how the nuclear system
evolves during the collision by examining the bremsstrahlung in the
10 - 140 MeV region.

I em grateful to J. 0. Rasmussen and W. J. Swiatecki for

commenting on the manuscript.
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Fig. 1.

Fig. 2.

FIGURE CAPTIONS

Bremsstrahlung cross sections as a function of angle. (a)
and (b) assume one fireball, (c) and (3d) assume two
fireballs with a transparency of 75%.

Number of radiated photons as a function of impact parameter.
(a) and (b) assume one fireball, (c) and (d) assume

two fireballs.
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