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ergies above their lowest breakup thresholds is
not evident. However, for energies below the
lowest breakup threshold in systems for which
there are a number of bound states in at least
one reaction channel, the BSA will probably be
an even better approximation than in'the present
case, which could explain the successes of the
BSA reaction theories. One way of testing this
is through the use of three-body model calcula-
tions in which the potentials support more than
one bound state. An even more interesting sys-
tem for study might be a model four-body sys-
tem which features many more arrangement and
breakup channels than a three-body system. In
either of these systems it may be possible to in-
vestigate and justify the use of optical potentials
to extend the BSA above the lowest breakup
threshold, as in the case of nuclear reaction
analyses.*
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12C on 12C at 800 MeV/Nucleon: One Fireball or Two?
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I demonstrate that a two-fireball model can explain the proton and pion inclusive spec-
tra for collision between light ions at relativistic energies. For heavier ions, the one-

fireball model is recovered.

The fireball model predicts, with a fair degree
of success, inclusive spectra for collision of Ne
on U, Pb, etc. at relativistic energies. For the
basics of this model, relevant to this Letter, see
Gosset et al.' and Kapusta.®

Data for lighter ions have become available in
recent times. Preliminary data for **C on '*C at
800 MeV/nucleon have existed for more than a
year.® Data analysis for Ne on NaF and Ar on Ar
is nearing completion.

These data have shown strong deviations from
the fireball model as developed in Refs. 1 and 2.
From now on I will call this model the one-fire-
ball model. I will show that a simple extension
of the one-fireball model idea—two fireballs®
rather than one—fits the data on lighter ions.
When heavier ions are involved, this two-fire-
ball model essentially coalesces into the one-
fireball model.

The basic premise of the one-fireball model is
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the following. For a given impact parameter b
there will be an overlap between the target and
the projectile. This overlap region forms the
fireball. After collision, the overlapping regions
of the target and the projectile fuse together and
come to rest in the center-of-mass frame of the
fireball. The available kinetic energy before the
collision goes into creating thermal motion after
the collision. Particles are then emitted isotrop-
ically in the rest frame of the fireball. Because
the c.m. of the fireball is moving in the labora-
tory, the inclusive spectrum measured in the lab-
oratory will, in general, be anisotropic. For col-
lisions between unequal masses the c.m. velocity
of the fireball in the laboratory is generally a
function of b. It is possible to include particle
production (pions, deltas, etc.) and composites
(d, °He, *H, etc.) in the formulation using the

law of chemical equilibrium.® A justification for
this procedure has been advanced.”

For collision between identical ions, the c.m.
of the fireball is independent of the impact pa-
rameter and coincides with the c.m. of the target
and the projectile. The inclusive spectrum meas-
ured in the c.m. is therefore predicted to be iso-
tropic. Figure 1 shows that for **C on *C, the
measured proton inclusive cross section is strong-
ly anisotropic; at 30° the cross section is approx-
imately five to six times higher than at 90°. Fur-
ther, although the protons are highly anisotropic,
pions are only mildly so.

I find that the following simple extension of the
one-fireball model reproduces these character-
istics of the data. Let P, and E,' be the momen-
tum and energy, respectively, of the overlapping
part of the projectile before collision in the c.m.
of the fireball. After the collision

Pl=(1-y)P,. (1)

The factor y is unity in the one-fireball model if
the projectile hits the target at all. I think that it
is more realistic to consider y as a function of 5.
The idea is that if the overlapping part of the pro-
jectile does not meet a large enough number of
nucleons on its way, it will be slowed down but
not completely stopped. Similar arguments apply
for the overlapping part of the target. A theoreti-
cal derivation of y is very difficult and I will not
attempt it here. The simple assumption made
here is that

y=11if n,>n,,
(2)

Y =0y, /1y if n,,<n,,
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FIG. 1. Theoretical calculations for proton spectrum
(A =90°, B=60°, C=90°) and pion spectrum (z = 90°,
b =60°, ¢=90°) compared with experimental results for
¢ on '2C at 800 MeV/nucleon. All results are in the
c.m, system, .

where n,, is the initial number of nucleons par-
ticipating in the collision. My first guess was n,
=16 and this already gives a reasonable fit. This
value is used in the calculation of Fig. 1. For

12C on '2C this choice generates the one-fireball
model only for b<2 fm; for higher values of b,
the overlapping parts of the projectile and the tar-
get continue in their paths after collision but with
reduced momentum (two fireballs). Because of
symmetry we must have E,f =E *; thus the excess
energy after slowing down is dumped as thermal
energy. Particles are then emitted isotropically
in the rest frame of each fireball.

With this modification, the rest of the calcula-
tion proceeds exactly as in Ref. 2. I include the
production of pions and deltas using the thermo-
dynamic formulation. The deltas decay into ap-
propriate pions and nucleons. For pion produc-
tion, a freeze-out density has to be assumed. In
accordance with a recent calculation® this is tak-
en to be 0.12 fm~3%. The reasons for the differ-
ence in anisoi:ropy of the protons and the pions
are twofold: (a) Pions are lighter, and (b) pions
are produced mostly at low values of 5.

We now return to a discussion of Eq. (2). One
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FIG, 2, Calculation of proton spectrum anisotropy for 2C on 2C at 800 MeV /nucleon as a function of ny [Eq. (2)1;

a,A correspond to spectra at 30° and 90°, respectively, for ny=16; b, B for ng=24; d, D for ng=30. All calculations
are performed in the c.m, system,

1
1

2 which shows that the constant is determined to
better than 25% by existing data. We expect #, to 10"~
be a function of the incident energy but for a giv-
en incident energy per nucleon, it should be in-
dependent of the mass number of the projectile
for the identical projectile-target case. Thus the
same value of n,= 16 should reproduce data for
%Ne on *Ne at 800 MeV/nucleon. The theoretical
prediction is compared with experiment in Fig. 3.
With heavier projectiles, the anisotropy in the
proton spectrum will decrease. For 2*Ne on **Ne
at 800 MeV/nucleon, the factor between the pro-
ton spectrum at 30° and that at 90° is about 2 to 3.
could also try
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The choice of Eq. (2) is thus one of simplicity l
—one that does an adequate job. If we accept Eq.
(2) from this viewpoint, it is obvious that n, pri-
marily determines the anisotropy of the proton
. . N n 1 I
spectrum. Larger »n, will lead to more anisotrop- 104 200 400 600 800
ic proton spectra. This is demonstrated in Fig. E (MeV)
For Ar on Ar my calculation predicts that the fac- FIG. 3. Same as in Fig. 1 except for Ne-on NaF,

, ,,m.l
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tor will drop to less than 2.

We note that these theoretical predictions for
pion spectra are too high compared to experi-
ments by about a factor of 2 to 3. The numerical
value for the freeze-out density® used in the cal-
culation affects the normalization of the pion spec-
trum most directly. A higher value would yield
better agreement for pions while the proton spec-
trum would remain essentially unchanged. How-
ever, many modifications of the model proposed
here are possible which will affect details of
agreement.

The firestreak model®® applied to light-ion re-
actions also produces an anisotropic proton spec-
trum. However, the fit to the data is much worse
than what is achieved in the two-fireball model.
Lastly, it is possible to formulate a hydrodynami-
cal description'® which will produce anisotropy in
proton and pion spectra.
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Nuclear Structure and (e,e’) Reactions: The Significance of High-Momentum-Transfer Data
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We show that accurate high—momentum-transfer electron-scattering data now being ob-
tained can provide essential constraints on analyses of nulcear structure. However, the
usefulness of these data is seriously impaired if meson-exchange current effects are ig-

nored.

A new generation of intermediate-energy accel-
erators and high-resolution spectrometers is
beginning to produce accurate electron-scattering
data at high momentum transfers. The potential
usefulness of such data in analyses of nuclear
structure as well as the special problems inher-
ent in extracting information from high—momen-
tum-transfer (e,e’) data have been at best vague-
ly addressed. Indeed, procedures for treating
structure in several well-studied nuclear transi-

tions remain popular despite predicting form fac-
tors in radical disagreement with such data. In
this Letter we treat one such transition, excita-
tion of the 15.11-MeV 11 level in '*C, in order
to show what can and cannot be learned about nu-
clear structure from (e, e’) experiments. This
choice is motivated by the high-quality data re-
cently obtained by Flanz et al.! which comple-
ment a considerable body of older data concen-
trated at lower momentum transfers.? We are
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