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The recent discovery of differences in the » and » vields a ]
88 we.l as the shservation of different low ecoergy »' and = lpecilra in
relativistic nucleus-nuecleus ecollisions reise the possibliliisy thet such data
are sensitive to the matter dengicy diseribuzion during the colilision process.
There is no way at present to ezxtract such information Ifrus proton inclusive
cross sections. In & symmecric N « Z system, = ‘v differences arisce solely
from electromagnetic forces and reflect, in principie, ine propertics of the
charge distributfon after the pion is created. We rveport hevre on svee sspectis
of a classical caleulation of these phencorns.

1. Hodel for the collision process. The nuclesr coliision is plctured

8% a succession of relativistic, cn-ghell. binary. bearyon-baryon collisiong.

The evolution of the system i3 calculated by means of a Momte-Cavlo method 1.0,
which embodles the following Inportant festures: i relativistic kincmarics,
{i1" ewpirical eiementery cross sections, "1J: plonlc degrees »f freedom are
accounted for by allowing A-production, 'iv 3°s ave considered stable ajainst
pion eaission until the end of the collision process; they may. hoever, be
destroyed in collisions with nucleons. This last polmt £s a revasonable
approximation ziven the present knowledge of the behavior vi 2 resvnances In
nuclear matter [3].

The present model is a very successful par-weter-free descristion of
inclusive ¢ross sections (see fig. 1} and two protom correlations at
3. Mev/a [u]. N ‘ ‘ i

J. Magter distributlion. Duriog the collision process, vur calculstiosn

reveals thar the matter can be coopressed subscantizlly | % -  and toss
expands rapidly. However, pions should sot be sensivive 1o these carly stages
of the process. Atr the end of the coliision process and 3t later times, the

calculated marter {and charge! distribution of a symmerric sSystem can be
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Mlere, g is the total charge of the system, v is the initial wvelocity in the
c.m. frame, and y is the corvesponding Lorentz factor. The bezm direction

is z and the impact parameter is along . By fictinmg this form to the MNonte
Cav.o calculations at each time for a given impact parameter, we find that the
participant charge, QJ, iz a‘wmost independent of time, while £ X and a are
linear functions of time. These results support gualiratively the participant-
spectator model, except that they predict am expansion of the three parts of

Y

the system. Typical expansion velocities are Ve, = vl and v_=3.2. Q is
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close to that predicted by & “clean cut” geometzry, except at swall impact
parameters, where it is somewhat ssasller.

3. Electromagnetic effecis on the pisn spectrusm. Let s{?tt,a,gi) be
the source fumction for creating plons of momentum 31 8t space-time poling
{;1t} in a col..sion at jsmpact pevemeter b. The imclusive cross section

will be [5]

3
3 ; -~ . B dp
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where §§ £ the final seveptolic momentum sfiter experiencing the electro-
magnetic fleld. We hove celculated this iategral by a Monte Carlo method,
sampling the initisl value of §i3¥,z,b gnd solving classical equatione of
motion in order to fimnd 5{‘ The pion source hes been factored inte functions
depending upon sach of the arguments. The spetisl snd impact parasmeter de-
pendences of the source are described by peussians, whose paramcters arve
consistent with those of the participent cherge distribution st the instant
of p-decay. The time dependence of the source is taken to be & delta func-
tion in time, assuming that the pions are relessed at the end of the strong
interaction process. This i{s in keeping with the above-mentioned plcture of
long-~lived delta resonsnces which decay at the end of the decompression stage.
The momentum dependence of the piom source is sssumed to be thermal {with
temperature T), or direct {i.e., related £o the N+ ¥ ~ a1, K+ N date) or a
combination of both.

Fig. 2 shows the resules for Ar+ Ca ~» 7 +x at 1.5 Ce¥. The lines are
contours of constant iovariant cross sections. The upper left corner shows
an undistorted thermal distribucion with T = 70 MeV. The distorted cross
sections gamr&sgénding to differeat initial spectrs a8 shown in the resi of

the figure: Upper Right, the thermal spectrum; Lower Right, Lower Lefr, two

mixtures of thermal and direct spectra, respectively € % and 54 thermal.

The electromagnetic forces produce a depression in the low energy region and
therefore a maximum at 90° near P, > mk¢° The position of the peak is sensi-
tive to the initial spectrum. Comparisom with experiment [) would favor a
highly thermal initlal spectrum, a8 far as the location of the maximum is
conceyuen. However, the shape of the contour lines near this maximum Is oot
well reproduced. Beyond the reglon expervimentally investigated for this

-

. . . . o . ceres
system, we predict g depietion of the pilon vieid at 5 and 16,7 at rapicities
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slightly beyond the incident c.m. rapidity. This is consistent with the
measured ratio of n  to v yields at ;G for MNe . NaF at L. - MeV (1], as Fig. .
strikingly shows. We [ind, remarkab!  that this ratio is fairly independent
of the initial pion spectrum. Negative pivns are “captured’ by the . pectator
parts of the system travelling with the incident velocity. Thus, it is very
likely that n-mesic atoms are formed in relativistic nucleus-nuci. s collisions.
Although there is some uncertainty in the pion source and a classical
treatment may be suspect in sow regions of phase space, our calculations have
revealed that the low emergy pion cross sections are sensitive to the evolu-
tion of the charge distribution after the strong interacrion process. In
particular:
(1} the height ond the shape of the peak in the -7 +% ratio ar ° are
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gensitive to the spatial extent of the spectator part of the sysiem,

{2) the high-momentum n /x* retioc st 0° depends upon the spatial charge
distribution at the end of the strong intersction process,

(2, the n"/n" ratic st small momentum depends wainly upon the charge snd
expansion of the psrticipent part.

We have not yvet guantified these dependences and they deserve further
attention. The locscion and the shspe of the msximm in the r' -spectrus at
90° c.m. also depends upon the properties of the charge discribution, but is
quite sensitive %o the source parameters. The fact that we cannor reproduce

the detalled shape of the maximus may indicate some unusual properties of

the plon source.
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