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Introduction
One of the main reasons for studying high energy nuclear collisions
is the hope that under the extreme conditions {p 2 Zpo, E* ~ 102 MeV/nucleon)
generated in such collisions new phenomena will be observed associated
with the coherent interactions of a large number of nucleons. In this
talk I will discuss the possibility that pionic instabilities could occur
under those conditions. Other exotic possibilities at high nuclear
densities such as density *somers and quark matter are discussed else-
vhere in these proceedings (see talks of W. Greiner and A. Kerman),.
Here, I shall concentrate on coherent pion processes.
The discussion is organized into the following sections.
2,3

1. Pion condensationl and pionic instabilities in excited nu.lear

systems.

a) Thermal equilibrated, T ~ 50-~100 MeV

b} Non-equilibrium, ERJn ~ GeV/nucleon

2. Dynamical effects of instabilitie52

a) Critical scattering phenomena
b) Unstable pion fields

3. Pion Production

a) Multiplieity distributions’

b) Pion lasers and the 27 inclusive®



-2

1. Pionic Instabilities

The first model calculations of pilon condensation were carried out
for nuclear matter in its ground state (i.e. T = @), Since the ploneering
work of A. B. Migdalﬁ, the literature on thic problem has been growing
steadily (see talk of W, Weise elsewhere in these proceedings as well as
Ref. 7 for further references). The present status of such calculations
1s that if pilon condensation in non-excited nuclear matter occurs at
all it would be for densities P E 2p, . In fact, the most recent calcula-
tions of Weise8 and Meyer-ter-Vehn9 cast considerable pessimism about
the likelihood of plon condensation in finite nucledi.

The point made in Ref, (8) is that the density dependence of
the effectiJZ nucleon mass m*(p) tends to increase p, very much. The
point made in Ref. (9) is that the correlation parameter g,as determined
from low lying excited states of finite nuclei, i1s significantly larger
(g = 0.7 £ 0.1) then previously estimated®’’ g = 0.5 # 0.1. These two
points decrease very much the possibility that pilon condensation could
occur in non-excited nuclear matter.

However, nuclear matter formed during heavy ion collisions 1is
very far from its ground state and can easily reach densities well over
ZDO. The following points should then also be kept in mind. (1) While
m*(p) is a decreasing function of p, m*(p,T) may be an increasing
function of T. Thus the effect of m*(p,T) on plon condensation could
well be less for T > 0 systems. (2) The value of g determined from
finite nuclei takes into account the strong two body correlations that
keep nucleons apart. However, in excited nuclear systems, especlally

during the non-equilibrium phase of the collisions, the effective
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value of g(E*) may be less than g(E* =~ 0) since the nucleons can approach
each other much closer due to their high relative momenta. Of course
nothing is really known about g(E*x and we can only treat g as an unknown
parameter for excited systems. The sensitivity of the results to
variations in g must then always be emphasized.

Another important point to note is that collective instabilities
in non-equilibrium systems can be fundamentally different from those
in equilibrated systems. The instabilities that occur in colliding
plasmas are particularly good examples of this (see Ref. (2)). As we
will also emphasize below,.the most dramatic effects of pionic insta-
bilities are in fact expected during the non-equilibrium phase of the
collision.

It 1s clear that no definitive statements can be made about the
existence or non-existence of pionic instabilities in excited nuclear
systems. Therefore, the calculations reported here are only presented
in the spirit of exploration of what exotic phenonema could at least
in principle occur in nuclear collisions. Eventually, we must turn -
to experiments for definitive statements. For now we simply explore
what could happen and what observables could be sensitive to novel
phenomena.

The central quantity in these investigations is the pion propaga-

tor6’7

A(w,k) = (wz-kz-mT?— H(m,z))_l ‘ s (1)

where Il is the pion proper self energy or the polarization operator

that results from the TN and NN interactions in the medium. The form
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of T that includes the strong P-wave TNN and 7NA interactions as well

as hard core NN and NA interactions 152'3'6’7

- ___.____nmz‘ * T . @

L-g/k (Mg + My,d
See Refs. (2,3,6,7) and the talk of W. Weise in these proceedings for
further detalls.

The main reasons for studying A(w,E) are as follows:

(1) The pion spectrum w(E) in nuclear systems (including collective
excitations (phonons) carrying the pion quantum numbers) can be obtained
from A (w,k) = 0.
(2) The linear response of the medium to a pion depends on the residuve of
Aw,k) at its singularities.

(3) The decay rate of excited nuclear systems due to pionic instabllities

can be estimated viaz’3
3% ~
T/V = Re 4 log e(w,k) (3)
(2m)

where the pion "dielectric" function

L A w,k) .-l
elw,8) = ———— 1 +E-N(w,k) . (4)
Adw,k) K

If there exist complex roots of A-l(m + iY,E) =0, i.e. complex
zeros of s(m,i), then linear response theory shows2 that the system
is unstable. In particular, small spin-isospin perturbations in the
system are amplified (i.e. grow exponentially in time) at a rate Y.
Of course, external perturbations are not necessary to bring on this
instability. Quantum fluctuations are sufficient to induce the decay

of the systen when 7y # 0 via Eq. (3).
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To study whether pionic instabilities could occur in excited
nuclear gystems, two extreme models of the nucleon momentum discribution
were considered in Refs. (1-3):

(a) Thermal equilibrated

-1
n(p) = ‘exp [(p2/2m~u)lT] +1 , (5)

(b) Non-equilibrium
nE) = 0(pp = [P+ Bgl) + €(pp - 17 - Pepl) - (6)

With Eq. (5), we calculated the pilon analogue of the Curie
temperature in ferromagnets. With Eq. (6), we studied the analogue of
the two stream instability in colliding plasmas.

The results for the thermal system are shown in Fig. I. The

),

essential feature to note is the rather steep slope of 'I‘crit
indicating that for p > (2-3) ey quite a high temperature is required
to destroy this second order phase tranmsition. In fact, the solution
of the Rankine shock equation (see Ref. 6 in Ref. 1) indicates that

for the densities expected during nuclear collisions, the temperature

is likely to be below T for p > Zpo. Of course, these results are

crit
sensitive to g, but if the appropriate value of g is less than 0.6,
then the above conclusion remains valid.

Encouraged by those results, we turn next to the non-equilibrium
phase of the collisions where Eq. (6) is appropriate. Again complex

- 2
roots of A 1. 0 can be found. .3 The centour plot of the growth rates

Y(k“,e“) (in units of 0.1 mﬂ) are shown in Fig. II. The angle 6“ is
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that between ﬁn and the beam axis ;cm' In Fig. II the plot for P = lmTr
(kinetic energy ~ 670 MeV/nucleon) is shown as a typical example. The
essential points we focus on here are (i) unstable modes are again found
for g < 0.6 , (2) the average growth rates per mode are

<y> ~ 0.1 o, = 2% 1022 sec—l, and (3) the momenta of the unstable modes
is kTr = (2-3) o, Clearly the exact boundaries of phase space where
unstable pion modes occur depend sensitively on g (compare Figs. Ila,

IIb), Nevertheless, the features mentioned above are not so sensitive

to g. The importance of (2) is that it indicates that during the non-
3

equilibrium phase (lasting ~ 5 X 10-Z sec) at least a few phonons can

be created in each unstable mode, i.e. where y(E) # 0. Note in
particular that only a few phonons can be created in a given mode K,

but there are many unstable modes. Typically, the number of such modes
is found to bez’3 ~ V/Xﬂ?. Therefore, the term pion condersation is not
apﬁroptiate for nuclear collisions, since a condensate implies that there
are many phonons in a few modes. On the other hand, the term pionic
instabilities is quite suitable.

The importance of feature (3) is that the wavelengths of those
vnstable modes are then small ~(3-5) fm. Therefore, such phonons can
exist in the finite dimensions of the nuclear systems considered.

We conclude from these calculations that provided the effective
strength of g is less than 0.6, plonic instabilities can occur during
nuclear collisions in spite of (1) the high exciltation energies, (2)
the short interaction times, and (3) the small nuclear dimensions.
Having thus shown the possibllity of piomic imstabilities, we turn now

to what effects they could have on the dynamics of nuclear collisions.
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2. Dynamical Effects’

There are two major effects of collective instabilities familiar
from solid state and plasma physics:

a) the modification of two body scattering rates via critircal

scattering phenomena,

b) the growth of strong collective fields via spontaneous phonon

pair production,

The first effect can be easily pictured as follows: In free space,
two particles scatter via the exchange of bare mesons so that in the
Born approximation their scattering amplitude is proportional to the
free meson propagator Ao(m,ﬁ). In a many body medium, the propagation
of a meson is modified by its interactions with the medium as illustrated
in Fig. I1Ia. This interaction "dresses" the meson thereby converting
it to a phonon, i.e. a coherent many particle-many hole state. The
scattering amplitude is then proporticnal to the dressed propagator
A(w,i). Therefore, the effective cross section of two particles which
are distinguishable from the constituents of the medium is related to

the free space cross section via

1

= do . (7)
le (w i) |2

do
o

eff

Equation (7) is the familiar plasma kinetic theory result relating doeff

and do via the dielectric function.

Critical scattering occurs when there exists a w=0 phonon mode

ic, i.e. such that E(O,kc) = 0. In that case dceif + o !
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As an aside we note that it is easy to see why the existence of
w=0 modes 1s intimately related to collective instabilities. A phase
transition occurs when the state ¢ of the system becomes degenerate
with some other states ¢'. When w=0 modes are available, ¢ becomes
degenerate with the set of states ¢' differing from ¢ by any number of
these soft phonon excitations. Consegquently, the system decays by building
these callective excitations into itself, In the case of pion condensa-
tion the new phase is characterized by a spin-isospin lattice.6'7

Returning to the scattering mechanism, we note that 7q. (7)
is not generally applicable, Self-consistency and finite size effects

madify Eq. (7) 352'3

do

off = P(w,k)dﬂa (8)

where the polarization from factor P(w,k) is much less singularz’3 than
lew,8)|™2. For detailed discussion of Eq. (B) refer to Refs. (2,3).
The only point we stress here 1s that the scattering rates are modified
dua to plonic instabilities as in Eq. (B).

The second major effect of instabilities, i.e. the growth of
collective fields, can be understood in terms of spontaneous phonon

+W~ phonons. This is

pair creation as illustrated in Fig. IIIb for 7
assoclated with those quantum fluctuatilomo in the system involving
virtual phonon pair creation. For example, a virtual v+ @eson is
created at some time together with a neutron particle-proton hole (np)
excitation. As the 7T propagates through the medium its Interactions

(further particle-hole excita:ions) converts it into 2z " phonon.

Similarly, as the np excitation propagates through the medium, 1t
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is converted into a T phonon. Note that we use the term phonon here
as a generic name for the quanta associsted with the singularities of
A(w,ﬁ), As mentioned before, they are cohsrent many particle-many
hole states of the system.

If there exists an w=0 mode for some Ec. then the virtual
fluctuation described above can '"materialize' since both energy and
momentum can be ccnserved. As more and more phonons are created in

" this way, a structural change (i.e. phase tramnsition) of the system
occurs. In addition, after sufficiently many phonens are crizated the
tion field will acquire a finite expectation value; <6(x)> # 0. This
is quite analogous to the growth of collective electric 7ields as a result
of plusma instabilities in coliiding plasmas.

Both efiects of collective instabilities d-scribed above are
closely relar_ed.2 In fact the only difference between (a) and (b) is
that in (a) the energy momentum (w,k) of the phonons s on che particle-
hole branch of the phonon spectrum. These phonons simply decay to
1 particle - 1 hole ercitations. The decay of a pair of such phonons
is thus completely equivalent to a two body scattering as illustrated
in Fig. IIIa.

Having discussed these effects, we turn to an estinate of their
importance in nuclear collisions. To that end we note the results of
Refs., (2,3), vhere it was shown that the decay rate of the system can
be estimated from its complex correlation emergy (sum of ring diagrams

in RPA) giving
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I= I‘ccyl + I‘scat
ey + £ Gon@Ee G5 IEE:EEL_ )
-Z COREED DR ALI AL CRRE .
k Plaﬁz

In Eq. (9), Fcol measures the rate of spontaneous phonon pair creation
for phonons that do not decay to lp-lh excitation, and rscat 1s the
.Boltzmann collision integral measuring the rate of two body scattering
in the medium, The effective cross section in Fscat includes both
elastic (NN -+NN) and inelastic (NN-+NA and NN~ AA) contributions.

The polarization form factor in Eq. (8) was computed in
Ref. (3) (Eq.(26)). It was found that P(w,i) had logarithmic singu-
larities that led to typical enhancements of aeff/co ~ (2-4) for both
the elastic and inelastic cross sections. In addition, we found3
that Fcol < Fscat in these models calculations indicating that effect
(a) should dominate effect (b). In other words, two body scattering
is expected to dominate mean fileld effects.

The first important conclusion we draw from these calculations
is that we do not expect any drastic effects of pionic imstabilities!
What we can expect is a moderate increase of the scattering rates that
would lead to more rapild thermalization in the system. Taken together

with Fco <T these results suggest then that a hydrodynamic or

1 scat’
cascade approach to nuclear dynamics is most appropriate.

We can now see the following dilemma with regard to observing
effects of such instabilities. If pionic instabilities occur, then

they will lead to more rapid thermalization than if dceff were



11~

identical to dc0 in Eq. (8). However, once the nucleons reach thermal
equilibrium, the memory of the interesting dynamical path is lost!
Therefore, the bulk of the single nucleon inclusive cross section, do,
would not show any effects of such instabilities.

It may seem at first sight that che "knock-on” contribution1
to dCN would be sensitive to the form of dceff in Eq. (8). This knock-on
contribution is in the region of phase space beyénd the quasi-elastic peak,
.i.e. the high momentum end of the nucleon spectrum. Those nucleons are
thought to be projectile nucleons that have undergone only one scattering
in the target. Therefore, it is tempting to assume that this knock-on
region of dGN could be used to determine P(w,ﬁ). However , most of the
nucleons observed at high momenta come from the peripheral region of
the interaction region. That is simply because the number of mean free
paths a projectile nucleon must traverse is much smaller in the
perpheral region than in the central region. (Experimentally, the
perpheral nature of the knock-on contribution could be tested by looking
for an Al/3 dependence.) In a peripheral coll%sion, however, only a
small amount of nuclear matter interacts, and, conseguently, collective
phenomena would be greatly supressed, i.e. P(w,k) > 1 in peripheral
collisions. Therefore, we would only measure the free space cross
sections in the knock-on region.

We conclude, therefore, that the nucleon inclusive cross section
is not expected to be sensitive to dynamical effects of pionic insta-

bilities. In the next section, we therefore turn to pion production

with the hope that it is more sensitive to such phenomena.
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3. Pion Production
A. Multiplicity Distribution

In Ref. (3), we found that one poscible effect of plonic insta-
bilities is to enhance the inelastic rates T(NN » NA) by a factor ~(2-4).
It is then natural to ask whether this should lead to an enhancement
of the average number of pions <n;> praduced. As we shall see, the
answer is no!

To see why <nﬂ> remains approximately the same, note that pions
are produced mainly during the non-equilibrium phase of the collision.
After the nucleons reach thermal equilibrium with T ~ 50 MeV, the
relative momenta are generally below T production threshold. Simple
estimates, in fact, reveal that 7 production rates during equilibrium
are smaller by a factor ~10 or more than the rates during the
non-equilibrium phase, where the relative wmomenta are well above

threshold. Therefore, we can estimate
<n > = T(NN>NA) T, ) (10)

where Tth is a characteristic thermalization time

. (11)

T -3 A @ 1
th © “tot © T(NN=NN) + T(NN~ NA)
%

Now if both the elastic and inelastic rates are increased by a factor

X (due to pionic instabilities), then plons are¢ indeed produced X times
as fast, but only for a time 1/X as long. This decrease of the
thermalization time compensates for the increase of the T production

rate!
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We therefore do not expect copious pion productisan as a result

of the pionic instabilities discussed here.

To check whether the observed pion multiplicity distcibution
can in fact be accounted for without copious pion production, we report
here on two simple model calculations:
a) Thermodynamic Fireball ModelA
b) Non-equilibrium Impulse Approximation
‘In (a) the pions are assumed to come to chemical as well as thermal
equilibrium12 with the nucleons., The average pion multiplicity in a

fireball of volume V and temperature T is then12

3 W
“n_» =f Wk (o M7y . (12)
(2r)

The. thermodynamic caIculationA for the multiplicity distributioa P(n }
7

is found to give a convoluted multiple Poisson. However, for the volumes

and temperatures expected in nuclear collision at energies <2 Gevs

nucleon, it was shown in Ref. (4) that P(n“) reduces to a simple Poisson

for each impact parameter b, i.e.

n,
™
_ <n (b)>
- e~y (b)> —L—— (1 *0.05) . (13)
T

P(n_:b)

. - <
with correction =~ 5%.

The results of that calculationa for the m distribution in
Ar + Pb304 at 1.8 GeV/nucleon atre shown in Fig. IVa, Curve 2, which

: . : 11
incorporates the trigger bias of the data, L is seen to correctly

account for all features of the data. Figure IVb shows the contributions,
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Eq. (13), to P(nﬂ) from different impact parameters. Note, in particular,
that Fig. IVa shows that no copious pilon production is observed.

0f course, the Poisson aspect of P(nﬂ,b) in Eq. (13) is not
severely tested in Fig. IVa. It would be, in fact, very desirable
to isolate experimentally the b=0 contribution to P(nw) to test for
the Poisson form. As shown in Ref. (4), deviations from the Poisson
form could serve as strong evidence for unusual correlated pion produc-
'tion mechanisms. The point is that the average pion multiplicity
<n;> can be correctly accounted for by a large variety of production
mechanisms. However, the fluctuations around <n">, i.e. the form of
P(n";b), is sensitive to correlated pion production mechanism.

An example of a completely different (uncorrelated) production
mechanism that yields identical results to the thermal model is
model (b). The assumption here is that pions are produced only during
the first collision each projectile nucleon suffers. Then

<n">pp Ap(b) , (14)

<n (b)> =
where Ap(b) is the number of projectile nucleons that interact with
the target at a fixed b, and <nﬂ>pp = J.7 is average number of pions
produced per nucleon-nucleon collision at these energies. (The average
number of ™ is onme-third of Eq. (14)). Equation (14) together with
the fact that the multiplicity distributlion in elementary NN collisions
is approximately Poisson then imply that P(nﬂ,b) is a Poisson in

Eq. (13) with mean in Eg. (14). Xumerically, this model gives the same

quality of fit as curve 2 in Fig. IVa,
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To conclude this discussion of P(“ﬂ)» we emphasize again that the
only way to galn information on coterent plon processes from P(n") is by
isclating a single impact parameter (preferably b = 0) and by looking for

deviations from Poisson.

B. Pion lasers and the 1 7 inclusive

In searching for more sensitive tools to study pion coherence,
we turn next to the T W inclusive cross section. As we shall see,
this offers perhaps the most exciting possibility to eventually determine
the degree of coherence of the pion field.

The basic idea here is simply to extend famillar concepts of
quantum optics13 into the realm of pion physics. A detalled discussion
of "Pion Quantum Optics" is in preparation.5

The starting point is the assumption that the pion source can

be treated as a classical (c-number)- function, 1i.e.
Fne = PED T (X, s (15)

where ¢ is che pion Heisenberg field and J(%,t) is a space-time Source
function. For illustrative purposes ¢ 1s treated as a scalar field here.
Complications due to the isospin structure of ¢ and J will be considered
in Ref. (5).

In reality, J is a transition current operator involving the
nucleon and possibly b33 field operators. The physical assumption
we make 1s that as long as the amplitude of :he.pion field produced is
small, we can replace J by its matrix elements between nuclear wave-
functions. Thus the recoupling of the emitted pion fields to the

nucleon fields is neglected. Since only a relatively small fractionl2
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(X 10%) of hadronic matter in nuclear collisions consists of pians,
this may be a rather good approximation. We therefore assume J(%,t)
1s a given function of space-time.

With Eq. (15), the pion field ¢(X,t) can be explicitly solved
for . HYore importantly, the S-matrix in the pion sector can be

obtained in closed form14

S = exp f ifd3k [j(k)a+(k) + j*(k)a(k)] , (16)

+ .
where a’ (k), a(k) are the creation and destruction operators of the

pions and
ikx
1tk =fd"x e JG.0) 7
Viemdu,

with kO =wo kzi-mf being the (on-shell) space-time Fourier transform

of the pion source current.

Given Eq. (16), the asymptotic outgoing pion field is given by

T,out> = S+|0,in>

= /2 expl -'fd3k jaoaTw | Jo,in , 18)

where

7 - fd3k [y |2 ' (19)
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The important point to note about Eq. {18) is that |[m,out> is a coherent
superposition of states with arbiirary numbers of pions. Such states
are known as coherent states in quantum’ opticsl3 and actually characterize
laser fields! Thus, a classical source produces a laser field. We
return to this point below.

However, first we mote that the exclusive and inclusive distribu-
tions of pions are simply obtained with Eq. (16). Of particular interest

is the inciusive probability Pm(k g ees s km) for observing m pions with

wmomenta kl,...,km H
- + 2
= 1
B (g eee k) Z (n_m)Jakmﬂ...dknk koK |sT]0o|
n=m
2 . 2
SR FIC0] P E T . (20)

This incredibly simple result has also been derived in Ref. (15).
However, the connection of the j's to the pion source currents was
not made there.

It i5 also easy to show that the multiplicity distribution of
the pions is a simple Poisson with a mean n given in Eq. (19).
th

We can now define an m  order correlation function

Pm(kl,... ,km)

C (kiyeueryk ) » s o 1 . (21)
ml ™ Pl(kl)...ll(km)

For a pure classical source, Eq. (20) then shows that qn = 0 for all m.

This is in fact the distinguishing property of laser fields from chaotic
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fields that we use to characterize what exactly is meant by a pion
laser.
To see how chaotic fields are prbduced, consider a source j(k)

that is composed of an incoherent sum of sources ji as

N i¢i
3 = e 0 . (22)

i=l

where the ¢i are random phases. Then, the inclusive distribution in

Eg. (20) must be averaged over these phases

217

dgy dty 2 2
B Ckysennsky) -f Sr ey k)| cdiae | . (23)
o

For a chaotic source (N>1) in Eq. (22), this averaging leads to Cm * 0.

In fact, the Hanbury Brow-Twiss (HBT) effect, which for pions is called

the GGLPY effeec,16 can be derived from Eq. (23) in the limit N->o,

This is accomplished by considering sources in Eq. (22) of the form
ikx

3400 -fdl'x = sx-Fpsle-t) (24)

(2m) 2
where f and g describe the spacial and temporal development of the
individual currents, and the space-time points (ii,:i) are randomly
distributed with probability denmsity p(X,t). It then fullowé in the

1imit N - that

~ o w o 2 2 :
&R+ = 10@,V 4, B . (25)
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Therefore 02 measures directly the space time Fourier transform of the
pion source regiori, Equation (25) is the GGLP effect16 which this
derivation shows holds only for completeély chaotic sources (N+«), While
this limit is appropriate for light emerging from stars as in the
original HBT effect, for pions from nucleon collisions, this limit may
not be applicable. In particular, Eq. (25) does not hold if there
is coherence in the pion field.l7

An important feature of Eq. (25) ic that the { = 0 point is

cz(E,E) - 1 . (26)
chaotic

for completely chaotic sources, which is in sharp contrast to

Cy(R,ky = 0 (27)
cohereat

for coherent sources. An example of such a. coherent source is one where
all the 14 in Eq. (22) add with fixed phases.

It is now obvious that partially coherent fields can also be
produced for which Cz(i,i) is between 0 and 1. In particular for

finite N, Eqs. (22,23) yield

1
~ k o o~ * . ~ -
> (Ji(k) 1y G+ jj(k+q>)

€, (K, k) = -k : .28
(2: lji(f:)|2> (t iji(E+F1)|2)
i=]1 i=l .

Therefore, the § = 0 intercept is given by
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N 4
i, G0l

~ 1 :
) =l
Cz(k k) =1 Y {2%)
pINIROIE
i=)
- 1-a(k) (30)

We nouw define the degree of coherence of the pion mode k as d(k) from

Egs. (29,30}. The properties of d(i) that make it particularly attractive

as the definition of that degree of coherence are

(1) 0 <d(iy <1

(2) d(k) could differ For different k

(3) (k) =1 for N =1, i.e a pure coherent source as in Eq. (22)
with fixed phases ¢i

) dik) = %- for N identical chaotic sources with random ¢,

(5) d(k) = 0 for complataly chatoic source (N+w)

In particular, Eqs. (26,27) are included as special cases of
Eq. (30).

The important point we want to stress here is that not only the
space~time evolution of the plon source, but also the degree of coherence
of the pion field can be deduced from the second order correlation
function. Experimentally, Cz can be measured from the
271" and 1n~ inclusive cross sections.

This double virtue of Cz(l:,i;hi) as illustrated in Fig. V has

also been emphasized by Fowler and Weiner in Ref. (17). What we have
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presented here is a simple field theoretic derivation from which the
connection of these effects to specific properties of the pion source
can be easily seen.

We are now in the position to discuss how the measurement of C2
would be useful in looking for coherent pion processes as discussed
in sections 1 and 2. As we discussed before, neither the nucleon
inclusive cross section nor the average pion multiplicity are expected
to be sensitive to pionic instabilities. On the other hand, d(k)
provides a subtle measure, mode by mode, of coherence. T;us even
if no unusual signal is observed in either the nucleon or pion distri-
butions, d(E) could still be non-zero for certain critical modes
(kc ~ (2-3) mﬂ).

However, it is also clear that d(E) is not easy to measure.
First, a fixed impact parameter (b = 0) must be isolated to avoid a
b average in Eq. (23). Then high statistics in a small regién cf
phase space are required. Finally, dynamical correlations from final
state T T interactions must be eliminated by methods such as those
used in Ref. (18). Nevertheless, the effort is worth it! In the absence
of any more spectacular signals, d(i) offers a powerful tool to look for

coherent pion processes in nuclear callisions.
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Figure Captions:
I. Critical temperature for pion condensation as a function of
density. Emitis shown for g = 6.5 (See Ref. 1 for other g).
Curves AB and BC i1llustrate the compression and decompression
phases during nuclear collisions.
IT a) Coatour plot of growth rates y(k",e") for pion modes in
non-equilibrium nuclear matter, Eq. (6). This example is
for Pem © lam,[r and g = 0.5. Units of rontours are multiples
of 0.1 o..
b) Contour plot of growth rates Y(k",e") for pion modas in
non-equilibrium nuclear matter, Eq. (6). This example is for
Py = Am“ and g = 0.6, Units of contours are multiples of
0.1 me
ITIa) Illustrating difference between two body scattering in free
space and in a many body medium
b) Illustrating spontaneous ﬂ+ﬂ- phonon pair production.
IV a) 7 multiplicity distribution for Ar + Pb306 at 1.8 GeV/nucleon.
Data from Ref. (1l1), curve 2 is the final curve for the thkermal model
from Ref. (4).
b) P(n",b) for various impact parameters for Ar + Pb at 1.8 GeV/nucleon.
V. The two M correlation furction for the general case of partial
coherence. p is the Fourier transform of the space time region
containing the pilon source points (xi,ti) in Eq. (24). d (k)

is the degree of coherence of pion mode k.
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