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Combined effects of nuclear Coulomb field, radial flow, and opaqueness on two-pion correlations
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Correlations of two like charged pions emitted from a hot and charged spherically expanding nuclear system
are investigated. The motion of the pions is described quantum mechanically using the Klein-Gordon equation
which includes Coulomb field and pion absorption. Flow modifies the radial distribution of the source function
and rescales the pion wave functions. The radii extracted from the correlation functions are calculated in
sideward and outward direction as a function of the pair momentum. Comparison with recent measurements at
bombarding energies of 1 GeV and 11 GeV per nucleon is nj&h56-28189)02504-2

PACS numbeps): 25.75.Gz, 25.75.Ld

[. INTRODUCTION calculating the distorted waves for the pions. Numerical re-
sults are finally discussed in Sec. VI.
Measurements of correlations of pions and kaons as a
function of their relative momenta are used to determine the IIl. BASIC EQUATIONS
source radius in heavy-ion reactions at intermediate and rela- Here, we briefly review the formulation of the Hanbury-

tivistic energies. On the basis of the Hanbury-Brown andgyown and Twiss effect which allows us to incorporate the
Twiss effect(see[1,2]) the correlation function is related to mean fields between the source and the two emitted mesons.
the source radius viRy,=7ic/Aq, whereAq is the width of At asymptotic distance the two mesons move with momenta
the correlation function. However it is well knowB,4] that p andp’. Each meson is described by a wave functigyx)

the correlation is a complicated function not only of the rela-hich satisfies an equation of motion which contains the
tive momentum but also of the total momentum of the piony,aan field, andp=(w,p) and x=(t,r) denoté the four-

pair. The correlation is determined by the size of the region,omentum and the position in time and space, respectively.
from which pions are emitted with roughly the same mo-; ig customary to introduce a source tedfx) from which
menta. This has the consequence that for collectively streampq \vave functiony,, is generated. With these definitions one

ing matter this reg'ion is smaller than the total source dL_Je ,t%an expres§1,10] the probability for the emission of two
the strong correlation between the momenta and the emissiQason in terms of the source operatdtgx),J(x) as

points of the particles. A further modification of the apparent

source size arises if pions are often rescattered within the dN
source. Thus, for pions the source is opafbk and their 0w ——~ f d*x;d*x,d*x3d*X 445 (X1)
emission points lie within a thin surface layer. dpdp
On the other hand, the central Coulomb force changes the < o
momenta of the particles while moving towards the detector. Vo (X) Yipr (X) Yp(Xa)
This latter effect was investigated in Ref6,7]. Pions with X(IT(x3)I T (x0)I(x1)I(%p)). (1)

small momenta are mostly influenced by the Coulomb forces _ _ S
which act quite differently on positively and negatively ~ The basic assumption for applying interferometry to nu-
charged pions. Indeed quite different radii have been obclei is the chaoticity of the source i.e., the absence of initial
served recently in collisions of Au on Au at bombarding correlations between the two emitted pions except those cor-
energies of 1 GeVY8] and 11 GeV per nucled®] at the SIS ~ relations coming from the Bose-Einstein statistics. Thus, one
and AGS accelerators, respectively. writes

The aim of this work is to study the combined effects of , ;+ + _/1+ n
central charge, opaqueness, and flow on the extracted radig.‘] (X3)37 (Xa) I(X2)I(x2)) = {37 (Xa) I(x2) (I (X5) I (X2))

As a model we consider the emission of pions from a hot +(31(x3)I(X1))
spherical nucleonic system, the expansion of which can de- .
scribed by radial hydrodynamical flow. To ease the neces- X(JI"(Xa)I(X2))- 2

sary numerical calculations we use a spherical spatial distri-rhiS allows one to express El) as products of density
bution while for the momentum distribution a relativistic matrices

Boltzmann distribution is used. Starting from a covariant for-

malism for two particle emissioriSec. 1) we derive the

source function in Sec. lll and obtain a concise expression v’
for the matrix element for the emission of two particles.

Once we have obtained the matrix element the standard tech-

nique is applied to calculate the correlation function. Cou-

lomb field and opaqueness are included via mean fields inThe conventior: = c=kggjyman=1 is used.

-~ p(p.p)p(p".p" ) +|p(p.p)I*>
dpdp
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with distance between the outgoing particles only. As a conse-
quence the functio® could be split up into a product lead-
, / , , ing to the standard i
o(pip ):f fd“xd“x WA (0B () (3 (x)I(0), ing to the standard expression
(4) Co(K, Q) fina state= P(4) C2(K,q), 9

which contains the one-body source term. This term can b@here the factoiP(q) is in the simplest case the Coulomb
connected to a classical source functigfk,x) via a Wigner  penetrability. In the case of the Coulomb interaction such an
transformation approximation means that the quadrupole and higher mo-
menta which influence the relative motion of the pair are
S(k,x)=f d4X/eikx'<J+(X_XIIZ)J(X+X//2)>, (5) negle_:cted. Altgrnatively, one can try to chtorize the wave
function ¥ as it has been done in calculating proton-proton

. . . o rrelationg 13].
which describes the creation of a meson at spacetimih correlations 13]

four-momenturrk.

The problem is further essentially reduced by assuming Il HYDRODYNAMICAL PICTURE
that the interactions do not depend on time. This assumption Ny we restrict ourselves to a simple situation. We con-
allows the use of stationary solutions fowy(X)  sider a hot spherical source from which pions are emitted.
=exp(—iot)yp(r) with w= p°=Vm?+p?. Inserting these Since the source expands the problem is not stationary. How-
functions into Eq.(4), using definition(5) and integrating ever, we circumvent this difficulty by considering only me-

over the variabld —t’ we obtain sons which move with sufficiently large velocities. Those
mesons are essentially outside the source and always feel a
"N ok / time independent Coulomb potential. Having in mind a col-
p(p.p )_J fdrdr Yo (N (1) lision of Au on Au nuclei at a fewA GeV generating a
source of a temperature of about 100 MeV, the thermal ve-
f dk aikr=1") [ gtd(o—otg locity of the protons in the source is about @.émbedded in
(2m)® a flow field of an average velocity of about @c3Thus, the

model may be applicable for pion velocities larger than®.7
(w+ o' k) . } © corresponding to pion momenta above 100 Medf kaon
2 ) : momenta above 300 Me¥/ However, if the particles are
released in the center of the source they stay a while within
In the interference term fap#p’ the energy of the pion in the decreasing part of the Coulomb potential. Within our
the source function is fixed to the mean energy of the obmodel the only way to treat this problem is diminishing the
served pions. If plane waves are used the integration over theentral charge in a heuristic manner. Such modifications of
differencer —r’ can be carried out which fixes themomen-  the effective charge have been obsery&d] in describing
tum to half the pair momentum leading to the standard formhe 7~ /#™ ratio.
[3] of the matrix element. For ultrarelativistic energies the system does not expand
Now, the correlation functiorC, is defined as the two- spherically but is preferentially stretched in the longitudinal
particle emission function normalized to the product of thedirection. Since our treatment neglects this dimension we do
one-particle emission functions which is given by the firstnot consider the longitudinal correlation function. Due to the
part in Eq.(3). It is convenient to introduce the average pairlongitudinal expansion the Coulomb force decreases with
momentumK and the relative momentuip via time. As an approximate measure of the Coulomb action one
can replace the central chargewith twice the rapidity den-

r+r’

X
"2

1 , _ / sity 2(dN*/dy—dN~/dy) of the net charge as was shown
_ _ In the hydrodynamical approach the momentum distribu-
Then, the correlation function reads tion is defined by a local temperatufeand a velocity field

_ 9 given by the four-vectou” with u“u,=1. Here we use
|[p(K—al2K+a/2)] _ typical parameters for a heavy-ion reaction: constant tem-
(K=a/l2K—a/2)p(K+a/2K+0q/2) peratureT, radial mean velocity8), and radial sizeR.

(8 Thus, we start with the source function

C,(K,q)=1+
2(K,q) P

For completeness we mention that the final-state interac- 1
tion [11,17 between the two outgoing mesons has not been S(k,x)= = e kuT-rRy -2 (10)
considered. Inclusion of this interaction would require re- Am?RyT
placing the product of the two outgoing waves(x) ¥, (X")
in Eq. (1) by a correlated wave functioW (x,x’). Including  The pions are radiated off during the emission timeThe
the interaction with the source the functit(x,x’) is, how-  thermal distribution of the momenta within a fluid cell is
ever, the complicated solution of a genuine three-body probeoupled viaku=k°u®—ku to the four-velocityu* of the
lem. As a first approximation one could assume that theell. We assume that the source function is obtained from
source interacts mainly with the center-of-mass of the paiEq. (5) and can be taken off-shell. For large pion density one
while the final-state interaction is a function of the relative should replace the @mer or relativistic Boltzmann distribu-
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tion with a Bose distribution. A spherically expanding sys-can be replaced by plane waves

tem can described by the flow velocity field ]
[Yp(ar)]* gy (ar)=exd —i Re(a)qr+2 Im(a)Kr ]
uf=(uou), ul=yi+u?, u=pByr/Ry, (11 (19

where the four-velocity scales with the distance from theUSing the definitiong7). To discuss the main effect it is
center. The parametg, is related to the mean flow velocity NStructive to find an analytical approximation. Expanding
(B8)=(|u|/u®) averaged over the densitg0) which leads to the integrand in Eq13) f0r~small flow velocities up to order
(B)= 87, in the limit of small B,. SinceB, character- ,3c2; and usingw — ' =Kg/m for small momentay one ob-
izes a four-velocity it does not have an upper bound, contrarj@ins from Eq.(8) the result
to (B)<1. In the Appendix we discuss the case of a hard- R? 9

. . . . . . . . K
sphere density distribution together with a linearly increasing C2:1+exp[ —qz{ ( |af? 0 ) +(Q_ TZH

velocity field as a function of the radius which is often used 1+B2miT qm
to describe transverse momentum spectra. (16)
Inserting the source functiofl0) into Eq. (6) and inte-
grating over the time we obtain with m= JymZ+K2.
Comparing the last equation with E(l4) one identifies
N (002212 the first expression in the round bracket with the sideward
p(p.p)= (277)9/2Rge radius while the whole square bracket is the outward radius
with |K|/m being the pair velocity. The value ¢f/|? ex-
XJ drdr’ g% (1) b (1) ceeds unity by at most a few percent for realistic values of
P P flow velocities. Equatiori16) contains the well-known result

[3] that the radial flow reduces the observed radRulg, with
dekeik(r—rﬂeku/T increasing pair momentum and decreasing temperature.
From the approximate behavior of the radius

Xef(r+r’)2/(8Rg)7(w+w’)vm/(2T)’ (12) Ro/ 1+,8§Fh/T one recognizes that the dependence on the
pair momentum is essentially a relativistic effect that is
where the velocity fields is proportional to (+r')/2. Inthe  caused by the change of the relativistic pion masEqua-
range of the convergence of this integral the integration ovetion (16) also contains the fact that the outward radius is
k leads to ad function (r —r' —iu/T) which allows one to larger for a finite pion emission time. However, the effect

carry out the integration over r’). Thus, the final expres- of mean fields could violate this statement as shown in the
sion reads following.

p(p pr): e—(w—w’)zfz/z V. NUMERICAL TREATMENT
! 3/2p3
(2m)°"Ry To incorporate the mean field for the pion with energy

w=+m?+p? we solve the Klein-Gordon equation

xf dr[ o ar)]* dpr(ar) )
J
_ _ _ 2 2 (—) _
Xe—FZ/(ZRS)—(aH—w') /—l+(ﬁ0r/R0)2/(2T). (13 e (0=U)“+m| ¢, ’(r)=0. 17

The factora=1—i8,/(2TRy) rotates the integration path The boundary conditions are chosen such tabehaves

for the distorted-wave functiong, into the complex plane. asymptotically like an outgoing wave in the direction pf
Using Eq.(13) we obtain the correlation function from with incoming spherical waves. This is indicated by the up-

Eq. (8). Since the system is spherically symmetric we invesper index (—). We mention that functions with outgoing

tigate the correlation as a function of the the momentumspherical waves can also be used to calculate the matrix el-

difference vector,, pointing in the direction of the average ement(4) applying the relationpé’)= lp(jp)* .

pair momentunK and g4 being orthogonal td. It turned The potentialu
out that the correlation functio, can well be approxi-
mated by e? r p 1
UZiZT(I) e +i—§, (18
Co=1+expl — Q2R e~ G2RED., (14) V2R @

where the Hanbury-Brown and TwigslBT) radii Rgqe and C(_)ntains the Coulomb potential of the Gaussian so(tog
R, characterize the extension of the source in and perperVith charge numbeZ, and the quantityb denotes the error
dicular to the direction of the pair momentuf function. Further we include the possibility that the pions
might be absorbed within the source. For this purpose we
have also introduced an imaginary part which depends on the
mean free patth. The positive imaginary part ensures that
Before we turn to the full problem let us discuss the casdhe wave function,//é’) increases in the direction of the out-
of a negligible potential. The distorted waves in Eq13) going momentunp. The potential18) is only a rudiment of

IV. CASE OF ZERO CHARGE
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the standard pion potentials used in calculating pion-nucleus 2 T T T T T T
scattering and is usually derived as part in a Sdimger 7=120 T=80 MeV R=45fm  1=0fm/c
equivalent equation, see e.g., Reff$6,17. However, the

simple form of Eq(18) suffices for the study of the effect of <p>=0 o She =l o
opaqueness which arises from the absorption and reemissio SR SaRelalion — gt BIFERSHFISITG — g
of pions in the matter. 15 - I A
The solution is numerically obtained by expanding the - out correlation ™" LT out correlation 77" LT
distorted wave into partial waves %EE
o]
4

| \\ 1 side correlation wm m°r°
_ Ara |
vy (=52 e HIO Y () Yim(1), (19 )

where the quantitie¥,, denote the spherical harmonics and

the symbolso; are the Coulomb scattering phases. In order

to use the nonrelativistic standard method known from opti-

cal model calculations the numerical integration was ex- 05
tended to large radiR,, to render the ternty? in Eq. (17)
negligible. Once the correct radial function has been ob- KMeVic) K(MeV/c)

tained it is analytically continued by integrating the radial FIG. 1. Ratios of sideward and outward HBT radii to the true

differential equation fronT =R, t0 r=aRma. The value  agiysR, of a Gaussian-shaped source as a function of half the pair
obtained at this point is used to normalize the functionmomentumk. The ratios have been calculated withdleft pane)
#(ar) obtained by integrating the radial equation along theang with (right pane) radial flow of mean velocity 8).

pathar.

0 200 400 600 0 200 400 600

Rigd 7 7") of (5.6+0.7) fm/(3.9-0.8) fm=1.4+0.3
has been found which agrees with our predictions. The ratio

We study the model for a situation which is typical for a Of the outward radii of (5.80.5) fm/(6.5-0.5) fm=0.9
collision of Au on Au nuclei at bombarding energies of 1 *0.15 is smaller than unity although the relatively large er-
GeV per nucleon. In nearly central collisions a system offOr bars do not allow a definite comparison. These measure-
chargeZ=120 is formed which a temperature of abdut Ments also qualitatively agree with the ratio of @4 of
=80 MeV for pions and a flow velocity of aboutg) the sideward radii observed by Petieal. [8]. In those mea-
=0.32[18,19. We use a source radius Bf,= 10 fm which ~ Surements the same increase was found for the raliys
corresponds to the paramefg= Rh/\/g_ contradlctmg_our p_redlctmns.

The correlation functiori8) has been calculated for vari- ~ NOW we investigate the effect of opaqueness of the
ous pair moment& as a function of the relative momentum SOUrce. In Ref[5] a drastic change of the HBT radii was
g. In all cases the obtained correlation function has nearly a
Gaussian shape and is fitted to Eti4) in the region ofC, 2 ' 1 T
=1.5 to obtain the HBT radiR,,; and Rgjge. Z=120 T=80Mev  <f>=0.32

In Fig. 1 the ratios of the fitted source radii to the true
radius are displayed as a function of the averaged pair mo- i side correlation — .7, 1
mentum |K| for two extreme values of the flow velocity —n
(B)=0 apd<ﬁ>=0.5. Compared tdR, the observed radii out correlation .. A"
R.ige are increased for negatively charged pions and dimin- 1.5 T=4fm/c . TR ]
ished for positively charged pions in comparison to the true
radius. An opposite but smaller effect is seen for the radii
Rout- These changes are significant for pions with momenta
below 300 MeVt. Results for pair momenta smaller than
100 MeV are not shown since the stationary approach is not
justified. Below the Coulomb threshold the behavior of the 1+
radius changes drastically, see R#i for details. For com-
parison we have inserted into the right-hand panel of Fig. 1
the sideward radius extracted fer® mesons. This curve s /’ .
nearly averages the lines for the charged pions. Comparing
the curves for the two flow velocities one recognizes that the
corrections arising from the Coulomb field and the flow field 0.5 : \ I : I
add up nearly independently. Figure 2 shows the ratio 0 200 400 600
Rugt/R for a duration of the emission af=4 fm/c which K(MeV/c)
leads to the expected increase of the outward radius.

Differences between extracted HBT radii for positively  FIG. 2. Ratios of sideward and outward HBT radii to the radius
and negatively pions have been measured at A§$ the R, of a Gaussian-shaped source with radial flow for an emission
projectile rapidity region. A ratio ofRgyd{7m 7 ) to  time of 4 fm/.

VI. RESULTS AND DISCUSSION

. e ———————
LTI L L
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2 T T T T r 20 T T T
pion opaqueness Z= 0 . Au + Au(1.06 GeV) ‘
T= 80 MeV <> =0.32 Sideward Correlation 1+ Outward Correlation
[ o 5 | E }2: data, Pelte et al.| ::::; calculation, R=8 fm
. . — T
side correlation —_
15 [— _ — /é\
H e T =
= out correlation ot Sl < 1 |
& 7=0fm/c =
& ;
) 5 _
m I
5 - — —
1+ _
5 \:::”::.. epazmEEIREIIIITT 0 ! I ! 1 1 \
TTEtarerziT 0 200 400 600 0 200 400 600
K(MeV/c) K(MeV/c)
0.5 ' ‘ ' ' ' FIG. 4. Comparison of measured sideward and outward [@Hii
0 200 400 600 to calculated HBT radii affected by flow, central Coulomb field, and
KMeV/c) opaqueness as a function of half the pair momentum. The large

extension of some of the horizontal error bars indicates that the full
FIG. 3. Ratios of sideward and outward HBT radii to the true range of pair momenta has been used to extract the radius. The
radiusR, affected by flow and opaqueness of the source as a corsalculations are carried out with a fixed source radiuRgp£ 8 fm
sequence of the small mean free path of pions within the source. which cannot fully explain the momentum dependence of the mea-
sured sideward radius.

predicted. Pions with momenta arourig=270 MeVic sential effect of the opaqueness is that the differeRgg

have a large total cross section with nucleons exciting : .
strongly theA resonance. Therefore, those pions have thei R-Sifje could .bec.ome negative V-VhI-Ch may compensate the
: ' ositive contribution from the emission time. In the ultrarela-

last interaction points within a thin surface zone near the;istic regime one should also add the effect of ther*

direction of their momenta. The thickness of this zone isgcattering since the pion density is large and the cross section
determined by the mean free pattof the pions. The inverse quid reach values up to 15 mb for pion momenta around
path length is estimated to be 200 MeV/e.

A strong dependence of the side correlation on the pion-
pair momentum has been found for the collision of Au on Au
at a bombarding energy of 1.06 GeV per nucleon in R&f.

A comparison to that data give us a good opportunity to
o ) ) . illustrate how the different effects discussed so far change
which is proportlpnal to the baryonic densityand the total  the true radius. We employ the paramef€rs80 MeV and
cross sectiongy, of pion-nucleon collisions averaged over (B)=0.35 as before, however, we reduce the central charge
the thermal motion of the nucleons. Due to isospin coupling® Ze= 60 to diminish the Coulomb effect trying to correct

the cross sectiorlsf:crf are by a factor of 3 larger than for the expansion during the pion emission. Using a hard-

the remaining two. This creates an isospin asymmetry of thg’phere radius oR,=8 fm and an emission fime of
g two. ) P y yorthe , fm/c the obtained sideward and outward radii are
mean free path in neutron-rich matter. The thermal motio

. %hown together with the measuremef8sin Fig. 4.
widens theA resonance td’=240 MeV and reduces the v 4o not intend to fit the data to our parameters since

maximum cross section by about a factor of 2 resulting in g, simple model lacks essential features, especially the time

value of 100 mb foro] . At normal nuclear matter density evolution of the collision treated in recent dynamical models.

of n=0.16 fm 2 one obtains for heavy nuclei like Au val- Figure 4 shows however that essential deviations from the

ues ofn2,=1.05 fm and\®_=0.85 fm. Similar values are true radius are to be expected and high precision measure-
o w . . . . .

known from Boltzmann-Uehling-Uhlenbeck calculations MeNts are needed to gain insight in the dynamics of nuclear

[20]. Now we can simulate the opaque source by introducingj:O"iSiO”S- For negative pions it is clearly seen that the mea-
the momentum and density-dependent mean free path sured sideward radius depends stronger on the pair momen-
=\%no/N[1+ (2(p—ko)/T)?] into the potential18). tum than one would expect from calculations using a fixed

Figure 3 shows the effect of the opaqueness for théadi_us. This means that indeed the fast pions come from an
Gaussian density distributiot.0) with R,=10 fm for posi- earlier more compregsed stage of the matter while the low-
tive and negative pions without considering the electricE"€rgy pions are emitted from a zone with a larger size.
charge. The opaqueness increases the raljyswhile the
radiusR,,; decreases as a consequence of the relatively thin
middle part of the half-moon shaped source redih The The nuclear Coulomb field increasédecreasesthe ob-
curves reflect the resonance shape of the absorption. An eserved HBT radii extracted from sideward correlations for

1
-

—+o7 —

A P A

1N +Z
>, (20

=n<0',717

VII. CONCLUSIONS
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negatively(positively) charged pions. The influence is oppo- 2
site and smaller for the outward correlation. This effect is the
largest for small momenta and is superimposed on the over
all reduction caused by the radial flow. The opaqueness du
to pion rescattering leads to a decrease of the outward radiu ;5
and an increase of the sideward radius. The decrease coul
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| Z=120, T=80 MeV, <B>=035

T T T
T clear source

— gauss

i rrelation
side correlatio — Sphere

out correlation
7=0fm/c

... gauss
«. Sphere

T T T
opaque source, A=2 fm

— gauss

i rrelation
side correlatio — Sphere

out correlation _.. gauss

«es Sphere

compensate the general increase of the outward radius due
the duration of the emission process.
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APPENDIX: EFFECT OF A HARD-SPHERE DENSITY

DISTRIBUTION WITH A LINEAR VELOCITY PROFILE ! ! ! ! ! !
200 400 600 0 200 400 600

K(MeV/c) K(MeV/c)

Here we investigate the consequences of using a differen
breakup profile with a sharp surfacerat R,

FIG. 5. Comparison of extracted radii calculated with two dif-
ferent density and velocity profiles for negatively charged pions.

. Lo Thin lines are calculated with the Gaussian profil6) while thick
instead of Eq(10). Now the three-velocity = Syr /R, scales lines are obtained using a hard-sphere density-distributiah)

with the radius whileu=u®v with uozlllvl—v - The pa-  yiith a velocity linearly increasing as a function of the radius.
rameterBy, denotes the surface velocity and which is related
to the average velocity vi@,=4/3(B). In the absence of
any distortion as flow or potential the square-well profile
leads to the correlation functionC,—1=9[sin(x)
—xcosf) ]4/x8, x=qR;, which behaves very similarly to the X ¢p,(ar)®a(r)e‘<‘°+w/>/[2T\/1—<Bhr/Rh>2].
Gaussian profile as it has a width at half maximumgé, (Ad)
=1.815 compared to the value of 1.862 for the Gaussian
profile with Ry=R;,/\/5. Now the factora=1—iB,/[2TV1—(Bnr/Ry)?] depends it-
Since the step functio® is not an analytical function the self on the distance which bends the trajectory in the com-
potential U in Eq. (17) resulting from Eq.(A1) cannot be plex plane. We have found that this effect is not very impor-

continued into the complex plane. To overcome this diffi-tant as the imaginary part af is usually smaller than 0.1.
culty we replace the step function by Therefore, the main effect results from the radial profile

function (A2).
1 In Fig. 5 we compare the extracted HBT radii obtained
(A2) with the two different profileg(10) and (A1) for negative
pions with a flow velocity of(8)=0.35 andR,=10 fm.
. . - ) Comparing the thick and thin lines one recognizes the large
which behaves analytically for any finite value of the diffuse- jtterence for the outward correlation. An important feature
ness parametes and tends to the step function in the limit of 5 Gaussian profile is that it is separable within the Carte-
a=0. (In the following calculations we use a value af  sjan coordinates. This fact has the result that in the plane-
=0.1fm) The special choicéA2) allows us to calculate the wave limit the sideward and outward radius do not differ as
Coulomb potential as a function of the mean pion momentum for=0 and small
flow velocities, see Eq16). The profile with a sharp surface,
U . 5 aR, 1 f "o, however, decreases the outward radius stronger than the
coulf)=*Zec—— | dr ; . )
o o sideward radius as a function of the mean momentum. Also,
f dr'r' @, for an opaque source essentially the outward correlation is
sensitive to the shape of the profile. The effective thickness
of the source appears relatively smaller for the hard-sphere
distribution due to its more compact surface. These calcula-
tions show that a quantitative analysis depends to a certain
degree on the breakup profile.

S(k,x)~e~ kD=2 g (R, —r) (A1)

p(pp!)~e (0072 f dr[ gl ar)T*

® —r)—0 = ’
R O (2 RO /2Roal)

XIn

: (A3)

2 12
1+ex h !
ZRha

and Eq.(13) takes the form
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