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Differences are investigated in pion source sizes derived using #tzt and #7 =~
pairs in the large statistics data set collected with the E866 Forward Spectrometer
for central Au+Au collisions at 11.6 A-GeV/c in AGS Experiment E866. These
differences in source radii are interpreted using a simple classical description for the
Coulomb and the transverse-momentum (pr) dependent source radius parameters.
An estimated effective net charge responsible for the distortion is considerably
smaller than the expected total projectile participant protons, which suggests that
the system undergoes a rapid expansion in the longitudinal direction before freeze-
out. This picture is consistent with the results derived from the 7~ /77 singles
yield ratios for the same reactions.

1 Introduction

It has been observed recently that the pion yield ratio 7=/« rises faster as
mr decreases at AGS energies!. This asymmetry is also observed at differ-
ent energies >%* while the effect is strongest at lower beam energies. This
phenomenon has been attributed to the nuclear Coulomb force induced by the
large amount of positive charges from the protons in the colliding nuclei, which
introduces distortions in the charged-particle distributions!>3-¢:7. In particular
pions are affected strongest by the Coulomb force since they are light particles
compared to kaons and protons.

The nuclear Coulomb fields are also expected to be responsible for the
distortions of the two-pion correlation parameters, such as measured radii in
Bose-Einstein correlations. The investigation of such distortions from atz*
and 7~ 7~ correlations can provide information on the collision dynamics and
the “effective” net charge of the system produced, in addition to the informa-
tion observed in the single-particle spectral differences caused by the nuclear
Coulomb field.

The large data set available allows for a detailed analysis on the differ-
ences in the pion source sizeés measured from #t#nT and 7~ %~ correlations.
The data used for the correlation analysis were taken using the E866 Forward
Spectrometer ! with the beam of 11.6 A-GeV/c Au ions from the AGS. The
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24% central events of the total interaction cross-section gated by the New Mul-
tiplicity Array® were selected for the analysis. The rapidity range of pairs was
limited to 1.9 < y,» < 2.3 for this analysis. The description of the data and
- ‘experimental details can be found elsewhere 19,

2 Nuclear Coulomb Interaction

To simplify the description of the nuclear Coulomb field created by the compli-
cated many-body system in the heavy-ion collisions, we assume that charges
are evenly distributed over a spherical source volume. Then the Coulomb po-
tential V, created by the effective net charge Z.;; at the surface of a source,
i.e. at the freeze-out, can be described by

Ze f f62

where R is the radius of the source. Then the modified energy and momentum
of the accelerated/decelerated 7#%’s due to the Coulomb potential V. are

E'=E+V, andp = VE? — m2, (2)

for E' > m,, where m is the mass of 7*. For a simplified picture, a further
assumption is made that the two pions are parallel since the average angle
between two pions in the E866 Forward Spectrometer for the region where the
two pions are close to each other in phase-space (Qin, S 50 MeV/c) is small,
(8 ~ 6°. Then the relative-momentum quantities for z¥7n+ and 7~ 7~ pairs
modified by the Coulomb field, if V, < E, @, and g}, can be written as

inv

E, E
’inv = \/anv + 2V, (p1 —P2)(p—1 - E s (3)
and '
Q(l) = 4o, (4)
where (g0, q) = (Ey — E2,p; — D), and the Lorentz-invariant variable Q;,, in
Eq. 3 is defined as QZ,, = g5 — ¢°. Thus the size of the collision volume fitted
with Q},,, for #t#F (x~x~) pairs is expected to be smaller (bigger) than the
actual size. The energy difference gg is not affected by the external potential
V. :
The number of pions with and without Coulomb effects are assumed to
be the same. The distribution of the inclusive cross-section o(p) of pions is
modified via the Jacobian® given by
&p
o'(p') = o(p(p")) By

: (5)
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3 Source Size Differences and Nuclear Coulomb Fields

The two-pion correlation functions used for the source parameterizations are
. .
Co(Qino) = 1+ Ae™Fins@in, (6)

and ya
Ca(go) = 1+ deFoto, (7)

where R;,, and Ry are fitted radius parameters, and A is a chaoticity param-
eter. The details of the analysis including the corrections for the Coulomb
interactions between pions can be found elsewhere?.

The correlation functions fit-
ted to Eq. 6 for #¥7xT and n~ 7~
are shown in Fig. 1. It should
be noted that the Coulomb cor-
rections applied to the correlation
functions in the Fig. 1 are only
for the mutual pionic Coulomb in-
teractions 9, not for the nuclear
Coulomb field. The fitted param-
eters are Ri,, = 5.76 £0.09, A =
: 0.47 + 0.01 for #t7* and Ry, =
0.8 0.8 6.09 £ 0.09, A = 0.48 & 0.01 for

T .
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Figure 1: One-dimensional 77+ (a) and 7~ %~ system can be descrit?ed by a cen-
(b)g corrélation function C2{Q;inv). The raw cor- tral Coul.omb potential aS.Eq' L
relation function is shown with triangles (A) and the effective charge responsible for
the Coulomb function corrected one is shown with  the difference in the source size is
circles (O). estimated as Z,ss = 27 by revers-

ing Eq. 3. The radii used in the
calculations are r.m.s. radii given by R = Rpm.s. = \/?:Rgeom(k;r), where
Ryeom(kr) is the average of the two “geometrical” radius functions fitted
to the transverse radii (Ry) for #*7* and 7~ 7~ as a function of the av-
eraged transverse-momentum kg = EL:EPTZ a5 shown in Fig. 2. The Ry
values used in the fits are derived in Ref. 9 using the three-dimensional Yano-
Koonin-Potgoretskii parameterization !°. With the estimated effective charge,
the fitted parameters for the “actual” source volumes are derived as Rjp, =
5.9240.09, A = 0.49+0.01 for 77+ and Ry = 5.92£0.09, A = 0.45+0.01
for #~7~. To demonstrate the sensitivity of the calculations, R;,,’s calculated
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Table 1: The “actual” Radii R;n, (fm) and X parameters calculated by assuming the nuclear
Coulomb fields with different effective charges Z.;s. The errors are statistical only.

Zess = 10 Zesr = 20 Zesr = 30 Zegs = 40
7Tt | Rino | 5.83 £ 0.09 | 5.88 £ 0.09 | 5.94 £ 0.09 | 6.00 £ 0.11
A 0.47 £ 001 | 048 £ 0.01 | 0.49 £ 0.01 | 0.49 £ 0.02

T | Riny | 6.03 £ 0.08 | 596 £ 0.09 | 590 + 0.09 | 5.85 £ 0.08 |
A 047 £ 0.01 | 046 = 0.01 { 0.45 + 0.01 | 045 &+ 0.01

with various effective charges are shown in Table 1. The qo values are fitted
with Eq. 7to Rp = 4.75+0.11, A = 0.2240.004 for n*#xT and Ry = 4.65+0.10,
A =0.22+0.004 for 7~ #~, which shows no significant differer.ces compared to
Riny’s as expected in Eq. 4.

s The estimated effective riet charge is sig-
nificantly smaller than the aumber of total
participant protons !, N, ~ 120. This small
Z.s5 suggests that the system expands more
rapidly than the pion velocity, especially in the
longitudinal direction along the beam axis, so
that the net charge is reduced with increasing
time resulting in decreased Coulomb effects.
This analysis, approximated with a spherical
source geometry, supports the rapid longitu-
dinal expansion consistently indicated in pr-
dependent three-dimensional pion source mea-
surements .
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Figure 2: Average geometrical
source radii of 7tz + and 7~ 7~ as
a function of kp.

4 =7 /#* Ratio

The Fig. 3 shows the 7~ /«% ratio as a function of mr — m,. The symbols
represent data measured in AGS Experiment E866 ! for a rapidity interval
0y = |y — ynn| < 0.4 for the 6% most central total cross-section events in the
reaction Au+Au at 11.6 A-GeV/c. The m~ /™ ratio rises to about 1.5 at low
mr (mr — my ~ 50 MeV/c?), while the average 7~ /7™ ratio is about 1.25,
which indicates that there is abundant pion production not connected with A
resonances ¢ at this energy. The baryonic N resonances, such as N(1440) and
N(1520) as well as the production of pions via multiple collisions tend to lower

1If the pions are produced through the A resonances, the averaged ratio is (w~ /7 T) ~ 1.94
for the Au+Au collisions.




the global 7~ /#* ratio.

The curves in Fig. 3 are o~ /7+
ratios from simulations of exponential
a¥ distributions modified by an exter-
nal Coulomb field as Eqs. 2 and 5. The
solid curve in Fig. 3, (b), represents
the result assuming the overall ratio of
. 7r_/7r+=1.25andZeff=65withpT—

: =+ 7 KR dependent radius function as shown in
08 ; \*(5) ) T Fig. 2. The x? of the curve to the

:
O’SE data is 0.71 for Z.5; = 65. The rea-
g': I son that the estimated effective charge

07 0F 0808 T 12 ‘i;‘ from the single pion yields is bigger
my—m, (GeV/c”) than the one from the source size dif-
ferences can be due to the centrality
mr — mx. The symbols with error bars are difference for the daf’af ;?,na,lyzed. To
the data for a rapidity interval 0 < éy < demonstrate the sensitivity of the cal-
0.4. The curves are from the simulations culations, two extra curves from the
with Z.pp = 45 (a), Zegg = 65 (b), and  simulations with the different effective
Zefs =85 (). charges are also displayed in the figure
for Z.;; = 45 (x® = 1.61), and for Z.;; = 85 (x? = 1.24). Although for a
fixed Rin, value at 6 fm with Z.;; = 60, the data seem to agree reasonably
well with simulations at x? = 1.13, the pr-dependent radius parameterization
describes the data better. With the radius Rin, = 6 fm, fits with Z.z; = 40
and Z.s¢ = 80 result x? = 2.21, and x? = 1.76, respectively.

Figure 3: «— /xt ratio as a function of

5 Sumimary

Nuclear Coulomb effects are sensitive to the space-time profile of source evolu-
tion in heavy-ion collisions, and can provide additional information on source
dynamics measured by Bose-Einstein correlation analysis. The differences in
size of the pion source in the Au+Au collisions at the AGS measured with
the E866 Forward Spectrometer have been interpreted using a simple static
description for the nuclear Coulomb field. The rise of the ratio 7~ /7t at low
m7 also can be explained with the same assumption. The estimated effective
net charges of the source from the correlation measurements and also from the
ratio of the pion yields as a function of mr are significantly smaller than the
expected total number of participant protons, which can be interpreted as if
the system were expanding more rapidly than pions.
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