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Two-particle rapidity correlations from the Bose-Einstein effect in central 28Si1Au collisions
at 14.6A GeV/c and intermittency
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In previous work, the E802 Collaboration at the BNL-AGS used negative binomial distribution~NBD! fits
to charged particle multiplicity distributions from central collisions of16O1Cu at 14.6A GeV/c to derive the
two-particle short-range rapidity correlation length and strength. These turned out to be much shorter and
weaker than the values for hadron collisions, which led to a simple and elegant explanation of intermittency.
In the present work, a direct measurement of the two-particle correlation of identified pions in the E802/E859
magnetic spectrometer is performed in the interval 1.5<y<2.0 for central28Si1Au collisions, both in terms

of Qinv5AuqW u22q0
2, whereq5p22p15(qW ,q0), and also in terms ofuh22h1u and uy22y1u, wherep,h, and

y are the four-momentum, pseudorapidity, and rapidity of the pions. It is demonstrated that the two-pion
correlation in rapidity~and pseudorapidity! is entirely due to the Bose-Einstein interference. The directly
measured correlation length in bothh and y is j50.1960.03 for two p2, with strengthR(0,0);1%, in
agreement with the previous E802 indirect measurements derived from the NBD analysis of intermittency.
@S0556-2813~97!05109-1#

PACS number~s!: 25.75.Gz, 12.38.Mh, 13.60.Le, 13.85.Ni
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I. INTRODUCTION

The intermittency formalism as a method to study no
Poisson fluctuations of charged particle multiplicity distrib
tions in small pseudorapidity intervalsdh<1 has intrigued
particle and relativistic heavy ion physicists for over a d
cade@1#. In previous work, the E802 Collaboration@2# at the
BNL-AGS analyzed the evolution of charged particle mu
plicity distributions from central collisions of16O1Cu at
14.6A GeV/c as a function of the width of the pseudorapidi

*Deceased.
560556-2813/97/56~3!/1544~9!/$10.00
-

-

intervaldh, in the range 1.2<h<2.2, both by the method o
normalized factorial moments and by direct measurement
the shape of the distributions. The charged multiplicity d
tributions were well represented by negative binomial dis
butions ~NBD’s! and simply characterized by the NBD pa
rameter k(dh) which represents the first departure of
distribution from a Poisson fluctuation:

1

k~dh!
5

s2

m2 2
1

m
5F2~dh!215K2~dh!, ~1!

wherem[^n(dh)& is the mean multiplicity on the interval
1544 © 1997 The American Physical Society
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s[A^n2&2^n&2 is the standard deviation,F2(dh) is the
second order normalized factorial moment on the interva

F25
^n~n21!&

^n&2
5

^n2&2^n&

^n&2
5

^n&21s22^n&

^n&2
, ~2!

andK2(dh) is a normalized factorial cumulant@3#. The fac-
torial moments of the multiplicity on an intervaldh are sim-
ply related to the integrals of theq-particle inclusive rapidity
densitiesrq(y1 , . . . ,yq):

Edh
dy1 r1~y1!5^n&, ~3!

Edh
dy1dy2 r2~y1 ,y2!5^n~n21!&5^n&2F2 , ~4!

Edh
dy1•••dyq rq~y1 , . . . ,yq!5^n~n21!•••~n2q11!&

5^n&qFq . ~5!

These integrals~or moments! are sensitive to any short-rang
rapidity correlation in particle production, since if there we
no correlation, then

rq~y1 , . . . ,yq!5r1~y1!r1~y2!•••r1~yq!, ~6!

in which case all theFq reduce to unity, a Poisson distribu
tion. Mueller @3# introduced a series of functions to descri
correlations in multiparticle emission. For instance, the n
malized two-particle short-range rapidity correlation fun
tion R2(y1 ,y2) is defined as

R2~y1 ,y2![
C2~y1 ,y2!

r1~y1!r1~y2!
[

r2~y1 ,y2!

r1~y1!r1~y2!
21

5R~0,0!e2uy12y2u/j, ~7!

wherer1(y) andr2(y1 ,y2) are the inclusive densities for
single particle~at rapidityy) or two particles~at rapiditiesy1
andy2), C2(y1 ,y2)5r2(y1 ,y2)2r1(y1)r1(y2) is the Muel-
ler correlation function for two particles~which is zero for
the case of no correlation!, and j is the two-particle short-
range rapidity correlation length@3,4# for an exponential pa-
rametrization. These equations may be combined to yield
relationship@5,6#

1

k~dh!
5K2~dh!5F2~dh!21

5
*dhdy1dy2r1~y1!r1~y2!R2~y1 ,y2!

*dhdy1dy2r1~y1!r1~y2!
. ~8!

Thus, the evolution of the NBD parameter~or equivalently
of the normalized factorial moments! with dh gives a mea-
surement of the two-particle short-range rapidity correlati

The values of the two-particle correlation length a
strength @7# determined for central16O1Cu collisions,
j50.1860.05 and R̄(0,0)50.03160.005, were much
shorter and weaker than the values for hadron collisio
This result yielded a simple and elegant explanation
-
-

e

.

s.
f

intermittency—the ‘‘large’’ bin-by-bin fluctuations in indi-
vidual event rapidity distributions from Si1AgBr interac-
tions in cosmic rays@8,9# are a consequence of the appare
statistical independence of the multiplicity in rapidity bins
sizedh;0.2 due to the surprisingly short two-particle rapi
ity correlation length.

In fact, the weakened, but finite, short-range rapidity c
relations in the collisions of relativistic heavy ions had be
predicted in the context of intermittency moment analys
@10–13#. In nucleus-nucleus collisions, the conventional ha
ron short-range correlations should be washed out by
random superposition of many sources of correlated parti
@11,14,15#, so that eventually only the quantum-statistic
Bose-Einstein~BE! correlations of identical particles remai
@10,11,16#—for example, the conventional two-particle co
relations apply only to two pions from the same nucleo
nucleon collision out of many collisions in a complicate
central heavy ion reaction, whereas any two identical pio
are affected by the Bose-Einstein correlation@17#. As the
Bose-Einstein effect represents a very-short-range corr
tion in the difference of the four-momenta (q5p22p1) of
the two identical particles, it should come to dominate t
conventional short-range correlation at very small interv
and should produce dramatic differences between the cas
identical or nonidentical particles—even in hadro
collisions—especially for intermittency analyses which stu
small volumes in multidimensional phase space. In fact,
relationship between intermittency and BE correlations
been convincingly demonstrated in other experiments@18–
21# using nonidentified charged particles. If BE correlatio
were the entire effect, then direct measurements of BE c
relations in terms of the pseudorapidity and rapidity diffe
ences of the two particles,h22h15Dh and y22y15Dy,
instead of the usual variables@22# Qinv , uqW u, q0—where
Qinv5AuqW u22q0

2, q5p22p15(qW ,q0), and p5(PW ,E)—
should reproduce the short-range rapidity correlation par
eters derived by E802 from the evolution ofk(dh), when
adjusted for the charged particle composition. This pa
presents such direct measurements of correlations
28Si1Au collisions.

II. MEASUREMENTS OF BE CORRELATIONS
IN 28Si1 Au COLLISIONS

The BE correlation analysis is performed for pairs
negatively charged pions detected in the E802/E859 sp
trometer from 14.6A GeV/c 28Si1Au→2p21X central col-
lisions. The centrality is defined by a target multiplicity arra
~TMA ! which measures the nonidentified charged parti
multiplicity over the polar angular interval from 6°<140°
with nearly full azimuthal coverage of 300°. For the prese
arrangement, which had slightly smaller azimuthal covera
than previous publications@23#, central collisions are defined
by the upper 10% of the distribution, which corresponds
100 or more detected charged particles.

A sample of events with two-particles detected in t
small aperture~25 msr! spectrometer was selected using
two-particle second-level trigger@24#. Tracks with a mea-
sured 1/b ~whereb is the velocity! within 3s of the value
for a pion with the same reconstructed momentum, for m
menta below 1.82 GeV/c ~the p-K 3s crossing!, are identi-
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1546 56Y. AKIBA et al.
fied as pions. For the present measurement, the mag
field in the spectrometer was set to optimize the accepta
of negative particles and the spectrometer aperture spa
polar angles from 14° to 28°, accepting pions w
150&pT<700 MeV/c and 1.5,y,2.0, where the nucleon
nucleon center-of-mass rapidity isyNN51.7. The azimuthal
coverage ranged from 0.5 rad at the smallest polar angl
0.25 rad at the largest, with an average value ofdf50.4 rad.

The total number ofp2 pairs used for this analysis wa
229 210.

III. TWO-PARTICLE BOSE-EINSTEIN CORRELATION
FUNCTION

Bose-Einstein intensity interferometry@25,22# exploits the
fact that identical bosons emitted by a chaotic source of s
tial extent R exhibit a correlation in relative momentum
q5p22p1 which vanishes foruqu*\/R. The correlation
function for BE interferometry measurements is closely
lated to the normalized two-particle correlation functi
R2(p1 ,p2):

C2
BE~p1 ,p2!5

r2~p1 ,p2!

r1~p1!r1~p2!
511R2~p1 ,p2!. ~9!

For p22p1 outside the region of BE correlation, it is a
sumed that there is negligible other correlation so t
r2(p1 ,p2)5r1(p1)r1(p2) and therefore C2

BE→1 and
R2→0. For small values of the argumentp22p1, where
there is full BE correlation:C2

BE→2, R2→1. The BE corre-
lation is traditionally represented by a Gaussian in pair re
tive momenta quantities, such asQinv ,

C2
BE~Qinv!511le2Qinv

2 Rinv
2

, ~10!

where the empirical parameterl<1 is introduced to accoun
for the fact that not all detected pions come from a sin
chaotic source@22#.

IV. MEASURED TWO-PARTICLE CORRELATION
FUNCTION

In order to form a correlation function corresponding
Eq. ~9! from the measured sample of negative pion pairs~the
actualdistribution of two-pion events!, abackgroundsample
must be found which exhibits all correlations induced
phase space, dynamics, experimental acceptance, etc.,except
those resulting from BE correlations@22,26#. The method
chosen is that of event mixing, which was originally su
gested by Kopylov@27# and subsequently used by most B
measurements in hadron or heavy ion collisions@28,29,22#.
The prescription for creating the event-mixedbackground
from theactual sample is very simple. Two events from th
actual sample are selected at random, with a check that
same event is not matched with itself. Then one pion fr
each event is chosen at random to form a background pa
order to not be limited by the statistics of the mixed even
approximately 5 times as many background pairs are form
for the present analysis@24,30#, ;13106 ~999 792, to be
exact!.

The measured correlation functionsC2
BE(v) are defined to
tic
ce
ed

to

a-

-

t

-

e

-

e

In
,
d

be the ratios of theactual distribution of negative pion pairs
to the event mixedbackground, plotted as a function of a
variablev,

C2
BE~v !5

A~v !

B~v !
, ~11!

where v5Qinv , Dy, or Dh. We correct for the inefficient
measurement of two tracks with small opening angles in
actualdistribution. The correlation functions~numerator and
denominator! are restricted to opening angles where this c
rection is less than or equal to 2@24#. Precisely the same se
of pion pairs, and corrections, are used for all three of
correlation functions, which are in effect just projections
the different variables. No corrections besides that for clo
track inefficiency are applied to the data in this analysis
i.e., no Coulomb corrections are applied.

The principal advantage of reconstructing the two-parti
backgroundsample from theactual sample of two pions is
that this procedure automatically solves the problem that
class of two-particle events may be different from the cla
of one-particle events@26,30#. For heavy ion collisions, dy-
namical considerations and conservation of energy are no
issue since the central events have no structure~e.g., jets!
and only 2 out of the more than 100 particle are used. O
problem that event mixing does not solve is that the integ
of theactualsample of correlated pairs@Eq. ~4!# is not equal
to the integral of the background distribution of pairs of u
correlated single particles@the square of Eq.~3!#—even in
the ideal case—sinceF2.1 for most distributions.1 How-
ever, for the present analysis, the mixed event sample is
posely taken to be much larger than theactual sample, and
so the correct normalization is obtained most simply
evaluating it as a parameter in the fit to the correlation fu
tion.

The measured BE correlation function@31# in Qinv is tra-
ditionally fit to the Gaussian form

C2
BE~Qinv!5N@11lQ e2Qinv

2 Rinv
2

# ~12!

or, equivalently,

C2
BE~Qinv!5N@11lQe2Qinv

2 /~2sQ
2

!#. ~13!

The fit parameterN is the normalization constant, which jus
depends on the number of mixed events chosen for theback-
grounddistribution compared to theactualsample. The only
assumption required is that there is no other correlation o
side the region of the BE correlation, so thatC2

BE→1,
R2→0. In practice, if the data exhibit a clear correlatio
peak and a significant region of constantC2

BE , then the nor-
malization constant can be well determined by this proced
@e.g., see Fig. 1~a!#. There remains the possiblity that th
region of constantC2

BE corresponds, e.g., to a convention
two-particle correlation,R25e, with much larger correlation
length than the range of measurement. In this case, the a

1This may explain why some authors@26,30# divide the correla-
tion function @Eq. ~9!# by F2. However, in such casesC2

BE→1/F2

~rather than unity! in the region outside the BE correlation.
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FIG. 1. The Bose-Einstein correlation functionC2
BE as a function of the three variablesQinv , uh22h1u, and uy22y1u for pairs of

identifiedp2 in central28Si1Au collisions. The lines are the fits discussed in the text. The plotted data have been divided by the fitte
of NQ50.222 68.
ea

f

r

normalization procedure will lead to a systematic mism
surement oflQ by a factor of 1/(11e). It is evident, for the
present analysis, that the same normalization constant~and
possible systematic error onl) applies to any projection o
the correlation function,C2

BE(v)5A(v)/B(v), since pre-
cisely the sameactual and backgroundevents are used fo
all projections.

The correlation functions in the rapidity~or pseudorapid-
-ity! are parametrized as exponential, as in Eq.~7! ~although a
Gaussian works just as well for the present data!:

C2
BE~y1 ,y2!5N@11ly e2uy12y2u/jy#, ~14!

C2
BE~h1 ,h2!5N@11lhe2uh12h2u/jh#. ~15!
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1548 56Y. AKIBA et al.
These are just projections of the BE correlation function o
the longitudinal direction, integrated over the limited a
muthal aperture of the spectrometer,df50.40 rad, and othe
variables such asDE5E22E1, the energy difference of the
two pions. Thusly ,lhÞR(0,0), sinceR(0,0) @Eq. ~7!# rep-
resents the strength of the two-particle rapidity correlat
integrated over the full azimuth, and in generally ,
lh<lQ—a full discussion is given below in Sec. VII.

V. RELATION TO MULTIPLICITY DISTRIBUTIONS
AND MOMENTS

For intermittency moment analyses and NBD fits to m
tiplicity distributions, the data are measured in a pseudo
pidity interval of full width ~denoteddh) in order to deter-
mine the multiplicity distribution and the two-particl
normalized factorial moment~cumulant!, F2(K2), which is
nothing other than the integral of the two-particle correlat
function on the interval. Recalling Eq.~8!,

K2~dh!5F2~dh!215
*dhdy1dy2r1~y1!r1~y2!R2~y1 ,y2!

*dhdy1dy2r1~y1!r1~y2!
.

The integrand in the numerator,

r1~y1!r1~y2!R2~y1 ,y2!5r2~y1 ,y2!2r1~y1!r1~y2!,

is just the Mueller correlation functionC2(y1 ,y2) and the
denominator is simplŷ n(dh)&2, the square of the mea
multiplicity on the interval. As noted above, for the case o
NBD, K2(dh)51/k(dh). If the inclusive single-particle
densityr1(y)5dn/dy is assumed constant on the interv
then the integral can be performed analytically~specifically
on the interval 0<y1<dh, 0<y2<dh) to obtain the nor-
malized factorial momentF2(dh) or normalized factorial
cumulant K2(dh) in terms of the parameters of Eq.~7!
@5,6,10,11,32#:

K2~dh!5R~0,0!G~dh/j!, ~16!

where the functionG(x) is defined as

G~x!52
~x211e2x!

x2
. ~17!

The correlation lengthj ~actuallyjh) and strength for cen
tral 16O1Cu collisions were derived by E802@2# from a fit
of the measuredK2(dh)51/k(dh) to this integral function.

It is worth dwelling for an instant on some general pro
erties of Eqs.~8!, ~16!, and~17!. It is clear in this formulation
@Eq. ~8!# that the normalized factorial cumulantK2(dh) is
simply the mean value of the normalized two-particle cor
lation functionR2(y1 ,y2) on the intervaldh, with weighting
by the square of the inclusive single-particle density:

K2~dh!5^R2~y1 ,y2!&udh . ~18!

Similarly, the normalized factorial momentF2(dh)51
1K2(dh) is just ^C2

BE(y1 ,y2)&udh . For constant single-
particle density, the evolution ofK2(dh) as a function ofdh
o

n

-
a-

,

-

-

depends on the scaled variablex5dh/j, and from the limits
of G(x) @G(x)51, for x!1; G(x)52/x for x@1# is quite
easy to understand:

K2~dh!5^R2~y1 ,y2!&udh5R~0,0! for dh!j,
~19!

K2~dh!5^R2~y1 ,y2!&udh52
R~0,0!

dh/j
for dh@j .

~20!

For intervals much smaller than the correlation length,
average two-particle correlation strength is just the ma
mum value, while for intervals much larger than the corre
tion length, the average two-particle correlation strength
comes inversely proportional to the interval~for uniform
density! since the correlation only exists for particles with
approximately one correlation length of each other.

VI. RESULTS

The present measurement of thep2p2 correlation func-
tion C2

BE(p1 ,p2) is shown in Fig. 1 as a function of th
variableQinv , together with the same data plotted as a fun
tion of the pseudorapidity and rapidity differences of the tw
pions, uh22h1u and uy22y1u. ~In all three projections the
plotted data have been divided by the best fit value of
normalizationNQ50.222 68 whose error then appears in t
fitted value ofN /NQ .) An evident correlation effect is vis
ible for Qinv<80 MeV/c, along with a clear region of con
stantC2

BE for Qinv>100 MeV/c, where there is no correlation
so that the normalization constantNQ can be precisely de
termined. In theuh22h1u and uy22y1u projections, the data
show an;8% drop over the range from 0 to 0.5; however,
is not clear whether the correlation function has become c
stant or would continue to decrease for values greater t
0.5. The solid lines are obtained by a fit which constrains
normalization in all three projections to the same valueN
which is well determined inQinv . Fits obtained without this
normalization constraint are inadequate to make any stat
cally significant conclusion for the determination of the co
relation lengthj.

As emphasized above, the key point for the present an
sis is that the parameterN just represents the relative numb
of events in theactualandbackgrounddistributions which is
identical for the projections in the three different variabl
Qinv , Dh, andDy. Thus, this constraint is applied in a com
mon fit of C2

BE for all three projections@Eqs.~13!, ~14!, and
~15!#, which allows statistically significant valueslh , jh ,
ly , andjy to be obtained. The results of the fit are given
Table I for both exponential and Gaussian parametrizati
of the ~pseudo!rapidity correlation. To be consistent with th
custom in short-range rapidity correlation analyses, no C
lomb correction is applied to the data. This correction
significant for the two lowest points inQinv , and so they~and
the lowest point inDy) are not used in the fit—thus th
absence of a Coulomb correction has no effect on the de
mination of the key normalization parameter. The fitted e
ponential correlation lengths jh50.1860.03 and
jy50.2060.03 are equal within errors, as they should
since the pions are relativistic. Both values~for 28Si1Au



try in the
re

56 1549TWO-PARTICLE RAPIDITY CORRELATIONS FROM THE . . .
TABLE I. Fit parameters for the correlation functions with exponential form inDy, Dh, and Gaussian in
Qinv all constrained to the same normalization constant,N ~uppermost entry of table!. The middle section of
the table gives the parameters when Gaussians forms are used for all three projections. The lowest en
table shows the small systematic change inN when only theQinv data are used in the fit. The errors a
statistical only. The systematic error inj is determined by the statistical error inN, see text.

Projection Form l j or s N/NQ x2/NDF

uy22y1u exponential 0.08060.007 0.2060.03
uh22h1u exponential 0.08360.007 0.1860.03
Qinv ~MeV/c) Gaussian 0.36760.020 31.561.2 1.00060.003 198.8/169

uy22y1u Gaussian 0.06560.005 0.15560.015
uh22h1u Gaussian 0.06760.005 0.14960.015
Qinv ~MeV/c) Gaussian 0.36760.021 31.361.1 1.001360.0026 181.7/169

Qinv ~MeV/c) Gaussian 0.36760.021 30.961.1 1.003460.0031 81.5/57
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central collisions! agree impressively well with the previou
indirect measurement@2# ~for 16O1Cu central collisions!.
The main systematic error for the present work is the unc
tainty of the normalizationN, which leads to a common~one
standard deviation! systematic error injh andjf of 60.01.

In order to determine whether the measured rapidity c
relation is entirely due to the Bose-Einstein effect, two te
were performed. Thep1p2 correlation, which has no BE
interference@24,25#, shows a constant value ofC2

BE in the
uy22y1u projection @see Fig. 2~a!#—this clearly establishes
the correlation as being an identical particle effect. Seco
for the identicalp2p2, the region ofQinv<100 MeV/c
~where the correlation effect is exhibited! was eliminated and
the data were again plotted in terms ofuh22h1u and
uy22y1u ~Fig. 2!: The data at larger values ofuh22h1u or
uy22y1u are identical, but the correlation at low values h
vanished as illustrated by direct comparison with the un
data points. This demonstrates that the two-pion short-ra
rapidity correlation in28Si1Au collisions is entirely due to
the Bose-Einstein interference.

VII. DISCUSSION AND RELATION TO OTHER RESULTS

In order to relate the strength parameterlh @Eq. ~15!#
measured within the spectrometerf aperture to the usua
two-particle short-range strengthR(0,0) defined for the full
azimuth @Eq. ~7!#, the dependence of the two-particle no
malized correlation function onDf must be known. The
simplest model of the source to explain all the E802/E8
two-pion BE correlation data@24# is that of a spherically
symmetric Gaussian with finite lifetime:

R2~ uqW u,q0!5lQe2uqW u2R22q0
2t2

. ~21!

This expression can be evaluated to lowest order@33# in DE,
Dh, andDf:

R2~p11Dp,p1!5lQexp2$@~DE/b!21~pTDh!2

1~pTDf!2#R21@~DE!2#t2%, ~22!

which implies the relationshipsDf5sDh51/(A2pTR) and
sDE51/A2(R2/b21t2), where b5P/E is the velocity of
either pion @33#. From the latest E802/E859 measureme
r-

r-
s

d,

s
t

ge

9

t

@24# using the same data as the present analy
R52.8060.11 fm, with ^pT&5300 MeV/c. This yields the
prediction sDf5sDh50.16660.007, which is in excellent
agreement with the Gaussian fit in the present analy
sDh50.14960.015. Consequently, we assume th
sDf5sDh50.14960.015 to extrapolate from the fit within
the spectrometer aperturedf50.40 rad to the full azimuth.

For simplicity in averaging, Eq.~22! is converted to an
exponential form@cf. Eq. ~7!# by takingjf50.20.jh—the
empirical ratio ofjh to sDh from the present fit~see Table I!
is 1.3(;A2)—and, similarly, by assumingjE.A2sDE

51/AR2/b21t2:

R2~p11Dp,p1!5lQe2uE12E2u/jEe2uf12f2u/jfe2uh12h2u/jh.
~23!

The average of this correlation function over the thre
dimensional interval 0<h1 ,h2<dh, 0<f1 ,f2<df,
0<E1 ,E2<dE is then very similar in form to Eq.~16!:

K2~dh,df,dE!5^R2~p11Dp,p1!&udh,df,dE

5lQH~dE/jE!G~df/jf!G~dh/jh!,

~24!

whereG(x) is the same function as Eq.~17! and H(x) is
another function@34,23#. Comparison of Eq.~24! to Eqs.
~7!–~16! makes it clear that the determination oflh involves
an average overdE as well asdf:

R~0,0!5lQH~dE/jE!G~2p/jf!, ~25!

lh5lQH~dE/jE! G~df/jf!. ~26!

The ratio of Eqs.~25! and ~26! can be used to obtain
R(0,0)50.9% from the measured value oflh ~Table I!,
without knowledge ofH(dE/jE). This result is for identical
pions, and must be reduced by a factor of;2 for comparison
to a mixture of pions with equal numbers ofp1 and p2.
This yields an overallR(0,0).0.45%, which is comparable
to, but a factor of;2 lower than previous direct measur
ments@35,36# of ;1% for nonidentified charged particles
The same effect is seen in extrapolating the presentR(0,0) to
correspond to the 200° aperture used in the E802 N
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FIG. 2. The Bose-Einstein correlation functionC2
BE as a function ofuy22y1u anduh22h1u for p2p2 or p1p2 pairs in central28Si1Au

collisions.~a! p1p2 data foruy22y1u. ~b! and~c! p2p2 data with the requirementQinv>100 MeV/c in comparison to the uncut data. Th
horizontal lines shown are the best fits to a constant. The best fits for the strength of a correlation withj50.2 ~fixed! arel50.01360.007
for ~a!, l50.01060.007 for~b! and ~c!.
oo x-
,

rd
analysis @2,7,37#: Using R(0,0)50.45% yields R̄(0,0)
.0.8% in comparison with the measured 3.1%60.5% for
nonidentified charged particles. The agreement is quite g
considering the crude extrapolation approximations@38#.
Furthermore, the value ofH(dE/jE) is difficult to estimate
in general. For the present analysis,H(dE/jE).0.4 can be
estimated from Eq.~26! using the measured values~Table I!
of lh andlQ @39#.
d,

On a final note, the E802 analysis was for16O1Cu, while
the present analysis is for28Si1Au ~and a different rapidity
range!, again leading to an uncertainty. However, to the e
tent thatjh5jf.1/(^pT&R) is a reasonable approximation
the correlation lengths should be in the ratio ofA1/3. Thus,
the present measurement for28Si, jh50.1860.03, should be
shifted to 0.2260.03—an effect comparable to one standa
deviation—for comparison withj50.1860.05 from the
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16O1Cu NBD analysis. Hence, the effect of the extrapo
tion is minimal for the correlation length measurement, a
the data agree very well.

VIII. CONCLUSIONS

The two-pion correlation in rapidity has been determin
using a sample of pion pairs in the E802/E859 spectrom
from 14.6A GeV/c 28Si1Au→2p21X, 10% central~TMA !
collisions, for which a Bose-Einstein correlation analysis
available. Within the spectrometer aperture, no rapidity c
relation is observed forp1p2 pairs, whilep2p2 pairs ex-
hibit a rapidity correlation of maximum strength 8.0
60.7%, with exponential correlation lengthjy50.2060.03.
The p2p2 rapidity correlation vanishes~1.0%60.7%!
when the region of the Bose-Einstein correlation~in Qinv) is
eliminated, thus demonstrating that the pion-pair short-ra
rapidity correlation in28Si1Au central collisions is entirely
due to the Bose-Einstein effect. The present direct meas
ments are in very good agreement with the previous indi
measurement@2# of the two-particle short-range rapidity co
cl

r
p
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e

B

d-

n,
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d
er
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e

re-
ct

relation length and strength from the evolution withdh of
the NBD fit parameterk(dh) in central 16O1Cu collisions.
Taken together, these measurements provide quantita
confirmation of the interrelationship of non-Poisson mu
plicity fluctuations, the negative binomial distribution, sho
range rapidity correlations, intermittency, and the Bo
Einstein effect, which has had much previous theoretical
experimental support.
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