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Two-particle rapidity correlations from the Bose-Einstein effect in central 28Si+Au 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 distrib(NBB) fits
to charged particle multiplicity distributions from central collisions8+Cu at 14.8\ 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 intervakly5:2.0 for central?®Si+Au collisions, both in terms
of Qinv= V|6|?— g3, whereq=p,—p,=(4,q), and also in terms dfy,— 7,| and|y,—y,|, wherep, 5, and
y are the four-momentum, pseudorapidity, and rapidity of the pions. It is demonstrated that the two-pion
correlation in rapidity(and pseudorapidilyis entirely due to the Bose-Einstein interference. The directly
measured correlation length in bothandy is §=0.19+0.03 for two 7, with strengthR(0,0)~1%, in
agreement with the previous E802 indirect measurements derived from the NBD analysis of intermittency.
[S0556-281®7)05109-1

PACS numbgs): 25.75.Gz, 12.38.Mh, 13.60.Le, 13.85.Ni

I. INTRODUCTION interval 67, in the range 1.& »=<2.2, both by the method of
normalized factorial moments and by direct measurements of

The intermittency formalism as a method to study non-the shape of the distributions. The charged multiplicity dis-
Poisson fluctuations of charged particle multiplicity distribu- tributions were well represented by negative binomial distri-
tions in small pseudorapidity intervaBy<1 has intrigued butions(NBD’s) and simply characterized by the NBD pa-
particle and relativistic heavy ion physicists for over a de-rameterk(sz) which represents the first departure of a
cade[1]. In previous work, the E802 Collaborati¢?] at the  distribution from a Poisson fluctuation:
BNL-AGS analyzed the evolution of charged particle multi-
plicity distributions from central collisions of°0+Cu at 1 g2

1
14.6A GeV/c as a function of the width of the pseudorapidity K(57) = 2 n =F,(6n)—1=Ky(67n), D

*Deceased. whereu=({n(87)) is the mean multiplicity on the interval,
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o=(n?)—(n)? is the standard deviatior;,(57) is the intermittency—the “large” bin-by-bin fluctuations in indi-
second order normalized factorial moment on the interval, vidual event rapidity distributions from S$iAgBr interac-
tions in cosmic ray$8,9] are a consequence of the apparent

(n(n—1)) (n®H—(n) (n)2+a2—(n) statistical independence of the multiplicity in rapidity bins of
2= 2 2 2 ) size §7~0.2 due to the surprisingly short two-particle rapid-
(n (m (m i :
ity correlation length.
andK,(87) is a normalized factorial cumulafi8]. The fac- In fact, the weakened, but finite, short-range rapidity cor-

torial moments of the multiplicity on an intervaly are sim- relations in the collisions of relativistic heavy ions had been

ly related to the integrals of theparticle inclusive rapidity ~Predicted in the context of intermittency moment analyses
sgnsitie ( g . rep pidity [10-13. In nucleus-nucleus collisions, the conventional had-
Spq yl! e !yq)'

ron short-range correlations should be washed out by the
5n random superposition of many sources of correlated particles
f dy; pa(y1)=(n), (3 [11,14,13, so that eventually only the quantum-statistical
Bose-EinsteinBE) correlations of identical particles remain
5 [10,11,18—for example, the conventional two-particle cor-
f dyidy, pa(y:,¥2)=(n(n—1))=(n)?F,, (4  relations apply only to two pions from the same nucleon-
nucleon collision out of many collisions in a complicated
57 central heavy ion reaction, whereas any two identical pions
dy;---dyq pg(Y1, ... Yg)=(n(n—=1)---(n—g+1)) are affected by the Bose-Einstein correlatidY]. As the
Bose-Einstein effect represents a very-short-range correla-
=(n)9F,,. (5) tion in the difference of the four-momentag+ p,—p;) of
the two identical particles, it should come to dominate the
These integraléor momentgare sensitive to any short-range conventional short-range correlation at very small intervals
rapidity correlation in particle production, since if there wereand should produce dramatic differences between the case of

no correlation, then identical or nonidentical particles—even in hadron
collisions—especially for intermittency analyses which study
Pq(Y1s - - Yg) =P1(Y1)pa(Y2) - - - p1(Yq), (6)  small volumes in multidimensional phase space. In fact, the

relationship between intermittency and BE correlations has
been convincingly demonstrated in other experimghé-—
21] using nonidentified charged particles. If BE correlations
‘were the entire effect, then direct measurements of BE cor-
relations in terms of the pseudorapidity and rapidity differ-
ences of the two particlesy,— n1=A7n andy,—y;=Ay,
Coly1.Ya) pa(Y1.Y2) instead of the usual variabld®2] Qi,, |G |, qOTwhere
(Y pi(y )E (Y1) paly ) Q=116 [*~d5, q=p,—p;=(d,do), and p=(P,E)—
PLYVPIY2) P1YIP1LY2 should reproduce the short-range rapidity correlation param-
=R(0,0) e~ V17Yal/¢, (7)  eters derived by E802 from the evolution kfs7), when
adjusted for the charged particle composition. This paper
wherep;(y) andp,(y;,y,) are the inclusive densities for a presents such direct measurements of correlations in
single particlg(at rapidityy) or two particleqat rapiditiesy; 283j+Au collisions.
andy,), Ca(Y1,Y2) = p2(Y1.Y2) — pa(Y1) p1(Y2) is the Muel-
ler correlation function for two particlegvhich is zero for Il. MEASUREMENTS OF BE CORRELATIONS
the case of no correlatignand ¢ is the two-particle short- IN %Si+ Au COLLISIONS
range rapidity correlation lengil8,4] for an exponential pa-
rametrization. These equations may be combined to yield the The BE correlation analysis is performed for pairs of

in which case all thd= reduce to unity, a Poisson distribu-
tion. Mueller[3] introduced a series of functions to describe
correlations in multiparticle emission. For instance, the nor
malized two-particle short-range rapidity correlation func-
tion Ry(y1,Y,) is defined as

Rao(y1.y2)=

relationship[5,6] negatively charged pions detected in the E802/E859 spec-
trometer from 14.8 GeVic ?8Si+Au— 27~ +X central col-
1 _ _ lisions. The centrality is defined by a target multiplicity array
k(T—Kz((Sﬂ)—Fz(57I) 1 - i -
7) (TMA) which measures the nonidentified charged particle

on multiplicity over the polar angular interval from 6°140°
_J77dy1dyapa(ys)pa(y2)Re(y1,Y2) (8  With nearly full azimuthal coverage of 300°. For the present
J27dy1dyop1(y1)pa(ya) ' arrangement, which had slightly smaller azimuthal coverage
) _ than previous publicatior[23], central collisions are defined
Thus, the evolution of the NBD parameté@r equivalently  py the upper 10% of the distribution, which corresponds to
Of the normalized faCtoria| mome')tﬂ“th 57’] giVeS a mea- 100 or more detected Charged partic'es_
surement of the two-particle short-range rapidity correlation. A sample of events with two-particles detected in the
The values of the two-particle correlation length andsmall aperture25 msj spectrometer was selected using a
strength [7] determined for central®®©0+Cu collisions,  two-particle second-level triggdi24]. Tracks with a mea-
£=0.18-0.05 and R(0,0)=0.031+0.005, were much sured 18 (whereg is the velocity within 3o of the value
shorter and weaker than the values for hadron collisionsfor a pion with the same reconstructed momentum, for mo-
This result yielded a simple and elegant explanation oimenta below 1.82 Ge¥/(the 7-K 3o crossing, are identi-
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fied as pions. For the present measurement, the magnetie the ratios of thactual distribution of negative pion pairs

field in the spectrometer was set to optimize the acceptande the event mixedackground plotted as a function of a

of negative particles and the spectrometer aperture spannedriablev,

polar angles from 14° to 28°, accepting pions with

150<p;=<700 MeVkt and 1.5<xy<2.0, where the nucleon-

nucleon center-of-mass rapidity ygn=1.7. The azimuthal

coverage ranged from 0.5 rad at the smallest polar angle to

0.25 rad at the largest, with an average valué®f=0.4 rad. wherev=Qy,,, Ay, or An. We correct for the inefficient
The total number ofr~ pairs used for this analysis was measurement of two tracks with small opening angles in the

A
C35(v)= %, (12)

229 210. actualdistribution. The correlation function®umerator and
denominator are restricted to opening angles where this cor-
IIl. TWO-PARTICLE BOSE-EINSTEIN CORRELATION rection is less than or equal to[24]. Precisely the same set
FUNCTION of pion pairs, and corrections, are used for all three of the

correlation functions, which are in effect just projections in
Bose-Einstein intensity interferomet5,22 exploits the  the different variables. No corrections besides that for close-
fact that identical bosons emitted by a chaotic source of sparack inefficiency are applied to the data in this analysis—
tial extent R exhibit a correlation in relative momentum i.e., no Coulomb corrections are applied.
q=p,—p; Which vanishes forlg|=#/R. The correlation The principal advantage of reconstructing the two-particle
function for BE interferometry measurements is closely re-backgroundsample from theactual sample of two pions is
lated to the normalized two-particle correlation functionthat this procedure automatically solves the problem that the
R,(p1,pP2): class of two-particle events may be different from the class
( : of one-particle eventf26,30. For heavy ion collisions, dy-
BE P2(P1,P2 namical considerations and conservation of energy are not an
C2 (pl'p2):p1(pl)p1(p2) =1+Re(p1P2)- (9 igsue since the central events have no structarg., jet$
and only 2 out of the more than 100 particle are used. One
For p,—p, outside the region of BE correlation, it is as- problem that event mixing does not solve is that the integral
sumed that there is negligible other correlation so thaof theactualsample of correlated paif&qg. (4)] is not equal
pa(P1.P2)=p1(P1)pi(p,) and therefore CS5—~1 and to the integral of the background distribution of pairs of un-

R,—0. For small values of the argumept—p;, where correlated single particlelgthe square of Eq(3)}—even in
there is full BE correlationC?EHZ, R,—1. The BE corre- the ideal case—sincE,>1 for most distributions. How-

lation is traditionally represented by a Gaussian in pair relagVer, for the present analysis, the mixed event sample is pur-
tive momenta quantities, such &,,, posely taken to be much larger than tetual sample, and
so the correct normalization is obtained most simply by
(10) Qvaluating it as a parameter in the fit to the correlation func-
tion.
The measured BE correlation functi@®l] in Qi is tra-
editionally fit to the Gaussian form

2 52
CEE(QinV) =1+ )\efQianinv,

where the empirical parameter<1 is introduced to account
for the fact that not all detected pions come from a sing|

chaotic sourc¢22]. 2 2
22 C5(Qin) =M1+ \q €™ Unfin] (12
IV. MEASURED TWO-PARTICLE CORRELATION or, equivalently
FUNCTION
. . . BE _ ~Q2 /(202
In order to form a correlation function corresponding to C37(Qiny) =M 1+\ge™ Wn/270)]. (13

Eq. (9) from the measured sample of negative pion péahe i . o o
actual distribution of two-pion evenjsabackgroundsample The fit parametelV'is the normahzatlon constant, which just
must be found which exhibits all correlations induced bydepends on the number of mixed events chosen fobéog-
phase space, dynamics, experimental acceptanceextept groundd[str|but|op compared to th@ctualsample. The pnly
those resulting from BE correlatior®2,26. The method @ssumption required is that there is no other correlation out-
chosen is that of event mixing, which was originally sug-Side the region of the BE correlation, so th@5®—1,
gested by Kopylo\J27] and subsequently used by most BE R,—0. In practice, if the data exhibit a clear correlation
measurements in hadron or heavy ion collisif28,29,23.  peak and a significant region of constait, then the nor-
The prescription for creating the event-mixédckground malization constant can be well determined by this procedure
from theactual sample is very simple. Two events from the [€.9., see Fig. ®]. There remains the possiblity that the
actual sample are selected at random, with a check that theegion of constan‘C?E corresponds, e.g., to a conventional
same event is not matched with itself. Then one pion fromwo-particle correlationR,= e, with much larger correlation
each event is chosen at random to form a background pair. llength than the range of measurement. In this case, the above
order to not be limited by the statistics of the mixed events,
approximately 5 times as many background pairs are formed—
for the present analysig4,30, ~1x10° (999 792, to be 1This may explain why some authof86,3q divide the correla-
exac}. tion function[Eq. (9)] by F,. However, in such case85c— 1/F,

The measured correlation functioﬁgE(v) are defined to  (rather than unityin the region outside the BE correlation.
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FIG. 1. The Bose-Einstein correlation functi@® as a function of the three variabl€3,,,, | 7,— 71|, and|y,—y,| for pairs of
identified 7~ in central?®Si+Au collisions. The lines are the fits discussed in the text. The plotted data have been divided by the fitted value
of Ng=0.222 68.

normalization procedure will lead to a systematic mismeaity) are parametrized as exponential, as in &g (although a
surement ol g by a factor of 1/(} €). It is evident, for the =~ Gaussian works just as well for the present gata
present analysis, that the same normalization congtantt
possible systematic error on) applies to any projection of BE CyamyliE
the correlation function,C55(v)=A(v)/B(v), since pre- Co(y1,y2) =M1+\, e V172, (14)
cisely the samectual and backgroundevents are used for
all projections. BE e maliE

The correlation functions in the rapiditpr pseudorapid- Co (1, m2) =M1+ N\, e 17 "2leq], (15
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These are just projections of the BE correlation function ontadepends on the scaled variabile 57/ ¢, and from the limits
the longitudinal direction, integrated over the limited azi- of G(x) [G(x)=1, for x<1; G(x)=2/x for x>1] is quite

muthal aperture of the spectrometé¢y=0.40 rad, and other easy to understand:
variables such aAE=E,— E4, the energy difference of the

two pions. Thusk,,\,#R(0,0), sinceR(0,0) [Eq. (7)] rep- Ko(87)=(Ra(y1,Y2)|s,=R(0,0 for 7<¢,
resents the strength of the two-particle rapidity correlation (19
integrated over the full azimuth, and in general, R(0.0
N\ ,<\o—a full discussion is given below in Sec. VII. '

=M g Ko 87) = (Re(y1.Y2)|3y =275 1= for dm=¢ .

V. RELATION TO MULTIPLICITY DISTRIBUTIONS (20

AND MOMENTS . .
For intervals much smaller than the correlation length, the

For intermittency moment analyses and NBD fits to mul-average two-particle correlation strength is just the maxi-
tiplicity distributions, the data are measured in a pseudoramum value, while for intervals much larger than the correla-
pidity interval of full width (denoteds) in order to deter- tion length, the average two-particle correlation strength be-
mine the multiplicity distribution and the two-particle comes inversely proportional to the intervéibr uniform
normalized factorial momenrtcumulanj, F,(K,), which is  density since the correlation only exists for particles within
nothing other than the integral of the two-particle correlationapproximately one correlation length of each other.
function on the interval. Recalling E¢8),

s VI. RESULTS
Jo7dy1dy,pa(Y1) pa(Y2)Ra(Y1,Y2)

Jomdy;dyapa(yY1)pa(Ya)

Ka(6n)=Fy(6n)—1= The present measurement of thé 7~ correlation func-
tion C55(py,p,) is shown in Fig. 1 as a function of the
variableQ;,,, together with the same data plotted as a func-
tion of the pseudorapidity and rapidity differences of the two
pions, | 7,— 11| and|y,—vy,|. (In all three projections the
plotted data have been divided by the best fit value of the
normalizationNo=0.222 68 whose error then appears in the
fitted value of N/ Ng.) An evident correlation effect is vis-

The integrand in the numerator,

P1(Y1)p1(Y2)Ra(Y1,Y2) = p2(Y1,Y2) — p1(Y1) p1(Y2),

is just the Mueller correlation functio®,(y,,Y,) and the

denominator is simplyn(&7))?, the square of the mean . . .
multiplicity on the interval. As noted above, for the case of alble forBSim,s 80 MeVic, along with a cIear region of con-
NBD, K,(87)=1k(67). If the inclusive single-particle stantC; - for Qinvzl_oo _MeV/c, where there is no cc_)rrelatlon
density p,(y) =dn/dy is assumed constant on the interval, SO that the normalization constahf, can be precisely de-

then the integral can be performed analyticdbpecifically ~ t€rmined. In the 7,— 7,| and|y,—y| projections, the data
on the interval Gy, <7, 0<y,<&7) to obtain the nor- show an~ 8% drop over the range from 0 to 0.5; however, it

malized factorial momenE ,(67) or normalized factorial is not clear Whether.the correlation function has become con-
cumulant K,(87) in terms of the parameters of Eg7) stant or Wogld_contlnue to Qecrease f_or vglues greatgr than
[5,6,10,11,32 0.5. Thgz sc_)lld I_mes are obtamgd py a fit which constrains the
normalization in all three projections to the same valhie
normalization constraint are inadequate to make any statisti-
cally significant conclusion for the determination of the cor-
relation lengthé.
(x—1+e™%) As emphasized above, the key point for the present analy-
G(x)=2——7—. (17)  sisis that the parametdr just represents the relative number
X of events in theactualandbackgrounddistributions which is
identical for the projections in the three different variables
The correlation lengtlf (actually ¢,) and strength for cen-  Q,,,, A», andAy. Thus, this constraint is applied in a com-
tral °0+Cu collisions were derived by E8(2] from a fit  mon fit of CSF for all three projectiongEqgs. (13), (14), and
of the measure,(67) =1/k(57) to this integral function.  (15)], which allows statistically significant values,, &,,

It is worth dwelling for an instant on some general prop-)\ , and¢, to be obtained. The results of the fit are given in
erties of Eqs(8), (16), and(17). Itis clear in this formulation  Taple | for both exponential and Gaussian parametrizations
[Eq. (8)] that the normalized factorial cumulakt,(d7) is  of the (pseuddrapidity correlation. To be consistent with the
simply the mean value of the normalized two-particle correustom in short-range rapidity correlation analyses, no Cou-
lation functionR,(y1,Y) on the intervaldy, with weighting  lomb correction is applied to the data. This correction is

where the functiorG(x) is defined as

by the square of the inclusive single-particle density: significant for the two lowest points i®;,,, and so theyand
the lowest point inAy) are not used in the fit—thus the
K2(87)=(Ra(Y1,Y2))| sy - (18)  absence of a Coulomb correction has no effect on the deter-

mination of the key normalization parameter. The fitted ex-
Similarly, the normalized factorial momenE,(57)=1 ponential  correlation lengths ¢,=0.18+0.03 and
+Ky(87) is just (CEE(yl,y2)>|5,,. For constant single- &,=0.20+0.03 are equal within errors, as they should be
particle density, the evolution &€,(57) as a function oz  since the pions are relativistic. Both valu@fsr 22Si+Au
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TABLE I. Fit parameters for the correlation functions with exponential formin A », and Gaussian in
Qinv all constrained to the same normalization constAhtuppermost entry of tableThe middle section of
the table gives the parameters when Gaussians forms are used for all three projections. The lowest entry in the
table shows the small systematic change\irwhen only theQ;,, data are used in the fit. The errors are
statistical only. The systematic error §nis determined by the statistical error .M, see text.

Projection Form A Eoro NNg x*/NDF
lyo— Vil exponential 0.0860.007 0.26¢-0.03

| 72— 74 exponential 0.0830.007 0.18-0.03

Qinv (MeV/c) Gaussian 0.36%0.020 31.51.2 1.00@=0.003 198.8/169
ly>— vl Gaussian 0.0650.005 0.15%0.015

| 72— 741l Gaussian 0.06%0.005 0.149-0.015

Qinv (MeVic) Gaussian 0.3670.021 31.x1.1 1.0013:0.0026 181.7/169
Qinv (MeVic) Gaussian 0.3670.021 30.%1.1 1.0034:0.0031 81.5/57

central collisiong agree impressively well with the previous [24] using the same data as the present analysis,

indirect measuremeri2] (for ®0+Cu central collisions ~ R=2.80+0.11 fm, with(p;)=300 MeVk. This yields the

The main systematic error for the present work is the uncerprediction o 4= 0, ,=0.166+0.007, which is in excellent

tainty of the normalizationV, which leads to a commafone  agreement with the Gaussian fit in the present analysis,

standard deviationsystematic error i, and¢, of =0.01.  0,,=0.149-0.015. Consequently, we assume that
In order to determine whether the measured rapidity coro, 4= o, ,=0.1492+0.015 to extrapolate from the fit within

relation is entirely due to the Bose-Einstein effect, two testshe spectrometer apertuskb=0.40 rad to the full azimuth.

were performed. Ther™ 7~ correlation, which has no BE For simplicity in averaging, Eq(22) is converted to an

interference[24,25, shows a constant value @3- in the  exponential form{cf. Eq. (7)] by taking £ ;=0.20= £, —the

ly,—yi| projection[see Fig. 2a)]—this clearly establishes empirical ratio of¢, to o, from the present fitsee Table)l

the correlation as being an identical particle effect. Seconds 1.3(~ \/5)—and, similarly, by assumingtg= \/EO'AE

for the identical w~ =, the region ofQ;,, <100 MeVkt =11R? %+ 7

(where the correlation effect is exhibibeaas eliminated and

the data were again plotted in terms bh,— 7| and  Ra(py+Ap,p;)=hge” (E1-Balltee 91 dallégeImmllt,

ly,—vyi| (Fig. 2: The data at larger values ¢f,— 7| or (23

|yo—Yy,| are identical, but the correlation at low values has _ _ _

vanished as illustrated by direct comparison with the uncuf N& average of this correlation function over the three-

data points. This demonstrates that the two-pion short-rangdmensional _interval - &7,,7,<87, 0=<¢y,¢><5¢,

rapidity correlation in3Si+Au collisions is entirely due to O=~FE1,E2=<E is then very similar in form to Eq(16):

the Bose-Einstein interference.
Ko(87,8¢,6E)=(Ro(p1+Ap,p1)) 5y 50,58
VII. DISCUSSION AND RELATION TO OTHER RESULTS =)\QH(5E/§E)G(5¢/§¢)G(577/§,,),

In order to relate the strength paramedey [Eq. (15)] (24
measured within the spectrometér aperture to the usual ) ) )
two-particle short-range strengB(0,0) defined for the full Where G(x) is the same function as E¢L7) andH(x) is
azimuth [Eq. (7)], the dependence of the two-particle nor- another function34,23. Comparison of Eq(24) to Egs.
malized correlation function o ¢ must be known. The (7)—(16) makes it clear that the determination)of involves
simplest model of the source to explain all the E802/Eg5GN average ovesk as well asdp:

two-pion BE correlation dat§24] is that of a spherically _
symmetric Gaussian with finite lifetime: R(0,00=\qH(SE/Ee)G(27/Ey), (29

R2(|q>|’qo):)\Qef|ﬁ|2R27qgfz' (21) )\q:)\QH(éElgE) G(5¢/§¢) (26)

. . . The ratio of Egs.(25) and (26) can be used to obtain
Zr;s :;(grAezglon can be evaluated to lowest of8i8fin AE, R(0,0)=0.9% from the measured value af, (Table ),
' ' without knowledge oH (SE/&g). This result is for identical
_ 2 2 pions, and must be reduced by a factor-d® for comparison
Ro(p1tAp.py)=hoexp—{[(AE/B)"+ (pran) to a mixture of pions with equal numbers af and 7.
+(prA¢)2]R*+[(AE)?]7%}, (22  This yields an overalR(0,0)=0.45%, which is comparable
to, but a factor of~2 lower than previous direct measure-
which implies the reIationshipAd,:aA,,:1/(\/§pTR) and ments[35,36 of ~1% for nonidentified charged particles.
o e=12(R? B2+ ), where B=P/E is the velocity of The same effect is seen in extrapolating the preRéat0) to
either pion[33]. From the latest EB02/E859 measurementcorrespond to the 200° aperture used in the E802 NBD
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EB859 Si+Au Central n'n~ data vs. Ay
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FIG. 2. The Bose-Einstein correlation functi®j® as a function ofy,—y,| and|7,— 7| for 7~ 7~ or w* =~ pairs in centraP®Si+Au
collisions.(a) #* 7~ data for|y,—y,|. (b) and(c) m~ ™ data with the requiremen®;,,= 100 MeVk in comparison to the uncut data. The
horizontal lines shown are the best fits to a constant. The best fits for the strength of a correlatién Qi{fixed) are A =0.013+0.007
for (@), A=0.010+0.007 for(b) and(c).

analysis [2,7,37: Using R(0,0)=0.45% yields R_(0,0) On a final note, the E802 analysis was 80+ Cu, while
=0.8% in comparison with the measured 3:4%5% for the present analysis is fdfSi+Au (and a different rapidity
nonidentified charged particles. The agreement is quite goodangg, again leading to an uncertainty. However, to the ex-
considering the crude extrapolation approximatid@$].  tent thaté,=¢,=1/((p7)R) is a reasonable approximation,
Furthermore, the value dfi(SE/&g) is difficult to estimate  the correlation lengths should be in the ratioAdf3. Thus,

in general. For the present analysis(SE/£z)=0.4 can be the present measurement f&Si, ¢,=0.18+0.03, should be
estimated from Eq(26) using the measured valu€Bable | shifted to 0.22- 0.03—an effect comparable to one standard
of X, and\q [39]. deviation—for comparison withé=0.18+0.05 from the
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1%0+Cu NBD analysis. Hence, the effect of the extrapola-relation length and strength from the evolution withy of
tion is minimal for the correlation length measurement, anadhe NBD fit parametek(87) in central **0+Cu collisions.

the data agree very well. Taken together, these measurements provide quantitative
confirmation of the interrelationship of non-Poisson multi-
VIIl. CONCLUSIONS plicity fluctuations, the negative binomial distribution, short-

range rapidity correlations, intermittency, and the Bose-

The two-pion correlation in rapidity has been determinedginstein effect, which has had much previous theoretical and
using a sample of pion pairs in the EB02/E859 spectrometelynerimental support.

from 14.6A GeVlc 2Si+Au— 27~ + X, 10% centra[TMA)
collisions, for which a Bose-Einstein correlation analysis is
available. Within the spectrometer aperture, no rapidity cor-
relation is observed forr* 7~ pairs, whiler™ 7~ pairs ex- This work has been supported by the U.S. Department of
hibit a rapidity correlation of maximum strength 8.0% Energy under contracts with ANLW-31-109-ENG-38
*=0.7%, with exponential correlation lengé)=0.20+0.03. BNL (DE-AC02-76CH0001§ Columbia University (DE-
The =~ #~ rapidity correlation vanisheg1.0%+0.7% FG02-86-ER40281 LLNL (W-7405-ENG-48, MIT (DE-
when the region of the Bose-Einstein correlationQ;,,) is  AC02-76ER03068 UC Riverside(DE-FG03-86ER40271
eliminated, thus demonstrating that the pion-pair short-rangand by NASA (NGR-05-003-518 under contract with the
rapidity correlation in?®Si+Au central collisions is entirely University of California, and by the KOSEF951-0202-
due to the Bose-Einstein effect. The present direct measur®32-2 in Korea, and by the U.S.-Japan High Energy Physics
ments are in very good agreement with the previous indirec€ollaboration Treaty. The flawless operation of the Tandem-
measuremeri] of the two-particle short-range rapidity cor- AGS facility at BNL is appreciated.
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