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Effects of multipion correlations on the source distribution in ultrarelativistic heavy-ion collisions
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The multipion correlation effect on the source distribution is studied. It is shown that multipion Bose-
Einstein correlations make the average radius of the pion source become smaller. The isospin effect on the pion
multiplicity distribution and the source distribution is also discus§88556-281®8)03702-9
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Ultrarelativistic hadronic and nuclear collisions provide awith
unique environment to create dozens, and in some cases hun-
dreds, of piong1-3]. To study the pion source distributions _ TIPS 4y _
in these peocesses, thereforg, onepmust take into account the Pii= P X)) = )i (), f PXX)dX=no.
effects of multipion Bose-EinsteifBE) correlationg4—14). %)
Among others, Lam and L§4] suggested that the larger
isospin fluctuations were due to the Bose nature of the emi
ted pions. Pratf7] suggested that if the number of bosons in - ) _ > .
a unit value of phase space is large enough, bosons md rm_utatlonS of_ thls sequenag, |s_the mean pion multiplic-
condense into the same quantum state and a pion laser codf Without multipion Bose-Einstein correlations.
be created. Considering isospin effects, Pratt and Zelevinsky T_akmg Into account tht_a—p|on_ Corre_latl_on gffec_t, the_ nor-
[8] used the method in Ref7] to explain Centauro events malized modifiedi-pion inclusive distribution inn-pion

Here o(i) denotes thath element of a permutation of the
sequence 1,2,3. . ,n, and the sum oves runs over alin!

[15,16. Zajc[6] first used the Monte Carlo method to ana- EVENtS,P{(xy, . .. x;), can be written as

lyze multipion Bose-Einstein correlation effects on two-pion

interferometry. A detailed derivation of multipion Bose- fH?:iﬂ d4Xan(X1, LX)
Einstein correlations can be found in REE2]. The bosonic n( X;)= 6)
nature and isospin of the pion should affect the single-pion ALy e I '
spectrum distribution in coordinate space. However, this is- f 171 d™%Pa(xa, - - Xo)

sue has not yet been discussed in the literature. The purpose
of this paper is to analyze the effects of multipion correla-which can be explained as the probability of findingions
tions and isospin on the source distribution in coordinateat point{x;,j=1,} in n-pion events.
space. Now we define the functios;(x,y) as[7,12]

We begin with write down the definition for the-pion
inclusive source distribution:

Pr(Xe, - X)) =% (X0) -+ - J* (Xn) ] (X1) -+ [ (Xn)), (D)

Gi(X,y):f P(X,X1)dX1p(X1,X2)dX- - - p

X (Xi—2,Xi—1)dX—1p(Xi—1,¥)- (7)
which can be explained as the probability of observing
pions at poinfx; ,i =1,n} all in the samen-pion event. Here
j(x) is the current of pions, which can be expressed a
[9,12,13

From the expression oP,(xq, ... X, [Eg. (4], the
gingle—pion inclusive distribution in coordinate space can be
expressed as

] 1 1 2 _
(0= J j(x pexplip(x—x)}y(x")d*'d*p,  (2) PIO=1 Sy, Cixe(n=i), ®

wherej(x’,p) is the probability amplitude of finding a pion with

with momentump, emitted by the emitter at’. y(x') is a 1 n

random phase factor which has been taken away from _ _f 4

j(x’,p). All emitters are uncorrelated in coordinate space if w(n) n! Pn(X1, ’X”)kﬂl ™. ©

(y* (x)y(y))y=6*x—y). (3)  Here w(n) is the pion multiplicity distribution probability.
Experimentally, one usually mixes all events to analyze the
Taking the phase average and using E3), one can reex- single-pion inclusive distribution. Thus the single-pion inclu-
press then-pion inclusive distributiof Eq. (1)] as sive distribution reads

S7Le(mnPYX)
<n>2nw(n) '

Pa(X1,s « - Xn) =2 Pro(1)  Pro(n) (4) PL(x)= (10)
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with 0.007
x
Sr_jo(n)n o 0006,
(M="% o (1) o
" 0.005 N - 20
Using Eq.(8), one can write down the single-pion inclusive N:SO ______
distribution 0.004 =
* 0.003F
PYOO= iy 2y Gilxx). (12)
=1 0.002}
In the following, we will employ a simple model to analyze 000t |
the multipion correlation effects on the source distribution.
We assume that .
10 12
312 x(fm)
=na| — (w4 ) 2/AR2
pOY)= no( wa) exi — (x+y)"/AR1] FIG. 1. Multipion correlation effects on the source distribution.

The solid line corresponds to the input source distribution. The
X exq—(§—§)2/4R§] [8(xq) 8(Yo). dashed and dotted lines corresponchte20 and 80, respectively.
The input value oR; andR; is 5 and 0.8 fm, respectively.
HereR, andR, are the parameters that represents the radius R R
of the chaotic source and the correlation length of pionswherej anda are the vectors in isospin space which can be
respectively x=(xq,x) are the pion’s four-dimensional co- €xpressed as
ordinates. ThenG,(x,y) can be expressed as

13

>, = - - [(X)=j(X)| —=sinfe™'¢,coss, — —sin(H)e'*| (19
Gn<x,y)=n3¢6<x0)5<yo)anexp{—an<x2+y2>+gnx~>z}, ) 100=1001 5 Zonoer (19
14
and
where
2 at(x)=[a’_(x),a’0,a ] (20)
g1 919n & o
an+1:al_mv gn+1zﬁi b,=a,+a;, (19 . ) ]
n n Then the state with total isosplnandz component of isos-
and pinl,is
1132 1\¥ |¢,|,|Z>=fsin0d0d¢v;ﬁ, (a,¢)exp:(ff(x)-§+(x))|o>.
Ant1= & b_ - ) (16) z
n R1 (21
with Y|,|Z(9’¢) is the spherical harmonic of angular momentum
a2 andz component,. From the above formula we can calcu-
1 N 1 1 1 1
a|;=—+—, =——-—, o=|—| . ,
TR ARz MTom R M AR oo
(17) g 0.012-\‘
From the above formula, we obtain the pion source dis- ool input .
tribution in n-pion events Pf(x) =/ P}(x)dx,], which we <N>=22 ---
show in Fig. 1. Evidently, because of the multipion Bose- 0.008- <N>=126 -----
Einstein correlation effects, the pions are concentrated in the
same state. The mean radius of the source becomes smaller %91
The larger the pion multiplicity, the larger the BE correlation i
effects on the source distribution. Multipion correlation ef- 0.00
fects on the source distributiofP$(x)=fPZ(x)dx,] are 0002k
shown in Fig. 2, where we mix the pion multiplicity. It is

clear that as the mean pion multiplicity becomes larger, the

multipion correlation effects on the source distribution be-
come larger.
The pion state with isospin can be written[d€,17]

|¢>=9XP(J f(X)~5+(X))|0>, (18)

0

8

10
x (fm)

12

FIG. 2. Multipion correlation effects on the source distribution.
The solid line corresponds to the input source distribution. The
dashed and dotted lines correspond(t) =22 and 126, respec-
tively. The input value oR; andR; is 5 and 0.8 fm, respectively.
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FIG. 3. Pion multiplicity distribution. The solid line corresponds k1. 4. Multipion correlation and isospin effects on the source
to the pion probability distribution without the isospin effect. The yistribution. The solid line corresponds to the source distribution

dashed and dotted lines corre;pondﬁ% and 7"~ probability  yithout the isospin effect. The dashed and solid lines correspond to
distributions, respectively. The input value B{, R,, andno is 5 70 anq 7+~ source distributions, respectively. The input value of

fm, 0.8 fm, and 20, respectively. R; , Ry, andng is 5 fm, 0.8 fm, and 40, respectively.

late the isospin effect on the pion probability and pion source n
distribution. For the sake of simplicity, we will only consider p( n+=n_-= _C)
in the following thel =0, |,=0 case. One can easily check 2
that|¢,0,0) can be expanded in Fock space as

1 n,o+1n n
oot o L e {1
T 2nc

1 1 n o ng nc\ [Ng 2 2 2
|¢1010>_§ %2 ZHC/ZB §+713+1 |I’]7T0) E> E>, — 1 . +1 ]
’ Sl L P
(22 Zn 020, 0(n0) B =5 S+ 1| 3
with (25)
LS (x)a;O v -dix]" The #° and 7T+_" probability distributions are shown in Fig.
N0 7t 7 )= r’]' : |0). (23 3. For comparison, the pion probability without isospin con-

servation is also shown as a solid line in Fig. 3. We notice

Here |n,) denotes then-pion state and3(x,y) is the beta that .due. to the isospin gffect, the® and =+~ probability .
function. n,=n_++n_- is the total number of charged distributions are quite different from each other now. This
* Cc ks w

pions. Because of isospin conservation, we haye=n._ phenomenon has been noticed in R&f|. But the method

—ng/2 andn_o must be even. At this stage we can calculatedVEN here enables us to calculate the isospin effect for any

0 = S . isospin state, not limited to isosinglet states as discussed in
the 7~ and ™~ probability distributions according to Ref.[8]. From thew® and 7"~ probability distributions, we

1 (notln, (e acquire the mean multiplicitien o) and(n+,-):

E”cw(nﬂo)ﬂ 2 ,?-1"1 ) (?) 1 (e 1n e

P(n,0)= 1 ") E%OE“CEB 7‘1’5,?4‘1 w > N ow(N o)
N0 n n
S oSn (N 0) — B2 =410 = (no0)=
e 2N 2 2 2 1 _,(no 1ng o[ Ne
(24) EnWOEnCEB 74‘5,?4‘1 w 7 w(nﬁo)
and (26)
and
|
1 n,o 1n n
EnﬁoEnCEBZ(7+E,?€+1 w2(7°)n7,+,_w(nﬂo)

<nw+,—>= . (27)

No

1 1n n
znﬁoanEBZ(f +5 3" + 1) wZ(EC) w(n o)

It is well known that in the case of the isospin singlet, if the multiparticle BE correlation in coordinate space is neglected
(R,=0 fm), there would b&n_o)=(n_+)=(n_-) [17]. As the multiparticle BE correlation is included in coordinate space,
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however, such a simple relation does not hold for the isosinglet any more. As an example, to make a quantitative sense, we set
R;=5 fm, R,=0.8 fm, andny=20 and obtaim_,0=2.86 andn_+=n_,-=9.38.
The w° and 7™~ source distribution reads

s s * BZ(n“O ! n°+1> Z(nc)z” ° Gi(%,X) i)
—BY —=—+=,= — =7 Gy(x,X)w(Nno—i
I N T N S e (28)
P_o(X)= = 28
,0,0[¢,0,0)(n . n_ n.o 1n n
(4.0,01.0.0(no) (N-2) o oEnCZTBZ(TOJFE’EC“ w2(§>w(nwo)
and
_ (4,00’ -(x)a,+-(x)]¢,0,0
at.—(X)=
<¢1010|¢1070><n77+'_>
1 _,(nmo 1n Ne\ n o n. .
1 EnWOEncEB 7'*‘5,5'*‘1 w(nwo)w ? Zizl Gi(X,X)w ?—I
= 29
(N +,-) 1 _,(nmo 1n o Ne 9
EnonnCEB 74-5,?4-1 w > (N o)

The #° and =~ inclusive distributions are shown in tion and isospin effects on the source distribution in coordi-
Fig. 4. For comparison, we also give theinclusive distri- nate space, which has not yet been discussed in previous
bution without the isospin effect in the same figure. Noticepublications. We leave the systematical discussion of all
that there is a difference among’, 7"~ and 7 inclusive  these factors on the source distribution for a future publica-
distributions caused by multiparticle BE correlations in co-tjon.
ordinate space. In conclusion, the multipion Bose-Einstein correlation ef-

In this paper, we have not considered energy constraiffects on the pion source distribution have been discussed.
effects on the source distribution as done in R&8]. Also e showed that multipion correlations make the average ra-
the source model presented here is not a realistic model. Ags of the source become smaller. The larger the pion mul-
stressed in Refd.6,8], for a more or less real model, the ity the larger the multipion correlation effects on the
amount of calculational work will increase astronomically. source distribution. Isospin effects on the pion probability

To our best knowledge, t_here IS SO fa_r no method W.h'Chand pion source distribution are also discussed. We observed
enables us to calculate quickly multiparticle BE correlation hat multipion correlations distort the relatiogn, o)
T

in the above process. But we think that for the purpose Oz(nﬁ):(nf) which exists in isospin-singlet state without

llustrating the general fea’_cure_s of multipion correlqtlon ef'multiparticle BE correlations in coordinate space.
fects on the source distribution, our toy model is good

enough. In Ref[18], Fowleret al. found that the restriction The author thanks Dr. Y. Pang for helpful discussions and
on the multiplicity has a great influence on BE correlations.Dr. W. Lu for reading the manuscript. This work was partly

We did not address this issue, simply because our primsupported by the Alexander von Humboldt foundation in

purpose in this paper is to discuss the multipion BE correlaGermany.
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