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Isotopic spin effect in two-pion and three-pion Bose-Einstein correlations
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Bose-Einstein correlations of pions are calculated in the presence of both statistical and coherent pion
production. An isotopic spin conservation is taken into account for the coherent component. Additional con-
tributions due to the isospin effect in pion correlation functions are found. Moreover, the experimental data of
two-particle Bose-Einstein correlations for neutral pions are analyzed in this scheme.
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I. INTRODUCTION with
Bose-Einstein(BE) correlations of identical particles in a3k
multiple production processes have been extensively studied =
in the last years because they give information on the space- 2E(27)3

time region of interaction§l,2]. The basic effect is analo- i . o ) .
gous to Hanbury-Brown—Twis&HBT) interferometry in op- where the isotopic spin index is abbreviated, and brackets
tics [3] and suggests statistical production of the particlednean an averaging of matrix elements over the pure pionic
(mainly 7~ mesonk The possible presence of a coherent pi-State forc operators and a statistical averaging foopera-
onic componentfor example, in the case of disoriented chi- tors. We use also the traditional chaoticity parameter

ral condensate formatipnmodifies the HBT effect. This _ ¢ch

modification in particle physics was taken formerly to be in p(k)=p"(k)/p(k), @)

close analogy with opticg4]. which gives a share of the statistidahaotio component in
On the other hand, piongontrary to photonsare sub-  he single-particle density. If statistical and coherent parts

jected to isotopic spiiand electric chargeconservation and  paye different momentum distributions, then the chaoticity
so they cannot be emitted independently. While a Correparameter depends on momentkm

sponding change of the statistical part is not essential fo

large multiplicities(one must only ensure a symmetry be-

tween isotopic spin componen{&]), the coherent part

changes substantially when isotopic spin conservation is

taken into accounf6—8|. So we reconsider BE correlations  Consider now the two-particle inclusive momentum den-

of pions in the presence of both statistical and coherent consity of identical pions:

ponents, taking into account isotopic spin conservation in the

coherent parf9)]. That will result in the appearance of an

additional contribution to the BE correlation function of neu-  P2(K1.K2)=— dk,dk, =(a'(kpa'(kp)a(ky)a(kz)).

tral pions. (4)
Experimental data of BE correlations of neutral pions in

w-Xe collisions, reported10], are analyzed by our BE cor- Splitting the statistical average of the operator product into a

II. TWO-PION AND THREE-PION BE CORRELATION
FUNCTIONS

2

relation formula. product of pair expectation@vith particle permutation we
We take annihilatior{creatior) operatorsa; of the pionic ~ get a two-particle density where BE statistics is taken into
fields as a sum of statisticab{) and coherentq;) parts: account:
a;(k)=b;(k)+ci(k), i=+,—,0. (1) p2(K1,K2) = p(k1)p(ky) +[(bT(kq)b(ky))|?

+2 R (b"(ky)b(k T(kp)e(k
Normalizations can be chosen in such a way that the invari- (b (ka)blka)) {c'ka)c(ky))]

ant single-particle inclusive momentum density for every +(c"(ky)cT(ky)c(kq)e(ky))
kind of pions is
—(cT(kp)c(ky)) (cT(kp)c(ky)). 5
p(k)= L d_g =(a'(k)a(k))=p(k) + p°(k), The second term on the right hand side of £).is the usual
o dk effect of BE statistic§HBT effect, the third term represents

an interference effect of statistical and coherent production
p(K)=(bT(k)b(k)), pS(k)=(cT(k)c(k)), (2 [4], and the last two terms represent a pure coherent contri-
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bution to the correlation function. This last contribution van- 1 d3o
ishes in opticgfor photong but survives in the case of co-  Pa(Ki,kzKg)=— dk,dkydks
herent pion production due to the pion correlation arising

through isotopic spin conservation. A brief report on two- =(a'(ky)a'(kp)a'(kg)a(ks)a(kz)a(ks))

particle BE correlations was done in Rg9). Lot 6)
The three-pion inclusive momentum density of identical 1tz

pions is given by where

|1:P(k1)P(k2)P(k2)+(l§2:3) {l{bT(k1)b(k2)}|?+2 Re(bT(k;)b(kz)) (c'(k)c(K)) 1 p(K3)
+2 R4 (b"(ky)b(ky)) (b'(ky)b(ks3)) <bT(k3)b(k1)>]+2<1223) R (b'(kq)b(kz)) (bT(k2)b(ka)) (c'(ks)c(ki))],
|2:(1223) [<CT(k1)CT(kz)C(kl)C(kz)>_(CT(kl)C(k1)> <CT(k2)C(k2)>]<bT(k3)b(k3)>

+2(l§2:3) Re{[(c'(ky)cT(kp)e(ka)e(ka)) —(cT(ky)e(ks)) (cT(ko)c(ka))I(bT(kg)b(ky))},

l3=(c'(k1)c"(ky)c (kg)c(ki)e(ka)c(ka)) —(c (ka)c(ka) (c'(ko)c(ka)) (cT(ka)e(ks)). @)

In Eq. (7), |4 is the usual three-particle inclusive momentum Integration in Eq(8) is performed over directions of the unit
density in the presence of chaotic and coherent componentsectore in three-dimensional isotopic space ot and 7°
where BE correlations are taken into accolif]. |, andl mesons, respectively, anéi(k)|? gives the momentum dis-
are composed of two-particle and three-particle inclusiveribution of the coherently produced pions. If we consider the
densities of coherent components, respectively. These ternspace-time region in which pions are produced, this) is
stem from the isotopic spin conservation of coherent compothe mass-shell Fourier transform of the space-time region
nents. f(x):

Two-pion and three-pion BE correlation functions are de-

fined, respectively, by the equations »
i pectively, by quat f(k)=fd4xe 'kxf(x)|k0:Ek-

N(@) ky,k N kKo K
_ paki ko) __palkikz ka) This function is not necessarily real:

NBG  p(ki)p(ka) ' NBS  p(Ky)p(ka)p(ky)

f(k)=|f(k)|e'*. (10

lil. ISOSPIN Eggsgléﬁﬂ?ﬁ COHERENT The normalizatiorN should be determined from the condi-
tion (f|f)=1, and we get

Consider now the form of the coherent contribution. A
typical ansatz for a coherent pion state with fixed isospin is 8
given by a zero isospin projection of the standard coherent N= (n°)

state[6,7]. It has the form

(1—e &%),

We suggest below that the average number of pions is large,
(n®>1; then,

1 (n°
|f>=\/—ﬁf dQexp[— 5 +fdkf(k)ec*(k)}|o>,

N~8m2/(n°). (12)

sing . sing Now it is necessary to calculate the matrix elements in
e=(e;.,e_ ,eo)=(fe"f’,fe"”,cosa), (8 Egs.(5) and(7) over the pionic state of Eq8). To do that
we act byc; operators to the right and h;f operators to the
_ o left. For large(n°®) the calculation is greatly simplified be-
whereN is normalization factor and cause in this case one may use the steepest descent method in
the course of integration over the spherical angles
o 2 01,91,0,,0, entering the states. Then we get the main con-
(n%)= f dk|f (k)" ©) tribution from the regiorg,~ 6,, ¢$,~ ¢, and reduce the ma-
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trix elements to the average over a single solid afpléThe 25 1 7 L A
resulting expressions for matrix elements take simple forms I n-Xe 3.5GeV/c
(e (kpei(kp)=rilf(kp)% e p=0. 706
2l 1. 41r=0. 947 fm
(el (kpef(ko)ei(kn)ej(ka)) =rij| f(kp) f(ka)[% K o/ NDF=0. 90/16
(¢ (kp)c] (k) ek(ka)ei(ky)ej(ko)ee(Ka)) ,
=ril (k) F(ko) f (o), (12 s | ]
where } .
) 1 SaARAA
s d0leEle 2 a9 | T
The factorsr;, rj;, andrj can be easily calculated from I
Eq. (13): 0B b
0 0.2 0.4 0.6 0.8 1

1
re=r-=ro=sz, Q [GeV/c]

FIG. 1. Two-particle BE correlations for neutral pions7inXe
2 1 collisions. Data are taken from RéfL0]. The solid curve is drawn

Foy=f__=—, Tfo=x2, from Eq. (23 with y2r =0.947 fm andp=0.706, which are deter-
15 5 mined by the minimum chi-squared fity{,/NDF=9.99/16). Q
denotexQ,, .
2 1
M+ =r———=5g, Tooo™7- (14 o :
35 7 In the largen limit, the results shown in Eq$16) and (17)

are essentially the same as those given in @4¢) in the

IV. ANOTHER APPROACH TO THE ISOSPIN EFFECT previous section.
IN THE COHERENT CONTRIBUTION

. . ISOSPIN EFFECT IN BE CORRELATION FUNCTIONS
In order to compare the results obtained by the steepes\{

descent method in the previous section, we also calculate To examine the isotopic spin effect to the BE correlation
two- and three-particle densities of coherent components usunctions, we calculate two- and three-particle BE correla-
ing an isosinglet state with fixed multiplicity 2 [6,11]: tion functions in the symmetric representatifi?]. In the
following, the chaoticity parameter and the phase factor in
the momentum density are assumed to be consfartp,
o,=¢, a=1,23.

The correlation of chaotic components rrparticle BE
correlation functions is parametrized as

[alal —a}?]"0). (15)

1
|¢2n>=m

Single-particle and two-particle densities are showhilif:

T T t 2n (bT(k)b(kp))=pp(ky)p(Ko)Eng, (18
<a+a+>:<a—a—>:<aoao>:?,
where
8n(n—1) 2n(6n—1)
(afal)=(atal)=—5— (@)= g5 Ep=ex r2Q2
(16 nB— n(n—1) nm|
where .
= _ RTRY.
<F>:<'//2n||:|‘//2n>- Qna= \/ “~ j;rl (ki kJ) . (19

After some calculations, the three-pion densities given fro

the isosinglet statél5) are evaluated as n]n the derivation oE,g, the Gaussian source function with a

parameter of source sizg2r is assumedsee Ref[12]).
16n(n—1)(n—2) Then two- and three-particle BE correlation functions with
35 , constantp,=p are given, respectively, as

(al*al)=(al*a’)=

N(2D)

4n(n—1)(10n+1) 17) W:1+2p(1_p)EZB+p2E§B+B|l(1_p)2’

35

3.3
(agao=



PRC 58 ISOTOPIC SPIN EFFECT IN TWO-PION AND THREE- ... 2319
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FIG. 2. Two-particle BE correlations for neutral pionsefe™ s T T T T T T
collisions. Data are taken from R¢fl4]. The solid curve is drawn [ w(30)
from Eq.(23) with p=0.299 and\/2r =0.662 fm, which are deter- i BEC
mined by the minimum chi-squared fity ¢, /NDF=57.1/48). Q 7 180 _
denotesQ,, . - —o— Total
I p=0. 5
N H BN ‘ r=3 fm i

a6 1 6P(1-P)Esst3p(3-2p)Elet 2p°Eds

+3B;i(1-p)?[1+2pEge] + Biii (1-p)°, (20 2 .
where I
1 F
Fij Fiii .
Bi=——1 Bii=—733Bi—1 i=+,-,0. (2D
r r 0 i
Y T S S S TS T T S N S SO S S NN SO S R N ST
In Eq. (20), terms withB;; and 3;; denote additional contri- 0 0.1 0.2 0.3 0.4
butions from the isotopic spin effect of coherent components. Q [GeV/c]
From Egs.(14) and(21), coefficientsB;; and B;;; are calcu- , , ) )
lated as FIG. 3. Three-particle correlation functions for neutral pions
calculated from Eq(23): (a) with r=3 fm andp=0.7 and(b) with
1 4 r=3 fm andp=0.5.Q denoteQ);,, .

B++=B--=g, Boo~g
ity parameter decreases from 0.7 to 0.5, the asymptotic value

of the two-particle BE correlation function for neutral pions

22) becomes from 1.07 to 1.20. . .
To compare our formulas with experimental data, the

asymptotic values of the BE correlation functions should be
It should be noted that the isotopic spin effect in BE corre-renormalized to 1:
lation functions of neutral particles is much more enhanced

2 16
Biii=B- - =— 35’ 3000:3_5-

than that of charged patrticles. This tendency is also observed ' 1 N(2D)
in the Regge pole expansion with BE statis{it8]. In gen- W) = T
eral, the coefficients;;'s depend on the total isospin of the 1+Bi(1-p)° N
pionic system.
As can be seen from Eq20), the asymptotic values _ 1 NG-)
(large Q,, limit) of two- and three-particle BE correlation We) = . (23
functions do not necessarily approach 1 if the chaoticity pa- 1+6B;(1—p)*+Bii(1-p)® NBC®

rameter is not equal to 1. In other words, the asymptotic
values of the BE functions will deviate from 1 due to the In Fig. 1, two-particle BE correlations for neutral pions
isotopic spin effect of coherent components. As the chaoticebserved inr-Xe collisions[10] are analyzed by the formula
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(23). The data are well fitted by Eq23) with p=0.706 If E,g and the chaoticity parameter do not depend on
+0.162 andy/2r=0.947+0.087 fm aty?, /NDF=9.99/16.  charge states, we can extract the following relations from

For the sake of reference, we also analyze the preliminargs. (20) and (21), respectively:
data of two-pion BE correlations ia*e~ collisions by the

L3 Collaboration[14]. The result is shown in Fig. 2. The N0 3 Nz _3 120
data can be fitted by Eq23) with p=0.299+0.031 and NBG  NBG =5 P)*>0,
J2r=0.662+0.045 fm aty2/NDF=57.1/48. The coherent
component seems to correspond to contributions from reso- (20 (2-)_ 3(1— p)2
nanceq14]. Our prediction should be examined in the near W™ —W* =~ 5
future [15].

In Fig. 3, calculated results of three-particle correlation 2p(1—p)E,p+p?Edg

functionsW% with p=0.7 andp=0.5 atr =3 fm for neu- > >
tral pions are shown. The contribution from isotopic spin [1+4(1=p)/5][1+(1=p)7/5]

conservation in coherent components is denoted by ISO anfhe sign of the above equations alternates according to the
that from the usual two-particle BE correlations by BEC. normalization conditions. This will be an indication of isoto-
The contribution of coherent components increases as thgic spin conservation.
chaoticity parameter decreases in both correlation functions. as shown in Eq(20), the presence of isotopic spin and its
conservation leads to additional contributions to identical
VI. CONCLUDING REMARKS pion correlations, which depend on the portion of the coher-
We have calculated two-particle and three-particle BEent component. Thesg terms affect the normalization .for the
. . . : two-pion and three-pion BE correlations as shown in Eq.
correlation functions in the presence of chaotic and cohereq 3
components. Isotopic spin conservation of the coherent com="~ . . .
ponent is taken into account. Additional contributions due to Our_resul@s on two- and thr_e_e-part|cle correlations W'.” be
! : . Co . useful in estimating the chaoticity parameter more precisely.
isotopic spin conservation appear in the two- and three-
particle correlation functions. Moreover, our results for the
coherent component are the same as those of R&fand
[11], asnis large in their case. Because these terms are not a This work was supported in part by the JSPS Program of
function of the momentum difference, the effect of isotopicthe Japan-FSU Scientists Collaboration. M.B. is also par-
conservation will not necessarily vanish, as the momentuntially supported by a Grant-in-Aid for Scientific Research
difference squared increas¢g,,,|2— . from the Ministry of Education, Science, Sports and Culture
We have analyzed the data of two-particle BE correlationgNo. 09440103 and No. 08304024.V.A. was also sup-
for neutral pions inr-Xe collisions and the preliminary data ported by the Russian Fund for Fundamental Research, Grant
of two neutral pion BE correlations " e~ collisions by the  No. 96-02-16210. N.S. thanks Matsusho Gakuen Junior Col-
L3 Collaboration 14]. Fairly speaking, it can be said that the lege for financial support. Finally, we are thankful to E. A.
data are described by our formul23). De Wolf and W. Metzer for useful information.
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