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Multipion correlations in high energy collisions
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Any-order pion inclusive distributions for a chaotic source in high energy collisions are given, which can be
used in both the theory and experiment to analyze the any-order pion interferometry. Multipion correlation
effects on the two-pion and three-pion interferometry are discu$S€856-281®8)50107-(
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Hanbury-Brown and TwisEl] were the first to apply the whereP,(p;,...,p,) is the probability of observing pions
Bose-Einstein BE) correlations to measure the size of dis- with momenta{p;} all in the samen-pion event. Then-pion
tant stars. The method was first applied to particle physics bynomentum probability distributiof(ps,....p,) can be ex-
Goldhaberet al. (GGLP) [2] in 1959. Since then the size of pressed af9,11]
the interaction region has been measured by numerous ex-
periments in high energy collisions using different types of
particles. The two-pion BE correlation is widely used in high
energy collisions to provide the information for the space-
time structure, degree of coherence, and dynamics of thwith
region where the pions were produckg]. Ultrarelativistic (i PO
hadronic collisions provide the environment for creating doz- _ _ 4 TR Lipi—pp-x
ens of piong4—7]; therefore, one must take into account the pi'J_p(pi’pj)_f d XgW(X' )e(p @)
effects of multipion BE correlations in those processes. The
bosonic nature of the pion should affect the single apibn ~ Here o(i) denotes theth element of a permutation of the
spectra and distort thé(i=2)-pion correlation function; sequence 1,2,3,,n, and the sum over denotes the sum
thus, it is very interesting to analyze the multipion BE cor-over all n! permutations of this sequencg,(Y,k) can be
relation effects oni-pion interferometry8—15]. On the other ~ €xplained as the probability of finding a pion at poihtvith
hand, one also wants to study higher-order pion interferommomentumk which is defined agl1]
etry directly to see what additional information can be ex-
tracted from higher-order pion interferometry. Now this as- :f 4y, % RV ik,
pect has aroused great interest among physiis#13,16— 9u(Y.k) Yy (Y —ylz)exp—ik-y),

18]. Unfortunately all present analyses of multipion 4
correlations are based on pure “multipion interferometry for-With

mulas” without the consideration of the higher-order pion

correlation effects on the lower-order pion interferometry .

[6,7,13,16—18 Thus we urgently need new multipion inter- f gw(x,K)d*xdk=n,. (5)
ferometry formulas which can be used in both the theory and

experiment to analyze the any-order pion interferometryyyherej(x) is the current of the piomy, is the mean pion
This is the main aim of this Rapid Communication. In this myjtiplicity without the BE correlatioi10,11]. From Eq.(1)

Rapid Communication, considering multipion BE correla-ang Eq.(2), the puren-pion correlation functions can be
tions, we derive new multipion correlations formulas which expressed af16]

can be used to analyze the any-order pion interferometry.
Those new multipion correlations formulas are structurally n Pioi
similar to the previous formulas but with modified source Ca(Py-- - Pr)= 2 H —
functions[see Eq(21) for detail§. This warrants the validity o =1 Pij

OT the_: Iorfmulas tuseilltrr]] earrl:er StUdl'eS tofdthe r}!{gher-og(éetrhe above correlation functions are widely used in both ex-
pion Interrerometry. ough we only study muitipion periment and theory to analyze the multipion interferometry.

correlations in this Rapid Communication, the results PreRut in high energy experiments, the pion multiplicity is so

sented here are also held for kaon if the final state interaq—arge that we must take into account the multipion correla-
tlorjl_share neglelc(tje?_. i f the “ hoDi lati tions effects on lower-order pion interferometry.

f t'e géznera efinition ot the “puren-pion correlation For nr events, considering the-pion correlations effect,
unction Cn(py,....Pn) is thei-pion correlation function can be defined[d4]

F’n(pl,---,pn)=2 P1o(1)P2,0(2)" " Pn,o(n) s (2

6

Pn(P1,---:Pn | P(p1,....p;)
CoPrser. o) = APLr P @ Clpy... py) = P 0
ﬂl P1(p) JHl Pi(p;)
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whereP}'(py,...,p;) is the the normalized modifieidpion inclusive distribution im-pion events that can be expressed as

J,-=iH+1 dp,Pn(Py,---Pn)
Pl(P1,....p)= h . (8
j1:[1 dp;Pn(Py,---Pn)

Now we define the functios;(p,q) as[10,1]]

Gi(p,q)=f p(P,P1)dp1p(P1,P2)dps - -p(Pi—2,Pi—1)dPi—1p(Pi—1,d)- 9

From the expression d®,(p,...,pn) [EQ. (2)], the one-pion to three-pion inclusive distribution can be expressétilas

PQ(p)%%ian Gi(p,p)- w(n—i), (10
1 A i
P2<p1,52>=mmi=22 LEzl Gm(P1,PD) - Gi-m(P2,P2) + Gm(P1.P2) - Gi - m(P2,P1) |@(N—1i), (11)
1 1 n i—2 i-m—1
P3(PL.P2:PY) = =T (n=2) o () I;{gl 2, Grn(P1,P1) Gul(P2,P2)* Gi-m-«(P2,P2)

+Gm(P1,P2) - Gi(P2:P1) - Gi—m—k(P3:P3) + Gm(P2,P3) - Gi(P3:P2) - Gi —m—k(P1,P1)
+ Gl P3:P1) - Gi(P1,P3) - Gi—m—«k(P2,P2) + Gm(P1,P2) - Gk(P2,P3) - G~ m—k(P3,P1)

+ G P1,P3) - Gi(P3.P2) - Gi—m—«k(P2,P1) [@(N—1), (12
with
1 0 12
w(n)=m J kl:[l dpkpn(Ply---,pn)=ﬁZ41 C(i)w(n—i),C(i)=J Gi(p,p)dp. (13

Here w(n) is the pion multiplicity distribution probability.

Similar expressions can be given fdii<<n) pion inclusive distributions. From the above method itfgon correlation
function can be calculated fam-pion events. Experimentally, one usually mixes all events to analyze the two-pion and
higher-order pion interferometry. Then thgion correlation function can be expressed 58,20

Ni PR O]
Clpypy = MPL P (14)

IT Ny(pyp
j=1

Here thei-pion inclusive distributionN;(p4,...,p;), can be expressed as

oo

> o(n)-n(n=21)---(n—=i+1)P(py,....p))

> o(n)

n

Ni(py,---p) =

, (19
with
f Ni(pl,---,pi)j[[l dp;j=(n(n—1)---(n—i+1)). (16)

Then the one-pion to three-pion inclusive distribution reads

N1(|0)=i§l Gi(p.p), 17)
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NZ(pl’pZ):i Gi(pl,pl)jél Gj(pz,pz)"‘él Gi(pl,pz)é Gj(p2,P1), (18)
N3(p1:p2rp3):i§1 Gi(plvpl)jél G;(p2 pz)él Gk(psyps)"‘iél Gi(p1 pz)jél G;(p2 pl)kél Gi(P3,P3)
+§l Gi(p3vpl)§l Gj(plap?:)kél Gk(P2,p2)+§l Gi(pzaps)gl Gj(psﬁpz)él Gy(p1,p1)

+i§1 Gi(plrpz)gl Gj(pz’p3)k21 Gk(p3vpl)+i§1 Gi(plup3)j21 Gj(psapz)gl Gu(p2p1). (19

A similar expression for the(i >3) pion inclusive distribu- !
tion can be given. Following Ref§14,15,2], we define the Cfﬁ(pl,...,pi)=2 H
following function: o j=1

Hj o))
Hjj

(22)

- In the derivation of Eq(22), we mention nothing about
Hij:H(Ioi'pj):g1 Gi(pip)- (200 the structure of the source, so our results are in principle
independent of the detail form of the source, i.e., one can use
Then then-pion inclusive distribution can be expressed as any kind of source functioiwhich may contain resonance
and flow to study higher-order pion interferometry. Assum-
ing thatH;; =|H;;|exp(dy), it is clear that two-pion interfer-
ometry does not depend on the phagg which exists in
higher-order pion interferometry. So higher-order interfer-
Here o(i) denotes theth element of a permutation of the ometry can be used to extract the information for the phase
sequence 1,2,3,,n, and the sum ovetr denotes the sum [17]. If the source distribution function is symmetric in the
over alln! permutations of this sequence. One of the inter-coordinate space we hawvg;=0. Then multipion correla-
esting things about Eq21) is that it is very similar to Eq. tions contain the same information as two-pion interferom-
(2). The only difference is that E¢2) only contains the first etry does. In the following, we will use a simple model to
term of Hy; (p(p;i,p)) =G1(pi,p;)). With the help of Eq. study the multi-pion correlations effects on two-pion and
(21), the general form of the-pion correlation functiofEg.  three-pion interferometry. Similar to Reff9—-11], we as-

Nn(Pr-. - Pr) =2 HisH2e2)  *Hnom - (2D

(14)] can be re-expressed HE| sume the source distribution functiggx,p) as
2 ------
€ 18f
1.6} _
two-pion —
1.4} <N>= 20 _—
1.2f
1F
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FIG. 1. Multipion correlation effects on two-pion interferom-

etry. The solid line corresponds to the result of the pure two-pion FIG. 2. Multipion correlation effects on three-pion interferom-
interferometry. The dashed line and dotted line corresponghfo  etry. The solid line corresponds to the pure three-pion interferom-
=20,146, respectively. The input value Bfand A are 5fm and etry. The dashed line and dotted line correspondrp=11,45,
0.25 GeV. respectively. The input value & andA are 3 fm and 0.36 GeV.
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1 3/2 3/2 b 3/2 1 Yi—y_
= Ng- —2YR? o[ 20 _=
90x,p)=no (—HR) expl ~r2IR?)| — in no( o Praz 25

X exp(— p?/A?). @3 ith

. , =£(1+x+ V1+2x), x=R?A?2 (26)
Here R and A are parameters which represent the radius of Y==35 - ' '
the chaotic source and the momentum range of pions, respegsing this solution, one can calculate the any-order pion in-
tively. Using Eq.(9), Eq. (14), and Eq.(15), one can calcu-  terferometry for the above source distribution. The analytical

lytical solutions for the above special source distribution  The two-pion interferometry for the different mean mul-

[14,15 which are quoted here: tiplicity (n) is shown in Fig. 1. It is clear that multipion
b correlation makes the radius smaller. For the three-pion in-
Gn(P1,P2)=]n exp{ - f[()"llzpl— ¥"%p,)? terfergmetry, we chocz)se tf;e varziabQZ_z(pl— P,)2+ (P,
—p3) +(P3—P1) =015+ 23"+ qa1° and integrate the other

eight variables; then we have the three-pion correlation func-
+(¥%p,— yr"zpl)Z]} , (24 tion C5(Q) as

j N3(P1,P2,P3) 8(Q%— 01,° — Gp” — Uz;°) dp;dp,dp3

CH(Q)= 27)

f N1(P1)N1(p2)N1(p3) 8(Q%—qp°— Q232_ q312)dp1dp2dp3

Three-pion interferometry for differeqn) is shown in Fig.  fects, it is expected that the apparent radius derived from
2. It is clear that agn) becomes larger, the deviations of the two-pion interferometry will become much smaller. Consid-
three-pion correlation from “pure three-pion” interferom- ering the effects of the energy constraint on the multipion
etry become larger. interferometry, | have derived a new multipion inclusive dis-
In the following, we will discuss the effects of resonance,tripution according to the method presented in R&b|.
flow, and energy conservation on the above calculations. Thehis new formula is similar to Eq21). If we integrated the
effects of the resonance on pure two-pion interferometry isnergy from zero to infinity we will have Eq21) again.
not a new subject that has been extensively studied by difaccording to the definition of Eq(14), in the calculation of
ferent authorg23]. Effects of the resonance on the higher- Eq. (22), we actually mix all eventgwith different multi-
order pion interferometry based on pure multipion interfer-pjicities and different energigsit means that in the experi-
ometry formulas have been recently studied byrgsdn  ment one has already integrated all the possible energy of

Ref.[16]. Because Eq(21) is similar to Eq.(2), all analyses e pions, so it is not necessary for us to consider energy
in Ref. [16] can be applied here. In principle, the resonance.onstraint effects here.

should not affect the multipion correlation formulas pre- | conclusion. in this Rapid Communication, we have de-
sented here, but because of the limited momentum resolutiofeq thei-pion inclusive distribution and-pion correlation

of the data we will have modifieai-pion BE correlation  nciion for a chaotic source which can be used in experi-

functions as presented in Refl6]. The basic idea is that ment and theory to analyze multipion interferometry. For a
because of the limited resolution of the data, the contribugjmple model, multipion correlation effects on two-pion and
tions from the long lived resonance to the correlator are CONfhree-pion interferometry were discussed. It was shown that
centrated at a lower relative momentum region that is nofoy |arger mean pion multiplicity, the deviations of the three-
resolved by the two-pion interferometry. Thus the mterf.er-piOn and two-pion correlation from the “pure” three-pion
ence term(Gy(p;,p)),i #j) now mainly contains the contri-  anq two-pion correlation became larger. The effects of reso-

butions from directly emitted pions and pions from shortance flow, and energy constraint on the multipion correla-
lived resonances. While the single particle spectrumign formulas were discussed.

(G4(pi,py)) is not affected by the two-particle momentum

resolution, the intercept af-pion interferometry is smaller The author would like to express his gratitude to Dr. U.
than the ideal valua!. Based on the pure two-pion interfer- Heinz, Dr. Y. Pang, Dr. H. Feldmeier, Dr. J. Knoll, Dr. D.
ometry formula, one has found that the flow makes the apMiskowiec, and Dr. V. Toneev for helpful discussions. This
parent radius derived from the two-pion interferometrywork was partly supported by the Alexander von Humboldt
smaller[24]. Because of the multipion BE correlation ef- foundation in Germany.
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