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Three-pion interferometry in high energy collisions
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The data of the three-pion correlation function are analyzed. It is shown that three-pion interferometry not
only can act as an independent tool to extract the source information but also can be used to test if we have
assumed the right correlation functidis0556-282(98)03701-1

PACS numbgs): 12.38.Mh, 13.85.Hd, 25.75.Dw

[. INTRODUCTION The three-pion correlation function for a totally chaotic
source can be expressed as
Two-pion interferometry is now widely used in high en-

ergy collisions to provide the information of the space-time - . -
structure, degree of coherence, and dynamics of the region ~ C3(P1:P2.P3)
where the pions were producé¢di—6]. Experimentally, ul-
trarelativistic hadronic and nuclear collisions provide the en- .
vironment for creating dozens, and in some cases hundreds, P(p1)P(p2)P(p3)
of pions[7-9]. Theoretically, it is easy to extend the two-
pion correlation function to the three-pion correlation func-Then the true triplet-pion correlations that do not contain any
tion [5,10,11,13-1p Then the question arises, can we getlower order correlation can be expressed &317
more information from three-pion interferometry to supple-
ment what can we learn from two-pion interferometry? To .
anwer this question, in Sec. Il, we analyze the dlfferencéqa(pbpz Pa)
between three-pion interferometry and two-pion interferom-
etry for a totally chaotic source and a partially coherent . s s
source[5]. In Sec. lll, we collect part of multipion correla- =Cs(P1,P2,P3) ~R2(1,2) ~Ra(2,3) = Ry(3,1) —1
tion data and see if the results of three-pion correlation are
consistent with the results of two-pion correlation. Finally, = — = =
we give our conclusions in Sec. IV. P(p1)P(p2)P(ps3)

2R exdi + +
IIl. THREE-PION CORRELATION FUNCTION dlp1zpospsl XHi (P12t P23 iy (5)

(pl) (pz) (pg)

—1+Ry(1,2 + Ry(2,3) + Ry(3,1)

2 RE(p12p23031)

4

2 REp12p31p23)

Two-pion correlation functiorCz(ﬁl,ﬁz) for a chaotic

source can be expressed[a2-14 It is very interesting to notice thatBinterferometry con-

ColPr ) tains more information on the phase which does not appear
2(P1.P2 in two-pion interferometry. As has been shown in Refs.

FSOGK 12)S(Y.K 1) exiligu x—y) Jd*xdy [18,19, this phase is too small to be detected. Then what is

=1+ — the usage of three-pion correlation? First, three-pion correla-
JS(X,p1)S(y,p2)d*xdy tion for a totally chaotic source can be taken as a indepen-

dent tool to extract the space-time information of the source.

|P12| _ni ; _ni _

=1+ (1) Second, as the two-pion correlation and three-pion correla

p11P22’ tion should give the same source parameters, any inconsis-
tency between the results of three-pion interferometry and
the results of two-pion interferometry means that the “as
sumed function fornp;;” is in error. So three-pion correla-
tion can be used to test if we have choosen the right function
form of the source.

HereKj;=(p;+p;)/2 andq;;=p;—p; . S(x,K) is a Wigner
function which can be explained as the probability of finding
a pion at pointx with momentumK. The definition ofp;; is

pij=p(p; ’pi):f S(x, pi+pj)exp{—i(pi—pj)x]d4x Two-pion correlation function for a partially coherent
2 source can be expressed[&$
=|pijlexpli ¢;). 2 -
R R 2 2 R con_c
We define the true two-pion correlation as Chpy,pa)=1+ izt + i{le palza] (6)
, P(P)P(P2)  P(P)P(py)
|p1d
R»(1,2=R ,p2)=C o) —l=—Fm—. 3
2(1,2=Ra(p1,p2) =Ca(p2,P2) P(p)P(p,) ) with
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p{"=|piMexp(i i) p$532 L2 Rd p53p$h
P(p1)P(P2)  P(p1)P(p,) "

RS*\i,))=R8™\(p; ,p;) =
:f dx S x,p)exil — i (p—p;) X1,

Similarly, the three-pion correlation function can be ex-

cha_ | ch i pc"
pij = pijexpi ¢if™) pressed ag5]

_ 4., ch L im ). . s

‘f aXSHxpyex —i(pi=p)-x]. (D cg(p,,p,,pa) =1+ RE(1,2 + REV(2,3 + RE™3,1)
Here S and S®" are the source distribution for chaotic +R511,2,3). 9
source and coherent source, respectively. The “true” two-
pion correlation function can be written as We define the “true triplet-pion” correlatioR(1,2,3) as

h. h h. h_ch h h h _ch h. h
2 R pS St pSS pSapSit pIapSs PSI papSapSy ]
P(p1)P(p2)P(p3)

Here the “true” two-pion (three-pion correlation is not the “true” two-pionthree-pion correlation at all, because they
contain a contribution from coherent pions which does not interfere with the chaotic pions. The “true” two-pion correlation
function can be rewritten in the following form:

(10

R5?(1,2,3) =

RE(i,]) = e(Py) e(p2)|BSHI2+ 2\ e(py) e(po)[ 1~ e(py) I 1 — e(p,) Icos ¢ 42| BSH (12)
with
Pcha( E) Biqha: pic]_ha

PR P By Py

Here e(IZ) is the parameter of chaotic degree. For a totally chaotic sou(Eée,: 1, for a totally coherent souro&(IZ) =0. For
three-pion case, we hays]

(12

e(k)=

RE(1,2,3)=2¢(py) e(p,) € ps) O SS33 pS+ 31| BSYBABINT + 2¢(p3) Ve(py) e(po)[1— e(py) 11— e(po) Jcog $3"
+ U+ D BB + 2¢(py) Ve pa) €(po)[ 1— e(p3) [ 1— e(p2) ]cog S0+ p3'+ 413 BB

+26(p2) Ve(ps) e(pr)[1— e(pr) ][ 1— e(p3) Jcos p5h2+ p5ht+ 53| BSYBS. (13)

Different from the two-pion correlation for a chaotic source, partially coherent source can be taken as an independent tool
two-pion correlation for a partially coherent source also conto extract the source information and to test if we have as-
tains information on the phas¢i°jha and qsiCjOh_ e(k), Bicjha, sumed the right source function in two-pion interferometry.
and¢i°jha— ¢icj can be determined by two-pion interferometry.  Experimentalists usually assumed that the imaginary parts
As piapoaps is real, we have the relationship thgty" — of piandpf™" are very small and they takeandpf™" as

+ ¢g‘3’h+ (j;g‘l’hzo_ Then all the parameters that appeared inreal. It is clear that without the imaginary part pﬁha, the
three-pion correlation can be derived from two-pion interfer-three-pion correlation cannot supply more information than
ometry. What is the usage of three-pion correlation functiortwo-pion interferomtry does. But we can check if the results

for a partially coherent source? Three-pion correlation for aderived from two-pion correlation are consistent with the

TABLE I. The data from UA1 groupr,g andr ., are the fitted value of Eq$§16), (17) and Eqs(18), (19),

respectively.
rg(fm) rg(fm) I exg(fM) I exg(fM)
\/g 2 3T 2 3T
630 GeV 0.7420.009 0.82%0.005 1.264:0.017 2.6130.015

900 GeV 0.8140.016 0.831*0.007 1.3740.018 2.64%0.016
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TABLE Il. The data from UAL groupeg and e, are the fitted value of Eq¢16), (17) and Egs(18),

(19), respectively.

€ €g €exp €exp
\/5 2 37 2 37
630 GeV 0.1680.004 0.15@:0.003 0.41@0.015 0.505:0.019
900 GeV 0.186:0.006 0.152-0.004 0.5310.038 0.5380.027

results of three-pion correlation to test if the assumed functumb correction, pion misidentification, etc(3) ¢,Cha, coh
is right. In the next section we will use experimen- —0 is not a good approximation.

tion BCha

tal data to test the conclusion given in this section.
IIl. THREE-PION INTERFEROMETRY IN EXPERIMENT
Similar to the UA1-MINIMUM BIAS group[20], we take

the approximation tha ", ¢7*~0, e(k)=¢, and assume
a symmetric conflguratlon in momentum space, that is

2
9%,=035=035= ZQﬁfl,n:q :Qﬁwm- (14
If we assume
Bf"=exp—r%qf)=e"" A2Q0/n(n-1)], (15

1]

In the following, we use the data of UA20] and Mark Il
[21] to test if the results of two-pion interferometry are con-
sistent with the results of three-pion correlation. The data of
UA1 were also analyzed in Reff22], but there, the authors
want to show that the high-order correlations provide evi-
dence for the Gaussian form of the current distribution as
well as for the presence of coherence. Here we want to show
that the higher-order correlations can be used to test if we
have assumed the right correlation function.

The data used in this analysis were collected in 1985 by
the UAL group at the SPS proton-antiproton collider. The
center-of-mass energies'$) for pp are 630 and 900 GeV,
respectively. Equationél6), (17) and Eqgs.(18), (19) have
been used to fit the data. The fitted values of UAL group are
shown in Tables | and II.

then the two-pion and three-pion correlation function for a From the above tables, we find that there are some differ-

partially coherent source can be expresseflas
Co=1+e%e 2" Gri2e(1-e)e "Sn  (16)

Ca=1+6e(1—e)e” VI, 1 3e2(3—26)e (297705,

7

e~ "[2h(h=1)]Qn~ then we have

+ 263e7r2Q§w.

If we assumeB:"?= e~ "dij =

the following function:

C,=1+€%e 2Q2r+2¢(1—€)e "Q2n, (18

Cs=1+6€(1—e)e ¥+ 362(3—2¢)e 21 Qar

+2€3%e 73 Qan, (19

Theoretically, high-order pion correlation function and two-

ences between the fitted valéeandr. As a Gaussian or
exponential function is too simple to describe the source dis-
tribution in pp collisions, it is not surprising to find the dif-
ference between the results of two-pion interferometry and
the results of three-pion interferometry. Here we have shown
the power of three-pion interferometry, which can act as a
tool to test if we have assumed the right function form of
Bf" and if the imaginary part of the{®and pf" are very
smaII

In Table I, the data from Mark Il at the SPEAR and PEP
e’e” storage rings at SLAC are given. They used

2~2
Co=1+N,e 2% (20)
to fit the two-pion correlation function and used
Ca=1+rge 3% (21)

pion correlation function should give the same space time
information of the source. The differences between those fitto fit the three plon correlatlon function. Hei®@3=(p,

ted parameters may be due to the following reas(:ft)sBChal
is not right; (2) we have not correctly treated the d:(i(éou-

—p2)? Q3=03,+055+03,. It is impossible for us to com-
parer ; with r, but we can comparg; with A,. In Table IlI,

TABLE lll. The data from Mark 1.

Data N> N3 heA
SPEARJ/Y 0.96+0.03+0.08 4.970.33£0.62 4.67-0.25+0.62
PEPyy 1.20+0.08+0.10 4.56-0.45+0.57

SPEARqQqQ 0.72+0.04+0.06 2.58-0.24+0.33 3.020.23+0.34

PEPqq 0.45+0.03+0.04

1.540.23+0.19

1.68-0.14+0.18
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TABLE IV. The fitted results of 1.8 GeV/nucleon Ar on Pb and 1.5 GeV/nucleon Ar on KCI.

Source parameters A8GeV Ar+Pb 1.5A GeV Ar+KCl

Three-pion R(fm) 5.65+0.49 5.51-0.86
analysis A3 0.985:9%2 1.00°39%

¢ 0.95'595 1.00° 3%
Triplet-pion R (fm) 5.80+0.75 4.06-0.49
analysis & 1.00°592 1.00° 3%
Two-pion R (fm) 5.53+0.45 4.72:0.30
analysis A 0.99° 5% 1.00°3%

we give the value oh. It is easily seen from Eqg16), (17)  good function form oB{™, we strongly suggest that experi-

or Egs.(18), (19) thath,=2e—€” and\;=3€e’~4€>+6€.  mentalists use three-pion correlation functions to fit their
If we take the\, value from Table Il and think that both data.

three-pion and two-pion correlations should give the same
value ofe, then we can use the fitted valuelof to calculate IV. CONCLUSIONS

th,e value ofis, which IS also give in Tabl/e II(der_10ted as In this paper, we analyze the difference between three-
A3). From the comparion betweer; and A3, we find that  hion correlation function and two-pion correlation function
the results of three-pion correlations function are consistengy, 5 totally chaotic source and a partially coherent source.
with the results of two-pion interferometry. For a totally chaotic source, it is shown that three-pion inter-
In Table IV, the fitted values of Ref23] are given. In  ferometry supplements what can be extracted from two-pion
their fitting, they did not use the configuration momentuminterferometry. For a partially coherent source, three-pion in-
approximation. They used terferometry not only can act as an independent tool to ex-
tract the source information but also can act as a independent
_ 2 25 5202 tool to test if we have assumed the right correlation function.
Co=1+\e a2 a1 (22) From the data of the UA1 group, we find that the results
and of three-pion correlation are not consistent with the results of
two-pion interferometry. That means Gaussian or exponen-

tial function is too simple to describe the sourcepm colli-

(a2 2+ g2.R2 ¢ X > ) : .
Cy=1+Nge (B0 "0RI24(2-3)+(3-1) sions. This result is consistent with the result of previous
Cro? 2432 2 publications[24,25, where Andreevet al. found that in
+2¢£e [ Qan0m QAR (23)  models with a fixed source size the shape of the second order

] ] o ) Bose-Einstein correlations in terms @5, is neither purely

to fit their data. Herei(—]) represents the cyczllcallyzper- Gaussian nor purely exponential. The authors of Refs.
muted form of the second term of E@R3), Q3,0=01 [24,25 also found that appropriate projection of the cor-

+ 03301 05,0 and Q2_=q2,+ g3+ 03,. They also fitted the relator helps one to find out the right source function. From
triplet-pion correlation with the function the data of Mark I, it seems that Gaussian source distribu-
tion and ¢;; ~0 is a good approximation im"e™ collisons.

But due to the lower statistics at present, no definite conclu-
sion can be given. Three-pion correlation not only can be

From Table IV, we can see that the source is nearly totallyus“a‘(.j as an independent method to extract the source infor-
chaotic and the results of two-pion correlation are consisterf'ation but als_o can be u.sed as a tool 1o test if we have
with the results of three-pion correlation. So it seems thatassumed the right correlation function.

Gaussian source is a good model to describe the source in
low energy heavy-ion collisions.

For relatively heavy-ion collisions, due to the correlation  The author would like to express his gratitude to Dr. P.
between coordinate and momentum, a simple Gaussian fun¥-ang and U. Heinz for helpful discussions. This study was
tion is not suitable to describe the data. As multipion corre-partially supported by the Alexander von Humboldt Founda-
lation functions have the power to test if we have assumed #on in Germany.

Ry=2¢e Q07+ Q3R (24)
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