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Three -Pion Correlations Minoru Biyajima

1. Situation of Empirical analyses on 3rd order BEC in Au+Au collision at RHIC

As shown in Tablél, STAR and PHENIX Coll. have reported their analyses at 130 GeV and
200 GeV, respectively. In their analyses, STAR Cdll.Jsed all combinations of three momentum-
transfers\/(?zj < Qs (Inside of a globe in Figl),

Qﬁw,s = Of,+ O3+ 0. (1.1)
On the other hand, PHENIX Coll2] used data on diagonal line of a cube in Flg.
Oz = (Oh2) = (Go3) = (G1) i.e Q3= 305. (1.2)

Of course this relation holds, as the number of data increasesis an average value.

Table 1: Situation of analyses on the 3rd order BEC. Notice two empty columns.

/SNN STAR PHENIX
130 GeV| raw and corrected data l6¥n,
200 GeV preliminary raw and corrected data fy
\V/a%,
A
|
Jaz <Ja%,  J3a,

Figure 1: Data ensembles of STAR (left) and PHENIX Coll (right).

Here we compare two kinds of data. In Figs.data by PHENIX Coll. are rearranged by
v/303. Coincidence among data by STAR and PHENIX Coll is fairly good. Error bars in raw data
by PHENIX Coll are smaller than those of STAR Coll.

2. Several theoretical formulae

In many analyses on BEC, the following formulae based on plane wave function are used.

N2 /NBC — ¢ [1+/\e*<RQ)2}, 2.1)

NET/NBC = ¢ |1+ 2 Y e (RU 4 22 15e 0SRY . (2.2)

i>]

In laser optical (LO/GL) approach, the following formulae with a degree of chaotiditsve
been proposedj and utilized,

N2 /NBC =14 2p(1 - p)Es + p?Eds, (2.3)
NG /NBC =1+ 6p(1— p)Ess + 3p*(3— 2p)E% + 2p°E:, (2.4)

whereEZ; = exp(—R?Q?) (Gaussian form) and/dEZ; = exp(—R\/Q?) (exponential form), and
E3; = exp(—R?Q3) and so on.



Three -Pion Correlations

Minoru Biyajima

2.2 11— 22 : T
2 ;T PHENIX 2 pions o PHENIX 3 pions
L Raw data —— Raw data —— -
18 - Corrected data —=— 18 |- Corrected data —=——
o) -4 E o L i
Z16, 4 Zief + } ]
£ R ] E r N
Srap s 5,14 %
L2 peutemes ﬁ'%0... ] 120t . f ]
14+ """ 1+ f*ééé#;b¢6§$¢#
08 L1 [ TR N BV B oglt v v v ]
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
0z (GeV/c) 03 (GeV/c)
: ——— 35 ———
19 - raw data N i Coulomb-corrected data
i STAR —=— | S STAR —+— ]|
171 % PHENIX (by v30g) —— | a5l ¢ PHENIX (by v3gs) —— |
215 b, 4 8 1
Liaf /! N ]
< } 4++++++ REEE SN .
11 { r 4 4%
* T - 1r T+ o
T T oL 1
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25

Qs, V35 (GeV/c) Qs, V3q; (GeV/c)

Figure 2. Comparisons of data by STAR and PHENIX Coll.

Third we explain the formulae by Coulomb wave function including the degree of coherence

A and the interaction rande[4,'5,'6,7]. The two-body Coulomb wave function is well known as,
W, () = T (L iy )™ 2 TR (=i, 131 (ki — g - 13p), (2.5)

where rij =X — Xj, kij = (k —kj)/2, rij = [rij|, kij = |kij| andnij = eejuij /kij. uij : reduced mass
of m andmyj, F[a, b; x| : confluent hypergeometric functiofi(x) : Gamma function.
Using of Eq. £.5), the 2nd order BEC witlh and Gaussian form fgu(x;) is calculated as,

12
N(ZTF)_E.rl/p(xi)d3xi|wﬁlk2(xla X2)+L.Uﬁlkz(x2, x1)|?

‘H/P

|5 (105 4, 00 X4 U g O 0P

+A Re(wﬁlkz(xl, xz)wﬁl*kz(xz, xl)) } : (2.6)
The 3rd order BEC is computed based on the 3-body Coulomb wave functiéjy in [
Wi = wﬁkz(xl;XZ)wE;k3(X2»X3)w|C<:;k1(X3;Xl): (2.7)

Hereafter, we use the following expressiapﬁk_ (%, Xj) = g(2/3)kKirij %, (rij). Notice that the
]
numerical factor “2/3” in the exponential function is importa@itT].

1 3 6 9
NG = = [ PO 3 Al) (2.8)
6 Il:l | | ’ JZI
where Al) = A = wl%kz(xl’ xz)t,ulf;ks(XZ, X3)wl(<:;k1(x3’ 1),
A2) = Az = Wﬁkz(xla X3)Lllf<:;k3(X3, XZ)QU;%kl(Xz, Xa). (2.9)
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(b) (d)

Figure 3: Diagrams of the 3rd order BEC féx(1) ~ A(6).

Aijx is reflecting the permutations of particlesj, k in Fig. 3: ThereinA(3) = A1z, A(4) = A123,
A(5) = A1z andA(6) = Ag3. In the plane wave approx., we have the correct expression, where
A(3) ~ A(6) are skipped3, (7],

Al) = AL — PW ei(2/3)(k12~r12+k23‘r23+k31~r31) _ ei(k1~X1+k2‘X2+k3~X3)’

A2) = Axs PW (2/3)(Kiz T 13+Koa T 32+ Kay T21) _ ei(kl-X1+k2-X3+k3‘X2)‘ (2.10)

CombiningA(1) ~ A(6) in Fig. 13, we obtainF; as: (The other formulaE;, ~ F123 andF;3; are
givenin [6,[7].)

1
Fl=% [ALA + A12A 5+ Ao3Ao3 + AraAls + Ar23AT o3+ Ar2Al 30 (2.11)
'NBG _Cl_l/p F1+3’\ Fi2+2A 2Re(F123)}
3, 43 3
(2\@7‘[R2 /d ¢,d Zzexp[ 2R2< Zl Z >] [F1+3)\F12+2)\2Re(|2123) (2.12)

whered; = X2 — X1, {5 = X3 — (MX1 +MpX2) /M2, {53 = (MX1 + MpXo + MaX3) /M, Mz = my +nmp
andM = my + mp 4+ mg.

Finally, it is known that the core-halo model is a useful model. However, explicit expressions
are skipped here. See our studiesdrd, 6, 7]. See also].

3. Analyses of data by STAR Coll and PHENIX Coll

3-1) For Coulomb corrected data, we employ the conventional formulae, Edsand 2.2).
Ours are given in Tabl2 and Fig.4. It is interesting thaRy;; ~ Rs;; ~ 8.5 fm for data by STAR
Coll.

Table 2: Analyses of corrected data by STAR and PPHENIX Coll (E@sl)(and 2.2).)
STAR PHENIX

R [fm] A Xx?/n.df. R [fm] A X?/Ndof

2 | 8.75:0.31 0.58:0.02 23.0/25 || 4.77+0.04 0.3920.01 178/40

3 | 8.26+0.39 0.5@:0.02 1.88/35| 6.92+0.82 0.34-0.10 6.5/14

3-2) Corrected data witlgs > 0.02 GeV by PHENIX Coll are analyzed by conventional for-
mula / LO approach. Our results are shown in Fgjand5, and Table® and3

3-3) Raw data withgz > 0.02 GeV are analyzed by the formulae of Coulomb wave function
(Egs. .6) and 2.12)). Our results are also shown in Figand lower-part of Tabl8.
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Figure 4: Analyses of corrected data by STAR Coll. and PHENIX Coll. E@sl)(and @.2)lare used.
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Figure 5: Corrected data are analyzed by Eg.3 and €.4)
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Figure 6: Analyses of raw data by PHENIX Coll. Eq®-§and @-12-are used.

3-4)Using two formulae in the core-halo approach (with Gaussian source function, the fraction
of core partf; and the degree of coherepd in [5; 6;, 71) we obtain Fig. 7 In raw data, there is
no over-lapping region. On the other hand, in corrected data, we observe very narrow over-lapping
region. The reason of the wide region af BEC is due to large error bars of corrected d&fa [

4. Summary

4-1) From raw data as well as Coulomb corrected data in Au+Au at 130 GeV by STAR Coll.,
we get the following interaction rang&s,; = 8.7 fm andRs; = 8.3 fm, and can estimate

V =R, ~ 500 fr?. (4.1)

This value is compared with that of ALICE CoB], V = RiongRoutRside ~ 300 fm? atdNyp/dn =
1500 andkt ~ 0.3 GeV in Pb+Pb at 2.76 TeV.

4-2) On the contrary, from corrected data at 200 GeV by PHENIX Coll., we obtain the ranges,
by utilizing Egs. @.1) and R.2), Ry = 4.8 fm (A = 0.39) andRz; = 6.9 fm (A = 0.34). From raw
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Table 3: Analyses of data by PHENIX Coll. Eqs2.8), (2.4), (2.€) and 2.12) are used.
E2 R[fm] P c X?/Ndof
Gaussian | 6.58+0.05 0.23-0.00 0.980.00 156/40
Exponential| 9.54+0.16 0.99-0.01 0.990.00 56/40
Gaussian | 9.76+1.11 0.24:0.08 0.92-0.00 7.2/14
Exponential| 14.36+2.10 1.06:0.07 0.990.02 6.3/14
raw data R (fm) A c X2 /Ndof
2 Eq. (2.6 3.77+0.03 0.2530.004 1.06-0.00 129/40
3m  Eg. 212 | 5.7H0.32 0.19£0.02 1.06:0.00 84/14

reliminall
0.21 gorrected ata
O | | | | 0 | | | |
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
p=1-p, Pc

Figure 7: Analyses of data by core-halo model.

data, we have smaller interaction rangeg = 3.8 fm andRsz; = 5.8 fm. The interaction ranges of
data at 200 GeV by PHENIX Coll. are smaller than those of STAR Coll. At present, it is difficult
to draw concrete physical picture for Au+Au collision at 200 GeV. Then we are waiting for final
empirical analyses by PHENIX Coll.

4-3) Moreover, we also eager for empirical analyse$2st™ ) and (2 )mt combinations
at RHIC and LHC energies. Se&(, 11].
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