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Two-particle correlations

P>(pa, Pp)
C(an) - )
P1(pa) P1(py)
where
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2(Pa; Pb) b Boudi, 1(p) & m* +p

We are looking for two-particle probability to registrate
particles with certain momenta p, and py :

PQ(paapb) =7
And then,
C(q,K) =7

1
K = E(pa+pb)> q = Pa— Pp



Some approximations: v, & v, Vv, X V.
In the center-of-mass system of the pair v =20,

Pi(p) = / d'z S (z, p)

Pa(@) = [ d*ud*e,S (oupa) S (o) [Sara(ra = 2)|7 2

+ / d4£l?a d4xb S (xch K) S (xln K) qb:;/Q(Xb - Xa) ¢q/2(xa - Xb) )

where ¢q/2(xa — Xp) is solution of the Schrodinger equation for a relative
evolution of two particles under the Coulomb interaction.

Physical meaning: Two single-particle probabilities to find particles in the
time-space points x, and x, with certain momenta p, and py, which are
expressed by S(x,p), is weighted by the probability |¢q/2 (Xq — Xp) ‘2 to find
these particles with relative distance x, — x;, and relative momentum q.



The correlation function reads:

P>(q)

/d4:1:a S (za, Pa) /d4$b S (b, Pb)

where 4-vectors p, = (q?/4m, q/2) and p, = (q?/4m, —q/2).

C(q) =

In the non-interacting limit (only the symmetry of the two-
particle wave function is taken into account): ¢q/»(x) — exp (iq - x/2)

2

‘/d4x e'9*S (z, K)

/d4an (Za, Pa) /d4$b5 (xp, Pb)

Clq,K) =1+



Coulomb final state interaction

The model source function:

S(z,p) o exp [—w(p)/Tr —?/27% — 1° /2R3

In the pair cm.s (K = 0):

Pa(q) oce 2T / dPr e/ U¢q/2(1')|2 £ g2 (=1) Gq/2(r)

The single-particle probability reduces to the pure Boltzmann
exponent:
Pi(k) o e—w(k)/Tr



The Gamow Factor and relativistic effects

C(Pa; Pr) = G(Pa; Pb) Cmodel(Pas Pb)-
Correlation function without FSI (K = 0):
C(q) =1+ e 9

Correlation function, corrected by the Gamov factor G(|q|):

Cla) = G(la) (1 4 e *7%),

where 5
G(ld]) = |¢qr2(r=20)| .
Pure Coulomb: ; o
(la]) = oo — 1
with -
n =

q
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Q

Penetration through the Coulomb barrier: mng = = Npen(r1 = 0,72)

where Veou(r2) = E2 and

Mpen(T1,72) = %/ drq(r), or mnpen(ri,r2) = %[I(Tl)—f("?)] .

1

In the nonrelativistic case the penetration integral:

0

; 12 in
Ine(r) = rq(r) —no arcsin (1 — Qﬁm) ,  q(r) = \/Qm (VCOm(?‘) — Egm) :

and in the relativistic case:

(=2 +m)2 4+ Veou(r) | w(r) = (m+ Eg)w(r)

2
EO' (El?in)
Lel(r) = rgra(r) — Amo arcsin [ y—2—*0— —
" VCouI(T) meCoul(T)
\%,
—  Qrefr Arcsin (’y - —Cou'(r)>
My

where gre(r) = \/(Qm + Ef(’m - VCouI(T)) (VCouI(T) - Eﬁ)m) and
v = E/m; and aerr = €2/2. Then, npen(r1,m2) = % [Irei(r1) — Lrei(72)] -



The Coulomb plus strong two-particle interaction

(=2 +m)Y2 4 Verr | w(r) = (m+ EZ)u(r),
it is the version of the Bethe-Salpeter equation for spinless

particles.

Potential energy:

Veoul(r) = %, Verr (1) = Veoul(r) + Vastr (1) ,

where

e—mp’f'

Vatr(r) = Vo . Vo=26 GeV, m,=770 MeV.
mpr

Potential of the strong repulsion (S. Pratt et al., PRC 42, 2646
(1990)) was chosen to match the behavior of the pion-pion scattering
phase shifts. In any case the use of this strong potential can be consi-
dered as a model of the short-range repulsion which is possessed by
pions.
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It is seen that the finite size of the emission source softens
the manifestation of the FSI and the ‘Gamov factor' tends
to overestimate the FSI effects for the source of big size
(Ro >4 fm).



Final state interactions at high
secondary multiplicities

Two-particle potential in dense environment

2
(% — V2> p(t,r) = 4me (n(+) — n(_))

n®) = n® exp (:F;—(b) , ep < Ty = n® =np0 (1 F %)
f

9?2 5 _ 8ma
(ﬁ -V ) Qb(t,r) = _3—ﬂnﬂ¢(t7r)

I. Solution of the Schrddinger equation Iin case of a
constant density of the environment

e~/ Rscr 1 8 n
U7r7r = , = — v - G — =0 2
("“) « - Roor 3 « Tf = cor(Q) | w(r ) ‘
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1) RHIC (LHC): N, = 8000, Ty = 180 MeV, R; = 7.1 fm, R, = 7.9 fm,
2) SPS-1: Ty = 187 MeV, 71 = R, ~ 6.0 fm, Ry = 6 fm, Ay = 3,
dN/dy = 40, = R., = 19.3 fm,

3) SPS-2: N, =800, Ty = 190 MeV, R; =7 fm, = R, = 25 fm.



Investigation
of the post-freeze-out phase density

In order to take into account post-freeze-out expansion of
the pion system let us consider a pion phase-space distribution

of(x,p)
aO

_ N _ 2 2
—————=+v-Vf(z,p) = 0, V=B E(p) =+ m;+p

t—o00

where R is the distance from the fireball center. The spatial
distribution of the particles at time ¢:

I
n(t,R) = (2r)? no (R — m t) go(p)

The spherical density:  ngpn(t, R) = 47R2%n(t,R)
where f0°° dRnspn(t,R) = N.
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II. Modeling the spatial and time dependence
of the post freeze-out pion density

n(E) &
__R¢
N ‘ / a(®=n L (R-Ro)
I:I * Rf . * * L R"'

In the spherically expanding system the density of the envi-
ronment depends on time t and distance from the fireball R.

02 5 _ 8ma
<@ -V ) o(t,r) = — 3—Tf nr(R) ¢(t,r)



R~ Rf + vem - t, r~vect => R = Rf+r
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High secondary multiplicities

Conclusion:

Due to the rapid decrease in the density of the
secondary particle medium, the distortion of the
Gamow factor, which is taken as an indicator of the
Coulomb final state interactions, is almost insigni-
ficant, even if the density of the secondary particles
iS overestimated.
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