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Two-parti
le 
orrelations

C(q,K) =
P2(pa,pb)

P1(pa)P1(pb)
,where

P2(pa,pb) = EaEb
d6N

d3pad3pb
, P1(p) = E

d3N

d3p
E =

√

m2 + p2 ,We are looking for two-parti
le probability to registrateparti
les with 
ertain momenta pa and pb :

P2(pa,pb) =?And then,

C(q,K) =?

K =
1

2
(pa + pb) , q = pa − pb



Some approximations: va ≈ v , vb ≈ v.In the 
enter-of-mass system of the pair v = 0,

P1(p) =

∫

d4xS (x, p)

P2(q) =

∫

d4xa d
4xb S (xa, pa) S (xb, pb)

∣

∣φq/2(xa − xb)
∣

∣

2
±

±

∫

d4xa d
4xb S (xa,K) S (xb,K) φ∗

q/2(xb − xa)φq/2(xa − xb) ,where φq/2(xa − xb) is solution of the S
hr�odinger equation for a relativeevolution of two parti
les under the Coulomb intera
tion.Physi
al meaning: Two single-parti
le probabilities to �nd parti
les in thetime-spa
e points xa and xb with 
ertain momenta pa and pb, whi
h areexpressed by S(x, p), is weighted by the probability ∣∣φq/2(xa − xb)
∣

∣

2 to �ndthese parti
les with relative distan
e xa − xb and relative momentum q.
1



The 
orrelation fun
tion reads:

C(q) =
P2(q)

∫

d4xa S (xa, pa)

∫

d4xb S (xb, pb)

,
where 4-ve
tors pa = (q2/4m, q/2) and pb = (q2/4m, −q/2).In the non-intera
ting limit (only the symmetry of the two-parti
le wave fun
tion is taken into a

ount): φq/2(x) → exp (iq · x/2)

C(q,K) = 1±

∣

∣

∣

∣

∫

d4x eiq·xS (x,K)

∣

∣

∣

∣

2

∫

d4xa S (xa, pa)

∫

d4xb S (xb, pb)

.



Coulomb �nal state intera
tion

The model sour
e fun
tion:
S(x, p) ∝ exp

[

−ω(p)/Tf − t2/2τ2 − r2/2R2
0

]

In the pair 
.m.s (K = 0):
P2(q) ∝ e−2K0/Tf

∫

d3r e−r
2/4R2

0

[

∣

∣φq/2(r)
∣

∣

2
± φ∗

q/2(−r)φq/2(r)

]

The single-parti
le probability redu
es to the pure Boltzmannexponent:

P1(k) ∝ e−ω(k)/Tf



The Gamow Fa
tor and relativisti
 e�e
ts

C(pa,pb) = G(pa,pb)Cmodel(pa,pb).Correlation fun
tion without FSI (K = 0):

C(q) = 1+ e−q2R2
0Correlation fun
tion, 
orre
ted by the Gamov fa
tor G(|q|):

C(q) = G(|q|)
(

1 + e−q2R2
0

)

,where
G(|q|) =

∣

∣

∣

φq/2(r = 0)

∣

∣

∣

2

.Pure Coulomb:
G(|q|) =

2πη

e2πη − 1with

η =
αmπ

|q|



Penetration through the Coulomb barrier : η0 ≡
e2mπ

Q
= ηpen(r1 = 0, r2)where VCoul(r2) = E0

kin and

ηpen(r1, r2) =
1

π

∫ r2

r1

dr q(r) , or ηpen(r1, r2) =
1

π
[I(r1)− I(r2)] .In the nonrelativisti
 
ase the penetration integral:

Inr(r) = rq(r)− η0 arcsin

(

1− 2
E0

kin

VCoul(r)

)

, q(r) =

√

2m
(

VCoul(r)− E0
kin

)

,and in the relativisti
 
ase:
[

(−∇
2 +m2)1/2 + VCoul(r)

]

ψ(r) = (m+E0
kin)ψ(r)

Irel(r) = rqrel(r) − γη0 arcsin

(

γ − 2
E0

kin

VCoul(r)
−

(

E0
kin

)2

mπVCoul(r)

)

−

− αeff arcsin

(

γ −
VCoul(r)

mπ

)

where qrel(r) =

√

(

2m+E0
kin − VCoul(r)

) (

VCoul(r)− E0
kin

) and
γ = E/mπ and αeff = e2/2. Then, ηpen(r1, r2) = 1

π
[Irel(r1)− Irel(r2)] .



The Coulomb plus strong two-parti
le intera
tion

[

(−∇
2 +m2)1/2 + Veff

]

ψ(r) = (m+ E0
kin)ψ(r) ,it is the version of the Bethe-Salpeter equation for spinlessparti
les.Potential energy:

VCoul(r) =
α

r
, Veff(r) = VCoul(r) + Vstr(r) ,where

Vstr(r) = V0
e−mρr

mρr
, V0 = 2.6 GeV, mρ = 770 MeV .Potential of the strong repulsion (S. Pratt et al., PRC 42, 2646(1990)) was 
hosen to mat
h the behavior of the pion-pion s
atteringphase shifts. In any 
ase the use of this strong potential 
an be 
onsi-dered as a model of the short-range repulsion whi
h is possessed bypions.
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It is seen that the �nite size of the emission sour
e softensthe manifestation of the FSI and the `Gamov fa
tor' tendsto overestimate the FSI e�e
ts for the sour
e of big size(R0 ≥ 4 fm).



Final state intera
tions at highse
ondary multipli
itiesTwo-parti
le potential in dense environment

(

∂2

∂t2
−∇2

)

φ(t, r) = 4πe
(

n(+) − n(−)
)

n(±) = n(0) exp

(

∓
eφ

Tf

)

, eφ≪ Tf ⇒ n(±) = n(0)

(

1∓
eφ

Tf

)

(

∂2

∂t2
−∇2

)

φ(t, r) = −
8πα

3Tf
nπ φ(t, r)I. Solution of the S
hr�odinger equation in 
ase of a
onstant density of the environment

Uππ(r) = α
e−r/Rscr

r
,

1

Rscr
=

√

8π

3
α·

√

nπ

Tf
⇒ Gcor(Q) = | ψ(r = 0) |2
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1) RHIC (LHC): Nπ = 8000, Tf = 180 MeV, Rf = 7.1 fm, Rscr = 7.9 fm,2) SPS-1: Tf = 187 MeV , τf = RL ≈ 6.0 fm, RT = 6 fm, ∆y = 3,
dN/dy = 40, ⇒ Rscr = 19.3 fm,3) SPS-2: Nπ = 800, Tf = 190 MeV, Rf = 7 fm, ⇒ Rscr = 25 fm.



Investigationof the post-freeze-out phase densityIn order to take into a

ount post-freeze-out expansion ofthe pion system let us 
onsider a pion phase-spa
e distribution

∂f(x, p)

∂x0
+v·∇f(x, p) = 0 , v =

p

E(p)
, E(p) =

√

m2
π + p2

with lim
t→∞

f(t, r = 0;p) = 0 , f0(R,p) = n0(R) g0(p) ,where R is the distan
e from the �reball 
enter. The spatialdistribution of the parti
les at time t:
n(t,R) =

∫

d3p

(2π)3
n0

(

R−
p

E(p)
t

)

g0(p)The spheri
al density: nsph(t,R) = 4πR2n(t,R) ,where ∫ ∞

0
dRnsph(t, R) = Nπ



Evolution of 1D spheri
al densityThe spatial distribution at times t = 10, 30, 70, etc. fm/
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II. Modeling the spatial and time dependen
eof the post freeze-out pion density

In the spheri
ally expanding system the density of the envi-ronment depends on time t and distan
e from the �reball R.

(

∂2

∂t2
−∇2

)

φ(t, r) = −
8πα

3Tf
nπ(R)φ(t, r)



R ≈ Rf + vcm · t , r ≈ vrel · t ⇒ R = Rf + r
vcm

vrel

(

1− v2rel
) d2φ(r)

dr2
+

2

r

dφ(r)

dr
−

c2(q)

(r+ r)2
φ(r) = 0
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1) Nπ = 1000, Tf = 190 MeV, Rf = 7 fm2) Nπ = 8000, Tf = 190 MeV, Rf = 7 fm



High se
ondary multipli
ities

Con
lusion:

Due to the rapid de
rease in the density of these
ondary parti
le medium, the distortion of theGamow fa
tor, whi
h is taken as an indi
ator of theCoulomb �nal state intera
tions, is almost insigni-�
ant, even if the density of the se
ondary parti
lesis overestimated.



Âiòàþ ùå ðàç�åííàäiÿ Ìèõàéëîâè÷à ç þâiëå¹ì

Äÿêóþ çà óâàãó

Thank You for Attention


