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Relativistic effects on the back-to-back correlation functions of
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Abstract: We calculate the back-to-back correlation (BBC) functions of relativistic boson-antiboson pairs in high

energy heavy ion collisions using the Monte Carlo method. The relativistic effects on the BBC functions of ¢ ¢ and

KTK™ pairs are investigated. The investigations indicate that the relativistic effects on the BBC functions of K™K~

pairs with large momenta are significant, and the effect is sensitive to the particle freeze-out temperature.
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1 Introduction

In the hot and dense hadronic sources created in
high energy heavy ion collisions, the boson mass-shift
due to the medium interactions might lead to a measur-
able back-to-back correlation (BBC) of boson-antiboson
pairs [1, 2]. This medium-effective BBC is different from
the pure Bose-Einstein statistic correlations between the
bosons with different isospin [3], which are negligible as
compared to the BBC in high energy heavy ion collisions
[2, 4]. Denote ay, (af,) as the annihilation (creation) op-
erators of the freeze-out boson with momentum k and
mass m, and by (bf,) as the annihilation (creation) opera-
tors of the corresponding quasiparticle with momentum
k and shifted mass m, in the homogenous medium. They
are related by the Bogoliubov transformation [1, 2]

akzckbk—i—sikbik, (1)
where
. 1
cpy=coshf,, s,=sinhf;, fk:§10g(wk/(2k), (2)
wpr=Vk2+m2, Q,=+/k>*+m2. (3)
The BBC function is defined as [1, 2]
|Gs(k=_k)|2 (4)
Gc(k;vk;)C:c(_ka_k)7

where G (k,,k;) and G (k,,k;) are the chaotic and
squeezed amplitudes, respectively, as

GC(klka):\/wklwkz <a21ak2>7 (5)
Gs(khk?):\/wklwkz <a’k1ak2>7 (6)

C(k,—k)=1+
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where (---) means ensemble average.

In Refs.[5-7], Padula et al. studied the BBC func-
tions of ¢ and K™K~ based on the non-relativistic
formulism [5] for local-equilibrium expanding sources in
high energy heavy ion collisions. In this work we investi-
gate the BBC functions of ¢ ¢ and KK~ for the local-
equilibrium expanding sources in a relativistic case, us-
ing Monte Carlo calculations. Our results indicate that
the relativistic effects on the BBC functions of KTK~
pairs with large momenta are significant, and the effect
is sensitive to the particle freeze-out temperature.

2 BBC function for local-equilibrium ex-
panding source

2.1 The formulas of BBC function

For local-equilibrium expanding sources, G.(k;,k:)
and G,(k;,k2) can be expressed as [2, 8]

do,(z R G )
Geo(ki ko) = J'ﬁ;)l{fzelq” {lck/l,k’2|2nk’1,k’2
15 g P [0 g 1] (7)
a0,

KM elelyg':L' SI* C,
3 1,2 —k! kL Yk, — k]

(2m)
XNt o, Chor iy S gop [Ty ey, 1] } (8)

Here, d*o*(z) = &3 X (x;7) F(1¢)dre, d3X#(x;7¢) is the
normal-oriented volume element depending on the freeze-
out hypersurface parameter 7¢, F(7¢) is the invariant

Gu(lr k) = J
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distribution of the local time parameter, gf', = ki — k%,
K, =(k+k%)/2, and k] is the local-frame momentum
corresponding to k; (¢=1,2). The other local variables
are:

C,ik’l,ik/QZCOSh[fn,:k/l,ik’z]ﬂ (9)
S;l:k’l,:tk/z :Sinh[f:,tk/l,:tké I,

/ 1 / / / /
fik’l,ik’z = ilog [(Wk’l +Wk’2)/( k’1+Qk’2)}

= 108 Kt s () K0, (2)] = f o (), (11)

iy (2) = VEE =k (2)

=Yv [wki_ki.’v(‘r)]’ (12)

(@) = VEP(@)FmE=y/ [k, (2)2—mem?

= kM, (),

(13)

= oxp | (% +24,) -mato)| 1)}

=exp{—[K 5u,(v)—p 2 (2)]/T(2)}

=Nk ks (I)v

/
n
k), 1K)

(14)

where, K% = (ki"4+k3")/2, u*(x) =, [1,v(z)] is source
velocity, p1(z) is pair chemical potential, and T'(z) is
source temperature, respectively. Eq. (13) gives the re-
lationship between k**u,(x) and k*u,(z), which will be
used in calculating fiix2(x) and ngyee(x) for the ex-
panding sources.

We take the source distribution in our calculations as
p(r)=Ce "/ 9(r—2R), (15)

where C' is the normalization constant, and R is the
source radius. The source velocity is taken as

v(z)=(u)r/(2R),

where (u) is a velocity parameter [5]. The emission time
distribution is taken to be the typical exponential decay
[2, 5-7],

(16)

0(1—m0)
At

F(r)=

67(7'77'0)/At,

(17)

where At is a free parameter, and the effect of F(7) on
the BBC function (4) is to multiply the second term by
the factor |F(wytw_j, At)[2=[14+(witw_i)2At2] "1 [2, 5-
7]. In the calculations of the BBC functions of boson-
antiboson pairs, we take ;. =0, and the parameters R
and At are taken to be 7 fm and 2 fm/c [5-7].

For the considered source and with the sudden freeze-

out assumption [2, 5-7], we have

K?,Z ﬁ(wkl—wkg,At)
(2m0)°

2 2
xe /2R { |ek1 ko () |2nk1,k:2 (x)

+|8k112 (@) [ g2 (2)+1] }7

GC(klukZ) = J’d?’re*i(kl*kz)""

(18)
K?,Q ﬁ(u}kl—kag,At)

Gk ks) = s

Jd3re*i(k1+k2)"‘

xe AR {Szl,kz () Cha ko1 () g1 k2 ()

e (@) sk (7) [ (@) 1] b, (19)

where
Chy iy () =COSh[ fiey i, (€)= Clipy s
Sky ko (T) =sinh| fi, &, ()] :Slik’l,ik:é )

and

2
Clk,—k) = 1+(1+402At?) " J'd?’reﬁ

x [S::,fk(x)c*k,k(x)nky*k(‘r)

(@) 51 (@) (g, (2)41)]

_,2
/J'd%em |:|Ck,k(x)|2nk,k($)

|ka,fk($)|2”7k,fk(517)
(22)
2.2 Relativistic and non-relativistic results

In this subsection we present the BBC functions of
¢ P and KTK~ calculated by the Monte Carlo method.
In the calculations of the integrations in Egs. (22), for
a given k we generate the magnitude of r according to
Eq. (15) and choose its angle with respect to k in ran-
dom. Then, we calculate the integrands and sum them
in the |k| bin. For the non-relativistic case, we use the
approximation,

K, = vy [we—k-r(u)/(2R)]

<1+”;) [m+%_k.r%]
<1+<u>2'r2> m+ [k—z—kw@}

%

%

8R? 2m 2R
_ 1 (w) \”

We show in Fig. 1 the BBC functions of ¢ ¢ in non-
relativistic [panels (a) and (c¢)] and relativistic [panels
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¢o¢ BBC function, 7=140 MeV
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Fig. 1. The BBC functions of ¢¢ in the m.-k plane in non-relativistic [(a) and (c)] and relativistic [(b) and (d)]
cases for T'=140 MeV, (u)= 0 and 0.5.
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Fig. 2. The BBC functions of ¢ as a function of m. at k= 500 and 1000 MeV /c. (a) and (c) are non-relativistic
results. (b) and (d) are relativistic results.
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K*K ™ BBC function, 7=170 MeV
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Fig. 3.
cases for T=170 MeV, (u)= 0 and 0.5.
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K"K~ BBC function, 7=170 MeV
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Fig. 4. The BBC functions of KK~ as a function of m. at k= 300 and 800 MeV/c. (a) and (c) are non-relativistic

results. (b) and (d) are relativistic results.
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(b) and (d)] cases for the fixed freeze-out temperature
T =140 MeV [5] and the velocity parameter (u) = 0
and 0.5. The non-relativistic results are approximately
consistent with the results calculated by the formulism in
Ref. [5] (see Fig. 2(c) and 2(d) in Ref. [5]), where slightly
different non-relativistic approximations are used. One
can see from Fig. 1 that the relativistic effect decreases
the peaks of the BBC functions.

In Fig. 2 we plot the BBC functions of ¢ at k=
500 and 1000 MeV/c in non-relativistic [panels (a) and
(¢)] and relativistic [panels (b) and (d)] cases. At k=500
MeV/c, k*/m3 <1, the differences between the relativis-
tic and non-relativistic BBC functions are very small.
However, at the higher k, the differences between the
relativistic and non-relativistic BBC functions are larger.

In Fig. 3 we show the BBC functions of KK~ in
non-relativistic [panels (a) and (¢)] and relativistic [pan-
els (b) and (d)] cases for the fixed freeze-out temperature
T=170 MeV and the velocity parameter (u)= 0 and 0.5.
It can be seen that the peaks of the relativistic BBC
functions are suppressed. Further, we plot in Fig. 4 the
BBC functions of K*K~ at k= 300 and 800 MeV/c in
non-relativistic [panels (a) and (c)] and relativistic [pan-
els (b) and (d)] cases. At the smaller k, the relativistic
effect on the BBC functions is small. However, at the
higher k, the relativistic effect is significant.

2.3 Relativistic effect on the BBC function

To examine the relativistic effect on the BBC func-
tions of boson-antiboson pairs, we define Dy, as the
relative difference between the relativistic and non-
relativistic BBC functions C®°(k,—k)—CN*!(k,—k) to
CRel(k,—k)7

CRel(k, —k)—CNrel(k,—k)

Drel: ORCl(k,—k)

(24)

In Fig. 5 we show the relative difference of ¢¢
relativistic and non-relativistic BBC functions at T =
140 MeV. For (u) = 0, the values of D, are nega-
tive. It means that the relativistic effect decreases the
BBC function. The relativistic effect is small for low
pair momentum and increases with pair momentum. At
k=0.8 GeV/c, the relativistic effect may decrease the
peak of BBC function by 30%. For (u)=0.5, the values
of D, are larger than those for (u)=0. From Eq. (23)
one can see that the nonzero (u) equivalently reduces the
momentum for the large k, because Lorentz boost leads
to a bigger weight for the smaller angle between k and
7. So the difference between the relativistic and non-
relativistic BBC functions decreases for the equivalent
small pair momentum. However, the magnitude of the
second term in the curly brace in Eq. (23) may almost be
the same or even larger than k magnitude for large (u)
and small k. This case leads to the positive D, results
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Fig. 5. The relative difference D, as a function of

my for the ¢ BBC functions at T'= 140 MeV
and with different momentum & and (u) values.

in Figs. 5(b) and 5(c).

In Fig. 6 we show the results of D,y for KTK~
relativistic and non-relativistic BBC functions at T =
170 MeV. Because kaon mass is smaller than ¢ mass,
the difference between the KTK~ relativistic and non-
relativistic BBC functions are larger. It means the rela-
tivistic effect is important for KtK~ BBC function. For
k=0.8 GeV/c and (u)=0, one can see that the relative
difference even reaches to 45%. For the largest (u), only
the D, results for k=0.3 GeV/c are a little greater than
zero at large m,. It is because the small kaon mass de-
creases the contribution of the second term in the curly
brace in Eq. (23). In Fig. 7 we show the results of D,
for the K*K~ BBC functions at T=160 MeV. One can
see that the differences between the relativistic and non-
relativistic BBC functions become larger at the smaller
temperature. The peak altitude of the BBC function
is mainly determined by the particle distribution ng, ,
[1, 2]. For fixed k the difference between the k#u,, values
in the relativistic and non-relativistic cases is enlarged
in ng, x, at a small temperature [see Eq. (14)].
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3 Summary and conclusion

We calculate the BBC functions of relativistic boson-
antiboson pairs in high energy heavy ion collisions using
the Monte Carlo method. The relativistic effects on the
BBC functions of d¢ and KTK™ pairs are investigated
for different source velocities and pair momentum val-
ues. We find that the relativistic effect on the ¢d BBC
functions at low pair momentum is small. However, at
pair momentum k=0.8 GeV/c and with zero source ve-
locity, the effect may decrease the peak of BBC function
by 30%. For a large source velocity, the non-relativistic
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