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The process of emission of two identical particles with nonzero spin .S and different helicities
in relativistic heavy-ion collisions is theoretically investigated within the model of one-particle
multipole sources. Taking into account the unitarity of the finite rotation matrix and the sym-
metry relations for d—functions, the general expression for the probability of emission of two
identical particles by two multipole sources with angular momentum J, averaged over the angu-
lar momentum projections and over the space-time dimensions of the multiple particle generation
region, has been obtained. For the case of unpolarized particles, the additional averaging over
helicitiesis performed and the formula for two-particle correlation function at sufficiently large
4-momentum difference ¢ is derived. For particles with nonzero mass, this formulais consider-
ably simplified in the case when the angle 3 between the particle momenta equals zero, and also
inthe case when J = S. In addition, the specia cases of emission of two unpolarized photons by
dipole and quadrupole sources, and emission of two "left" neutrinos ( "right" antineutrinos) by
sources with arbitrary J have been also considered, and the respective explicit expressionsfor the
correlation function are obtained.
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1. Probability of emission of two identical particles with nonzero spin by two
multipole sour ces

In the framework of the model of independent sources [1] with the angular momentum .J
and the projections of angular momentum onto the coordinate axis z, equaling M and M ’, the
amplitude of emission of two identical particleswith the momentum p , helicity A; and momentum
p2, helicity A, hasthe following structure :

Apt v (P1s A P2, A2) =

=D, () D (ne) erronerzrs 4 D) (ng) DY), (ny) e e (1)

where z; and z, are the 4-dimensional space-time coordinates of two multipole sources; in doing
SO, prxy = Fit — P1X1, p2xo = FEyty — P2Xs the functions

Dihy () = D (0,01.60) = (d, (061,60 )

Dy (12) = D10 (0,0,62) = (40,02, 6) €792 (12)

Ao M

are elements of thefinite rotation matrix corresponding to the angular momentum.J, n; =p./|p1|,
Ny = p2/|p2l, 61,682 and ¢y, ¢, — polar and azimuthal angles of the momenta p; and p,, respec-
tively .

Thus, in accordance with Eq. (1.1), the probability of emission of two identical particles with
spin S, respective 4-momentap , po and helicities A, A5 by two multipole sources with the angul ar
momentum ./ and projections M, M’ of angular momentum onto the axis = is described by the
following expression :

Warn (1, s p2A2) = | DY (n) 121D (n) 24 D () 121 DS (no) 12 +

19 (_1)25Re (D(A‘Bw(nl) Dii‘]]\}(nz) D:E‘]]\},(nl) D(A‘Qw,(nz)) cos(qz), (1.3

where ¢ = p; — po isthedifference of 4-momenta of two identical particlesand = =z, — 25 is
the difference of 4-coordinates of two one-particle multipole sources.

Now let us average the expression (1.3) over the angular momentum projections M, M’ and
over the space-time dimensions of the emission region. In doing so, we takeinto account that, due
to the unitarity of thefinite rotation matrix, the following relations hold :
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J J
S pUumP= Y DY) =
M=-J M'=—J

J J
= Y D)= S DY) )P =1 (1.4)
M=—J

M'=-J

Let us remark aso that, without losing generality, we may choose the coordinate axis = as
lying in the plane of the particle momenta p; and p., with the axis  being perpendicular to this
plane. Then the azimuthal angles of the momenta p; and ps will be equal to zero: ¢; = ¢ = 0,
and the angle 3 = 6, — 6, will have the meaning of angle between the momentap; and p,.

In doing so, once again due to the unitarity of the finite rotation matrix, we obtain :

3 o maniing= 32 () (), -
= () = (00), a9
MéD&iM(nz)D;}fL (n) = Mi () ) =
= () = () @

Using the well-known symmetry relation [2] :

(dg(/J) (ﬁ))/\1/\2 = (dz(/J)(_ﬁ))/\w\lv

we come finally to the following result for the averaged emission probability W asas (See
aso[3]):

Wanaz (pr, Aripz, Ao) = ﬁ (242 (@3 (1) (cos(q)}). D)

Let us emphasize that the quantity r = (al&{)A2 (8))* in Eqg. (1.7) has the meaning of the
degree of non-orthogonality ( non-distinguishability ) of particle states with different helicities
with respect to the momenta, the angle between whichequals 5 =601 — 65 : (A|A3) #0 .
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2. Correlation function for two unpolarized particlesin the model of one-particle
multipole sour ces

If the emitted identical particleswith the momentap,p, are unpolarized, then — after averag-
ing Eq. (1.7) over al the (25+ 1) valuesof helicity allowed at spin S —we obtain ( see
aso[3]):

S S
__ . 2 _1)2 (J) 2 coslgx ! !
(2.1)

At sufficiently large momentum differences ¢ the correlation function, normalized by unity,
will take the form [3] :

(D% N N~ )
R(f])zl-l'm D> 1dy ), (B)]7 (cos(qr)). (22)

AM=—85 Ay=—5

In particular, if 5 =0, then we have d&{)&(o) = J),,, and formula (2.2) is considerably
simplified:

1
2541

R(g)=14(-1)* (cos(qz)) . (23)

Besides, taking into account the unitarity of thematrix d &{&2 (8),itiseasy toseefrom Eq. (2.2)
that at J =S expression (2.3) for the correlation function is valid for any angles between the
particle momentap; and p, . Let usstressthat Eq. (2.3) isrelated to particles with nonzero mass.

3. Special cases of pair correlations of two unpolarized photonsand two neutrinos

Now let us consider, within the model of one-particle multipole sources, the emission of two
unpolarized photons — here the particle mass equals zero, spin .S = 1 and each of the helicities
A1, Ag takesonly two (2.5) values: —1 and 1, irrespective of the momentum direction .

For the case of dipole sources, the two-photon correlation function has the form [4] :

R(g) =1+ 7 [(@ ()2 + (@] ()2 + @) (8)2+ (d')(9)?] (cos(qz)).  (3.D)
Taking into account the equalities:

1
A3 =d_ 0= 2L (5= d) (9) =
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we find :

R(q)=1+ % (1+cos? 3) {cos(qz) ). (3.9

At very small angles between the photon momenta ( 3 < 1) we obtain the simple expres-
sion:

Riq) = 1+ 5 (cos(qa)). (3.4)

For the case of quadrupole sources, the general formulafor the two-photon correlation func-
tionisasfollows:

R(g) =1+ - | (@3 (8)*+ (@] (9)2+ (%) _ (8)2+ (@1 (8))? | (cos(qa)).  (35)

_ 1+cosg

4 (8) = d8) () = =575 (2cosf - 1), (36)
a9 = a9 = 7= (2cosi 4 1), 37)

we find the correlation function of two unpolarized photons emitted by the quadrupole sources:
1
R(q):1+1 (4cos? B—3cos®B+1) (cos(qa)). (3.8)

At f~0 Eq.(3.8) gives: R(q)= 1+ %<Cos(qac)> , i.e. herewe also obtain—just asin the
case of dipole sources— the standard formula (3.4) corresponding to two directions of polarization
for each of the photons[4] .

Finally, let us consider also the case of emission of two "left" neutrinos ( two "right" antineu-

trinos ), with helicity taking only onevalue A; = Ay = + % . Here, the two-neutrino correlation
function in the model of multipole sourcesisasfollows:

R(q) =1~ (d5'}(3))* (cos(ga)). (39)

Inparticular, at J =5 = % we obtain the expression :
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R(q) = 1—cos? g (cos(qx)); (3.10)

inthelimit 3 — 0 Eq. (3.10) gives

R(q) =1—(cos(qz)). (3.11)
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