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CrinroBble koppessiiuu B cucreM X AA M1 AA, poXIeHHBIX PH CTOJIKHOBEHHUSIX
PENSITHBIUCTCKUX TSXKEJbIX HOHOB

AM M3MPYIOTCA CIMHOBble Koppenauud amd 11 p AA u AA, pOXIEHHBIX NP CTOJIK-
HOBEHHH PEJIATUBUCTCKHUX TSKENBIX MOHOB, M CB3 HHbIE C HUMH YIJIOBbIE KOPPENSILUM IIPH
COBMECTHOM PErucTp LIMM JPOHHBIX P CI JIOB JIBYX TMIIEPOHOB, B KOTOPBIX HE COXP HSETCH
MIPOCTP HCTBEHH 5 YeTHOCTh. KOMITOHEHTBI KOPPEISLHUOHHOTO TEH30p MOTYT OBITh H HIEHbI
TI0 JIBOITHOMY YIJIOBOMY P CIIPE[IeJIeHHIO IPOIYKTOB BYX P CII OB METOZOM «MOMEHTOB». OO-
CYXJl I0TCS CBOMCTB «CJ€Jl » KOPPEISLMOHHOTO TEH30p (CYMMBI TpPeX AU TI'OH JIbHBIX KOM-
MIOHEHT), OIPE/esIIOEero OTHOCUTENIbHbIE (P KIMHM TPUIUIETHBIX M CHHIJIETHOTO COCTOSHUMA
coorBercTByOIMX 1 p. CIHHOBbIE KOPPEISLUM IS JIBYX TOXHECTBEeHHBIX 4 ctull (AA) u
IBYX HETOXIECTBEHHBIX U CTHIl (AA) p cCM TPMB 10TCS ¢ TOUKH 3PeHHs OGIIENMPHHATOH MO-
IeNV OHOY CTHYHBIX MCTOYHHMKOB. B p MK X ®TOH MOJENW IpH AOCT TOYHO OOJIBIIMX OT-
HOCHTEJIBHBIX MMITYJIbC X KOppensauud ucue3 10T. OpH KO B OTUX YCIOBHSX B CIIyd € JBYX
HETOXIECTBEHHBIX U CTHI (AA) 3 METHYO OB WD 10T ABYXY CTHYHbIE HHHUTHIAIHOHHBIE
(IBYXKB PKOBBIE, JBYXIJIIOOHHBIE) HCTOYHUKH, IPUBOIAIINE K OTIINYUIO KOPPETSLIIOHHOTO TEH-
30p OT HyId. B 4 cTHOCTH, T K 9 CHTY LMl MOXXET BO3HHKHYTB IIPH IIPOXOXIEHHU CHCTEMBI
yepe3 «CMell HHYI ¢ 3y».
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Spin Correlations in the AA and AA Systems Generated in Relativistic
Heavy Ion Collisions

Spin correlations for the AA and AA pairs, generated in relativistic heavy ion collisions,
and related angular correlations at the joint registration of hadronic decays of two hyperons,
in which space parity is not conserved, are analyzed. The correlation tensor components can
be derived from the double angular distribution of products of two decays by the method
of «moments». The properties of the «trace» of the correlation tensor (a sum of three
diagonal components), determining the relative fractions of the triplet states and singlet state
of respective pairs, are discussed. Spin correlations for two identical particles (AA) and two
non-identical particles (AA) are considered from the viewpoint of the conventional model of
one-particle sources. In the framework of this model, correlations vanish at sufficiently large
relative momenta. However, under these conditions, in the case of two non-identical particles
(AA) a noticeable role is played by two-particle annihilation (two-quark, two-gluon) sources,
which lead to the difference of the correlation tensor from zero. In particular, such a situation
may arise when the system passes through the «mixed phase».

The investigation has been performed at the Veksler and Baldin Laboratory of High
Energy Physics and the Frank Laboratory of Neutron Physics, JINR.
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1. INTRODUCTION

Spin correlations for the AA and AA pairs, generated in heavy ion collisions,
and respective angular correlations at the joint registration of hadronic decays of
two hyperons with space parity nonconservation give important information about
the character and mechanism of multiple processes. The advantage of the AA and
AA systems over other ones is due to the fact that the P-odd decays A — p+ 7~
and A — p+7t serve as effective analyzers of spin state of the A and A particles.
In connection with this, spin correlations in the AA and AA systems can be rather
easily distinguished and studied experimentally by the method of «moments» over
the background of a large amount of produced secondary particles. This fact is
especially meaningful for the investigations of multiple generation at modern and
future ion colliders like RHIC, LHC, NICA, since the polarization parameters —
especially for the AA pair — are very sensitive to the scenario of process after
the act of collision of relativistic heavy ions.

2. GENERAL STRUCTURE OF THE SPIN DENSITY MATRIX
OF THE PAIRS AA AND AA

The spin density matrix of the AA and AA pairs, just as the spin density
matrix of two spin-1/2 particles in general, can be presented in the following
form [1,2,3]:
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in doing so, tr(; )12 = 1.

Here I is the two-row unit matrix, o = (6, 0y, 0) is the vector Pauli operator
(z,y,z — 1,2,3), P; and Py are the polarization vectors of first and second
particle (P = (&(1)>, Py = (6-(2)>), Ti, = (&51)®&,(€2)> are the correlation tensor



components. In the general case T;; # Pi; Pog. The tensor with components
Cir. = Ty, — Py Py, describes the spin correlations of two particles.
The respective one-particle density matrices are as follows:

1
2
1 2)
2

The trace of the correlation tensor is T' = Ty + Ty + T2 = (6'(1) ® 6'(2)>.
The eigenvalues of the operator eV ee® equal A\; = 1 for three triplet states
(total spin S = 1) and A\; = —3 for the singlet state (total spin .S = 0).

Let us introduce the operators of projection onto the triplet states and onto
the singlet state:

. 3+6Weae® . 1-6Wge®
e e 3

The following matrix equalities are satisfied:

P =P, P —P; PP —PPB -0
For all the purely triplet states the «trace» of the correlation tensor 7' = 1,
whereas for the purely singlet state 7' = —3.
Now let us introduce the operator of permutation of spin projections, having

the form
1

P = (W o[ 160 a®). (4)
2
Then we obtain
PUDP — BPUD — 4B, PURP — PO — P ()

The eigenvalues of p.2) equal +1 for the three triplet states and —1 for the
singlet state.

The two-particle spin density matrix (1) may be decomposed into the triplet,
singlet and the «mixed» singlet-triplet parts:
P = Pot ps + Prs + Psts 6)

in doing so,

N )



The relative fraction of the triplet states amounts to

R . . T
Wi = tr p; = tr(Pp b2 Py) = tr(Pph?) = st1 Z , (8)
and the relative fraction of the singlet state amounts to
a B A2 By e p a2y LT
Wy = tr ps = tr(Psp' o Ps) = tr(Psp' ) = — 9)
in doing so,
Wy +Ws=1; T=W,—3W,=1-4W,. (10)

Due to the orthogonality of the projection matrices P, and P,, the following
relation holds: o
tr prs = tr oy = tr (PVD PR = 0.

There are also some matrix equalities containing the operator of permutation
of spin projections P(12):

P25, P2 — 45 P25 P2 = 45

! i ) i (1)
PO g PO = —p; PODp PO = —p,.

It should be noted that the matrices p; and ps incorporate only symmetric
combinations of spin operators of two particles, whereas the matrices pys and pg;
include only antisymmetric combinations of spin operators.

The explicit formulas for the triplet (p;), singlet (ps) and «mixed» (pP¢s, Pst)
components of the spin density matrix are as follows:
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where ¢;1; is the totally antisymmetric tensor of the 3rd rank.

In doing so, the matrices p;, ps and p4 are Hermitian and the matrix p_ is
anti-Hermitian.

If the first particle and second particle have different relativistic momenta,
the polarization vectors P, P2 and the correlation tensor components with «left»
and «right» indices are specified, respectively, in the rest frames of the first
and second particle — in the unified coordinate axes of the c.m. frame of two
particles.

3. SPIN CORRELATIONS AND ANGULAR CORRELATIONS
AT JOINT REGISTRATION OF DECAYS
OF TWO A PARTICLES INTO THE CHANNEL A — p+ 7~

Any decay with the space parity nonconservation may serve as an analyzer
of spin state of the unstable particle [3].
The normalized angular distribution at the decay A — p+ 7~ takes the form:

dwn) 1
0. E(l + apPyn). (16)

Here P, is the polarization vector of the A particle, n is the unit vector
along the direction of proton momentum in the rest frame of the A particle,
ap is the coefficient of P-odd angular asymmetry (ap = 0.642). The decay
A — p+ 7~ selects the projections of spin of the A particle onto the direction of
proton momentum; the analyzing power equals & = apn.

Now let us consider the double angular distribution of flight directions for
protons formed in the decays of two A particles into the channel A — p + 7,
normalized by unity (the analyzing powers are £&; = aani, £, = axng). Itis
described by the following formula [2, 3]:

d*w(ny, ny) 1 2 g
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(I7)
where Py and P, are polarization vectors of the first and second A particle, T;x
are the correlation tensor components, n; and n, are unit vectors in the respective



rest frames of the first and second A particle, defined in the common (unified)
coordinate axes of the c.m. frame of the pair (¢, k = {1,2,3} = {z,y, z}).

Using the method of moments, the components of polarization vectors and
correlation tensor may be determined as a result of averaging combinations of
trigonometric functions of angles of proton flight over the double angular distri-
bution [2, 3]:

3
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Here
d? w(ny, ny)

N1z = sinfi cos¢r; M1y =sinbysingy; ny, = cosby; (20)
Nog = sinfy cos pa; Moy = sinfysinga;  no, = cos by,

where 6, and ¢, 02 and ¢, are the polar and azimuthal angles of emission
of protons in the rest frames of the first and second A particle, respectively,
with respect to the unified system of coordinate axes; d{),, = sin61df1d¢p; and
dQy, = sinfa2dfadps are the elements of solid angles of proton emission.

The double angular distribution may be integrated over all angles except the
angle 6 between the vectors n; and no:

cosf = niny = cos by cos By + sin 0 sin by cos(Pp1 — ¢Pa). 2n

At this integration, the solid angle element d{2,, can be defined, without
losing generality, in the coordinate frame with the axis z being parallel to the
vector ny, and the solid angle element d {2y, is defined in the coordinate frame
where the polarization parameters are specified:

dQyn, =sinfdfdg, dQy, =sinf; db, dgq,

here ¢ is the azimuthal angle of rotation of the vector n, around the vector nj.
So, the angular correlation between the proton momenta at the decays of two
A particles is expressed as follows:

d? w(ny, ny) .
d’LU(COS 9) = ( m d¢d in sin 6d6. (22)
In doing so,
= /n dbdQy =0, Tg— — /n dbd Sy, =0
1 — 8772 1 n; — Y, 2 = 87'['2 2 n; — Y

(23)
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The angular correlation, being described by the formula [2, 3,4, 5]
1 1 5 .
dw(cos ) = 3 (1+ §O¢AT cos ) sin 0d 0, (24)

is determined only by the «trace» of the correlation tensor T' = W, — 3W,
and it does not depend on the polarization vectors (single-particle states may be
unpolarized).

So, finally we have

dw(cos ) = %{1 —a3 (WS - %) cos 9} sin 0d 0, (25)

W, and W, are relative fractions of the singlet state and triplet states, respectively.

4. CORRELATIONS AT THE JOINT REGISTRATION OF THE DECAYS
A—p+7- ANDA - p+7T

Due to C'P invariance, the coefficients of P-odd angular asymmetry for the
decays A — p+ 7~ and A — p + 7 have equal absolute values and opposite
signs: oy = —ap = —0.642. The double angular distribution for this case is as
follows [2, 3]:

d2w(n1,n2) o 1

= Tiknag
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1

3 3
1+ aprPan; —apPginy — aiz
i=1 k=
(26)
(here —ap = +aj and —a3 = +axay).
Thus, the angular correlation between the proton and antiproton momenta in
the rest frames of the A and A particles is described by the expression:

dw(cosf) = % (1- la?\T cos ) sinfd 0 =

3
1

5 [1+a3 (W, — %) cosf]sinfd 6, (27)

where 6 is the angle between the proton and antiproton momenta.

5. MODEL OF ONE-PARTICLE SOURCES

For describing the momentum-energy correlations and related spin correla-
tions of identical particles, generated in processes with high multiplicity, the
model of one-particle sources («constituents») is widely applied [6].



In the framework of this model, the sources emitting particles do not overlap
in space and time, — it is supposed that the sizes of the sources themselves are
small as compared with the distances between them. In accordance with this,
each source is characterized by the 4-coordinate z; = {r;,¢;}. In doing so, the
spatial region occupied by all the sources is very small as compared with the
sizes of detectors measuring the particle momenta p; and p2, and the duration
of the generation process is very small as compared with the time parameters of
detectors.

According to the model of one-particle sources (Kopylov, Podgoretsky) [6],
particles are emitted by the sources independently and incoherently. Thus, at
the early stage of particle formation (at the stage of hadronization of quarks and
gluons) the momentum-energy and spin correlations are absent. Correlations for
identical particles, produced in the same event of collision, arise on account of
the effects of quantum statistics (Bose statistics for particles with integer spin and
Fermi statistics for particles with half-integer spin) and final-state interaction [7].
At present the model of sources is successfully used as well for the descrip-
tion of pair momentum-energy correlations of non-identical particles, conditioned
exclusively by the final-state interaction.

It is essential that the pair momentum-energy correlations and spin correla-
tions, connected with the particle identity and the final-state interaction, depend
upon the momentum difference in the c.m. frame of the pair and, — as upon the
parameters of the process, — upon the space—time characteristics of the region
of multiple generation of particles, corresponding to the so-called «freeze-out».
In accordance with the model of sources, the correlations reach the maximum at
relative momenta being small as compared with the inverse space-time dimen-
sions of the generation region, whereas in the limit of large relative momenta they
disappear. This fact has served a basis for elaboration of the correlation method
(the so-called correlation femtoscopy), allowing one to investigate experimentally
the space—time development of the processes of multiple generation of leptons,
photons and hadrons.

Since the momentum-energy correlations and spin correlations in the frame-
work of the model of one-particle sources are substantial only in a sufficiently
narrow range of small relative momenta, in most of real events the particle den-
sity in phase space is small enough, so that it would be possible to consider
the pair correlations only, disregarding the triple correlations (moreover, the cor-
relations of higher orders) as well as neglecting their influence upon the pair
correlations.

In the model under consideration, the sources have a very broad momentum
spectrum as compared with the relative momenta being characteristic for pair
correlations; thus, the emission probabilities for each of the one-particle sources
change insignificantly under the variation of 4-momenta p; and py within the
correlation effect (that is the so-called «smoothness condition»).



The method of correlation femtoscopy, based on the source model, has been
used successfully for studying the correlations in processes of collision of ele-
mentary particles. But, by its essence, this approach is the most adequate one
namely for processes of multiple generation of particles in collisions of heavy
nuclei.

6. SPIN CORRELATIONS AT THE GENERATION
OF AA PAIRS IN MULTIPLE PROCESSES

a) The Fermi-statistics effect leads not only to the momentum-energy AA
correlations at small relative momenta (correlation femtoscopy), but to the spin
correlations as well.

The following relation holds, in consequence of the symmetrization or anti-
symmetrization of the total wave function of any identical particles with nonzero
spin (bosons as well as fermions) [1, 2, 8]:

(_1)S+L =1.

Here S is the total spin and L is the orbital momentum in the c.m. frame of
the pair. At the momentum difference ¢ = p; — p2 — 0 the states with nonzero
orbital momenta «die out», and only states with L. = 0 and even total spin .S
survive.

Since the A-particle spin is equal to 1/2, at ¢ — 0 the A A pair is generated
only in the singlet state with §' = 0.

Meantime, at the 4-momentum difference ¢ # 0 there are also triplet states
generated together with the singlet state.

Within the conventional model of one-particle sources emitting unpolarized
particles, the triplet states with spin projections +1, 0 and —1 are produced with
equal probabilities. If correlations are neglected, the singlet state is generated
with the same probability, — the relative «weights» are W; = 3/4, W, = 1/4.

Taking into account the Fermi statistics and s-wave final-state interaction,
which is essential at close momenta (at orbital momenta L # 0 the contribution
of final-state interaction is suppressed), the fractions of triplet states and the
singlet state become proportional to the quantities [7, 8]:

Wi(q) = % (1 — (cosqzx)), Ws(q) = i(l + (cosqzx) + 2 Bint(q)), (28)

here ¢ = p; — p2 is the difference of 4-momenta, x = x1 — x5 is the difference
of 4-coordinates of two sources.
In the above formula,

(cosqz) = / W (x) cos qx d*z



is the Fermi-statistics contribution; here W (x) is the distribution of difference
of 4-coordinates of two sources; Bi,(g) is the contribution of s-wave final-state
interaction of two A particles. In doing so,

R(@) = Wila) + Walg) =1 - 3 {eosaa) + 5 Bul)  ©29)
is the correlation function describing the momentum-energy correlations of two
A particles with close momenta.

The correlation function R(q) represents the ratio of the two-particle spectrum
to the non-correlated background, which is constructed usually as a product of
one-particle spectra from different events at the same values of momenta. In
terms of inclusive cross sections we have [8]:

doc _ R(q) (n(n-1)) ( d*o ) ( &g ) , (30)

Ap1d3ps owor ()2 d*p; d®p

where n is the multiplicity and oy, is the total interaction cross section (for the
Poisson distribution of multiplicity we have (n(n —1))/{n)? = 1).

b) The spin density matrix of two A particles with close momenta at the
emission of unpolarized A particles has the following structure:

12 — Wi(q) ps + Wilq) pr
Ws(q) + Wi(q)

~ iy | (3 0+ toosan) 42 Bu(@)) ot 1= Coosaaan| . 1)

1 - ~
ps = 1 (](1) ® 7@ _ &M ® &(2))

is the density matrix of the singlet state, and
5 — L (i) i L Lsm g s@

is the density matrix of the unpolarized triplet state, averaged over the spin
projections A = +1,0, —1:

. 1, . . R R P -
Ptzg(ptﬂ + pro+ pr—1); Ps+3pt=I(1)®I(2).

It is easy to see that Eq. (31) for 5(*2) can be rewritten in the form:

cos qz) + Bint(q)
2 R(q)

512 2 L g jo S

6V g e?). (32)

RNy



The correlation tensor components [2]
_ (cosqz) + Bin(q)
2 — (cos qx) + Bint(q)

depend upon the momentum difference as well as upon the space—time parameters
of the generation region; the trace of the correlation tensor amounts to

_ ., ({cosgz) + Bint(q)
= ;Tu =3 2 — {(cos qz) + Bint(q)” (34

T = Cy, = Oik (33)

Thus, on account of the effects of quantum statistics and final-state interaction,
at small relative momenta two identical particles, initially unpolarized (P; =
P, = 0) and non-correlated by spins, remain unpolarized as well but their spins
become correlated.

At ¢ — 0 we obtain: (cosqz) — 1, T, — —d; (singlet state).

On the other hand, in the limit of large ¢: (cosqx) — 0, Bint(q) — 0,
R(q) — 1, T;x — 0, ie., both the momentum-energy and spin correlations
vanish.

¢) Now let us consider the emission of A particles with equal polarization
vectors P =Py = P [2].

It should be noted that, at the stage of emission by sources, correlations are
absent.

The fraction_of the triplet state with the total spin projection A = +1 onto
the direction of P and the respective constituent of the spin density matrix are as
follows:

2
W= T G = 200 16O (0 46, G9)
here P = |P| and 1is the unit vector directed along P.

Analogously, we have the following fractions and spin density matrix con-
stituents:

for the triplet state with total spin projection A = —1:

1— P)? 1. A
Ljrl; p=7 00 -6V e® 6P G6)

for the triplet state with total spin projection A = 0:

W 1=

1V 1?46 ge® 260162 1); (37)

pto =

NG

and for the singlet state:

~ 1-P%

1 - A
T h=IWeI®-6Wes®) (38)
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In doing so, the fractions of spin states Wt 1, Wt_l Wto, Ws obey the
normalization condition

th+Wt—1+WtO+W9:1a

and the primary spin density matrix is described by the expression:

p=Wiipe1+ Wi pr—1+Weopro+ Wy ps =
1 . ~ . ~
= (1M + P&y e (I® +Ps?). (39)
At low relative momenta, on account of Fermi statistics and final-state in-
teraction, the fractions of triplet states and singlet states change and become
proportional to the following quantities:

W@ = L2 (0 fcos g, (40)
Weorla) = 222 (1 fconan)), @
Weal) = 2222 (1 = (cos g}, )
Wi(q) = ! _fz (14 (cos qz) + 2 Bin(q)). (43)

The inclusive cross section of generation of the AA pair with close momenta
is proportional to the correlation function describing the momentum-energy cor-
relations:

R(q) = Wi1(q) + Wi —1(q) + Wiol(q) + Ws(q) =
1+ P2 1— P2

(cos qz) + 5

=1- Bint(q). (44)

In doing so, the «renormalized» density matrix is determined by the relation:

1

p= % (Wiei(@)pe1 + Wie—1(q)pr —1 + Wio(q)pro + Ws(q)ps)- (45)

In accordance with this, the polarization parameters of the A particles, renor-
malized due to the effects of Fermi statistics and s-wave final-state interaction,
take the form: 1

P, =Py = —(1 — (cos qz)) P; (46)
R(q)

11



1 ~ - 1-p?
Tip = 75—~ (1 = (cos qz)) P Py, —

R(q)

((cos qz) + Bint(q))0ir | - (47)

Irrespective of the primary polarization P, at the momentum difference qg—0
only the singlet state of the AA pair is realized, and the renormalized polarization
vectors P; = P tend to zero. The s-wave final-state interaction amplifies the
predominant role of the singlet state. If P = 1, then in the limit ¢ — 0 the
generation of AA pairs is forbidden — in full accordance with the Pauli principle.

d) In the c.m. frame of the AA pair we have: ¢ = {0,2k}, where k
is the momentum of one of the particles. In doing so, the momentum k is
connected with the relative momentum q in the laboratory frame by the Lorentz
transformation [8]:

1
k=clq+(v—1) (q;’)zv — v a, (48)

2

here v = (p1 + p2)/(e1 + €2) is the velocity of the AA pair in the laboratory
frame, v = (1 — v?)~ /2 is the Lorentz factor, q = p; — p2 and gy = €1 — ¢s.
The Lorentz transformations of 4-coordinates are given by the expressions:

r'=r+(y—-1) Ve —yvt, t* =~(t — vr), (49)

where r = x; — X9 and t = t1 — to.
The interference term connected with identity (quantum statistics) is deter-
mined by the expression:

(cos qz) = (cos 2kr™) = /Wv(r*) cos(2kr*)d’r*, (50)
where
We(r*) = /W(x) it = /W(r*,t*) dr
is the distribution of coordinate difference between two sources in the c.m. frame
of the AA pair.
Meantime, the contribution of s-wave final-state interaction is expressed as

follows (at the sizes of the generation region in the c.m. frame, exceeding the
effective radius of interaction of two A particles):

Bint(q) = B& (k,v) = / Wy (r*) b(k, r*)d®r*, (51)

12



where the function b(k, r*) has the structure [2,7, 8]:

b(k,r*) = [fMN (k)2

*

(T1)2 +2Re (f(AA)(k) < coska kr*) _
2 d 1
- % AN (k)2 T (Re m) 8 (r*). (52)

Here k = |k|, r* = |r*|, fAM(k) is the amplitude of low-energy AA
scattering:

1
FEVE) = ag™ (14 5 ™ 0™ R — ik ag™) (53)

where a(()AA) is the length of s-wave scattering and déAA

an _ 1 d 1
O = (Re f<AA>(k)> |

In the case of Gauss distribution of 4-coordinates of two independent sources
in the laboratory frame, with the mean-square radius /(r?) = 1/(r2) = v/3r¢
and the mean-square emission time \/(t?) = \/(t3) = 79, we obtain for the
function W, (r*) [8]:

) is the effective radius:

1
W, (r*) =
=) 8m3/2yr3. /13 + v278
I‘*2 _ (I‘*Il)2 (I‘*Il)2
- - . (54
xp 472 492(r3 + v278) (4
In doing so,

(cos(2kr™)) = exp [—4/627“(2) — 472v2(kn)2(7”(2) + 702)] , (55)

and the contribution of s-wave final-state AA interaction at the momentum k& = 0
(maximum value) is as follows [7]:

1 1 (a(AA) )2 d(AA) 2 AA
B4 = — |z A- 0 — ca™ 56
OV =3 w o ) TECR | O9

where

1 .
p=1/rs +v213, A= —arcsinu,
u

C—i1n1+u' u_v\/T3+Tg (57)
S 2u 1—u’ N p '
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7. SPIN CORRELATIONS AT THE GENERATION
OF AA PAIRS IN MULTIPLE PROCESSES

In the framework of the model of independent one-particle sources, spin
correlations in the AA system arise only on account of the difference between the
interaction in the final triplet state (S = 1) and the interaction in the final singlet
state. At small relative momenta, the s-wave interaction plays the dominant role
as before, but, contrary to the case of identical particles (AA), in the case of
non-identical particles (AA) the total spin may take both the values S = 1 and
S = 0 at the orbital momentum L = 0. In doing so, the interference effect,
connected with quantum statistics, is absent.

If the sources emit unpolarized particles, then, in the case under consider-
ation, the correlation function describing momentum-energy correlations has the
following structure (in the c.m. frame of the AA pair):

R(k,v) =1+ g B (i v) + i B (i, v). (58)

The spin density matrix of the AA pair is given by the formula:

B (1, v) - BV (k,v)

(1) o a(2)
AR(k, V) grees, (9

SN — f) g ) 4

and the components of the correlation tensor are as follows:

o By - Bk, v)
ik = 3 x
4+ 3B (k,v) + B (k,v)

ik, (60)

here the contributions of final-state triplet and singlet AA interaction are deter-
mined by the expression (analogously to Egs. (51), (52) for the AA interac-
tion [2,7]):

AR AR 1 ARy, €
B ) = G WP () + 2me (10009 (55 ) -

s(t) (7‘*)2 p*
2w (AR) 5 d 1
_?‘fs(t) (k)] T Ref(é\tTk Wy (0), (61)

where fs(é;;_\)(k) is the amplitude of the s-wave low-energy singlet (triplet) AA
scattering.
At sufficiently large values of |k|, one should expect that [7]:

BM(k,v)=0, BM(kv)=o0.

14



In this case the angular correlations in the decays A — p+7—, A — p+ 7T,
connected with the final-state interaction, are absent:

Ty =0, T=0.

8. ANGULAR CORRELATIONS IN THE DECAYS A — p+ 7~
AND A — p+ 77 AND THE «MIXED PHASE»

Thus, at sufficiently large relative momenta (for example, |k| 2 m,) one
should expect that the angular correlations in the decays A — p + 7~ and
A — p+ 7T, connected with the interaction of the A and A hyperons in the
final state (i.e., with one-particle sources) are absent. But, if at the considered
energy the dynamical trajectory of the system passes through the so-called «mixed
phase», then the two-particle sources, consisting of the free quark and antiquark,
start playing a noticeable role. For example, the process s5 — AA may be
discussed.

In this process, the charge parity of the pairs s5 and AA is equal to C' =
(—1)L+5, where L is the orbital momentum and S is the total spin of the fermion
and antifermion. Meantime, the C'P parity of the fermion—antifermion pair is
CP = (—1)+L,

In the case of one-gluon exchange, CP = 1, and then S = 1, i.e., the AA
pair is generated in the triplet state; in doing so, the «trace» of the correlation
tensor T' = 1.

Even if the frames of one-gluon exchange are overstepped, the quarks s and
S, being ultrarelativistic, interact in the triplet state (S = 1). In so doing, the
primary C'P parity is CP = 1, and, due to the C'P parity conservation, the
AA pair is also produced in the triplet state. Let us denote the contribution of
two-quark sources by x. Then at large relative momenta

T=z>0.

Apart from the two-quark sources, there are also two-gluon sources being able
to play a comparable role. Analogously with the annihilation process vy — AA,
in this case the trace of the correlation tensor is described by the formula (the
process g g — AA is implied):

4(1-p%)

T=1- , 62
1+2062sin%60 — B4 — B4 sin* 0 62)

where [ is the velocity of A (and A) in the c.m. frame of the AA pair, 6 is
the angle between the momenta of one of the gluons and A in the c.m. frame
(see [9]). At small 3 (8 <« 1) the AA pair is produced in the singlet state (total
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spin S = 0, T'= —3), whereas at § ~ 1 — in the triplet state (S =1, T = 1).
Let us remark that at ultrarelativistic velocities 3 (i.e., at extremely large relative
momenta of A and A) both the two-quark and two-gluon mechanisms lead to the
triplet state of the AA pair (T = 1).

In the general case, the appearance of angular correlations in the decays
A — p+7 and A — p+ nt with the nonzero values of the «trace» of the
correlation tensor 7' at large relative momenta of the A and A particles may
testify to the passage of the system through the «mixed phase».

9. SUMMARY

It is advisable to investigate the spin correlations of AA and AA pairs pro-
duced in relativistic heavy ion collisions.

The spin correlations are studied by the method of angular correlations —
method of moments.

The spin correlations, as well as the momentum-energy ones, make it possible
to determine the space—time characteristics of the generation region and, besides,
the parameters of low-energy scattering of A on A and A on A. They should be
investigated jointly with the momentum-energy correlations.
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