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Motivation

Polarization measurements could become an important tool to
identify the production of Quark-Gluon Plasma (QGP). /\"
Polarization found at RHIC( Phys. Rev.C 76,024915 (2007): Global
polarization measurement in Au+Au collisions)

A change in polarization as a function of the centrality of the
collision, compared to that observed in pp interactions, can be
associated in a change in this hyperon’s production mechanisms,
from ordinary recombination-like processes to quark coalescence.
Same production processes, produce spin alignment of vector
mesons like K° @ RHIC.
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K and ® spin may be slightly aligned at low p, w.r.t.

production plane.
J. Phys.G34:s331-s336,(2007); ).Phys.G35:044068,(2008)
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Semiclassical model for A- Polarization
In pp collisions

In pp interactions, it is believed that A°'s are produced through the
recombination of a sea s-quark and a proton valence diquark.
Models of recombination of quarks to form baryons and mesons at low p.

have been implemented successfully in the context of the parton model
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Introduction

= Spin alignment of vector mesons is a unique probe of
particle production and dynamicsti2]

1. Orbital angular momentum - spin?
2. Coalescence/Fragmentation of polarized quarks?

3. Contributions to the significant collective flow observed
at RHIC?

1. Z.T. Liang and X.N. Wang, PRL 94 102301 (05), PRL 96 039901 (06), PLB 629 (05) 20-26;
2. S.A. Voloshin nucl-th/0410089. E. Cuautle 5



Spin Density Matrix

For a single s= 2 spin, there is a two dimesional spin state |+> and
|-> therefore the spin matrix, given that it must be hermitian and
normalized must have the form

1] 1 +Qa ax+iay

2la —ia 1-a

In terms of the Pauli matrices:

With eigenvalues -
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For two quarks system we assume that quarks have an initial longitudinal

polarization &, the normalized spin density matrix is:

= l+a 0 o= l+a o' +id

0 l-a a—iad 1-a

(I+a’)(1+a’)  (l1+a’)(a’+ia’) 0 0

L I+a)(a'—ia’)  (1+a’)(1-a’) 0 0
p B0 = o “ e
0 0 (I-a’)(1+a’) (1-a')(a'+ia!)
0 0 (I-a')(a'—ia’) (1-a’)(1-a’)
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Introduction

® Spin alignment of vector mesons is described by
the spin density matrix:

p11+p00+p—1—1:1 P Pio p1—1+j

vV «

P =1Pn Poo ,00_”

> Any deviation of p,, from 1/3 )
manifests the spin alignment of P_ii P-io ,0___ﬂ

the vector mesons

= We measure p,, through decayed products angular
distribution in the rest frame of vector mesons:

dN 3 2
dcos 0 =N0rm><z><[(1_p00)+(3p00_1)COS 0]

|No need to determine the direction of the reaction plane |
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SPIN ALIGNMENT:
Three different hadronization scenario :

1) recombine polarized quark and polarized anti-quark;

3) fragmentation of a fast polarized quark/anti-quark.

P =0orP =0, s0p, =1/3

2 2 2
o(frag L+BP" s L+pP LM I+ BP
00 - > F oo

— > 1/3
3-BP n+ f.3-BE n+f3-BP
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Our model of vector meson production.

The spin alignment with respect to the production plane is
different of zero.

We show that this behavior can be understood in a simple
model of vector meson production where the spin of their

constituent quarks is oriented during hadronization as the result
of Thomas precession.

For central rapidity — Pper >> P

Poor' # 0> P, .1 =0

par

P, # 0> P =0

par
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Semiclassical Polarization

In the scenario where the spin of a quark is oriented during the
recombination processes. The semiclassical picture is the Thomas
precession produced by the accelerating force that pulls a slow
moving quark (g°) to form a fast moving hadron. This mechanism
also predict that if a quark is fast (q') and is decelerated to form the
hadron, its polarization will be of opposite sign compared to the
case when it is accelerated. The pulling force is required to not be
parallel to the original quark velocity since the Thomas frequency is
a vector formed by the cross product of force F and velocity g, and
y Is the Lorentz factor

—(_Y
€0 Fx
. . . . ) s, f
And the polarization is given by: o + W),
AE

AE Is the change of energy in the process of hadron formation and
w is the Thomas precession féeocyuenc for g°and o'



Pull force and Thomas frequency

It should move with an intermediate value of momentum between
that of the g° and g the fast quark should slow daown whereas the
slow quark should speed up. The pulling force is equal to the
change in the momentum AP of the given quark, in the interval of
time At for the recombination process:

F=AP
At
s, f
ws’f=Ap B <sing >"" .
At

Where the angle is between the quark velocity vector and their
corresponding change in MoMENtyimL, +1a



Change in momentum of g

s s s\ s
AP =\(py—p,,) +(pl)

To enhance the probability of recombination, the rapidity of g®
has to be within the hadron's one, so:

A)

S S . h( H)_ m H
ppar_ mper SINALY )= H ppar
per
S —mS cj S —
Where Mg, S =M® since p . =0

sIH

¢ x = pper

Ap :xperpper per H
pper

Here we have neglected the longitudinal hadron momentum with
respect to its transverse one E Cuautle



Change in energy

It is common to both the accelerating gs and the decelerating g

Foly (m’) \/ 5 )2 s\2_ H (m”)”
AE=p,, \+———= tV(p,, ) +im ) =p,, 1+——F—
2(pper) 2(pper>
1 f 2_ H\2
AE= —Zpger 2(m’) H(m) +mcosh y”
¢ 2P per

Aproximation for AE is such that p,,, = m" and for z<1
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Polarization
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Spin alighment for d(1020): model versus STAR data
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Polarization K*0

s, f
W7

AE

PS’f=—I—

p oo density matrix element given by

| P o
K*: __ f=s,s=d f=d,s=8§
Poo =~ 1Poo TPy

2
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Spin alignment for K*: model versus STAR data.
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P o as a function of pt for K using the model,

compared to data from STAR for p +p and

Au + Au collisions at centrality 20-60 %,
measured with respect to the production
plane.

The upper dashed curve represents the case
for poorf=s, s=d}

Lower dashed curve represents the case for
pooMf=d, s=S} . The intermediate solid curve

represents poo’K} as the algebraic average
of the above.
The intermediate dotted curve represents the

case poo is computed using the average
product of polarizations.

For comparison, we also draw the constant
value 1/3 that represents the absence of
polarization.
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Angle definition

Rest frame of K* _J'
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