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L0 polarization as a probe for production of deconfined matter
in ultrarelativistic heavy-ion collisions
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We study the polarization change ofL0’s produced in ultrarelativistic heavy-ion collisions with respect to
the polarization observed in proton-proton collisions as a signal for the formation of a quark-gluon plasma
~QGP!. Assuming that, when the density of participants in the collision is larger than the critical density for
QGP formation, theL0 production mechanism changes from recombination type processes to the coalescence
of free valence quarks, we find that theL0 polarization depends on the relative contribution of each process to
the total number ofL0’s produced in the collision. To describe the polarization ofL0’s in nuclear collisions for
densities below the critical density for the QGP formation, we use the DeGrand-Miettinen model corrected for
the effects introduced by multiple scattering of the producedL0 within the nuclear environment.
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I. INTRODUCTION

The study of the kind of matter produced during nucle
collisions at relativistic and ultrarelativistic energies has
come the subject of an increasing experimental and theo
ical effort during the last years. The main drive for su
study is the expectation that a phase transition, from ordin
nuclear matter to a quark gluon plasma~QGP!, should be
observed when conditions of sufficiently high baryonic de
sities and/or temperatures are achieved during the collis
In order to identify this phase transition, a number of expe
mental observables, such asJ/C suppression, strangene
enhancement, fluctuations in particle ratios, flow patter
etc., have been proposed@1#. At the same time, it has als
been recognized that no single signal can, by itself, prov
clear cut evidence for the existence of the QGP and that
only through the combined analysis of all possible sign
that the production of such state of matter can be firm
established. This realization has stimulated the search
new probes to aid in the understanding of the properties
the complex environment produced in heavy-ion collisions
high energy.

One of the first proposed signatures to unveil the prod
tion of a QGP in relativistic nucleus-nucleus collisions w
to study the change in the polarization properties ofL0 hy-
perons as compared to that observed in proton-proton c
sions@2,3#. At the same time, no quantitative model has be
proposed to realize such an idea in this kind of environme

Recall that, in high-energy proton-induced reactions,
produced hyperons exhibit a strong polarization. Among
hyperons, theL0 plays a special role due to its rather simp
spin structure within the static quark model and to the f
that its self-analyzing main decay mode intop1p2, makes
polarization measurements experimentally feasible.

For proton-induced reactions, it has long been establis
@4# that the spin of theL0 is carried by the produceds-quark
and that theu and d quarks can be thought of as bein
coupled into a diquark with zero total angular momentu
0556-2813/2002/65~2!/024902~8!/$20.00 65 0249
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and isospin. However, despite the wealth of experimen
information and theoretical insight accumulated during
last three decades, a complete understanding of the hyp
polarization mechanism is still missing, mainly because, a
currently believed, this mechanism has its origin in the
combination processes whose nature belongs to the real
non-perturbative phenomena.

Nonetheless, a quantitative description of hyperon po
ization properties in proton- and meson-induced reacti
has been attained by a semiclassical model put forward
DeGrand and Miettinen@5# ~see also Ref.@6#!. In this model,
the hyperon polarization is due to a Thomas precession e
during the quark recombination process of slow~sea! s
quarks and fast~valence! ud diquarks.

In the case of relativistic nucleus-nucleus collisions, t
expectation is that,L0’s coming from the zone where th
critical density for QGP formation has been achieved,
produced through the coalescence of independent slow su,
d, ands quarks and are emitted via an evaporationlike p
cess. Consequently, theseplasmacreatedL0’s should show
zero polarization@3#.

An accurate estimate of the change of theL0 polarization
observed in high-energy heavy-ion collisions as compare
proton-proton reactions requires knowledge of the relat
contribution to the totalL0 yield both from the plasma zon
and from regions where the critical density for QGP form
tion has not been reached. Moreover, since thoseL0’s pro-
duced in these latter regions experience multiple scatte
with the surrounding nuclear environment, the final polariz
tion value should reflect the effects introduced by these p
cesses.

In this paper, we propose a method to extract informat
from L0 polarization measurements in ultrarelativist
heavy-ion collisions as a means to determine the produc
of a QGP. We study a model where theL0’s produced in the
zone where the critical density for QGP formation is reach
are unpolarized while theL0’s produced in the rest of the
reaction zone are produced polarized, in the same way
©2002 The American Physical Society02-1
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they are in free nucleon-nucleon reactions. We use
DeGrand-Miettinen model~DMM ! to describe the polariza
tion of these latterL0’s. The effects on the polarization aris
ing from multiple scattering are introduced in terms of
sequential model of collisions@7,8#. We also discuss possibl
depolarization effects introduced by spin-flip interactions
L0 within the nuclear medium.

The work is organized as follows. In Sec. II we briefl
review the DMM for the polarization of hyperons produc
in proton-proton reactions. In Sec. III, we discuss the mec
nisms that can induce a change in the polarization of hyp
ons produced in high-energy nucleus-nucleus reaction
compared to proton-proton collisions. We account for th
changes in terms of a sequential model of collisions. To
lustrate our results, we introduce the appropriate parame
which we extract from the existing~though scarce! data on
L0-nucleon interactions. In Sec. IV, we present our mo
for the production ofL0 coming from the regions in the
reaction zone with a density of participants below and ab
the critical density for QGP formation. We show that t
polarization of theseL0’s depends on the relative contribu
tion of each of the above production mechanisms to the t
L0 yield. We also include the modifications to the polariz
tion introduced by multiple scattering ofL0’s in those re-
gions with a density of participants below the critical dens
for QGP formation. Armed with such expression for theL0

polarization in high-energy nucleus-nucleus reactions,
apply the formalism to study208Pb-208Pb collisions and draw
quantitative conclusions about theL0 polarization behavior
as a function of both its transverse momentum and imp
parameter of the reaction. We finally summarize and c
clude in Sec. V. In what follows, we present the expressi
in terms of quantities in the laboratory frame.

II. L0 POLARIZATION IN THE DEGRAND-MIETTINEN
MODEL

The L0 hyperon has spinS51/2. Its preferred decay
modeL0→p1p2 (64% branching ratio! is mediated by the
weak interaction, therefore, the information from the dis
bution of its decay products can be used to determine
orientation of its spin. Since the discovery of a substan
L0 transverse polarization in high-energy, hadron-nucle
@9#, nucleon-nucleon@10#, and nucleon-nucleus@11# reac-
tions, a large amount of theoretical and experimental acti
has been devoted to understanding the origin of such po
ization. The fact thatL0’s were produced with a significan
polarization whileL̄0’s were unpolarized was, at first, su
prising. Several models were proposed to explain that p
nomena. One of the most successful is the DMM@5#. In this
semiclassical model, theL0 polarization results from a Tho
mas precession of the spin of thes quark in the recombina
tion process. Theu and d quarks are assumed to form
diquark in a state with total angular momentumJ50 ~and
isospinI 50) and thus, thes-quark is entirely responsible o
the spin of theL0.

The recombining quarks in the projectile must also carr
transverse momentum given, approximately by half of
transverse momentum of the outgoing hadron, while
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e

f

a-
r-
as
e

l-
rs

l

e

al
-

e

ct
-
s

-
e
l
n

y
r-

e-

a
e
e

other half is carried by thes quark. Since thex distribution of
the ~sea! s quarks peeks at very low values and is very ste
a L0 must get most of its longitudinal momentum from th
valenceud-diquark momentum. In the process, thes quark
is, on average, accelerated but, since its transverse mom
tum is different from zero, the forceF felt by the quark is not
parallel to its velocityb, giving rise to Thomas precession
characterized by a frequencyvT given by

vT5S g

g11DF3b, ~1!

whereg is the Lorentz gamma factor. When this frequency
used to account for the spin-orbit term in the Hamiltonian
computing the scattering amplitudes to produceL0’s with
spin oriented along and opposite to the normal of the p
duction plane, it gives rise to a negative polarization, sinc
is more likely that the~sea! s quark is accelerated than de
celerated to recombine into aL0.

Notice that in the model, the polarization asymme
arises as a consequence of a strong momentum orde
where thes quark is~on average! slow and theud diquark is
~on average! fast. This ordering does not happen when t
recombination involves only seas, u, or d quarks or anti-
quarks, as is the case of antihyperon production or, m
important to our purposes, aL0 originated from a QGP.

The polarization of aL0 in proton-proton collisions is
given in the DMM by

P REC52
12

Dx0M2 S 123j~x!

@113j~x!#2D pT , ~2!

where

M25FmD
2 1pTD

2

12j~x!
1

ms
21pTs

2

j~x!
2mL0

2
2pT

2G ~3!

with mD , pTD (ms ,pTs) the mass and transverse momentu
of theud diquark (s quark!, mL0 andpT the mass and trans
verse momentum of theL0, Dx0 a distance scale, on th
order of the proton radius, characterizing the recombinat
length scale, andj(x)5xs /x the ratio of the longitudinal
momentum fraction of thes quark to the longitudinal mo-
mentum fraction of theL0 with respect to the beam proton

To give a quantitative description for the polarization, D
Grand and Miettinen take a linear parametrization forj(x)
such that

j~x!5
1

3
~12x!10.1x, ~4!

which represents a reasonable interpolation between the
ues forj nearx50, where the distribution for all flavors is
roughly equal in shape, and nearx51, where the distribution
of sea and valence quarks is small, the former being e
smaller than the latter. Using this parametrization, DeGra
and Miettinen obtain a good description of experimental d
@5#. If, on the other hand, use is made of a recombinat
model @12# andj(x) explicitly computed, the results for th
2-2
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L0 POLARIZATION AS A PROBE FOR PRODUCTION . . . PHYSICAL REVIEW C 65 024902
polarization do not show a drastic change. We therefore
here, for the sake of simplicity, the linear parametrization
j(x) given by Eq.~4!. To complete the overall parametriza
tion of P REC, we also takemD52/3 GeV, ms51/2 GeV
andpTs

2 5pTD
2 5(1/4)pT

21^kT
2& with ^kT

2&50.25 GeV2 @5#.

III. DEPOLARIZATION EFFECTS IN NUCLEUS-
NUCLEUS COLLISIONS

In the case of nucleus-nucleus collisions, the effects
can possibly produce a diminishing of theL0 polarization
have been enumerated in Ref.@3#. These are~i! secondary
L0’s produced by pion-nucleon scattering,~ii ! L0 production
from a QGP, and~iii ! secondary scattering of leadingL0’s
with nucleons within the interaction zone.

Though production ofL0’s by pion-nucleon scattering be
comes important in collisions, of large nuclei at high ener
due to both, an increase of the pion-nucleon and the p
production cross sections with increasing atomic numbe
high energies, theseL0’s are mainly produced beyond th
free nucleon-nucleon phase space kinematical limit and
low ~laboratory! momenta. It is thus possible to set kinema
cal constraints in the reconstruction of theseL0’s and there-
fore exclude them from the polarization analysis. Thus,
do not further consider this effect. We postpone the disc
sion on the polarization modification ofL0’s originating
from a QGP to Sec. IV. Here, we concentrate on the effe
introduced by secondary scattering ofL0’s with nucleons in
the zone where the density of participants is below
threshold for a QGP formation.

Secondary scattering within nuclear matter is an imp
tant effect in high-energy nucleus-nucleus collisions. It
responsible for the transverse spectrum broadening of
duced particles and for the longitudinal momentum loss
nucleons, which is related to the degree of stopping in
reaction.

Since at high energies, the trend for the existing~though
scarce! data on freeL0-nucleon interactions indicates th
elastic scattering dominates the total cross section@13#, we
concentrate on describing the effects on theL0 polarization
by these kind of collisions. Secondary elastic scattering
L0’s with nucleons can influence the final polarization me
surements by producing~a! a shift in theL0 longitudinal
momentum,~b! a shift in theL0 transverse momentum, an
~c! a flip in the originalL0 spin direction. We proceed to
quantitatively discuss each one of these effects.

A. Longitudinal momentum shift

Multiple elastic scattering can be cast in terms of a
quential model@7,8#, where it is assumed that the avera
energy of a particle aftern11 collisions is given in terms o
the average energy aftern collisions by

^EL0&n115~12I !^EL0&n , ~5!

whereI is the inelasticity coefficient@14#. In the high energy
limit ( p@mL0)

^EL0&n.^pL0&n5p^x&n , ~6!
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wherep is the initial momentum value of the nucleon th
produced~through recombination! the L0 andx the fraction
of the initial longitudinalL0 momentum to the nucleon lon
gitudinal momentum. Equations~5! and~6! can be combined
to find the average value ofx after n collisions as

^x&n5~12I !nx. ~7!

We now proceed to find the average value^x(z,b)&, after the
producedL0 has traveled a longitudinal distancez, in colli-
sions with impact parameterb. Recall that the distribution
probability Pn(z,b) for n collisions in reactions with impac
parameterb is Poissonian, that is,

Pn~z,b!5
1

n!
N̄n~z,b!e2N̄(z,b), ~8!

with

N̄~z,b!5sL0N
tot TA~z,b/2!, ~9!

being the average number of collisions after theL0 has trav-
eled a longitudinal distancez, given in terms of the total
L0-nucleon cross section, which we take assL0N

tot .25 mb
and

TA~z,s!5E
2z/2

z/2

rA~z8,s!dz8 ~10!

being the average nucleon density per unit area in the tr
verse plane with respect to the collision axis. Notice that
argument of the functionTA in Eq. ~9! referring to the loca-
tion of the trajectory of theL0 in the transverse planes ha
been taken as the geometrical average in these planes.

Therefore,̂ x(z,b)& is given by

^x~z,b!&5xe2N̄(z,b) (
n50

`
~12I !n

n!
N̄n~z,b!5xe2IN̄(z,b).

~11!

It can be shown@8# that I 5l/2, where

l.
sL0N

inel

sL0N
tot , ~12!

with sL0N
tot andsL0N

inel the total and inelasticL0-nucleon cross
sections, respectively. Although these should be taken as
cross sections in nuclear matter, such information has
been experimentally obtained up until now. Neverthele
from data at low and intermediate energies, it is known t
the free cross sections follow the behavior of the correspo
ing nucleon-nucleon cross sections@15#. Assuming that this
is also the case within nuclear matter, we extrapolate
existing data on freeL0-nucleon interactions to high ene
gies @13# and obtainl.0.4 which is consistent with the
corresponding value obtained for nucleon-nucleon collisio
within nuclear matter@8#.
2-3
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B. Transverse momentum shift

Let Q(sf ,si ,z) be the probability that the producedL0

ends up traveling in the directionsf after traveling a longitu-
dinal distancez, having been produced moving in directio
si . Let qn(sf ,si) be the probability that theL0 ends up trav-
eling in the directionsf aftern collisions with nucleons, hav
ing been produced moving in directionsi . The vectorssf and
si can be thought of as two-dimensional unit vectors, giv
the isotropy of the angular distribution in each collision.

It is easy to show@16# that the explicit expression fo
qn(sf ,si) is

qn~sf ,si!5S 1

npG2D e2(sf2si)
2/nG2

, ~13!

where the distribution is taken as Gaussian and for the e
of the calculations, the range of each component ofsf andsf
is taken as@2`,`#. G is the average dispersion angle
each collision. We emphasize that the expression in Eq.~13!
is valid for small dispersion angles. Since the distributi
probability for n collisions is given by Eq.~8!, Q(sf ,si ,z) is
given as

Q~sf ,si ,z!5 (
n50

`

Pn~z,b!qn~sf ,si!. ~14!

The average change in theL0 momentum direction is com
puted from the r.m.s value of the total dispersion angle,a,
given by

a5AE d2ss2Q~s,z!5GAN̄~z,b!, ~15!

wheres5sf2si , sinceQ depends only on such difference.
is now a simple matter to express the average value of theL0

transverse momentum after having traversed a longitud
distancez within the nuclear medium, as

^pT~z,b!&5~ApL0
2

2pT
2sina1pTcosa!e2IN̄(z,b), ~16!

where the factore2IN̄(z,b) comes from considering the ave
age change in the magnitude of theL0 momentum.

In the high-energy limit cosa;1, and we can safely ig
nore the first term in Eq.~16!, writing

^pT~z,b!&.pTe2IN̄(z,b)cos$GAN̄~z,b!%, ~17!

where pT is the transverse momentum that theL0 carried
originally and we have used Eq.~15!. G can be estimated
using the data on angular distributions of freeL0-nucleon
elastic scattering. For intermediate energies w
300 MeV/c<pL0<1500 MeV/c, such data exists andG
can be read off from the parametrization of the angular d
tribution for pL0.800 MeV/c in terms of Legendre poly-
nomials withl 51,2,3 in Ref.@17#. By doing so it is easy to
get thatG.1.2 rad., which represents a large value. Ho
ever, we expect that at higher energies, elastic disper
takes place with smaller values ofG. In fact, as the energy o
02490
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the producedL0 increases from about 1 GeV to a few tent
of GeV, its deBroglie wavelengthl̄ decreases from about 0.
fm to 0.01 fm. Since the transverse sized of the scatterers
~nucleons! is about 1 fm, we can estimate that@16# G;l̄/d
50.01. Hereafter, we use this value ofG in our calculations.

C. Spin flip

The existing data onL0 production by meson-induce
reactions on light nuclei@18# show that the effects on theL0

polarization produced by final state interactions (L0-nucleon
scattering! are small. Since, within a light nucleus, the ave
age number of collisions experimented by a producedL0 is
N̄,1, it is to be expected that the effects, if any, reflect t
depolarization involving the spin interactions.

Let us first note@19# that the spin-orbit interactions canno
contribute toL0 depolarization, given that this interaction
parity-conserving. Since depolarization requires spin-flip,
only interaction capable to produce it is the spin-spin int
action.

To quantify the degree of depolarization in a sing
L0-nucleon collision, it is customary to introduce the pola
ization transfer coefficient@20# D, which, in the case of for-
ward scattering, expresses the final polarizationP8 in terms
of the original polarizationP as

P85D P. ~18!

In a multiple scattering scenario, such as the one consid
here, the average depolarization due to two-bodyL0-nucleon
interactions can be written as

^P8~z,b!&5P(
n50

`

Pn~z,b!Dn5Pe2N̄(z,b)(12D). ~19!

Assuming that the spin-spin interactions are isotropic,D can
be expressed as

D5
uV̄u21uSLu21uSNu22uDu2

uV̄u21uSLu21uSNu213uDu2
, ~20!

where V̄, SL , SN , and D represent the amplitudes for th
spin-independent,L0 spin-orbit, nucleon spin-orbit and spin
spin interactions, respectively, appearing in the express
for the two-bodyL0-nucleon potential@21#.

The above parameters can be reasonably constraine
low energies~a few MeV’s! from the spectral analysis o
hypernuclei levels@22#, however, no further experimenta
data exists at higher energies. Nevertheless, it is clear
when in the range of energies of interest, the parame
appearing in Eq.~20! are measured,D can be considered to
be a constant smaller than unity. Therefore, for a given
pact parameter, the spin-flip interactions have a simple ef
on the depolarization ofL0’s produced in nucleus-nucleu
collisions. For the purposes of this work and until expe
mental information becomes available, we will omit the
effects from the analysis.
2-4
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IV. L0 PRODUCTION AND POLARIZATION IN
ULTRARELATIVISTIC HEAVY-ION COLLISIONS

In a QGP thes s̄ pair production can be reasonably we
described by the lowest order QCD processesq1q̄→s1 s̄

and g1g→s1 s̄ @23#. To simplify the analysis, we assum
that in this environment, theL0’s are the sole products of th
subsequents-quark recombination. The enhancement
strangeness production in a QGP plasma leads to an enh
ment of hyperon production. However,L0 formation in this
environment should not show a strong ordering for the m
menta of any of theu, d, or s quarks, and consequentl
according to the DMM, theseL0’s should not be polarized
@24#.

On the other hand, in the interaction region whe
nucleon-nucleon collisions take place but the density is
high enough to deconfine quarks and gluons,L0’s would be
produced by recombination of (ud) diquarks, coming from
the interacting nucleons and,s quarks coming from the sea
The total cross sectionsL0 for L0 production is then given
by these two components

sL05sL0
REC

1sL0
QGP. ~21!

The regions where the two distinctL0 production mecha-
nisms take place during the collision are shown schem
cally in Fig. 1.

A. L0 production from recombination

To describeL0 production by recombination we write th
production cross section at impact parameterb in the colli-
sion of ionsA andB as

1

sL0
NN

d2sL0
REC

d2b
5TAB~b!, ~22!

FIG. 1. The reaction208Pb-208Pb and the regions whereL0’s
may be produced. In the QGP,L0’s originate from the QCD pro-

cessesqq̄→ss̄ andgg→ss̄. In the peripheryL0’s are produced by
recombination.
02490
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where sL0
NN is the L0 production cross section in nucleon

nucleon collisions, which we take assL0
NN

53.2 mb@25# and
TAB(b) is given by

TAB~z,b!5E d2sTA~z,s!TB~z,s2b!, ~23!

with TA and TB given in terms of Eq.~10!, extending the
limits of integration overz in Eq. ~10! to @2`,`#. ForrA(r )
we use the standard Woods-Saxon density profile

rA~r !5
r0

11e(r 2RA)/a
, ~24!

with RA51.1A1/3 fm, a50.53 fm andr0 fixed by normal-
ization

E rA~r !d3r 5A, ~25!

giving r050.17 fm23 for 208Pb.
We assume that each subcollision produces final state

ticles in the same way as in free nucleon reactions and
we can estimate the number ofL0’s produced by recombi-
nation from Eq.~23!. However, in order to exclude the zon
where the density of participantsnp is above the critical den-
sity nc to produce a QGP, we rewrite Eqs.~23! and ~22! as

d2sL0
REC

d2b
5sL0

NNE TB~b2s!TA~s!u@nc2np~s,b!#d2s,

~26!

wherenp(s) is the density of participants at the points in the
transverse plane andu is the step function.

The density of participants per unit transverse area du
the collision of nucleusA on nucleusB, at an impact param-
eter vectorb, has a profile given by@26#

np~s,b!5TA~s!@12e2sNNTB(s2b)#

1TB~s2b!@12e2sNNTA(s)#, ~27!

where sNN is the nucleon-nucleon inelastic cross secti
which we take assNN532 mb. The total number of partici
pantsNp at impact parameterb is

Np~b!5E np~s,b!d2s. ~28!

Following the reasoning in Ref.@26#, we choosenc
53.3 fm22, which results from the observation of a su
stantial reduction of theJ/c yield in Pb – Pb collisions at the
SPS. Figure 2 showsd2sL0

REC/d2b ~dashed line! as a function
of b, computed from Eq.~26! for the case of Pb-Pb colli-
sions.
2-5



G

d

is

e

of

ro

e
ere
ke

za-

lly

ure

f

e-
s
t,

e

AYALA, CUAUTLE, HERRERA, AND MONTAÑO PHYSICAL REVIEW C65 024902
B. L0 production from a QGP

The average number of strange quarks produced in a Q
scales with the number of participantsNp

QGP in the collision
roughly as@27#

^s&

Np
QGP

5cNp
QGP. ~29!

Assuming for the sake of simplicity that, as a result of ha
ronization, onlyL0’s are obtained from these produceds
quarks, we can estimate the number ofL0’s originating in
the QGP.Np

QGP, as a function of the impact parameter
given, using Eq.~28!, as

Np
QGP~b!5E np~s,b!u@np~s,b!2nc#d

2s. ~30!

The proportionality constantc in Eq. ~29! can be read off
from Fig. 5~a! in Ref. @27#. Depending on the precise valu
of as and for 208Pb-208Pb collisions,c is found in the range

0.001<c<0.005. ~31!

Therefore, we take Eq.~29! as representing the behavior
the differential cross section,d2sL0

QGP/d2b, namely,

d2sL0
QGP

d2b
5c@Np

QGP~b!#2. ~32!

Figure 2 showsd2sL0
QGP/d2b ~dashed-dotted line! as a

function ofb, computed from Eq.~32! for the case of Pb-Pb
collisions. Shown is also the sumd2sL0

REC/d2b

1d2sL0
QGP/d2b ~solid line! for the same system.

C. L0 polarization

Recall that theL0 polarization asymmetryP is defined as
the difference between the number ofL0’s produced with
spin pointing along and opposite to the normal of the p
duction plane. In terms of the differential cross sections,P is
given by @28#

FIG. 2. L0 production as a function of the impact parameterb in
the QGP~dashed-dotted line! for c50.005 and in the periphery
~dashed line!. The solid line represents the totalL0 production.
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P

-

-

P5Fd2sL0↑
d2b

2
d2sL0↓

d2b
G /Fd2sL0↑

d2b
1

d2sL0↓
d2b

G , ~33!

whered2sL0↑ /d2b andd2sL0↓ /d2b are the spin up and spin
down ~with respect to the normal of the production plan!
differential cross sections, respectively. In the scenario wh
L0’s originate from two different processes, one must ta
into account the corresponding contribution to the polari
tion.

As we have argued,L0’s coming from the QGP regions
are expected to be produced with their spins isotropica
oriented and thus these do not contribute to the netL0 po-
larization. We define

f ~b!5Fd2sL0
QGP

d2b
G /Fd2sL0

REC

d2b
G ~34!

as the ratio of the differential cross sections forL0 produc-
tion from the QGP and from recombination processes. Fig
3 showsf (b) as a function of the impact parameterb, for the
case of Pb-Pb collisions, whered2sL0

REC/d2b and
d2sL0

QGP/d2b are given by Eqs.~26! and ~32!, respectively.
Equation~33! can be written in terms off (b) as

P5
P REC

@11 f ~b!#
, ~35!

where

P REC5Fd2sL0↑
REC

d2b
2

d2sL0↓
REC

d2b
G /Fd2sL0↑

REC

d2b
1

d2sL0↓
REC

d2b
G ,

~36!

given in the DMM by Eq.~2!, is the L0 polarization that
would be observed in the absence ofL0’s produced by a
QGP. Figure 4 shows the polarization obtained from Eqs.~2!
and~35!. Figure 4~a! shows the polarization as a function o
pT for different values ofb. Figure 4~b! shows the polariza-
tion as a function ofb for different values ofpT .

To incorporate the effects of the shift in momentum exp
rienced byL0’s traveling in the nuclear medium for densitie
below the critical density for QGP formation, we recall tha
according to the analysis in Sec. III, aL0 produced within a

FIG. 3. The fractionf (b) of L0’s produced in the QGP to thos
produced by recombination as a function of impact parameterb.
2-6
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given phase space cell labeled by the pair of values (x,pT),
is scattered into a different phase space cell, which, on a
age, is labeled by the pair of values (^x&,^pT&). Omitting
from the analysis the spin-flip depolarization effects, t
original L0 polarization computed from Eq.~2! is preserved
but corresponds~on average! to a detectedL0 with momenta
labels (̂ x&,^pt&). This is shown in Fig. 5 where, for th
purposes of comparison, we plot the polarization with a
without considering the shift in transverse momenta due
multiple scattering, computed with the explcit values oI
50.2 andG50.01 for two different values of the impac
parameterb.

V. CONCLUSIONS

In conclusion, we propose to study the change in po
ization of L0’s, with respect to proton-proton reactions, as
means to identify the production of deconfined matter in
trarelativistic nucleus-nucleus collisions. We have studie
model whereL0’s are produced by two competing mech
nisms, namely, recombination type of processes, below
critical density for QGP formation, where we expect th
L0’s are produced polarized, and coalescence type of

FIG. 4. L0 polarization by recombination~a! as a function ofpT

for different values of impact parameterb and~b! as a function ofb
for different values ofpT .
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cesses, above the critical density for QGP formation, wh
we expect thatL0’s are unpolarized. The overall polarizatio
detected would thus depend on the relative contribution
each process to the overallL0 yield.

To describe the polarization ofL0’s produced by recom-
bination, we use the DMM, accounting for the effects intr
duced by multiple elastic scattering experienced by the p
ducedL0’s in the nuclear environment. Multiple scattering
responsible for two distinct effects: a momentum shift whe
the polarization of the producedL0’s is preserved but their
final momenta change and a depolarization due to spin
interactions.

We have used the existing data onL0-nucleon interac-
tions to obtain the inelasticity parameterI and have estimated
the average dispersion angle per collisionG. We have also
given an explicit expression for the depolarization coe
cient, in terms of the parameters describing the two-bo
L0-nucleon potential. These last parameters have yet to
measured at high energies.

Though our analysis is as quantitative as the existing d
allow it, there is no doubt that in order for the model to ha
a stronger predictive power, more accurate data
L0-nucleon interactions at high energies are needed, wh
together with an increasing interest on finding new prob
for the existence of a QGP, can makeL0 polarization mea-
surements a powerful analyzing tool in high energy hea
ion collisions.

ACKNOWLEDGMENTS

Support for this work was received in part by CONACy
under ICM Grant No. 35792-E and by DGAPA-UNAM un
der Grant No. IN108001.

FIG. 5. Comparison ofL0 polarization values with~lower
curves! and without~upper curves! the transverse momentum shi
due to multiple scattering in the nuclear medium below the criti
density for QGP formation.
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