PHYSICAL REVIEW C, VOLUME 65, 024902

A° polarization as a probe for production of deconfined matter
in ultrarelativistic heavy-ion collisions
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We study the polarization change af’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, the\° production mechanism changes from recombination type processes to the coalescence
of free valence quarks, we find that tA@ polarization depends on the relative contribution of each process to
the total number oA %’s produced in the collision. To describe the polarizatio\8% 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 produa&dwithin the nuclear environment.
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I. INTRODUCTION and isospin. However, despite the wealth of experimental
information and theoretical insight accumulated during the
The study of the kind of matter produced during nuclearlast three decades, a complete understanding of the hyperon
collisions at relativistic and ultrarelativistic energies has be-olarization mechanism is still missing, mainly because, as is
come the subject of an increasing experimental and theoreturrently believed, this mechanism has its origin in the re-
ical effort during the last years. The main drive for suchcombination processes whose nature belongs to the realm of
study is the expectation that a phase transition, from ordinarpon-perturbative phenomena.
nuclear matter to a quark gluon plasi@GP), should be Nonetheless, a quantitative description of hyperon polar-
observed when conditions of sufficiently high baryonic den-ization properties in proton- and meson-induced reactions
sities and/or temperatures are achieved during the collisiorhas been attained by a semiclassical model put forward by
In order to identify this phase transition, a number of experi-DeGrand and Miettineft] (see also Ref.6]). In this model,
mental observables, such a8V suppression, strangeness the hyperon polarization is due to a Thomas precession effect
enhancement, fluctuations in particle ratios, flow patternsguring the quark recombination process of sldgea s
etc., have been proposét]. At the same time, it has also quarks and fastvalence ud diquarks.
been recognized that no single signal can, by itself, provide In the case of relativistic nucleus-nucleus collisions, the
clear cut evidence for the existence of the QGP and that it iexpectation is thatA%s coming from the zone where the
only through the combined analysis of all possible signalsritical density for QGP formation has been achieved, are
that the production of such state of matter can be firmlyproduced through the coalescence of independent slow, sea
established. This realization has stimulated the search fal, ands quarks and are emitted via an evaporationlike pro-
new probes to aid in the understanding of the properties ofess. Consequently, thepsmacreatedA®’s should show
the complex environment produced in heavy-ion collisions atzero polarizatior 3].
high energy. An accurate estimate of the change of th®polarization
One of the first proposed signatures to unveil the producebserved in high-energy heavy-ion collisions as compared to
tion of a QGP in relativistic nucleus-nucleus collisions wasproton-proton reactions requires knowledge of the relative
to study the change in the polarization properties\8fhy-  contribution to the total ° yield both from the plasma zone
perons as compared to that observed in proton-proton colliand from regions where the critical density for QGP forma-
sions[2,3]. At the same time, no quantitative model has beertion has not been reached. Moreover, since thb%s pro-
proposed to realize such an idea in this kind of environmentduced in these latter regions experience multiple scattering
Recall that, in high-energy proton-induced reactions, thewvith the surrounding nuclear environment, the final polariza-
produced hyperons exhibit a strong polarization. Among theion value should reflect the effects introduced by these pro-
hyperons, the\° plays a special role due to its rather simple cesses.
spin structure within the static quark model and to the fact In this paper, we propose a method to extract information
that its self-analyzing main decay mode ime- 7, makes from A° polarization measurements in ultrarelativistic
polarization measurements experimentally feasible. heavy-ion collisions as a means to determine the production
For proton-induced reactions, it has long been establishedf a QGP. We study a model where th&s produced in the
[4] that the spin of the\° is carried by the producesiquark  zone where the critical density for QGP formation is reached
and that theu and d quarks can be thought of as being are unpolarized while tha s produced in the rest of the
coupled into a diquark with zero total angular momentumreaction zone are produced polarized, in the same way as
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they are in free nucleon-nucleon reactions. We use thether half is carried by thequark. Since the distribution of
DeGrand-Miettinen modelDMM) to describe the polariza- the (sea s quarks peeks at very low values and is very steep,
tion of these latten ’s. The effects on the polarization aris- a A° must get most of its longitudinal momentum from the
ing from multiple scattering are introduced in terms of avalenceud-diquark momentum. In the process, theuark
sequential model of collisior¥,8]. We also discuss possible is, on average, accelerated but, since its transverse momen-
depolarization effects introduced by spin-flip interactions oftum is different from zero, the forde felt by the quark is not
A% within the nuclear medium. parallel to its velocityB, giving rise to Thomas precession,
The work is organized as follows. In Sec. Il we briefly characterized by a frequeney; given by
review the DMM for the polarization of hyperons produced
in proton-proton reactions. In Sec. lll, we discuss the mecha- .
nisms that can induce a change in the polarization of hyper- or=
ons produced in high-energy nucleus-nucleus reactions as
compared to proton-proton collisions. We account for thesavherevy is the Lorentz gamma factor. When this frequency is
changes in terms of a sequential model of collisions. To il-used to account for the spin-orbit term in the Hamiltonian for
lustrate our results, we introduce the appropriate parametec®mputing the scattering amplitudes to produc®s with
which we extract from the existinghough scarcedata on  spin oriented along and opposite to the normal of the pro-
A%-nucleon interactions. In Sec. IV, we present our modelduction plane, it gives rise to a negative polarization, since it
for the production ofA® coming from the regions in the is more likely that the(sea s quark is accelerated than de-
reaction zone with a density of participants below and aboveelerated to recombine into /&°.
the critical density for QGP formation. We show that the Notice that in the model, the polarization asymmetry
polarization of these\”’s depends on the relative contribu- arises as a consequence of a strong momentum ordering
tion of each of the above production mechanisms to the totaivhere thes quark is(on averageslow and theud diquark is
A yield. We also include the modifications to the polariza-(on averaggfast. This ordering does not happen when the
tion introduced by multiple scattering af%’s in those re- recombination involves only ses u, or d quarks or anti-
gions with a density of participants below the critical densityquarks, as is the case of antihyperon production or, more
for QGP formation. Armed with such expression for th&  important to our purposes, &° originated from a QGP.
polarization in high-energy nucleus-nucleus reactions, we The polarization of aA° in proton-proton collisions is
apply the formalism to stud$*®b-2%Pb collisions and draw given in the DMM by
quantitative conclusions about the” polarization behavior

Y

1) &Y

as a function of both its transverse momentum and impact REC. 12 1-3£(x) 2

parameter of the reaction. We finally summarize and con- Pr=— AxgM2 | [143¢(x)]2 P @
. . 0

clude in Sec. V. In what follows, we present the expressions

in terms of quantities in the laboratory frame. where
0 m2+p2.  m2+p2

II. A¥ POLARIZATION IN THE DEGRAND-MIETTINEN 2_|_D pTD+ s st_mz ) @)
MODEL 1—&(x) &(X) o Pr

The A° hyperon has spirS=1/2. Its preferred decay ith my, prp (mg,pre) the mass and transverse momentum
modeA°—p+ 7~ (64% branching ratipis mediated by the of the ud diquark (s quark, m,o andp; the mass and trans-
weak interaction, therefore, the information from the distri-yerse momentum of thé.®, Ax, a distance scale, on the
bution of its decay products can be used to determine thgrder of the proton radius, characterizing the recombination
orientation of its spin. Since the discovery of a substantia|ength scale, and(x)=x/x the ratio of the longitudinal
A° transverse polarization in high-energy, hadron-nucleonnomentum fraction of thes quark to the longitudinal mo-
[9], nucleon-nucleor{10], and nucleon-nucleufll] reac-  mentum fraction of the\® with respect to the beam proton.
tions, a large amount of theoretical and experimental activity 1, give a quantitative description for the polarization, De-
has been devoted to understanding the origin of such polagrand and Miettinen take a linear parametrization §¢x)
ization. The fact that\%s were produced with a significant such that
polarization whileA%’s were unpolarized was, at first, sur-
prising. Several models were proposed to explain that phe-
nomena. One of the most successful is the DVBY In this
semiclassical model, th&® polarization results from a Tho-
mas precession of the spin of teeuark in the recombina- which represents a reasonable interpolation between the val-
tion process. Thas and d quarks are assumed to form a ues foré nearx=0, where the distribution for all flavors is
diquark in a state with total angular momentudrs0 (and  roughly equal in shape, and neax 1, where the distribution
isospinl =0) and thus, the-quark is entirely responsible of of sea and valence quarks is small, the former being even
the spin of theA®. smaller than the latter. Using this parametrization, DeGrand

The recombining quarks in the projectile must also carry aand Miettinen obtain a good description of experimental data
transverse momentum given, approximately by half of thg5]. If, on the other hand, use is made of a recombination
transverse momentum of the outgoing hadron, while themodel[12] and &(x) explicitly computed, the results for the

1
§(X)=§(1—x)+0.1x, (4)
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polarization do not show a drastic change. We therefore useherep is the initial momentum value of the nucleon that
here, for the sake of simplicity, the linear parametrization forproduced(through recombinationthe A° andx the fraction
&(x) given by Eq.(4). To complete the overall parametriza- of the initial longitudinalA° momentum to the nucleon lon-
tion of PREC, we also takemp=2/3 GeV, m¢=1/2 GeV gitudinal momentum. Equatior{§) and(6) can be combined
and p2,=p2p=(1/4)p3+ (k%) with (k3)=0.25 GeV [5]. to find the average value ofafter n collisions as

— _ n
Ill. DEPOLARIZATION EFFECTS IN NUCLEUS- (X)a=(1=1)". @)

NUCLEUS COLLISIONS .
We now proceed to find the average va{uéz,b)), after the

In the case of nucleus-nucleus collisions, the effects thaproducedA® has traveled a longitudinal distanzein colli-
can possibly produce a diminishing of the” polarization  sions with impact parametds. Recall that the distribution
have been enumerated in REB]. These argi) secondary probability P,,(z,b) for n collisions in reactions with impact
A%s produced by pion-nucleon scatteririi) A° production ~ parameteb is Poissonian, that is,
from a QGP, andiii) secondary scattering of leading®’s
with nucleons within the interaction zone.

Though production o\ %s by pion-nucleon scattering be-
comes important in collisions, of large nuclei at high energy,
due to both, an increase of the pion-nucleon and the piovith
production cross sections with increasing atomic number at
high energies, thesa®s are mainly p_roduce_d beyo_nd the W(z,b)=crtA°5NTA(z,b/2), (9)
free nucleon-nucleon phase space kinematical limit and at
low (Iabora_tory momenta. Itis thu_s possible to set kinemati- being the average number of collisions after tfehas trav-
cal constraints in the reconstructl(_)n qf the's¥s apd there- gled a longitudinal distance, given in terms of the total
fore exclude them from the polarization analysis. Thu_s, WE\ 0_hycleon cross section, which we take cat}éé ~25 mb
do not further consider this effect. We postpone the discus- N

. o o 0 C and
sion on the polarization modification ok™s originating
from a QGP to Sec. IV. Here, we concentrate on the effects 2
introduced by secondary scattering/of's with nucleons in TA(Z'S):J pa(z',9)dZ’ (10)
the zone where the density of participants is below the —22
threshold for a QGP formation. ) ) ) .

Secondary scattering within nuclear matter is an imporb€ing the average nucleon density per unit area in the trans-
tant effect in high-energy nucleus-nucleus collisions. It isverse plane with respect to the collision axis. Notice that the
responsible for the transverse spectrum broadening of prgrgument of the functiof 5 in Eq. (9) referring to the loca-
duced particles and for the longitudinal momentum loss ofion of the trajectory of the\® in the transverse planes has
nucleons, which is related to the degree of stopping in thdeen taken as the geometrical average in these planes.
reaction. Therefore(x(z,b)) is given by

Since at high energies, the trend for the existitippugh .
scarce data on freeA%-nucleon interactions indicates that _Nzb) (l—l)”—n _IN(z.b)
elastic scattering dominates the total cross sedtid@i, we (x(z,))=xe""* P (z,b)=xe 47,
concentrate on describing the effects on ftfepolarization (12)
by these kind of collisions. Secondary elastic scattering of
A%s with nucleons can influence the final polarization mea-|t can be shown8] that| = \/2, where
surements by producingg) a shift in the A° longitudinal

P.(z,b)= %ﬁ”(z,b)e’ﬁ(z'b), @)

momentum,b) a shift in theA° transverse momentum, and Uingl
(c) a flip in the original A° spin direction. We proceed to A= tAotN, (12)
guantitatively discuss each one of these effects. N

A. Longitudinal momentum shift with ¢'%,, anda'igy, the total and inelastid >-nucleon cross

sections, respectively. Although these should be taken as the
cross sections in nuclear matter, such information has not
been experimentally obtained up until now. Nevertheless,
from data at low and intermediate energies, it is known that
the free cross sections follow the behavior of the correspond-
(Ex0dns1=(1—1){E o), (5)  ing nucleon-nucleon cross sectiofib]. Assuming that this
is also the case within nuclear matter, we extrapolate the
wherel is the inelasticity coefficiertL4]. In the high energy ~existing data on free\°-nucleon interactions to high ener-
limit (p>m,o) gies [13] and obtainA=0.4 which is consistent with the
corresponding value obtained for nucleon-nucleon collisions
(EA0)n={PA0)n=P{X)n, (6)  within nuclear mattef8].

Multiple elastic scattering can be cast in terms of a se
guential model7,8], where it is assumed that the average
energy of a particle aftar+ 1 collisions is given in terms of
the average energy aftarcollisions by
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B. Transverse momentum shift the produced\® increases from about 1 GeV to a few tenths
Let Q(s,s,z) be the probability that the producetl®  of GeV, its deBroglie Wavelengt]?decreases from about 0.1
ends up traveling in the directiag after traveling a longitu- fm to 0.01 fm. Since the transverse sideof the scatterers
dinal distancez, having been produced moving in direction (nucleons is about 1 fm, we can estimate tHd®] I'~\/d

5. Letqn(s,s) be the probability that thé ® ends up trav- =0.01. Hereafter, we use this valueldfin our calculations.

eling in the directiors aftern collisions with nucleons, hav-

ing been produced moving in Qirectigﬂ The yect0r$ and. C. Spin flip

s can be thought of as two-dimensional unit vectors, given o o ) )

the isotropy of the angular distribution in each collision. The existing data om\ ™ production by meson-induced
It is easy to show16] that the explicit expression for reactions on light nuclgil8] show that the effects on the°

an(s,s) is polarization produced by final state interactions’{nucleon

scattering are small. Since, within a light nucleus, the aver-
age number of collisions experimented by a produadds

N<1, it is to be expected that the effects, if any, reflect the
depolarization involving the spin interactions.

where the distribution is taken as Gaussian and for the ease L€t us first not¢19] that the spin-orbit interactions cannot
of the calculations, the range of each componerg ahds, ~ contribute toA? depolarization, given that this interaction is
is taken ag —,]. T is the average dispersion angle in Parity-conserving. Since depolarization requires spin-flip, the
each collision. We emphasize that the expression in(Eg).  ©nly interaction capable to produce it is the spin-spin inter-
is valid for small dispersion angles. Since the distribution@ction.

probability for n collisions is given by Eq(8), Q(s,s ,2) is OTO quantify _the d_egree of depolar?zation in a single
given as A”-nucleon collision, it is customary to introduce the polar-

ization transfer coefficier[20] D, which, in the case of for-

qn(sf,s)=( )e‘(sf‘ﬁ)z’”rz, (13

nwl?

* ward scattering, expresses the final polarizaf®nin terms
Q(s,5.2)= EO Pn(z,0)0n(s,8). (14)  of the original polarizatior? as
e
P'=DP. (18

The average change in thie” momentum direction is com-
puted from the r.m.s value of the total dispersion anglg,

, In a multiple scattering scenario, such as the one considered
given by

here, the average depolarization due to two-badynucleon

interactions can be written as
a= \/f d?ss?Q(s,z)=T'VN(z,b), (15)

/ _ N_ pa—N(zb)(1-D)
wheres=s—s, sinceQ depends only on such difference. It (P'(z.b)) 7Dngo Pn(2,0)D"="Pe - (19

is now a simple matter to express the average value okthe
transverse momentum after havmg traversed a |0ng|tUd|na\35uming that the Spin-spin interactions are isotroﬁi@an

distancez within the nuclear medium, as be expressed as
(pr(z.0))=(\pyo—Ppisina+prcosa)e” NP, (16) V24 [Sy[2+| Syl 2 A2
_ == , (20)
where the factoe™'"N(#P) comes from considering the aver- [V[2+[Sa 2+ |Snl?+3]A 2

age change in the magnitude of th8 momentum. o
In the high-energy limit coe~1, and we can safely ig- whereV, S,, Sy, andA represent the amplitudes for the
nore the first term in Eq(16), writing spin-independent\ ° spin-orbit, nucleon spin-orbit and spin-
_ _ spin interactions, respectively, appearing in the expression
(pr(z,b))=pre "NEPcodT'\N(z,b)}, (17)  for the two-bodyA °-nucleon potential21].

The above parameters can be reasonably constrained at
where py is the transverse momentum that th& carried  low energies(a few MeV’s) from the spectral analysis of
originally and we have used E@l5). I' can be estimated hypernuclei levelg22], however, no further experimental
using the data on angular distributions of frad-nucleon data exists at higher energies. Nevertheless, it is clear that,
elastic scattering. For intermediate energies withwhen in the range of energies of interest, the parameters
300 MeV/c=p,o=<1500 MeVLk, such data exists anfl appearing in Eq(20) are measured) can be considered to
can be read off from the parametrization of the angular disbe a constant smaller than unity. Therefore, for a given im-
tribution for p,0>800 MeV/c in terms of Legendre poly- pact parameter, the spin-flip interactions have a simple effect
nomials withl =1,2,3 in Ref[17]. By doing so it is easy to on the depolarization oA%s produced in nucleus-nucleus
get thatl’=1.2 rad., which represents a large value. How-collisions. For the purposes of this work and until experi-
ever, we expect that at higher energies, elastic dispersiomental information becomes available, we will omit these
takes place with smaller values Bf In fact, as the energy of effects from the analysis.
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—~_ 208 where o\o is the A® production cross section in nucleon-
§ P b A0

§ nucleon collisions, which we take a%‘:s.z mb[25] and

= Tag(b) is given by

\

%
Periphery ! — TAB(Z,b)ZJ d?sTa(z,9Tg(z,5—b), (23

GP

< with T, and Tg given in terms of Eq(10), extending the
<« limits of integration overin Eq. (10) to[ — o0, ]. Forpa(r)

we use the standard Woods-Saxon density profile
non—interacting
matter

Po

1+e(r7RA)/a’ (24)

palr)=

208Pb

FIG. 1. The reactior’®®b-?%%Pb and the regions wherk®s
may be produced. In the QGR’s originate from the QCD pro-

cessesﬁ—@s andgg—>s§ In the peripheryA s are produced by
recombination.

with Ry=1.1AY® fm, a=0.53 fm andp, fixed by normal-
ization

(r)d3r=A, (25)
IV. A° PRODUCTION AND POLARIZATION IN f Pa

ULTRARELATIVISTIC HEAVY-ION COLLISIONS
_ giving po=0.17 fm 2 for 2%%b,
In a QGP thes s pair production can be reasonably well = e assume that each subcollision produces final state par-
described by the lowest order QCD procesgesg—s+s  ticles in the same way as in free nucleon reactions and thus

andg+g—s+s [23]. To simplify the analysis, we assume We can estimate the number af’s produced by recombi-
that in this environment, tha%'s are the sole products of the nhation from Eq.(23). However, in order to exclude the zone
subsequents-quark recombination. The enhancement ofwhere the density of participants, is above the critical den-
strangeness production in a QGP plasma leads to an enhan&dy n¢ to produce a QGP, we rewrite Eq23) and(22) as
ment of hyperon production. Howevex? formation in this
environment should not show a strong ordering for the mo-  42,REC
menta of any of theu, d, or s quarks, and consequently, A
according to the DMM, thesd s should not be polarized
[24]. (26)

On the other hand, in the interaction region where
nucleon-nucleon collisions take place but the density is notvheren,(s) is the density of participants at the pogin the
high enough to deconfine quarks and gluok8s would be  transverse plane anglis the step function.
produced by recombination ofifl) diquarks, coming from The density of participants per unit transverse area during
the interacting nucleons and,guarks coming from the sea. the collision of nucleu#\ on nucleusB, at an impact param-
The total cross sectiooryo for A° production is then given eter vectorb, has a profile given bj26]
by these two components

N f Te(b—9)Ta(9)fLnc—ny(s,b)d%s,

np(s,b) =TA(9)[1—- e*‘TNNTB(S*b)]

Rsol @y FTa(s—b)[1-e ™G] (27

O'AO:(TAO +O'A0 .

The regions where the two distinét® production mecha- where oy is the nucleon-nucleon inelastic cross section
nisms take place during the collision are shown schematiwhich we take asryy=32 mb. The total number of partici-
cally in Fig. 1. pantsN, at impact parametes is

A. A° production from recombination Np(b):J np(s,b)dzs. (29)

To describeA ° production by recombination we write the
production cross section at impact paramétén the colli-
sion of ionsA andB as

Following the reasoning in Refl26], we choosen.
=3.3 fm 2, which results from the observation of a sub-
stantial reduction of thd/ ¢ yield in Pb — Pb collisions at the

1 d%0"SC SPS. Figure 2 showd’o"; 7d?b (dashed lingas a function
WT:TAB(b), (22 of b, computed from Eq(26) for the case of Pb-Pb colli-
oo d°b sions.
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FIG. 2. A° production as a function of the impact paramésén FIG. 3. The fractiorf (b) of A%s produced in the QGP to those
the QGP(dashed-dotted linefor c=0.005 and in the periphery produced by recombination as a function of impact paranteter
(dashed ling The solid line represents the tot&P production.

dZO'AOT dZ(TAOl
d%b d%b

dZO'AOT dZO'AOL
d%b d’b

B. A° production from a QGP P=

The average number of strange quarks produced in a QGP
scales with the number of participaritl§GP in the collision wheredzcerT/dzb anddzaAol/dzb are the spin up and spin

. (33

roughly as[27] down (with respect to the normal of the production plane
differential cross sections, respectively. In the scenario where
(s) — cNQGP (29) A%s originate from two different processes, one must take
NSGP P into account the corresponding contribution to the polariza-
tion.

0s H H
Assuming for the sake of simplicity that, as a result of had- AS We have argued)™s coming from the QGP regions
ronization, onlyA%s are obtained from these produced '€ expected to be produced with their spins isotropically

quarks, we can estimate the numberAd¥s originating in oriented and thus these do not contribute to the Af&po-

the QGP.NJ®F, as a function of the impact parameter is larization. We define
given, using Eq(28), as 2 _QGP
d O'Ao

d%b

f(b)= (34)

REC
I: dZO'Ao

d%b

N;?Gp(b)=f Ny(s,b) O[ny(s,b) —ncJd?s. (30)
as the ratio of the differential cross sections fdt produc-

tion from the QGP and from recombination processes. Figure

3 showsf (b) as a function of the impact parametgifor the

The proportionality constartin Eq. (29) can be read off
from Fig. 5a) in Ref.[27]. Depending on the precise value
of ag and for 2°%Pb-298Pp collisions,c is found in the range

case of Pb-Pb collisions, whered?o\c7d’0 and
0.001=c<0.005. (31) d20 357 1d2b are given by Eqs(26) and (32), respectively.
Equation(33) can be written in terms of(b) as
Therefore, we take Eq29) as representing the behavior of pREC
. - 2 QGP 2 -
the differential cross sectionl“o ;o /d“b, namely, P 1+ 7(0)]" (35
d2g 8P where
22— e[NGSR(b) 2. (32
d2p P PRoRES  425RES] [ g24REC  2,REC
PREC_ Ta0 UAOL] [ OA0; OA0|
2 2 2 2 !
Figure 2 showsd?0QS/d% (dashed-dotted lineas a d*o  d% d*o  d% .

function ofb, computed from Eq(32) for the case of Pb-Pb
collisions. Shown is also the sumd?c 57d?b  given in the DMM by Eq.(2), is the A° polarization that
+dZG§§F’/d2b (solid line) for the same system. would be observed in the absence &f's produced by a
QGP. Figure 4 shows the polarization obtained from E2)s.
and(35). Figure 4a) shows the polarization as a function of
pr for different values ob. Figure 4b) shows the polariza-
Recall that the\° polarization asymmetr is defined as tion as a function ob for different values o .

the difference between the number Af’s produced with To incorporate the effects of the shift in momentum expe-
spin pointing along and opposite to the normal of the pro+ienced byA%’s traveling in the nuclear medium for densities
duction plane. In terms of the differential cross sectighégs  below the critical density for QGP formation, we recall that,
given by[28] according to the analysis in Sec. lll,AY produced within a

C. A° polarization
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.5 004 [ FIG. 5. Comparison ofA° polarization values with(lower
g —0.8 curves and without(upper curvesthe transverse momentum shift
s 0.06 - — due to multiple scattering in the nuclear medium below the critical
S Tt 19 density for QGP formation.
< .08 [ N _ _
L o= 1.6 cesses, above the critical density for QGP formation, where
01 [ T we expect that\ ”’s are unpolarized. The overall polarization
L detected would thus depend on the relative contribution of
% 7.3 I R R D PR BT ST BTN P N eachprocesstotheovera{Pyield.

To describe the polarization af%s produced by recom-

b (fm) bination, we use the DMM, accounting for the effects intro-
duced by multiple elastic scattering experienced by the pro-
ducedA s in the nuclear environment. Multiple scattering is
responsible for two distinct effects: a momentum shift where
the polarization of the producet®s is preserved but their
final momenta change and a depolarization due to spin flip
jnteractions.

FIG. 4. A° polarization by recombinatiofa) as a function opr
for different values of impact parameterand(b) as a function ob
for different values ofp.

given phase space cell labeled by the pair of valuep+),

is scattered into a different phase space cell, which, on ave h d th isting d af | .
age, is labeled by the pair of valueéxf,(py)). Omitting _ We have used the existing data arr-nucleon interac-
from the analysis the spin-flip depolarization effects, thellons to obtain _the mt_alaSthlty paramete_&nd have estimated
original A° polarization computed from Eq2) is preserved the average d!s_persmn angle per coII|sEnWe_ ha_ve also )
but correspondéon averaggto a detected\ ® with momenta given an explicit expression for the depqlanzatlon Coeffi-
labels (x),(p,)). This is shown in Fig. 5 where, for the cu('—):nt, in terms of 'the parameters describing the two-body
purposes of comparison, we plot the polarization with andA -nucleon potential. These last parameters have yet to be

without considering the shift in transverse momenta due t(;neasured at high Energies. o .
multiple scattering, computed with the explcit values|of Though our analysis is as quantitative as the existing data

~0.2 and['=0.01 for two different values of the impact allow it, there is no doubt that in order for the model to have
parameteb. a_stronger predlc_tlve power, more accurate data on

A%-nucleon interactions at high energies are needed, which,
together with an increasing interest on finding new probes
for the existence of a QGP, can mak® polarization mea-

In conclusion, we propose to study the change in polarSurements a powerful analyzing tool in high energy heavy-
ization of A%’s, with respect to proton-proton reactions, as alon collisions.
means to identify the production of deconfined matter in ul-
trarelativistic nucleus-nucleus collisions. We have studied a
model whereA®s are produced by two competing mecha-
nisms, namely, recombination type of processes, below the Support for this work was received in part by CONACyT
critical density for QGP formation, where we expect thatunder ICM Grant No. 35792-E and by DGAPA-UNAM un-
A%s are produced polarized, and coalescence type of prader Grant No. IN108001.
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