Brazilian Journal of Physics, vol. 34, no. 1A, March, 2004 283

Antihyperon Polarization in Inclusive Processes at High Energies
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We propose a model that we believe is the main source of the antihyperon polarization in high-energy proton-
nucleus inclusive reactions. The polarization is originated by the final-state interactions between the antihyper-
ons and other produced particles in these collisions (predominantly pions). The model is based on two elements:
the low-energy pion-hyperon interaction (described by chiral effective Lagrangians) and the statistical fluctua-
tions plus expansion of the background matter.

In 1976, Bunce and collaborators [1], studying the- main features of this model, and the results ofAhand= "
clusive production polarizations (the calculations to the polarization are in
progress).
p+Be—A+X, @) To build a model with the cited characteristics, two el-

ements must be considered: the microscopic interactions,

: Lo o I that happen inside the hadronic matter, and the calculation
particles, verified that th& polarization was significantly of avergges considering the fluid in expansion. A brief de-

different from zero (and negative, reaching values close toscr' tion of these elements will be made belo
20%). These results were totally unexpected [2], because Pt = Wi W. )
Currently, it is well known that models based on chi-

there were indications that polarization effects should van- : .

ish at high energies and hadron polarization was believed tora! Lagrang|ans describe very accuratgly many low energy

be a low energy phenomenon. hadronic processes, as for exampleziiéinteractions [12].
Thus, this seems to be the most reliable treatment to be fol-

Since then, many similar experiments have been per- X . ) ,
formed [3]-[6], that confirmed these results and have shown lowed in studying the low energyY” interactions [13].

also that both hyperons and antihyperons produced are po- 1€ most important processes in thd, 7% and 7=
larized in this kind of reaction. However, the variety of be- interactions (at low energies) are shown in the Figs. 1, 2
havior of the polarizations has caused many problems to the?nd 3. The expressions resulting from the calculations of
theoretical understanding of the experimental data ([7]-[9] the diagrams (and a review of the formalism) may be found
for example), specially in the antinyperon case. Since thesg [13], where the sigma term was introduced simply as a
models are based in direct mechanisms for hyperon producParametrization. In recent studies [12], [14], it was shown
tion (the initial proton becomes a hyperon, by some mech- that thes term may be understood in terms of loops of pi-
anism, such as quark recombination [7], for example) the ONS; and then, in the calculation of the diagrams 1c, 2c and
final antihyperon polarization practically vanishes. 3c, the expressions from [15], [16] have been used.

The first model that was able to produce polarized an- 3 b) 0
tihyperons, was the one proposed by Y. Hama and T. Ko-

with 200 GeV protons, wher& represents the not observed

dama [10] and it was based in the hydrodynamical model. T nn e n
The hyperon is produced inside a medium composed of hot . ¥ .~ . %(1385) " IG
hadronic matter (produced in the collision process) and in- A A A A A A

teracts with it. This interaction was represented by an optic
potential. With this model, the antihyperon data were quite
well reproduced. Nevertheless, the model left some ques-
tions in open, such as the need of different potentials for

Figure 1.7 A interaction.

different hyperons and their interpretations. a) b) )
Aiming to study these questions, a new model was de- mom )L L n

veloped, [11], based in [10]. The hyperon was considered A \\,((1405)// o

to be produced unpolarized (as an average effect) in the in- 3 5 s 5 5 3

terior of a hot hadronic matter, now considered as a fluid T L | S n

composed of particles (predominantly pions). The hyperon . s .~ Sp

(or antihyperon) interacts with the other hadrons (instead of 5 s s b3

considering a potential as it was done in [10]), and becomes @ e

polarized due to these final state interactions. The remain-
der of this work will be devoted to the presentation of the Figure 2.7X interaction.
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Calculating the diagrams of the Figs. 1-3, we obtain a
scattering matrix of the form [13] 04l

dN/dy

Tba
MYy = —L— = f1(0) + G.ngr (6 2
I 87’(\/5 ff( ) +o Tlg]( ) ’ ( )
from which we can calculate the polarizations and the angu-
lar distributions with 0_;

g0~ P lP) @ ;
Im(f*g) .
R “

Now, let us turn our attention to the second element of
the model, that is to determine the average effect of the el- 06
ementary interactions in high energy processes, using a hy- ;
drodynamical treatment. In fact, there are two averages to 04 L = ]
be made. The first one is in relation to a fluid element. The ' '
particles, produced thermally inside a fluid element interact,
then become polarized. The second average is necessary
due to the fact that the fluid is in expansion, so, their el-
ements have different velocities. The transverse expansion 0 ; ‘ ‘ ‘
effect[17], [18] will also be considered, because, asitis well
known, it is an important characteristic of a hydrodynamical
description of high energy hadronic collisions.

For this purpose, the idea is to suppose that in addition
to the longitudinal expansion, that will obey a rapidity dis-
tributiondN/da (wherec is the longitudinal rapidity of the
fluid element), the fluid has also a transverse expansion with

0.2

pL=1030 GeV

L

dN/dy

0.2 -

y (cm)

Figure 4. Parametrization @k /do. compared with the data from
[19]. (1) is calculated with the text parameters, and (2), \Git.

and the integration element is

a rapiditya; of this element, that obeys another distribution, dr = do dovy dA(d7 . (7
dN/doy.
Consequently, the average polarization may be calcu-  |n order to calculate the average polarization (5), we
lated by the expression must know the forms of the rapidity distributions of the fluid
. . elements. It is possible to obtain these distributions, by con-
o { (P%)Rl +. 4 (P%)RN } Gdr sidering the pion rapidity distribution
e J{) g, ot (28) o fGar ® d do, . d
dat )R, " dt )Ry T ao _ ao ao
TR Tu-wd. ®

where theR; reactions, elastic and with charge exchange,
are considered, in the interactions of the hyperons with
7T, m~ and 7V (the considered reactions are listed in
[13]). These particles are produced with initial momefija
(pions) andK{) (hyperons) obeying statistical distributions
(Fermi-Dirac and Bose-Einstein). The hyperon emerges
with final momentumA’ and the energies are respectively
E; ., Ey e E'. Then, the factog can be written as

as a convolution of the rest-frame rapidity distribution
do/dy’, and the fluid rapidity distributionjo /d« (that we
want to know).

The momentum distribution with respect to the fluid el-
ement (considering the thermal production of pions) is

do _ 1 do 1 ©)
G = (dQN/da dat) A/27T_/2 dﬁﬂ' B dy/dﬁt eETTr -1
E;‘,O _ 26 0 "0
(exp(T T)lexp(7)+1 . . _
that after some manipulations [11] gives
0 (EHE’/*O_E'_\/m3+(ﬁ6+56—x’)2) d
a5 ~ Ce—ﬁly/ (10)

(6) dy’
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02 " y sumed to be [17],

/_\ 1 dO’ 2
= = Ae P 12
olr 1 choyshay doy € ’ (12)

E with 3, = 6.6.
] The numerical results from the calglﬂation of the aver-
N age polarization, from Eq (5), td and=" are shown in
L e Fig. 5.
020 mrad

o1k _ Oromas ] We can observe that fdr the fit was very good (fact that
is independent of). ForE" we verified the effect of the pa-

— — 20 mrad (2)
rameters3 and included the next resonan&,(1620), that
-0.2 : ‘ provided a good accord with the experimental data. Calcula-

Pt (GeV) tions of theX  polarization are in progress, and preliminary
' results show that the next resonan&é(1520) is not so im-

—— p=3

N . portant.

—— =620, p=3
—— =(1620) =5
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