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Low energy pion-hyperon interaction
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We study the low energy pion-hyperon interaction considering effective nonlinear chiral invariant
Lagrangians including piong, mesonsg mesons, hyperons, and corresponding resonances. Then we calculate
the S andP-wave phase shifts, total cross sections, angular distributions, and polarizations for the momentum
in the center-of-mass frame up ko=400 MeV. With these results we discuss @& violation in the
— A7 andQ—E 7 weak decays.
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I. INTRODUCTION in the case of antihyperon polarization, since they cannot be
produced as leading particles. [Ib5], this idea was put for-
Why should we study pion-hyperonrlf) interaction? It ~ ward within a hydrodynamic model, by treating the interac-
is not hard to see that, due to their instability, it is not an easyion with the hot medium as given by an optical potential,
task for an experimentalist to make beams of pions and hyreproducing all the qualitative features of the existing data.
perons, let them collide and study what happens in such coEvidently, it is desirable that, if possible, more realistic mi-
lisions. As far as we know, no experimental data on#he  croscopic interaction be used instead of purely phenomeno-
interaction are available. In such a situation, is there anyogical potential with fitted parameters. Since pions are
practical interest, besides an academic one, in theoreticall§ominant in such a hot medium mentioned above, the micro-
studying these interactions? scopic interactions of our interest would be pion-hypefan
In 1957, Okubd 1] observed that th€ P violation allows ~ more precisely pion-antihyperpimteractions. However, ex-

2 and X to have different branching ratios into conjugate cept for few results omrA, we are not aware of any study on

h ls. Pai& ded thi | also fo and A these interactions. So the main object of the present work is
channels. Paif2] extended this proposal also 1o an to study the low-energgwith respect to the surrounding me-

decays. In these reactions, the final-statg strong interactio(mum) pion-hyperon interactions, aiming at a later computa-
between the decay products plays a very important role. Thﬁ

. ; . S . on of antihyperon polarization in high-ener hadron-
few studies onrY interactions we could find in the literature yp P g oy

— . . . nucleus collisions.
[3-5] are related to th& — mA decay, in which anindepen- rpe plan of presentation is the following. We shall first

dent estimate of therA strong phase shifts is needed 10 gy )ain; in the next section, the general strategy of treating
correctly analyze the data and conclude about@Reviola-  he pion-hyperon interactions. Then, in Secs. Ill, IV, and V,
tion. In these references, however, the results presented shqyy apply it, respectively, to the— A, 7—3, and 7— =

some discrepancy among them, especiallpgnrequiring @  cases. Phase shifts are calculated and from these the energy
clarification. As for the other interactions, sucha& and  gependence of the total cross section, the angular distribution
m=, within our limited knowledge no study has ever beengpq the polarization for each reaction are computed in these

done. _ o sections. Conclusions are drawn in Sec. VI. The basic for-
Besides, we have a somewhat different motivation for thgya1ism is given in the Appendix.

present study. It is by now well known that in high-energy

proton-nucleus collisions, the inclusively produced hyperons || sTRATEGY FOR THE STUDY OFE THE PION-
appear usually polarizef6—8]. Several models have been HYPERON INTERACTIONS

proposed to explain this phenomen@®-13|, which at least

qualitatively, or even quantitatively, can account for the How could we proceed to study the low-energy inter-

peron polarization. However, as for thentihyperonswhich  actions? First of all, due to th@ P T invariance, it is enough

are generally produced also with polarizatipng], these ¢, gtdy thesY interactions instead of the'Y ones. For
models are not applicable, since all of them are based on NG o )
some leading-particle effect in which the incident proton is!nstance, thes polarlzatmn IS _obtamed _from the correspond-
transformed into a leading hyperdrn [15], it is proposed Ing one for, just by changing the sign. Next., re_call that
that at least part of the polarization is caused by the finaI-unllke the 7Y ones, the low-energyrN interaction is, for

state interaction ofanti-hyperon with the surrounding hot Ioabrv'guasmrgai?gsf';’e“é;’.Vne]g;E;Id:jeft;oraiéog?sgmgé:her;eo:jsei
medium where it is produced during the collision of the in- 9 u xperi ’ Y

cident objects. This mechanism would be the dominant ong!'G_zj] th‘?‘t re.prod.uce them pretty well, Here, we shall con-
sider a chiral-invariant effective Lagrangian model.[B2],

such a Lagrangian was written in terms ®f N, p and A
fields as a sum of
Lt should be mentioned that in a recent pafi4], a parametri-
zation of A andA polarization data has been carried out in terms of _9 .5 >N o
polarizing fragmentation functions. Enan 2m[N7”757N]a ¢ @
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m FIG. 1. Diagrams forrA interaction.

X (9Hp”— ¥ pHy, 3

and final isospin states of the pion. We show in Fig. 1 the
. relevant diagrams, where we have omitted the crossed dia-
N Y SN U I s v 7 grams, although included in the calculations. We consider
Lrpr=0opu( X" $) 4m2(a"p” D) (97X 7" P), only the first resonance* (1385), because we are interested
? (4 in the low-energy k<0.4 Ge\} behavior. Thep exchange
term is absent in therA case, because due to the isospin it
whereN, A, ¢, p are the nucleon, delta, pion, and rho fieldsdoes not couple to\. To compute the first two of these

with massesn, my, m_, andm,, respectivelyu, and u,

are the proton and neutron magnetic momektsand 7 are
the isospin matrices, and is a parameter representing the
possibility of the off-shellA having spin 1/2. In addition, it
also included ar term as a correction and parametrized it in
a way we will show below.

Now, sincewA, w3 andwE systems are similar taN,

we can make an analogy and use the same prescription eﬁAﬂE* -

plained above, adapting it appropriately. Th€1232) reso-
nance plays a central role in the low-energi interaction.
Its contribution dominates the total cross sectionmofp
(T=3/2) process and is also important to the other isospi
channels. The lowest energy hyperon resonances and thel
main decay modes are quite well known, so it is possible to
use these resonances replaci(d 232). As for the coupling
constants, they can be estimated from the resonance widths
[5].

Another detail we have to take into account is the unita-
rization of the amplitudes. In an effective model like the one
we are considering, the amplitudes we directly obtain are
real, and consequently violate the unitarity of tRenatrix.

So, if we want something more than a simple cross section,
some procedure is required to unitarize the amplitudes. As is
often done in effective modelgl8,20,21,23 and will be
explained in detail in the next section, we will do this by
reinterpreting the calculated amplitudes as elements of reac-
tion matrix K.

Now we are ready to calculate all the phase shifts and
then the total cross sections, angular distributions, and polar-
izations. Because we are interested in low energiesQ.4
GeV), we will limit ourselves to theS and P waves, which
are generally enough for our purpose.

r

I1l. PION-LAMBDA INTERACTION

The 7A interaction is the simplest case. Sinde has
isospin 0, the scattering amplitude., has the general form

+K')
2

- k -
ToA=u(p") A(k.0)+( B(k,0) |Spau(p), (5

wherep,, and PL are the initial and final four-momenta of
in the center-of-mass framk,, and k; are those of the pion,
and 6 the scattering angle. Indicesandb indicate the initial ~ wherev
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AE* =

diagrams, the Lagrangiari$) and(2) have been adapted to

OAns =

EAWEZ ZmA [anuySA]aM¢a+H'C-l (6)
N KU 1 v

GAmsx Ea Quv— Z+§ ’V/.L’)/VA P, tTH.C.,

Y

by replacing the nucleon by or %, and A by %* and
erforming appropriate sums over isotopic spin indices.
The contributions of Fig. () to the amplitudes are

2 2 2
gA S_mA U—mA
As =—" (my+my) + :
> 2 A > 2 2
4my -ms u—-msg
2 2
B gy | My —S—2my(my+my)
> am? s—m2
A S

2my(my+my)+u—mi
+

®

|

2
U—mE

Figure Xb) gives

2 2
QAWE*J Vro oA mA+mAm2*
A_
3my l Vrz— V2

2
mE*

X (2mZ, +mymyx —m3 +2m2)

4my 5 ,
+ —2[(mA+ Ms#)Z+ (2mMs« +my)Z1k-k

My &

and v, are defined in the Appendix and

|
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As for Fig. 1(c), we only parametrize the amplitudes as = "% ;=755 ""55""aa 0 o1 oz 03 o4
done in[16] k(GeV) k(GeV)

A,=a+Dbt, 40 ; ; ' 05
— 100 MeV
B,=0, (12) T oy

w
[=3

wherea=1.05m_ " andb=—0.80n_* are constantéve use
the same values ¢R2] for #N). The scattering matrix will
then have the form

200 MeV

300 MeV

Angular Distribution (mb)
n
(=1
Polarization

Tha (7-K)(o-K')
Mpa= =f - f (12
ba 8’77\/5 1 kk 2
and we can make the partial wave decomposition with 0% ]
111 X X
alizzfil[Pl(X)fl(X)“‘ Pio100f2(x)Jdx. (13 FIG. 2. wA scattering.

The amplitudes, . , calculated in a tree-level approxima- dependence of the total elastic cross section, the angular dis-
tion, are real and, so, the correspondBigatrix is not uni- tribution and theA polarization as function at= cos#, for
tary. In order to unitarize these amplitudes, we reinterprek=100, 200, 300 and 400 MeV.

them as elements d€ matrix and write As we can see, thB* (1385) contribution dominates the
total elastic cross section in the low energy regigpite
U a -+ similar to =" p scattering. As for the polarization, it begins
= T 1-ika. (14 positive at lower energies and then becomes negative above
B k"" ko.

The phase shifts are then computed as

_1 IV. PION-SIGMA INTERACTION
O-=1g" "(kay+). (15

In the case ofrY interaction, bothm andX have isospin
The parameters we use armg, =1.115 GeV,my=1.192 1, so the compound system can have isospin 2, 1, or 0. For
GeV, myx=1.385 GeV,m_,=0.139 GeV[25], g,,s=11.7 this reason, the scattering amplitude is somewhat more com-
[26,27] andZ= —0.5[22]. The only parameter that is miss- plex in this case and has the following general form:
iNg iS gx »s+. As mentioned before, we estimate it from the

resonance width. Namely, by comparing thg; phase shift Tay,ps= (T2 5|T|7Ta2,8>
in the resonance region with the relativistic Breit-Wigner ex- ,
ior{24] — =, (k+K")
pressio , =u(p’)i|A+ 5 A"10,50,s
k 2l
ro(—) (KK
. ko +|B+ B'|84y05s
Su=tg | ———|, (16) 2
2(m;—s) ,
(kK ]

where k, is the center-of-mass momentum at the peak of +C+ 2 C"|%asdpy [ U(P), 17)

3,*(1385), that is 0.207 GeV. The value obtained in this way

iS ga.s+=9.38 GeV'!, which we will use here. wherea, B, 7y andd are isospin indices. Decomposing this
In Fig. 2, we show the calculated phase-shifts as functionamplitude into theth. isospin states of the systerR;(are

of the center-of-mass momentumWe also show there tHe  the projection operatoyswe have
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FIG. 3. Diagrams tor2, interaction.

(K+K")
2

Tay,ﬂaza(ﬁ') Ao Bo|Po

(k+K")
2 Bl} F’1

(k+Kk") -
2 Bz}Pz] u(p)

+[A1+

1

3

(K+K")
TBO 5aﬁ675

=u(p'){=| Aot

1 (k+K")
+ E A1+ TB]_ [5ay5ﬁ;5— 60,56’3.}/]

1 (k+K")

X[384y0p5% 38,505, — 5a5575]] u(p). (18

Comparing Eqs(17) and(18) we obtain

A;=3A+B+C, By=3A'+B'+C’,
AlzB_C, BlzB’_C,, (19)
A,=B+C, B,=B'+C'.

These are the relations that determine all the amplitudes pro-

jected on isospin states.
The interaction Lagrangians are given by E@3, (6) and

Osas o >, >
ﬁzwzzm[EV,LVstE]&“(b, (20
Jo,ox o>, . Yol of x0T My, >
‘CEpE:?[E yﬂtE]p”nL > E(W)IU#V':E
(3"p"=a"p"), (2D)
where the isospin combination matnfxobeys
(Bltlay=—iegacee (22

Figure 3 shows the diagrams we consider for thE
interactions.X* (1385) also couples terY, but its decay

branching ratio back to theX channel is only 11%. So, we

will neglect it.
The amplitudes corresponding to FigaBare

PHYSICAL REVIEW (53 065203

2 2
Orms u—my
Cr=—7 (mg+my) o
ms u—msy

2 2
A _ Oiax MS—S—2my(My+my)
=

amé s—mj}

B/ =0,

!

9%,y 2my(my+my)+u—mg 23
4m3 u—mi '

The contributions of Fig. &) with intermediateA* (1405)

are similar. We must only change the coupling constant and

replace the mass, by myx.
In the case of the intermediads, Fig. 3d), we have

A= — g%ﬂ'z
2 ZmE ’
2
05y
Bs= ,
ms,
2
Co=— gEﬂ'E
2 2m2 ’

2 2
, o OSay OG5 1
Ap=— T
ams

2ms vo— v’

2
_9sax ¥
My po—p

!
By >

2 2
, OS5y Oss 1
4m§ 2my vot v’

(24)

The p exchange amplitude, Fig(&, has the form

. (K+K) .
Tp:u(p ) AP+TBP [50B575_ 5a55[37]u(p)1
(29
SO
Ao=2A,, By=2B,,
Al:AP’ B]_:Bp, (26)
A2:_Ap1 BZI_Bp!
with
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Total Cross Section (mb)
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FIG. 4. Phase shifts and the energy dependence, 66r 7= With these amplitudes, we can calculatg, do/d() and
interactions. P as functions ok andx= cos# for each channel. The re-
sults for2 ™ in the final state are shown in Figs. 4—6.
g2 1—t/4m> We can see in Fig. 4 that, although the first resonance is
0 p . . . . L. .
A== —(puxo—px-)v > important in2 interactions, it is not as much as in thé p
m, 1-t/my or wA scatterings. The peak in the* (1405)-mass region is
not so high(less than 30 mband it appears in the=0 state
(m~=%). We remark that the other reactions<(1 and es-
- (27 pecially | =2) have comparable total cross sections.
1—t/mf, Before passing to the next section, it is worthwhile mak-
ing the following remarks. Even in the tree-level calculation

Finally, the o term has been parametrized in the same®"d in the low-energyk=0.4 GeV) region that we are con-

way as formA, by using Eqs(11), with the same param- sidering here, there could occur the exchange reactions

eters. In addition to the parameters used in#tie case, we ~TA=m2. The possible diagrams for these are similar to
use herem,»=1.406 GeV ,m,=0.769 GeV,uxo=0.649, Fig. 1(b) and Figs. &) and 3e), with one ofA (%) replaced

ms-=-—0.16 andgs,s=6.7 [27]. The coupling constant by X (A). However, the contributions of these reactions are

gs .4+ i NOt known, but we can proceed in the same way agmall compared with the elastic ones we examined in this
. 1

we have done before, comparing the calculated amplitud aper. First, as.mentioned before anq as can be seen in Figs.
with the Breit-Wigner expression. The best fit is obtained and 4, the direct resonances dominate over all the other

with gs .\ »=8.74 GeV L. processes, which appear as corrections to the former. They

We show in Fig. 4 the phase shifts calculated as explainegO not chagge thel cross sections mucf)\, hor\:ye;]/gr are neces-
above. Also shown is the energy dependence of the crogf'Y 10 Produce po arization. Nowr% — A, which is given
sectiono, for each channel described below. y the 3* term together withp exchange one, is much

Using the isospin formalism we calculate the elastic, asmaller thaTTA_’“A' E)ecause the branching ratio Bf
well as the charge exchange, amplitudes as decay is £*—m3)/(2*—mA)~0.16 [25]. As for wA
— a2 compared with7X — 72, as mentioned above first

e e we haveo(wA— 72) o(mA— wA)~0.16 for each pos-
(mr2TTa ) =(r 27[T|m"57) =Ty, sible channel. Now, from Figs. 2 and 4, eaeth — A
channel, compared with the sum of the three prominent
(2T 7 20 =(a 2 T|7 20 =(#S*|T| 72 ) 72— 2 channels, giveso(mA—wA)IZo(m—7w)
~0.60 on the average in the resonance region. So, we esti-
(05 T 0 )= LESRLE! mate that the overalir A — 7S contribution is less than 20%
2 2 of 72— 73 examined here.

0 0.1 0.2 0.3 0.4
K(GeV)

5 1—t/4m?
B,=—(1+puso—pus-)
m,
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FIG. 5. Angular distributions oE *.

V. @& INTERACTION

This case is very similar to theN scattering, becausg
has isospin 1/Zas the nuclegnand the main difference is
that the resonance of intereSt* (1533) has isospih=1/2

[instead ofl =3/2 asA(1232)]. Then, the scattering ampli-

tude T°2 has the general form

(k+K")
L

(k+k")
T

_|_

A-

iebacTc] u(ﬁ) (29
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FIG. 6. Polarization of *.

The contributing diagrams are in Fig. 7 and the Lagrangians
are almost the same as in the casem®™ scattering, Egs.
(1)—(4), where we must replace thé field by E field, and
A(1232) by=*(1533). The latter implies a substitution of
the isospin matrbM by 7. ConsequentlyAz, andBz, have
different structures as compared wifly and By of 7N
case, whereas all the oth&f andB* remain the same, with
appropriate parameter changes.

a) b) ) )

T
VRN

a
a

T oox T T n
=01530), I c p

= =

[l

[
[11
[11
[
[

FIG. 7. Diagrams tarE interaction.
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So, by computing the Feynman diagram in Figg)7we
obtain

2
i_gaws
= mE !
Az =0,
+ QZEWE v
Bz= 2_ 2
oMz 5—v
2 2
Oz, 9Yz.= Vo
B;::_ — ——— . (30)
ZmZE mz Vg—vz
The p exchange, Fig. (d), gives
+ _pt_
AT=B7=0,
A gg( : 1—t/4m?
=-—(ugo—pg)v——7,
oml 1-t/m’
2 2
05 1—t/4mj
B, =—5(1+pzo—pz ) ——. (31)
’om? 1-t/m’

The contributions from Fig. (B) with intermediate
=*(1533) are

+ gawa*f Vi a4 Mzt MmzMs.
A= 7 AT
3mz l Ve~V ms= .

X (2mZ, +MzMzx —mZ +2m?2)

4mz
+ 2“[(m5+ma*)Z+(2mE*+mE)Zz]k-k’],
=x
A QEWE* 14 A 8m251/
=% +
- 3mg Vr2_V2 mé*
><[(m5+m5*)z+(2m5*+m5)22]’,
2
B Oz 7=+ VvV o SmEvZZ
=% b~ ’
= 3m’:‘ Vr—vz mZE*
Oz = Ve o (m5+m5*)2 4mzZ?
B:*z 2 zu_mE 2 2 kk’
3mE Ve~V mE* mE*

—
=

4m 5 )
— ——[(2mz+2mzmz« —2m;)Z

ko

=*
=

+(2m25+4m5m5*)22]] , (32
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FIG. 8. Phase shifts fotrE interaction.
where
2_ 2
. (Mzx+mz)—m
A= > T[2m, —2mg - 2mzmZ,
2mMz, - -
2 2 3
—2mzMmzx + M2 (2mz—mzx) |+ E(m5+m5*)t,
B= 2 )P 2me(mes 4 me)? 4+ mi ]+ ot
=5 [(MZx—mZ)“—2mZ (Mg« +mg)“+m_ ] St
=*x

(33

The parameters used ane==1.318 GeV,mzx=1.533
GeV, uzo=—1.25, uz-=0.349 andg=,==4. As in the
previous cases, we determined Ber=* coupling constant
by using the Breit-Wigner formula and got the value
g=.=+=4.54 GeV'l. We display in Fig. 8 the calculated
phase shifts to the isospin 1/2 and 3/2 states.

We can now obtain the matrix elements for each elastic
and charge-exchange channel as

(mET|m B0 =(a " E7 Tl E7)=Tap,

f—f

1 2
(m"E7T|w B ) =(a E°T|m E%)= §T3/2+ §T1/2'

2 1
(m°E 7|72 ) =(7ET|=°E% = §T3/2+ §T1/2,

V2_ 2
(wO:*|T|w’z°)=<w+:’|T|W°:°)=?T3/z— 3 Tz

2 2
<7T—EO|T|7TOE_>:<7T_E+|T|77050):\/?—1-3/2_ \/?_Tl/z-
(34)

We show, in Fig. 9, the integrated cross sections, &ith
in the final state, obtained with these matrix elements. We
can see that in this case tB§1533) resonance contribution
is very important and it dominates three of the reactions.
Figure 10 presents the angular distributions and polarizations
for the same reactions.
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150 1

Angular Distribution (mb)

100 |
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FIG. 9. Total cross sections farZ interaction.

VI. DISCUSSION OF THE RESULTS

Angular Distribution (mb)

In the preceding sections, by making a close analogy with
the well establishedrN case, we have calculated tBeand
P-wave phase shifts forrA, 73 and7E interactions, then
obtained both the integrated and differential cross sections
and polarizations for all the elastic and charge-exchange pro-
cesses. Let us now discuss these results in connection with
the two applications we mentioned in the Introduction.

The first application refers to the study of t@&P viola-
tion. One of the ways to verify this violation is to observe the
hyperon weak decays\— wN, X —aN, E—aA, andQ
—mE. In such a study, we need an independent estimate of
the strong-interaction phase shifts in the final state.

For A andX decays, a large amount of data are available
on the strong interaction phase shifts, sing scatterings
are very well studied. In th& decay, there are some esti-
mates of theS- and P1-wave phase shifts forrA system.
However, the reported results conflict with each other.
Whereas the authors dB] give ds=—18.7° and dp,=
—2.7°, in[5], they tell thatés=1.2° anddp;=—1.7° and,
as for Ref.[4], &5 is between—1.3° and 0.1° andp, be-
tween—0.4° and—3.0°. In our calculation, with the- term
included, we obtainedp;=—0.36° andds= —4.69° at the
A-mass value, which giveds— 6p1~ —4.3°, which is still
small. One should remark that to really fit the phase shifts in
7N scattering, especiallys, it is necessary to include other
contributions as the diffractiviel6] or the contacf21] terms
with correct parameters. So it is possible that some correc-
tion is needed in the results we have obtained here.

In this paper, we have also calculated thé& phase
shifts. So, it is possible to get some information about the
CP violation in theQ— 7E decay, too£) hasJ’=3", so
the phase shifts we need afg; and dp;. Calculating the
asymmetry parametek in the same way as ifb], the ap-
proximate expression reads

Angular Distribution (mb)

Angular Distribution (mb)

N
T

-
(4]

-
T

0.5

30

n
(=3

-
o
T

8

15

10 |

(=]
T

IS
T

0.5 1

T T
e > RTE

— 120 MeV
--=-- 200 MeV
—— 400 MeV

150 MeVH

T T
7% —>r'2

-—— 120 MeV
— 150 MeV
--—— 200 MeV

— 120 MeV
-——— 200 MeV
—— 400 MeV
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Polarization

Polarization

Polartization

Polarization

0.08

0.06

0.04

0.02

| 400 MeV

TE>RE

200 MeV

100 MeV

L
0.5 1

0.2

300 MeV

100 MeV

A

0.5 1

-0.5 0

X X
FIG. 10. do/dQ and polarizations foE ~ production.

/ / / /
A= —tan( 552 552)tan pX2— 12

/ / /
~ —tan( Sp2)tan( ppz— by3).

(39

At the Q mass value,652=0.21° (computed with the

same diagrams used in Sec) ¥nd Sp2=173.04°=180°
—6.96°. So the strong interaction effect in the asymmetry
parameter will appear as tan(/.17°), which is value close
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to that obtained in th& decay. So we do not expect that, in 2mZ —t
the study of CP violation in hyperon weak decays) Vo= 4:n : (A5)
—aE is very useful.
The other application we mentioned in the Introduction, m2—m2—k. k'
and which was the main motivation of this work, is the in- Vr:’—, (AB)

clusive(anti-) hyperon polarization in high-energy collisions. 2m

As explained there, the antihyperon polarization cannot b%vherem m. andm. are. respectivelv. the hvperon mass
understood in terms of the usual modgs-13], because all o ” ' pe Y yp [

) ” the resonance mass, and the pion mass. The scattering am-
of them are based on the leading-particle effect and an am"litude for an isospirl state is
hyperon cannot be a leading particle. [[b5] it has been P b )
proposed that antihyperons are polarized when interacting T =U(5’)( (k+Kk")
with the surrounding particles, which are predominantly ! 2
pions, that make the environment where they are produced. ) )
So the antihyperon polarization would appear as an averagéhereA; andB, are calculated using the Feynman diagrams.

effect of the low energyrY interaction. It is clear that, gen- S0 the scattering matrix is

Al+ B'

)u(ﬁx (A7)

erally speaking, such an average procedure washes out any TFa N | (oK) (oK) |
existent asymmetry, so that no polarization would appear as M :_\/g: fi(0)+o-ng,(6)="F;+ e
a consequence. This is true if we look at the central region of . (A8)

the collision. However, the polarization data are obtained in
very forward directions where the asymmetry could be prewith
served. Such calculations will be reported elsewH@&,

but just observing the results of the preceding sections we £ g)= (E+m) \/—

can draw some conclusions. The polarization, as seen in 1(0)= 87s [A+(Vs—m)By], (A9)
Fig. 2, is positive below 100 MeV and then changes sign, so

we expect that, on averaging, the large part will be canceled | (E—m)

out, implying the polarization of\~0. As seen in Figs. 9 fo(0)= ey [—A+(Js+m)B], (A10)

and 10, the ~ polarization is negative and very large in the

channels where the cross section is large, wherea&the \\hereE is the hyperon energy. The partial-wave decompo-
polarization is positive in most of the cases, Fig. 6. As Wegition is done with

can see, the hyperon polarization is different in each case,

and seems to be consistent with the experimental data for the 11

antihyperons[7,8]. We remark that the polarization sign altzifil[Pl(X)fl(X)_F Pre1(X)fa(x)]dx. (A1l
changes under charge conjugation.

In our calculation(tree leve] a, .. is real. With the unitariza-

ACKNOWLEDGMENTS tion, as explained in Sec. lll, we obtain
We would like to thank M.R. Robilotta for discussions U 1 s eldi=
about the hadron interactions and comments on the manu- .= €77 —1]=— —send.)—a.. (Al2)
script. This work was partially supported by CNPq and
FAPESP(Contract Nos. 98/02249-4 and 00/04422-7 These complex amplitudes are used to calculate
APPENDIX: BASIC FORMALISM )= [(1+1)a ., +la, JP(x), (A13)
=]
In this paperp and p’ are the initial and final hyperon
four-momentak andk’ are the initial and final pion four- o
momenta, so the Mandelstam variables are g()=i>, [a,—a,_1PM(x). (A14)
=1
_ 2__ i 2
s=(p+k)"=(p’+k)%, (A1) We have, then, in the center-of-mass frame,
t=(p—p")?=(k=k")?, (A2) do .
qa — | fIF gl (A15)
u=(p'—k)*=(p—k’) (A3)
P= m(fg) Al6
With these variables, we can define B [f]2+ |g|2n’ (AL6)
s—u B 2 2
V= (A4) U't—477'§|: [(1+D)|ay [+ a-[*]. (A17)
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