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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 pions,r mesons,s mesons, hyperons, and corresponding resonances. Then we calculate
theS- andP-wave phase shifts, total cross sections, angular distributions, and polarizations for the momentum
in the center-of-mass frame up tok5400 MeV. With these results we discuss theCP violation in theJ
→Lp andV→Jp weak decays.
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I. INTRODUCTION

Why should we study pion-hyperon (pY) interaction? It
is not hard to see that, due to their instability, it is not an e
task for an experimentalist to make beams of pions and
perons, let them collide and study what happens in such
lisions. As far as we know, no experimental data on thepY
interaction are available. In such a situation, is there
practical interest, besides an academic one, in theoretic
studying these interactions?

In 1957, Okubo@1# observed that theCP violation allows

S and S̄ to have different branching ratios into conjuga
channels. Pais@2# extended this proposal also toL and L̄
decays. In these reactions, the final-state strong interac
between the decay products plays a very important role.
few studies onpY interactions we could find in the literatur
@3–5# are related to theJ→pL decay, in which an indepen
dent estimate of thepL strong phase shifts is needed
correctly analyze the data and conclude about theCP viola-
tion. In these references, however, the results presented s
some discrepancy among them, especially ondS , requiring a
clarification. As for the other interactions, such aspS and
pJ, within our limited knowledge no study has ever be
done.

Besides, we have a somewhat different motivation for
present study. It is by now well known that in high-ener
proton-nucleus collisions, the inclusively produced hypero
appear usually polarized@6–8#. Several models have bee
proposed to explain this phenomenon@9–13#, which at least
qualitatively, or even quantitatively, can account for thehy-
peronpolarization. However, as for theantihyperonswhich
are generally produced also with polarization@7,8#, these
models are not applicable, since all of them are based
some leading-particle effect in which the incident proton
transformed into a leading hyperon.1 In @15#, it is proposed
that at least part of the polarization is caused by the fin
state interaction of~anti-!hyperon with the surrounding ho
medium where it is produced during the collision of the
cident objects. This mechanism would be the dominant

1It should be mentioned that in a recent paper@14#, a parametri-

zation ofL andL̄ polarization data has been carried out in terms
polarizing fragmentation functions.
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in the case of antihyperon polarization, since they canno
produced as leading particles. In@15#, this idea was put for-
ward within a hydrodynamic model, by treating the intera
tion with the hot medium as given by an optical potenti
reproducing all the qualitative features of the existing da
Evidently, it is desirable that, if possible, more realistic m
croscopic interaction be used instead of purely phenome
logical potential with fitted parameters. Since pions a
dominant in such a hot medium mentioned above, the mic
scopic interactions of our interest would be pion-hyperon~or
more precisely pion-antihyperon! interactions. However, ex
cept for few results onpL, we are not aware of any study o
these interactions. So the main object of the present wor
to study the low-energy~with respect to the surrounding me
dium! pion-hyperon interactions, aiming at a later compu
tion of antihyperon polarization in high-energy hadro
nucleus collisions.

The plan of presentation is the following. We shall fir
explain, in the next section, the general strategy of trea
the pion-hyperon interactions. Then, in Secs. III, IV, and
we apply it, respectively, to thep2L, p2S, and p2J
cases. Phase shifts are calculated and from these the en
dependence of the total cross section, the angular distribu
and the polarization for each reaction are computed in th
sections. Conclusions are drawn in Sec. VI. The basic
malism is given in the Appendix.

II. STRATEGY FOR THE STUDY OF THE PION-
HYPERON INTERACTIONS

How could we proceed to study the low-energypȲ inter-
actions? First of all, due to theCPT invariance, it is enough
to study thepY interactions instead of thepȲ ones. For
instance, theȲ polarization is obtained from the correspon
ing one for Y, just by changing the sign. Next, recall th
unlike thepY ones, the low-energypN interaction is, for
obvious reasons, very well studied for a long time. There
large amount of experimental data, and also many mod
@16–21# that reproduce them pretty well. Here, we shall co
sider a chiral-invariant effective Lagrangian model. In@22#,
such a Lagrangian was written in terms ofp, N, r and D
fields as a sum of

LNpN5
g

2m
@N̄gmg5tWN#]mfW , ~1!f
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LNpD5gDH D̄mFgmn2S Z1
1

2DgmgnGMW NJ ]nfW 1H.c.,

~2!

LNrN5
g0

2
@N̄gmtWN#rW m1

g0

2 F N̄S mp2mn

4m D ismntWNG
3~]mrnW2]nrmW !, ~3!

Lprp5g0rW m~fW 3]mfW !2
g0

4mr
2~]mrW n2]nrW m!~]mfW 3]nfW !,

~4!

whereN, D, fW , rW are the nucleon, delta, pion, and rho fiel
with massesm, mD , mp , andmr , respectively,mp andmn

are the proton and neutron magnetic moments,MW andtW are
the isospin matrices, andZ is a parameter representing th
possibility of the off-shell-D having spin 1/2. In addition, it
also included as term as a correction and parametrized it
a way we will show below.

Now, sincepL, pS andpJ systems are similar topN,
we can make an analogy and use the same prescription
plained above, adapting it appropriately. TheD(1232) reso-
nance plays a central role in the low-energypN interaction.
Its contribution dominates the total cross section ofp1p
(T53/2) process and is also important to the other isos
channels. The lowest energy hyperon resonances and
main decay modes are quite well known, so it is possible
use these resonances replacingD(1232). As for the coupling
constants, they can be estimated from the resonance w
@5#.

Another detail we have to take into account is the un
rization of the amplitudes. In an effective model like the o
we are considering, the amplitudes we directly obtain
real, and consequently violate the unitarity of theS matrix.
So, if we want something more than a simple cross sect
some procedure is required to unitarize the amplitudes. A
often done in effective models@18,20,21,23#, and will be
explained in detail in the next section, we will do this b
reinterpreting the calculated amplitudes as elements of r
tion matrix K.

Now we are ready to calculate all the phase shifts a
then the total cross sections, angular distributions, and po
izations. Because we are interested in low energies (k<0.4
GeV!, we will limit ourselves to theS andP waves, which
are generally enough for our purpose.

III. PION-LAMBDA INTERACTION

The pL interaction is the simplest case. SinceL has
isospin 0, the scattering amplitudeTpL has the general form

TpL
ba 5ū~pW 8!FA~k,u!1

~k”1k” 8!

2
B~k,u!Gdbau~pW !, ~5!

wherepm andpm8 are the initial and final four-momenta ofL
in the center-of-mass frame,km andkm8 are those of the pion
andu the scattering angle. Indicesa andb indicate the initial
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and final isospin states of the pion. We show in Fig. 1
relevant diagrams, where we have omitted the crossed
grams, although included in the calculations. We consi
only the first resonanceS* (1385), because we are interest
in the low-energy (k<0.4 GeV! behavior. Ther exchange
term is absent in thepL case, because due to the isospin
does not couple toL. To compute the first two of thes
diagrams, the Lagrangians~1! and ~2! have been adapted to

LLpS5
gLpS

2mL
@S̄agmg5L#]mfa1H.c., ~6!

LLpS* 5gLpS* H S̄a*
mFgmn2S Z1

1

2DgmgnGLJ ]nfa1H.c.,

~7!

by replacing the nucleon byL or S, and D by S* and
performing appropriate sums over isotopic spin indices.

The contributions of Fig. 1~a! to the amplitudes are

AS5
gLpS

2

4mL
2 ~mL1mS!H s2mL

2

s2mS
2

1
u2mL

2

u2mS
2 J ,

BS5
gLpS

2

4mL
2 H mL

2 2s22mL~mL1mS!

s2mS
2

1
2mL~mL1mS!1u2mL

2

u2mS
2 J . ~8!

Figure 1~b! gives

AS* 5
gLpS*

2

3mL
H n r

n r
22n2

Â2
mL

2 1mLmS*

mS*
2

3~2mS*
2

1mLmS* 2mL
2 12mp

2 !

1
4mL

mS*
2 @~mL1mS* !Z1~2mS* 1mL!Z2#k•k8J ,

BS* 5
gLpS*

2

3mL
H n

n r
22n2

B̂2
8mL

2 nZ2

mS*
2 J , ~9!

wheren andn r are defined in the Appendix and

FIG. 1. Diagrams forpL interaction.
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Â5
~mS* 1mL!22mp

2

2mS*
2 @2mS*

3
22mL

3 22mLmS*
2

22mL
2 mS*

1mp
2 ~2mL2mS* !#1

3

2
~mL1mS* !t,

B̂5
1

2mS*
2 @~mS*

2
2mL

2 !222mp
2 ~mS* 1mL!21mp

4 #1
3

2
t.

~10!

As for Fig. 1~c!, we only parametrize the amplitudes
done in@16#

As5a1bt,

Bs50, ~11!

wherea51.05mp
21 andb520.80mp

23 are constants~we use
the same values of@22# for pN). The scattering matrix will
then have the form

Mba5
Tba

8pAs
5 f 11

~sW •kW !~sW •kW8!

kk8
f 2 ~12!

and we can make the partial wave decomposition with

al 65
1

2E21

1

@Pl~x! f 1~x!1Pl 61~x! f 2~x!#dx. ~13!

The amplitudesal 6 , calculated in a tree-level approxima
tion, are real and, so, the correspondingS matrix is not uni-
tary. In order to unitarize these amplitudes, we reinterp
them as elements ofK matrix and write

al 6
U 5

al 6

12 ikal 6
. ~14!

The phase shifts are then computed as

d l 65tg21~kal 6!. ~15!

The parameters we use aremL51.115 GeV,mS51.192
GeV, mS* 51.385 GeV,mp50.139 GeV@25#, gLpS511.7
@26,27# andZ520.5 @22#. The only parameter that is miss
ing is gLpS* . As mentioned before, we estimate it from th
resonance width. Namely, by comparing thedP3 phase shift
in the resonance region with the relativistic Breit-Wigner e
pression@24#,

d l 65tg21F G0S k

k0
D 2l

2~mr2As!
G , ~16!

where k0 is the center-of-mass momentum at the peak
S* (1385), that is 0.207 GeV. The value obtained in this w
is gLpS* 59.38 GeV21, which we will use here.

In Fig. 2, we show the calculated phase-shifts as functi
of the center-of-mass momentumk. We also show there thek
06520
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dependence of the total elastic cross section, the angular
tribution and theL polarization as function ofx5 cosu, for
k5100, 200, 300 and 400 MeV.

As we can see, theS* (1385) contribution dominates th
total elastic cross section in the low energy region~quite
similar to p1p scattering!. As for the polarization, it begins
positive at lower energies and then becomes negative ab
k;k0.

IV. PION-SIGMA INTERACTION

In the case ofpS interaction, bothp andS have isospin
1, so the compound system can have isospin 2, 1, or 0.
this reason, the scattering amplitude is somewhat more c
plex in this case and has the following general form:

Tag,bd5^pgSduTupaSb&

5ū~pW 8!H FA1
~k”1k” 8!

2
A8Gdabdgd

1FB1
~k”1k” 8!

2
B8Gdagdbd

1FC1
~k”1k” 8!

2
C8GdaddbgJ u~pW !, ~17!

wherea, b, g andd are isospin indices. Decomposing th
amplitude into thei th. isospin states of the system (Pi are
the projection operators!, we have

FIG. 2. pL scattering.
3-3
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Tag,bd5ū~pW 8!H FA01
~k”1k” 8!

2
B0GP0

1FA11
~k”1k” 8!

2
B1GP1

1FA21
~k”1k” 8!

2
B2GP2J u~pW !

5ū~pW 8!H 1

3 FA01
~k”1k” 8!

2
B0Gdabdgd

1
1

2 FA11
~k”1k” 8!

2
B1G@dagdbd2daddbg#

1
1

6 FA21
~k”1k” 8!

2
B2G

3@3dagdbd13daddbg2dabdgd#J u~pW !. ~18!

Comparing Eqs.~17! and ~18! we obtain

A053A1B1C, B053A81B81C8,

A15B2C, B15B82C8, ~19!

A25B1C, B25B81C8.

These are the relations that determine all the amplitudes
jected on isospin states.

The interaction Lagrangians are given by Eqs.~4!, ~6! and

LSpS5
gSpS

2mS
@S̄gmg5tWS#]mfW , ~20!

LSrS5
g0

2
@S̄gm tWS#rW m1

g0

2 F S̄S mS02mS2

4mS
D ismn tWSG

~]mrW n2]nrW m!, ~21!

where the isospin combination matrixtW obeys

^bu tWua&52 i ebacêc . ~22!

Figure 3 shows the diagrams we consider for thepS
interactions.S* (1385) also couples topS, but its decay
branching ratio back to thepS channel is only 11%. So, we
will neglect it.

The amplitudes corresponding to Fig. 3~a! are

FIG. 3. Diagrams topS interaction.
06520
o-

AL5
gLpS

2

4mS
2 ~mS1mL!

s2mS
2

s2mL
2

,

BL50,

CL5
gLpS

2

4mS
2 ~mS1mL!

u2mS
2

u2mL
2

,

AL8 5
gLpS

2

4mS
2

mS
2 2s22mS~mS1mL!

s2mL
2

,

BL8 50,

CL8 5
gLpS

2

4mS
2

2mS~mS1mL!1u2mS
2

u2mL
2

. ~23!

The contributions of Fig. 3~b! with intermediateL* (1405)
are similar. We must only change the coupling constant
replace the massmL by mL* .

In the case of the intermediateS, Fig. 3~d!, we have

AS52
gSpS

2

2mS
,

BS5
gSpS

2

mS
,

CS52
gSpS

2

2mS
,

AS8 52
gSpS

2

4mS
2

2
gSpS

2

2mS

1

n02n
,

BS8 5
gSpS

2

mS

n

n0
22n2

,

CS8 5
gSpS

2

4mS
2

1
gSpS

2

2mS

1

n01n
. ~24!

The r exchange amplitude, Fig. 3~e!, has the form

Tr5ū~pW 8!FAr1
~k”1k” 8!

2
BrG@dabdgd2daddbg#u~pW !,

~25!

so

A052Ar , B052Br ,

A15Ar , B15Br , ~26!

A252Ar , B252Br ,

with
3-4
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Ar52
g0

2

mr
2 ~mS02mS2!n

12t/4mr
2

12t/mr
2

,

Br5
g0

2

mr
2 ~11mS02mS2!

12t/4mr
2

12t/mr
2

. ~27!

Finally, the s term has been parametrized in the sa
way as forpL, by using Eqs.~11!, with the same param
eters. In addition to the parameters used in thepL case, we
use heremL* 51.406 GeV ,mr50.769 GeV,mS050.649,
mS2520.16 andgSpS56.7 @27#. The coupling constan
gSpL* is not known, but we can proceed in the same way
we have done before, comparing the calculated amplitu
with the Breit-Wigner expression. The best fit is obtain
with gSpL* 58.74 GeV21.

We show in Fig. 4 the phase shifts calculated as explai
above. Also shown is the energy dependence of the c
sections t for each channel described below.

Using the isospin formalism we calculate the elastic,
well as the charge exchange, amplitudes as

^p1S1uTup1S1&5^p2S2uTup2S2&5T2 ,

^p1S0uTup1S0&5^p2S0uTup2S0&5^p0S1uTup0S1&

5^p0S2uTup0S2&5
T2

2
1

T1

2
,

FIG. 4. Phase shifts and the energy dependence ofs t for pS
interactions.
06520
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^p0S0uTup0S0&5
2T2

3
1

T0

3
,

^p1S2uTup1S2&5^p2S1uTup2S1&5
T2

6
1

T1

2
1

T0

3
,

^p2S1uTup1S2&5^p1S2uTup2S1&5
T2

6
2

T1

2
1

T0

3
,

^p1S0uTup0S1&5^p2S0uTup0S2&

5^p0S1uTup1S0&

5^p0S2uTup2S0&5
T2

2
2

T1

2
,

^p1S2uTup0S0&5^p2S1uTup0S0&

5^p0S0uTup1S2&

5^p0S0uTup2S1&5
T2

3
2

T0

3
. ~28!

With these amplitudes, we can calculates t , ds/dV and
P as functions ofk and x5 cosu for each channel. The re
sults forS1 in the final state are shown in Figs. 4–6.

We can see in Fig. 4 that, although the first resonanc
important inpS interactions, it is not as much as in thep1p
or pL scatterings. The peak in theL* (1405)-mass region is
not so high~less than 30 mb! and it appears in theI 50 state
(p2S1). We remark that the other reactions (I 51 and es-
pecially I 52) have comparable total cross sections.

Before passing to the next section, it is worthwhile ma
ing the following remarks. Even in the tree-level calculati
and in the low-energy (k&0.4 GeV! region that we are con
sidering here, there could occur the exchange react
pL
pS. The possible diagrams for these are similar
Fig. 1~b! and Figs. 3~b! and 3~e!, with one ofL (S) replaced
by S (L). However, the contributions of these reactions a
small compared with the elastic ones we examined in
paper. First, as mentioned before and as can be seen in
2 and 4, the direct resonances dominate over all the o
processes, which appear as corrections to the former. T
do not change the cross sections much, however are ne
sary to produce polarization. Now,pS→pL, which is given
by the S* term together withr exchange one, is much
smaller thanpL→pL, because the branching ratio ofS*
decay is (S* →pS)/(S* →pL);0.16 @25#. As for pL
→pS compared withpS→pS, as mentioned above firs
we haves(pL→pS)/s(pL→pL);0.16 for each pos-
sible channel. Now, from Figs. 2 and 4, eachpL→pL
channel, compared with the sum of the three promin
pS→pS channels, givess(pL→pL)/(s(pS→pS)
;0.60 on the average in the resonance region. So, we
mate that the overallpL→pS contribution is less than 20%
of pS→pS examined here.
3-5
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V. pJ INTERACTION

This case is very similar to thepN scattering, becauseJ
has isospin 1/2~as the nucleon! and the main difference is
that the resonance of interestJ* (1533) has isospinI 51/2
@instead ofI 53/2 asD(1232)]. Then, the scattering ampl
tudeTpJ

ba has the general form

TpJ
ba 5ū~pW 8!H FA11

~k”1k” 8!

2
B1Gdba

1FA21
~k”1k” 8!

2
B2G i ebact

cJ u~pW !. ~29!

FIG. 5. Angular distributions ofS1.
06520
The contributing diagrams are in Fig. 7 and the Lagrangi
are almost the same as in the case ofpN scattering, Eqs.
~1!–~4!, where we must replace theN field by J field, and
D(1232) byJ* (1533). The latter implies a substitution o

the isospin matrixMW by tW . Consequently,AJ*
6 andBJ*

6 have
different structures as compared withAD

6 and BD
6 of pN

case, whereas all the otherA6 andB6 remain the same, with
appropriate parameter changes.

FIG. 6. Polarization ofS1.

FIG. 7. Diagrams topJ interaction.
3-6
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So, by computing the Feynman diagram in Fig. 7~a!, we
obtain

AJ
15

gJpJ
2

mJ
,

AJ
250,

BJ
15

gJpJ
2

mJ

n

n0
22n2

,

BJ
252

gJpJ
2

2mJ
2

2
gJpJ

2

mJ

n0

n0
22n2

. ~30!

The r exchange, Fig. 7~d!, gives

Ar
15Br

150,

Ar
252

g0
2

mr
2 ~mJ02mJ2!n

12t/4mr
2

12t/mr
2

,

Br
25

g0
2

mr
2 ~11mJ02mJ2!

12t/4mr
2

12t/mr
2

. ~31!

The contributions from Fig. 7~b! with intermediate
J* (1533) are

AJ*
1

5
gJpJ*

2

3mJ
H n r

n r
22n2

Â2
mJ

2 1mJmJ*

mJ*
2

3~2mJ*
2

1mJmJ* 2mJ
2 12mp

2 !

1
4mJ

mJ*
2 @~mJ1mJ* !Z1~2mJ* 1mJ!Z2#k•k8J ,

AJ*
2

5
gJpJ*

2

3mJ
H n

n r
22n2

Â1
8mJ

2 n

mJ*
2

3@~mJ1mJ* !Z1~2mJ* 1mJ!Z2#J ,

BJ*
1

5
gJpJ*

2

3mJ
H n

n r
22n2

B̂2
8mJ

2 nZ2

mJ*
2 J ,

BJ*
2

5
gJpJ*

2

3mJ
H n r

n r
22n2

B̂2mJ

~mJ1mJ* !2

mJ*
2 2

4mJZ2

mJ*
2 k•k8

2
4mJ

mJ*
2 @~2mJ

2 12mJmJ* 22mp
2 !Z

1~2mJ
2 14mJmJ* !Z2#J , ~32!
06520
where

Â5
~mJ* 1mJ!22mp

2

2mJ*
2 @2mJ*

3
22mJ

3 22mJmJ*
2

22mJ
2 mJ* 1mp

2 ~2mJ2mJ* !#1
3

2
~mJ1mJ* !t,

B̂5
1

2mJ*
2 @~mJ*

2
2mJ

2 !222mp
2 ~mJ* 1mJ!21mp

4 #1
3

2
t.

~33!

The parameters used aremJ51.318 GeV,mJ* 51.533
GeV, mJ0521.25, mJ250.349 andgJpJ54. As in the
previous cases, we determined theJpJ* coupling constant
by using the Breit-Wigner formula and got the valu
gJpJ* 54.54 GeV21. We display in Fig. 8 the calculate
phase shifts to the isospin 1/2 and 3/2 states.

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

^p1J0uTup1J0&5^p2J2uTup2J2&5T3/2,

^p1J2uTup1J2&5^p2J0uTup2J0&5
1

3
T3/21

2

3
T1/2,

^p0J2uTup0J2&5^p0J0uTup0J0&5
2

3
T3/21

1

3
T1/2,

^p0J2uTup2J0&5^p1J2uTup0J0&5
A2

3
T3/22

A2

3
T1/2,

^p2J0uTup0J2&5^p2J1uTup0J0&5
A2

3
T3/22

A2

3
T1/2.

~34!
We show, in Fig. 9, the integrated cross sections, withJ2

in the final state, obtained with these matrix elements.
can see that in this case theJ(1533) resonance contributio
is very important and it dominates three of the reactio
Figure 10 presents the angular distributions and polarizat
for the same reactions.

FIG. 8. Phase shifts forpJ interaction.
3-7
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VI. DISCUSSION OF THE RESULTS

In the preceding sections, by making a close analogy w
the well establishedpN case, we have calculated theS- and
P-wave phase shifts forpL, pS andpJ interactions, then
obtained both the integrated and differential cross sect
and polarizations for all the elastic and charge-exchange
cesses. Let us now discuss these results in connection
the two applications we mentioned in the Introduction.

The first application refers to the study of theCP viola-
tion. One of the ways to verify this violation is to observe t
hyperon weak decays,L→pN, S→pN, J→pL, and V
→pJ. In such a study, we need an independent estimat
the strong-interaction phase shifts in the final state.

For L andS decays, a large amount of data are availa
on the strong interaction phase shifts, sincepN scatterings
are very well studied. In theJ decay, there are some es
mates of theS- and P1-wave phase shifts forpL system.
However, the reported results conflict with each oth
Whereas the authors of@3# give dS5218.7° anddP15
22.7°, in @5#, they tell thatdS51.2° anddP1521.7° and,
as for Ref.@4#, dS is between21.3° and 0.1° anddP1 be-
tween20.4° and23.0°. In our calculation, with thes term
included, we obtaineddP1520.36° anddS524.69° at the
L-mass value, which givesdS2dP1;24.3°, which is still
small. One should remark that to really fit the phase shifts
pN scattering, especiallydS , it is necessary to include othe
contributions as the diffractive@16# or the contact@21# terms
with correct parameters. So it is possible that some cor
tion is needed in the results we have obtained here.

In this paper, we have also calculated thepJ phase
shifts. So, it is possible to get some information about
CP violation in theV→pJ decay, too.V hasJp5 3

2
1, so

the phase shifts we need aredP3
I and dD3

I . Calculating the
asymmetry parameterA in the same way as in@5#, the ap-
proximate expression reads

A52tan~dP3
1/22dD3

1/2!tan~fP3
1/22fD3

1/2!

;2tan~dP3
1/2!tan~fP3

1/22fD3
1/2!. ~35!

FIG. 9. Total cross sections forpJ interaction.
06520
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At the V mass value,dD3
1/250.21° ~computed with the

same diagrams used in Sec. V! and dP3
1/25173.04°5180°

26.96°. So the strong interaction effect in the asymme
parameter will appear as tan(27.17°), which is value close

FIG. 10. ds/dV and polarizations forJ2 production.
3-8



in

n
n-
s.
b

n

tin
tly
ce
ra
-
t a
r
n

i
re

w

, s
le

e

w
as
r t
n

s
an
nd

s,
am-

s.

o-

LOW ENERGY PION-HYPERON INTERACTION PHYSICAL REVIEW C63 065203
to that obtained in theJ decay. So we do not expect that,
the study of CP violation in hyperon weak decays,V
→pJ is very useful.

The other application we mentioned in the Introductio
and which was the main motivation of this work, is the i
clusive~anti-! hyperon polarization in high-energy collision
As explained there, the antihyperon polarization cannot
understood in terms of the usual models@9–13#, because all
of them are based on the leading-particle effect and an a
hyperon cannot be a leading particle. In@15# it has been
proposed that antihyperons are polarized when interac
with the surrounding particles, which are predominan
pions, that make the environment where they are produ
So the antihyperon polarization would appear as an ave
effect of the low energypȲ interaction. It is clear that, gen
erally speaking, such an average procedure washes ou
existent asymmetry, so that no polarization would appea
a consequence. This is true if we look at the central regio
the collision. However, the polarization data are obtained
very forward directions where the asymmetry could be p
served. Such calculations will be reported elsewhere@28#,
but just observing the results of the preceding sections
can draw some conclusions. TheL polarization, as seen in
Fig. 2, is positive below 100 MeV and then changes sign
we expect that, on averaging, the large part will be cance
out, implying the polarization ofL̄;0. As seen in Figs. 9
and 10, theJ2 polarization is negative and very large in th
channels where the cross section is large, whereas theS2

polarization is positive in most of the cases, Fig. 6. As
can see, the hyperon polarization is different in each c
and seems to be consistent with the experimental data fo
antihyperons@7,8#. We remark that the polarization sig
changes under charge conjugation.
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APPENDIX: BASIC FORMALISM

In this paperp and p8 are the initial and final hyperon
four-momenta,k and k8 are the initial and final pion four-
momenta, so the Mandelstam variables are

s5~p1k!25~p81k8!2, ~A1!

t5~p2p8!25~k2k8!2, ~A2!

u5~p82k!25~p2k8!2. ~A3!

With these variables, we can define

n5
s2u

4m
, ~A4!
06520
,

e

ti-

g

d.
ge

ny
as
of
n
-

e

o
d

e
e,
he

u-

n05
2mp

2 2t

4m
, ~A5!

n r5
mr

22m22k•k8

2m
, ~A6!

wherem, mr , andmp are, respectively, the hyperon mas
the resonance mass, and the pion mass. The scattering
plitude for an isospinI state is

TI5ū~pW 8!H FAI1
~k”1k” 8!

2
BI G J u~pW !, ~A7!

whereAI andBI are calculated using the Feynman diagram
So the scattering matrix is

MI
ba5

TI
ba

8pAs
5 f I~u!1sW •n̂gI~u!5 f 1

I 1
~sW •kW8!~sW •kW !

kk8
f 2

I ,

~A8!

with

f 1
I ~u!5

~E1m!

8pAs
@AI1~As2m!BI #, ~A9!

f 2
I ~u!5

~E2m!

8pAs
@2AI1~As1m!BI #, ~A10!

whereE is the hyperon energy. The partial-wave decomp
sition is done with

al 65
1

2E21

1

@Pl~x! f 1~x!1Pl 61~x! f 2~x!#dx. ~A11!

In our calculation~tree level! al 6 is real. With the unitariza-
tion, as explained in Sec. III, we obtain

al 6
U 5

1

2ik
@e2id l 621#5

eid l 6

k
sen~d l 6!→al 6 . ~A12!

These complex amplitudes are used to calculate

f ~u!5(
l 50

`

@~ l 11!al 11 lal 2#Pl~x!, ~A13!

g~u!5 i(
l 51

`

@al 12al 2#Pl
(1)~x!. ~A14!

We have, then, in the center-of-mass frame,

ds

dV
5u f u21ugu2, ~A15!

PW 522
Im~ f * g!

u f u21ugu2
n̂, ~A16!

s t54p(
l

@~ l 11!ual 1u21 l ual 2u2#. ~A17!
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