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On the Hyperon-Nucleon Scattering and Reaction Cross Sections*
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The hyperon-nucleon cross sections are analyzed on the basis of symmetries among the pion-baryon
interactions. It is shown that the assumption of the equality for the (AZs.) and (ZZrr) coupling constants
leads to some inequalities between the different hyperon-nucleon scattering and reaction cross sections
which can be verified experimentally.

On the hypothesis of global symmetry for the pion-baryon interactions, the Z -proton scattering is
discussed by choosing for the nucleon-nucleon potential that of Gammel-Thaler.

I. INTRODUCTION

ECENTLY special attention has been focused
upon the possible existence of symmetries in the

strong interactions. ' Gell-Mann and Schwinger' ad-
vanced the hypothesis of global symmetry for the pion-
baryon interactions; later Pais' discussed the implica-
tions of symmetry hypotheses in the pion-baryon
interactions in processes involving strong E-meson
interactions. At present, the most direct evidence in
favor of global symmetry for the pion-baryon inter-
actions is that given by the theoretical interpretation
of the binding energies of the light hyperfragments. ' On
the other hand, the experimental data exclude the
possibility of symmetries among the E-baryon inter-
actions if pion-baryon symmetry is assumed to hold. '
Unfortunately, it is rather difFicult to give experimental
support to the latter, as, even though the E-baryon
interactions are unimportant, there are generally situa-
tions in which the mass differences 01=m~' —m~&

(i, l=+, 0, —) and 0,s——tttz —mtt play an important
role. As a typical example, it is rather dificult to
evaluate the ratio A'/Z' for the Z -proton reaction at
rest' without detailed consideration of the eGect of A2.
A much clearer answer to the symmetry questions may
be reached by studying the hyperon-nucleon scattering
at high energy, because one can have confidence that
there the effects connected with the A1, 2 mass differences

may be described by simple phase space corrections to
the cross sections o (Z'Ã ~&tÃ) and tr (Z1V ~A1V).

Concerning the question of the contribution of the
E-baryon interactions to the hyperon-nucleon poten-
tials, no definite conclusions can be drawn from the
present experimental data. However, if the field-
theoretic calculations of hyperon-nucleon forces may be
regarded as qualitatively correct, it follows that the
E-baryon coupling constants are considerably smaller
than the pion-baryon ones. 4 It is then probably a good
approximation to neglect the weaker and shorter range
E forces altogether, at least for energies of the incoming
hyperon lower than 220 Mev and, in particular, for
low momentum transfer.

The purpose of this paper is to discuss the high-energy
scattering of charged Z-hyperons with nucleons on the
basis of symmetries among the pion-baryon interactions.
In Sec. II we shall give some explicit relations between
the different hyperon-nucleon scattering and reaction
cross sections. It will be assumed that the (Amor) and
(ZZor) coupling constants are equal and that the
E-baryon coupling is weak compared with the pion-
baryon coupling. In Sec. III the Z+-proton scattering
will be discussed employing the hypothesis of global
symmetry for the pion-baryon interactions.

II. INEQUALITIES BETWEEN THE HYPERON-
NUCLEON CROSS SECTIONS

Let us disregard for the moment the h1, 2 mass
diGerences. Defining the four doublets
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with
I"= (A' —z')/K2, z'= (A'+z')/K2, (2)

and assuming the following relations between the
coupling constants '.

G2 ——G3——G, (3)

the pion-baryon interaction Hamiltonian can be written
in the form:

IIr=sGtX, ps~. srXt+sG(¹ys~ otlVs+Nsys~ orlVs)

+iG4N4/5~ srX4. (4)
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We can now define for the (Z, nucleon) system two
scattering amplitudes f and g relative to the total
isotopic spin T=1 and T=O, respectively. In terms of
these, under the assumptions stated above, namely that
charge independence as well as (3) is valid, we obtain
immediately the Z+-nucleon elastic scattering and
reaction (charge exchange and Z—+A. conversion) cross
sections as follows' '.

o(&'p ~&+I)=—o.i(1)= I fl',
o(Z+e~Z+e)—=o,i(0)=-,'l f+gl',

o (2+is ~Z'p) =—o. , (O,hr) =—,
'

l f—g l
',

o(z+e~A'p)—=o, , (O,as)=-,'lf—gls.

From relations (5) one can deduce the inequalities:

.'(1)+ . '(o) & ..'(o),
o't'(0)+o. ..'(o) &~ o.i'(1)
o, .'(0)+o,tl(1) & o,it(0),

(5)

(6)

where, by o, , (0), we mean the sum of o, , (O,ht) and
o. , (O,hs), which, disregarding the Ai, s mass differences,
are equal.

It is to be remarked that these inequalities remain
still valid when the incident hyperon is unpolarized, as
the corresponding cross sections are given by expressions
similar to (5).

If it is possible experimentally to distinguish the
events Z+n~Z'p from Z+e —+h.'p by analyzing, for
example, the electromagnetic decay of the Z' hyperon,
then it should be more convenient to use instead of the
inequalities (6), the following:

o.il(1)+tr.t (0) &~v2o, ., (0)&s))

o,tl(0)+V2o;, I(O,hs) &~ o.i'*(1),

V2o, , 1(O,hs)+o.,t'*(1)&~ o.tl(0).
(7)

where ps and pz are the momenta in the center-of-mass
system of the A.-hyperon and Z+-hyperon, respectively.
The quantity (8) is la, rge at low energies and approaches
1 for high energies.

s W. Heitler, Proc. Roy. Irish Acad. 51, 33 (1946);D. Feldman,
Phys. Rev. 89, 1159 (1953).' Of course, one can obtain similar relations for the Z -nucleon
cross sections by making the substitutions Z+ ~Z, p —+ n, and
~ ~ p in the relations (5).

Relations (5), (6), and (7) are valid if the At, s mass
diBerences may be regarded as negligible. The 62 mass
diGerence, which is the most important in our case,
amounts to ~75 Mev, and when it is taken into account
one has to do the following:

(a) One must introduce a phase space correction to
the o, , (O,d s) evaluated in the center-of-mass system,
which amounts to

pg mg(mz+mv) pa
)

pz mz(ms+m~) pz

(b) One must take into account the As mass differ-
ence in the evaluation of the matrix elements for the
processes Z+e -+ Z'p and Z+e ~

clap

that are otherwise
equal. Actually one has to solve a system of two
coupled di6'erential equations in order to obtain the
right answer at all energies. In order to draw some con-
clusions regarding the energy dependence of the matrix
elements for the two processes specified above, one has
then to know the specihc form of the interaction, in
particular the magnitude of the coupling constants G
and G& which only come into play if the K-meson
interactions are not taken into account. In the hypothe-
sis G~G~, I ichtenberg and Rosss have evaluated the
total cross sections for the processes Z+m~Z'p and
Z+n ~ A'p by using Brueckner-Watson potentials with
cores. It follows from their results that, up to an energy
of 60 Mev for the incoming Z+-hyperon, the total
cross section o (Z+ts ~Z'p) is larger than o (Z+n —+ A'p)
but the difI'erence between these two cross sections
decreases very rapidly with increasing energy. However,
this calculation has been done using only the S wave
of the hyperon-nucleon system. By taking into con-
sideration also the contribution from the I' wave,
which is not small for energies above 30 Mev, it can
be seen that for a laboratory energy higher than 80 Mev
the ratio o (Z+e ~A'p)/o (Z+rs ~Z'p) is essentially
given by the phase space correction (8). This result can
be expected to have general validity if the actual
hyperon-nucleon potentials do not happen to be
stronger than the Brueckner-watson potentials used by
Lichtenberg and Ross.

Then the substitution

o, . (O,hs) —+ o, .(O,d, s)pz/pg,

in the relations (6) and (7), yields inequalities for the
diGerential cross sections in the center-of-mass system
and for the total cross sections which should be valid in
the energy region between 80 and about 220 Mev, if
the symmetry hypothesis (3) is verified. In particular,
if it can be found that the relations (6) and (7) are
contradicted by experiment, then the symmetry hy-
pothesis (3) does not hold true.

III. THE X+-PROTON SCATTERING

It is clear that the breakdown of relations (6) and (7)
would mean also the nonvalidity of the global symmetry
hypothesis:

Gg ——G2 ——G3= G4= G.

Possible tests for the more restrictive hypothesis (10)
couM be achieved by examining the various hyperon-
nucleon scattering cross sections.

D. S.Lichtenberg and M. Ross, Phys. Rev. 107, 1714 (1957).
9 For low energy this actually depends also on the appearance of

a bound state of the Z+-neutron system.
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TABLE L Calculated S and I wave phase shifts for the Z+-proton scattering with the Gammel-Thaler
and Signell-Marshak potentials, respectively.

Blab GT GT GT
3$1

GT
3Qp

SM GT
3P1

SM
3P2

SM

40
100
150

46.4 49.5
25.4 32.2
15.3 22.6

7.8 10.5
14.8 22.1
15.5 26.6

—16.4 74.8—25.9 60.1—31.8 52.7

15.2
13.1
7.3

94
17.9
17.5

—8.8—16.2—20.5

—6.9—15.0—18.4

6.0
13.6
16.8

6.9
16.0
19.5

ln case relation (10) is assumed, the pion-baryon
Hamiltonian will be written in the concise form:

4

IIr=iG P X,ps~ eelV, .

where we have adopted the notations of reference 13:
'V»~+' means singlet even-parity nucleon-nucleon
potential and 'V»&—

& means triplet odd-parity poten-
tial. They are given by

'V~ ~'+' =+~ r &'ro(+),
If the E-baryon coupling is weak with respect to the
pion-baryon coupling, and if the various baryon-baryon
mass differences are neglected in the construction of the
potentials, " the general expression for the potential
between baryon X& and baryon X& will be

Victress(r) =Vrv, v, t" (r)+~ '~ &Vrv, rv, &" (r), (12)

where V~]N2&') and V~]N2"' are the same for any pair of
baryons. As a consequence, the hyperon-nucleon poten-
tials become linear combinations of even and odd parity
nucleon-nucleon potentials (of course, the Pauli prin-
ciple does not apply to the hyperon-nucleon systems).

It is to be noted that, as at present the odd-parity
nucleon-nucleon potentials are not su%ciently well
established, it is dificult to make unambigous predic-
tions, In order to analyze this point in detail, we will

compare the results of Bryan et al." on the Z+-proton
scattering, based on the Signell-Marshak potential, "
with those obtained by choosing for the nucleon-nucleon
potential that of Gammel-Thaler. "This comparison is
instructive because, for energies below 150 Mev the
interacting particles are a8ected mainly by the poten-
tials outside p r~0.7 and in this region the different
SM and GT potentials are rather close, with the
exception of the triplet central odd-parity potential. In
spite of this, both potentials give good agreement with
the nucleon-nucleon experimental data. Therefore, from
a phenomenological point of view, it seems quite
arbitrary to select one rather than the other.

From expression (12) we obtain immediately for the
Z+-proton system:

1—
EFy ' 0'2

VZ y= ULTAN +V1VN = UArN

3+rrr ' Irs

+ 'U~~' ', (13)

' This is a good approximation as the energies involved in the
virtual states are very high.

"Bryan, de Swart, Marshak, and Signell, Phys, Rev. Letters 1,
70 (1958).

'2 P. S. Signell and R. E. Marshak, Phys. Rev. 109, 1229 (1958).
' J.L. Gammel and R. M. Thaler, Phys. Rev. 10?, 1337 (1957).

rV i+l(r) r~rr (+&

'Vx~' '=+~,
='V, (r)+Sos U, '-'(r) —L S 'VLs '(r),

V, (+)=425.5 Mev,

3V.&-) =0.0 Mev,

'V, (-)=22.0 Mev,

'Vi, q& '=7317.5 Mev,

~& (+& =1.45X 10» cm-~

'p, & ) =not relevant,

3p, (-)=0.8X 10~3 cm-~,

'pl, s =3 7X10"cm '.

Comparing the GT and SM potentials, we see that
while the SM potential 'V, '—) is strongly attractive at
short distances and has to be cut off in order to avoid an
undesirable strongly bound ('5r+'D&) state of the
Z+-proton system (reference 11), the GT potential
'V. ' & is repulsive (hard core) and therefore no bound
state occurs in the triplet state of the Z+-proton
system. Nevertheless, the possibility remains that this
system is bound in the singlet state (for a discussion of
this problem from meson theory'4).

We have calculated the S- and E-wave phase shifts
for the Z+-proton scattering, by following a variational
method" at 40, 100, and 150 Mev in the laboratory
system. The values obtained are arranged in Table I
together with the values given by Bryan et a/. We
emphasize that the phase 'S~ is exact as far as waves
with /) 1 are neglected. This phase shift happens to be
attractive for the SM potential and repulsive for the
GT potential, which is simply due to the diferent
spatial forms of the potential 'V, & ). The other phase

"F. Ferrari and L. Fonda, Nuovo cimento 6, 1027 (1957).
'5 F. Rohrlich and J. Eisenstein, Phys. Rev. 75, 705 (1949).

All potentials have Yukawa shape V(r) = Ue ""/pr and
are energy independent. For the different parameters
we have assumed the values of reference 13 which give a
good fit to the nucleon-nucleon data:

'ro&+) =0.4X10 "cm,

'ro& )=0.4125X10 "cm,
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E),b (Mev)
0 „.toT(Mb)

40
66.1

100
39.5

150
33.3

shifts behave qualitatively roughly like the correspond-
ing ones in the calculation of Bryan et a/. The differential
cross sections at 40, 100, and 150 Mev are plotted in
Fig. 1 together with the cross sections obtained with the
SM potential. The characteristic peaking forward of
0(8) at high energy which is found by using the SM
potential, is not reproduced by the GT potential. This
result holds in general independently of the method of
calculation used and depends almost exclusively on the
sign and magnitude of the "exact" 'Sy.

It is to be noted that the diGerential cross sections
obtained with the GT potential are smaller than those
obtained with the SM potential, the total cross section is

24-

20

l6
LLII-

CQ

z'

b s

SIN 40 MEV

while the total cross section evaluated with the SM
potential is three to four times higher for the energies
considered.

It would be possible at this point to discuss polariza-
tion in Z+-proton scattering. However, due to the
approximation used, we can only say that it appears
that the polarization would be much smaller for the GT
potential than for the SM potential.

In conclusion, we can say that the experimental
observation of the presence or absence of a peak in the
forward direction carries by itself no implication con-
cerning the global symmetry hypothesis. Rather, one
could hope that once the validity of the global symmetry
is established by some other means, the analysis of the
Z+-proton scattering may give some indication on the
triplet odd-parity nucleon-nucleon potential, in par-
ticular whether it is attractive or repulsive at short
distances.
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FIG. i. Differential cross sections for Z+-proton scattering at
40, 100, and 150 Mev in the laboratory system. The dashed lines
refer to the cross sections calculated with the SM potential using
only the S and P waves.


