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Tests of Unitary Symmetry in Nuclei by Meson-Nucleus Reactions*
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Tests of unitary symmetry in nuclei by coherent reactions leading to hypernuclei are examined. Starting
from the two-particle amplitudes for elastic and strangeness-changing meson-baryon reactions, a pseudo-
potential is derived which couples the nucleus and hypernucleus channels. Using experimental cross sections,
numerical estimates for various processes are made in order to appraise the feasibility of experiments, and
it is found that experimental tests are possible with present techniques.

I. INTRODUCTION

HE classification of baryons and mesons by the
higher symmetries has had significant success,

and much of the present experimental data on these
systems can be incoprorated into the SU(3) octet
model. ' It has been recognized that the many-baryon
systems can be placed into SU(3) supermultiplets, and
that states of approximately the same special form will
be connected by the generators of SU(3).' The isobaric
analog states are one example of such states. ' If the
strong baryon-baryon interaction is approximately a
scalar under SU(3), the hypernucleus states which are
formed by the corresponding strangeness-changing proc-
ess will also have narrow widths. 4 It is the purpose of
this work to study meson-nucleus reactions in order to
estimate the cross sections for the various processes and
determine which of these, if any, are suitable for an ex-
perimental test of the existence of these new analog
states as approximate eigenstates.

The SU(3) group is of rank two and order eight. Thus
there are six step-up and step-down operators whose di-
rections in the two-dimensional I3 and hypercharge
space are given by the root diagram. In addition to the
I spin, the two other (strangeness-changing) "angular-
momentum" operators are referred to as U spin and V
spin. ' Although the problem of classifying a system of
A baryons according to SU(3) is a complex one, ' the
classification of the ground states of nuclei is quite
simple. Recognizing that neutrons and protons are both
states of maximum s component in their respective U-
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spin or V-spin multiplets, we make the following obser-
vations: (a) The U spin and V spina of nuclei are unique;

(b) the neutrons and protons can be uncoupled trivially;
(c) the U and V spins are large, i.e., IV+—,'Z and Z+ sr',
respectively. Therefore, the reduced matrix elements of
the strangeness-changing generators of the I.ie group
will be large and vary rapidly from nucleus to nucleus
compared to the corresponding I-spin matrix elements

l
the ground-state I spin is

l
(Z—X)/2

l
because of the

dynamics].
The proposed tests are then quasielastic meson-

nucleus reactions leading to the unitary analog states.
The formalism for calculating the cross section from
the two-body information, which was developed mainly
for the study of elastic scattering by complex systems, '
is reviewed in the next section. Application is made to
various processes in Sec. III, where the width is briefly
discussed.

II. METHOD

The reactions under consideration involve transitions
from an initial nuclear state to a state of the hyper-
nucleus which would be at the same energy except for
mass differences and differences in interaction poten-
tials. A pseudopotential (optical potential) can be de-

rived for such scattering processes in which only the
coordinates of the mesons appear along with operators
which can change the SU(3) quantum numbers of the
mesons and of the nucleus as a whole. That is, we look
for terms in the pseudopotential like u U~ or v
where U~=g; „,„t„,U, ,U; is the U-spin operator of
the jth baryon, a,nd I is the meson U-spin operator.
For example, e,-l~+&=le+&, u, -lI~-&=l~-&, U lp&
= lZ+&, and U le&=Llew')+v3lA&]/2. The operator:.

and V~ are the V-spin operators defined in the
analogous manner, with e+

l
~ )=

l
E'&, a+

l
E )

=I:l~'&+~31~&]/2, V-l~&= I2' » and V-Ip&=l:l~'&
+v3lA&]/2. r Thus the resulting psuedopotential is of
the form similar to the phenomenological pseudopoten-
tial used in the calculations of isobaric analog states. ' '

For references see M. I. Goldberger and K. M. Watson,
Collision Theory (John Wiley k Sons, Inc., New York, 1964),
Chap. 11.

7 Note that for a or p ~ A, the a part of the
~
(AZ') V = 1, V =0)

state must be projected out.' D. Robson, Phys. Rev. 137, B535 (1965).
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This is similar to the proposed tests of I spin in nuclei

by meson reactions. '
The potential is defined in terms of the coherent scat-

tering operator for the scattering of a projectile by a
complex system. Using the impulse approximation for
the scattering in the complex system, the psuedopoten-
tial in coordinate space has the form'

1

(2')' t
&q'l l, I

q&e-'t'-~&', (Z,)

Xe " '*p (q)dq'dq"d'Z.

+absorptive terms+ correlations terms. (1)

The nuclear particle density p(Z, ) is normalized to unity,

q is the meson wave function, and &q'~t, jq) is the
scattering amplitude for the projectile scattered from
the jth nucleon with momentum transfer q' —q. The
"correlation terms" arise from correlations in the many-
body system and are neglected. Making a partial-wave
expansion of the scattering amplitude, one obtains

(q'
~
l,

~ q) =p Q t (/+ 1)Tt, t t~it2(Q)+IT t; t it2(g)]
l

XPt(cos8)(P(g), (2)

where 8 is the scattering angle and (P(Q) is the operator
which projects out the quantum number g, chosen for
convenience in the various processes. The spin-flip terms
have been omitted, since only spinless nuclear states
will be considered. The partial-wave scattering ampli-
tudes Ttt(g) are defined in terms of the phase shifts as

Tt, (Q) = —[expibt, (g)sinbt, (g)]/orEq(diagonal) (3)
=i/exp2ibt, (g)]/srEq(off diagonal) .

Using experimental values for the phase shifts, Eqs.
(1)—(3) give the pseudopotential, except that the absorb-
tive terms must be separately estimated.

In order to avoid derivative terms in the optical po-
tential, we will stay within the energy regions where an
5-wave treatment is satisfactory and we will use a con-
stant-scattering-length approximation. ' These regions
are generally most favorable for carrying out experi-
ments. For each application, the two-body data is
studied to find this region of applicability. One detailed
description will be given in the next section to illustrate
the method.

tions. Since each process has its own personality, we will

discuss them individually. The calculation for the erst
process is discussed in some detail to illustrate the
method and display the approximations.

A. et++(S, N) ~ X++(S, N 1, A—.)

This is a U-spin-Rip process which arises from .the
basic process or++rt -+ %++A. Rest. ricting ourselves to
5 waves, the m-nucleon scattering amplitudes are

&~'nl t
I
~'&= (1/4~)&~'n I

a+bn" ~"
I
~'n& (4a)

(&+A
I tl ~+n)= (1/4~) &&+A

I
a+bu" U" [I:+A&, (4b)

(~'pill"p&=(1/4~)&~'pla —bu" U" l~'p&, (4c)

where

a=2Tt or=et2+Tt

b=T

From the x-nucleon scattering one can find the relation-

ship between the I-spin and U-spin phase shifts. This
has been done in obtaining the results of Eqs. (4) and

(5) (note that or+rt involves U=2 and aawhile s.+P in-

volves U=O and 1). The pseudopoential obtained by
substituting Eqs. (4) and. (5) into Eq. (1) leads to a
coupled-channel Klein-Gordon equation. Neglecting
terms of order (V/E)', the coupled set of differential

equations is

V2

+2rr2$Aa+b(Z N)+t'c)p—(x) B. q.(x)—
2E

=2or2(2N)'t'bp(x) q tr(x),
(6)

V2

+27r'$A a+b (Z N+1)+ td]p—(x) $«px(x)—
2EK

2n.2(2N)it2bp(x) p. (x)

with the boundary conditions

q (x) r e*". +f (8)

pir(x) ~ fx(8)

III. APPLICATIO5 8

We restrict ourselves to reactions with charged meson
beams, because of the experimental diKculty in using
neutral beams. Only A-hypernuclear states are treated
since these will have widths given by the SU(3) viola-

' A. K. Kerman and R. K. Logan, in Proceedings of the Interna-
tional Conference on Xttclear Spectroscopy mittt Direct Reactions,
edited by F. E. Throw (Argonne National Laboratory, Argonne,
Illinois, 1964), Report No. ANL 6878, p. 236."L.S. Kisslinger, Phys. Rev. 98, 761 (1955).

In Eqs. (6) and P), E, Ez, k, and kx are th.e sr- and
E-meson total energies and three-momenta, A =N+Z
is the nuclear mass number, and h and 8~ are defined

by

8 =(E 2—ttt, ')/2E,
bid ——(Esr' —rttx')/2Etr.

The constants c and d represent purely absorptive proc-
esses and are neglected in the following estimates.
Therefore the production amplitude for the scattering
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into the unitary analog state is given by

fear(e)=rrEx d'r' e '"ir'" ' ')'
p~rg

X f Fla+b(Z —N+1))tore+(2Ã)'i'b9 ), (8)

where &pic and y are the solutions to Eqs. (6) with (7).
Since even the S-wave part of th de pro uction amplitude
corresponds to pion kinetic energies of over 750 M V

pproximation can safely be used in the ab-
c

to am
sence of absorption. Neglecting th te erm proportional
o y~ a much smaller effect than the ab t ', de a sorption', and
a ing a uniform distribution for the nucl de nuc ear ensity

p(r) one obtains for the total cross section under the
unitary analog peak:

the strangeness-changing reaction somewhat too lar e.
s o e processes considered in this paper, the

a oo arge.

mass splittings introduce other channels which
yj: e ry adly, so the experimental amplitudes

for the strangeness-changing two-b d- o y reactions must

two-bo
e used. The accuracy of the SU 3 desescnption for the

of a
wo-bo y amplitudes is not necessar f thry or e existence

as the bar
o a narrow unitary analog stat C 'de. onsi erations such
as t e baryon-meson coupling constants, force ranges,
core sizes, and the structure of th h

~ ~

e ypernu cear state
determine the width of the state.

The rodp uction cross sections are given in Fig. i.
For nuclei heavier than He4 they are found to be

cross sections as a function of energy are ap-

minimum momentum transfer is about 2.2 F '
increasese in the reduced matrix element (2Ã)'is is com-

a ou . , sothe

pensated b the dy e ecrease in the Bessel functions as the
radius increases Lsee Eq. (9b)$. The kinematic analysis
resembles that in the recent studies of h
esses b Stos y odolsky. "The absorption. can easil b

in q. & ~ in the distorted-wave approximation
if reliable estims imates of the absorptive potential bn ias can e

e a sorptive processes will further reduce the
cross sections howe ver, i the resonance is narrow an

t h
'

experimental test might be p bl h
ec niques.

possi e wit present

B. ~ +(Z, N) —+ It.'+(Z—1, N) A)

The V-s in a- p analysis of this process is similar to the
U-spin analysis in Sec. III A. The cross sections differ

rgy i erences. Thus the results are ual't
given in Fig. 1.

s are qua itative y

(9)ar=NSf(kR)/(k E)' C. X +(Z, N) —+ sf+(Z—1, N, A.)

This process at 6rst seems promising because of the

for E
small E-q mass difference and th 1

or E +P ~ it+A just above threshold. '4 However the)

where

k&) =i '(q&) i '(q ~)+i o'(q&) —i o'(q &), (9b)—
with qs(qt) the minimum (maximum) momentum t
fer allowed, so that
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"L. Stodolsky, Phys. Rev. 144, 1145 1966

Ref. 2 H. Feshbach and A K
er ey et a/. , Phys. Rev. Letters 15, 641 (1965).

ql 4+kK ~

The constant S is evaluated by taking the limit E —+ 0
and X=1 and b corn a

'

resonance is present at about 150
MeV/e, " the analysis cannot be relied on at or ab
that momentum.

'e ona ora ove

It is interestin t
needed to fit the low-es

'
g t at the s-wave scattering len theng s

e ox-energy x-nucleon scattering 6t the
constant which enters the calculati 'th' fon wl ln a actor

, i.e., e SU(3) description of ~++ts ~E++hbased.
on the elastic mrI, scattering at th e same g value is a-
proximately correct with th d de pre icted magnitude of

p-

"L Bertanza et al1.Bertanza et 4/. , Phys. Rev. Letters 8, 322 (1962~.
G. T. Hoff, Phys. Rev. 139, 8671 (1963).
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