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It is possible that final-state interactions are re-
sponsible for some of this discrepancy, but again
preliminary results'® indicate only a (5-10)% re-
duction. There may exist significant strength in
S, at high w that we are missing, but that is con-
sidered unlikely. It is clear that the data should
be extended to higher g approaching 2K ; so that
we have greater confidence in our independent-
particle model and avoid any complication from
Pauli correlations.
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The widths of states of Z-hypernuclei have been estimated in two models. Widths as
small as one to a few megaelectronvolts are found, a result which should hold for some
isolated simple Z-hypernuclear states. The standard procedure by use of the two-body
absorptive cross section is shown to overestimate the width by one or more orders of

magnitude.

PACS numbers:

Recently (K,7) experiments with nuclear targets
leading to Z-hypernuclei have been carried out,'* 2
and one anticipates that there might soon be con-
siderable new data with improved energy resolu-
tion. The crucial question governing the future of
this field of study is the width of Z-hypernuclear
states. The conventional wisdom is that the = ~ A
conversion in nuclear matter will lead to a typi-
cal strong interaction width of 50-150 MeV for
these states. If that is true the study of Z-hyper-
nuclei will be very limited in comparison with A-
hypernuclei. The present data,” however, show
that there are states with widths less than 10 MeV.

21.80.+a, 25.80.+f
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It is the purpose of the present note to demon-
strate that such small widths can be expected for
isolated Z-hypernuclear states, and that the study
of Z-hypernuclei should be most rewarding.

The main calculations are estimates of the width
of a Z-N state produced in a (K~ ,7") reaction on
a N-N cluster in a nucleus. Two models are used.
First, the width is estimated using plane-wave
final A-N states. Since the final center-of-mass
momentum is approximately 2m ,c, this should be
adequate for the purposes of the present work. In
the second calculation the Z-N - A-N width is esti-
mated by means of the model of broken SU(3) sym-

© 1980 The American Physical Society



VoLUME 44, NUMBER 15

PHYSICAL REVIEW LETTERS

14 ArriL 1980

metry which has been proposed® * for the treat-
ment of analog hypernuclear states. In this mod-
el one considers A analog states, | AAS) , and Z
analog states, | ZAS), degenerate in the SU(3)
limit and split mainly by mass differences. Al-
though microscopic calculations indicate that the

| AAS) might not be detectable,**° the basic two-
baryon force seems more favorable for the | Z AS).
In any case, we only apply the model to the two-
baryon problem here.

In using this broken SU(3) model, it is the width
of possible Z analog states which is being estimat-
ed; however, the results will be approximately
valid for other shell-model-type Z-hypernuclear
states. It is simply a model to include final-state
interactions. Although the final numerical results
are somewhat model dependent, it will be shown
that the widths obtained are an order of magnitude
smaller than previous conjectures.

Let us first consider a two~-nucleon cluster in
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FIG. 1. The Z-A conversion process leading to the
width of Z-hypernuclear states being considered in this
work.,

a nucleus. The main width seen in a (K*,7") reaction exciting a Z-hypernuclear state arises from the
Z-N -~ A-N processes. The ¢t matrix for the (K~,7") reaction including this process is

tK'.'rr‘FN(kK' )kw')

TE "

“(IN|Ey—Hyy—-VT(E —Hpy +i€) ' VIZN) ’

(1)

where V is the Z-N - A-N interaction, Hyy is the Hamiltonian in the Z-N space and H,y in the A-N
space. The explicit form of V is given below. The numerator is the conventional multiple-scattering
form with -, - being the two-body ¢ matrix and Fy related to the nuclear form factor. The third term
in the denominator is the effective Hamiltonian arising from the process illustrated in Fig. 1. From
this one obtains the width of the Z-N states as seen in the (K,7) cross section

d3k ”n

Tyy/2=1 Or

(SN|V|AN,k") (AN ,E"| V| SNYS(E -E,). (2)

Equations (1) and (2) are quite general. For the interaction V the one-pion-exchange potential (OPEP)

interaction is used:

- OPEP _88zA m [l*_" (1 1
VaViza == —___4MNMZA 39 % +S,, +

e-mr_» -
3 mr m—zrzﬂ mr T ®)

where 2 and T are £ — A transition spin and isospin operators, S,, =3(r1)?(0Z)?/? is a tensor force
operator for the Z-N - A-N potential. The coupling constants are defined in the convention of Nagels

et al.," and MZAE%WE +MA).

Let us now determine the width of a Z-N cluster assuming that the final A-N cluster consists of the
A and N in plane-wave states. Taking the Z-N cluster in an s state, and using the OPEP interaction
of Eq. (3), one finds after averaging over spin and isospin that

r

=9 kENEA <gg2Am1r3
N (Ea "‘Ezv}m ro\ AM yM 55

where

Ry=Jar ¥R yy@)jo(kv)e” "/mr

t

and

. 1 1 1 -m
Rz=deVzR):N(V)Jz(kV)<§+W"'W)e 7 /mv,

2
) [m°R 2 +18m°R 2], (4)

and where % =283 MeV/c, Ey= k2 +M )2, E,

= (2% +M %)%, and Rzy(r) is the radial Z-N cluster
wave function. It is evident from the form of R,
and R, that the answer is model dependent and
that it is particularly important to take the short-

969



VoOLUME 44, NUMBER 15

PHYSICAL REVIEW

LETTERS 14 ApriL 1980

range correlations into account. We use the mod-
el Rzy(#) =N~ *"—e~?7), a model which at least
provides for the vanishing of the relative wave
function at short distance. For a 4-MeV binding
at the cluster we find

[plane vaw _q 93-1.8 MeV ©)

for 4<B/a<17. The model dependence of the re-
sult is an important consideration, to which we
return below.

Next, consider the coupled-channels model of
the (K~ ,7") reaction leading to | ZN) and | AN) two-
baryon clusters which are coupled by the interac-
tion V. Because of the large energy involved, the
final A-N particles will most likely leave the nu-
cleus, but here we assume that the direct coupling
to the Z-N cluster proceeds through the | AAS) ,
which in this case is just a A-N cluster. As typi-
cal kinematics, for 600-MeV/c K~ momentum,
for the reaction leading to the Z~hypernuclear
state the 7~ momentum is about 512 MeV/c and
about 586 MeV/c for the A-hypernuclear state.

A lower K~ momentum would be more suitable
for the recoilless reaction, but the present esti-
mate gives typical results. For the present cal-
culation we consider that an L =0, Z-N state has
been produced.

Using this model of saturation by the AAS, one
obtains from Eq. (2)

LD _1EMz=Myp, s <’i¢) ‘

2w R, B, o l¥a\)| AE ©),
- 1 ::igZAz ma® 2 2 2

AE_MZ—MA 4T 4m <4MNM2A>(RS +15877),

where

with

AE =(ZN|VTVIZN)/ (M 5 ~M,). (7)

In Eq. (6) &, is the pion momentum for the inter-
mediate A-N state, and 2, is the momentum of
the A corresponding to the 6 function in Eq. (2).
The quantity AE defined in Eq. (7) is the real en-
ergy shift produced by the Z-A coupling of Eq. (1)
in the analog-state model. Note that this expres-
sion for AE is also the closure result if the aver-
age energy difference between Z- and A-hypernu-
clear states is My ~M,. Also note that equations
analogous to Eqgs. (6) and (7) can be obtained by
use of the dispersion relation for the Z-N scatter
ing amplitude corresponding to the operator V.
Recognizing that AE and I'/2 are the real and
imaginary parts of that amplitude, one has the
dispersion relation

1

r/2=1"'P[, dE'AEE’)/E'-E). ®)
Using the extension of Eq. (7) for AE (E’) and as-
suming that the threshold for the A-N state is
My —M, below the Z-N state, one sees that the
width is expected to be of the same order as the
energy shift AE. Let us proceed by estimating
AE.

Assuming that the Z-N cluster is ina L =0
state, and averaging over spin and isospin, one
finds from Eqs. (7) and (3) that

)

22 my

RZ=(EIN| " ™/mr)?|ZN), R;*= (EN[K%%—%JFML)Q-W] 2| TN).

It is quite clear that the short-range repulsive
nature of the force, which causes the wave func-
tion to tend to O faster than "¢ at the origin,
must be used, and that the result for the tensor
force is sensitive to the model of this short-range
behavior. We evaluate expression (9) by choosing
an average radius » which gives the correct value
of (e~ ™/mr)?) for a wave function of the form
Ryy(r)~e™® —e~P7 with a chosen to give the
cluster a binding energy of =4 MeV and various
choices for 8. Typically, for 8 =4a, one finds

AE =0.8 MeV

for the energy shift in the two-nucleon system.
This gives I'"@% ~ 1-2 MeV, consistent with the
plane-wave result of Eq. (5).

970

| Thus, the width arising from a N-N cluster is
seen to be one to a few megaelectronvolts. This
estimate for the two-nucleon system itself is not
very useful for there does not seem to be a bound
Z-N state.>”® However, it can be used to estimate
the widths of shell-model-type states (such as the
| ZAS)). For complex nuclei the result can be
stated in terms of the number of nucleon pairs,
Ness, which contribute to the width. Thus, the
width of a typical Z-hypernuclear state is

r‘complex: T yyNess - (10)

From Egs. (5) and (10) we see that this result
is one to two orders of magnitude less than the
values currently accepted. If one used the stan-
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dard expression’ I'sv0,,,0(0), then one finds
values of the width of about 50 MeV?® or larger.
Note from Eq. (2), with a 6-function interaction
one finds that the width arising from the Z-N

- A-N two-particle cluster satisfies the relation-
ship

I [y(0) [, (11)

which leads to the standard expression if one
interprets |(0)[>as p(0). However, y(0) is the
velative wave function for the two-nucleon cluster,
while the density p(0) used in simple estimates

is the average nuclear density. One can argue
that the relative wave function is built into the
absorptive cross section, 0,,, but we now show
that this is not satisfactory for the type of proc-
ess being considered.

I have used the model of Eq. (3) to calculate the
total £ - A cross section, oz, at low energies.
In the Born approximation oy, is about a factor
of 7 too large compared with experiment and de-
tailed calculations.’ By including an initial-state
interaction to fit the Z-N s-wave phase shift, the
theoretical result can be reduced to give a satis-
factory fit, in view of the crudity of the model.
The results are still somewhat too large as can
be expected from the absence of vector-meson
contributions. This latter, by the way, will also
reduce the value of the Z-hypernuclear width
given above.

Next note that for the two-body bound-state
cluster the relative wave function ¢(0) actually
vanishes for a hard core, and is very small for
realistic two-body forces. To estimate the error
in using the average density p(0) compared to a
microscopic calculation, let us calculate the ma-
trix element, (AN|Vy,)| ZN) using a Yukawa
interaction, VZA(U with unit volume integral, to
replace the 6 function which leads to ¢(0). For
the parameters used in the paper and described
above one finds that

[ <] V):A(I)D 2/p(0) ~2Xx107%,

with p(0) the typical nuclear density. The most
important point is that the effect of correlations
on the bound-state width is seen to be one to two
orders of magnitude greater than the analogous
effect for the calculation of the scattering cross
section 0y,. For this reason, which is mainly a
consequence of the large momentum transfer,

one must explicitly include the short-range repul-
sive correlations in the calculation of the hyper-
nuclear width.

The magnitude of the quantity N.¢s of Eq. (10)
depends upon both the distortions of the K and 7
projectiles and the structure of the hypernuclear
states. However, since both the K~ and 7~ me-
sons are strongly absorbed at medium energies
the reactions are mainly at the nuclear surface.
Therefore, one can expect that only a few nucleon
pairs are effective in contributing to the width.
For the (K™, 77) reaction a related effective nu-
cleon number for forward scattering was found
to be quite small.’*!! Thus, there should be iso-
lated Z-hypernuclear states, and only states for
which such widths are small are being considered
here. The question of the existence of approxi-
mate X analog states involves two-baryon and
many-body symmetry and dynamics, and is the
subject of future study.
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