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The suppressed ratio of (7, pn) to (7w, pp) pion absorption cross sections on *%He has an important
contribution from NN’ intermediate states, where N’ denotes a P;; wN interaction. The order-of-
magnitude energy variation of this ratio, from stopped pions to pions above the (3,3) resonance, is repro-
duced in calculations using a unitary isobar model. We predict a strong asymmetry in the angular distribu-

tion of the ratio of higher pion energies.

A recent experiment' with resonance-energy pions in-
cident on **He nuclei has discovered that the ratio of cross
sections for absorption on T=1 and T =0 nucleon-nucleon
pairs is suppressed by more than a factor of 20 from the
isospin symmetry expectation. Preliminary experiments at
other energies,>> as well as an experiment with stopped
pions,* also find this suppression but indicate that the ratio
is strongly energy dependent. The reason for the suppres-
sion is believed to be dynamical, involving the orbital angu-
lar momenta allowed in the NA intermediate states which
generally dominate the absorption mechanism."* An ab-
sorbing NN pair in a 7 =0 35 state can form an NA inter-
mediate state in an s wave (L'=0), but a T=1 1§, pair
must have L'= 1, which means much smaller amplitudes.

This special kinematical situation which leads to a
suppression of the otherwise dominant A contribution pro-
vides us with a unique opportunity. We can use experimen-
tal information on the energy and angle dependence of the
T =1 to T =0 ratio to investigate small effects in the NN
system that are otherwise masked by the dominant NA in-
termediate states. The ratio is, or will be, a good way to
discriminate between various unified, unitary models that
have been developed in recent years to describe NN and
NN interactions.®

The first steps in such a program have been taken by Lee
and Ohta,’ who have considered the L'=1 NA intermediate
states in the 7 =1 reaction. They find that the three-body
absorption mechanisms contribute negligibly to the kinemat-
ical situations investigated to now and that the T=1 to
T =0 ratio at 165 MeV can be explained by the NA states.
We consider here one of the next logical ingredients, the
contribution of the NN’ intermediate state, where N’
denotes an interacting P;; 7w N state. In contrast to Lee and
Ohta, we find that the L'=1 NA intermediate states influ-
ence the ratio mainly through their interference with the
more important NN’ states. Our calculations, including
both NN’ and NA channels, are in good agreement with the
general features of the order-of-magnitude energy variation
of the T=1 to T =0 ratio. In addition we predict a strong
backward peaking in the ratio that could be observed in ex-
periments to be done at higher pion energies.’

Our calculations for the two-nucleon absorption process,
7+ (NN),—os7— NN, use time-reversal symmetry and an
isobar model® for the NN — NNz reaction. This is a rela-
tivistic model which respects two- and three-body unitarity.
For details we refer the reader to Ref. 8, but the essence of
the calculation is illustrated by the graph in Fig. 1. For pion
absorption on a nucleon pair at rest with respect to each
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other, we simply require the two absorbing nucleons to have
the same three-momenta, hence forcing them into a relative
s state. Then, using Clebsch-Gordan coefficients, we pro-
ject out either singlet or triplet spin states (S =0 or 1) for
this NN pair. The isospin of the pair is therefore also fixed
(T =1 or 0, respectively) by antisymmetry. The kinematics
for this reaction is essentially the same as for pp— dw *.
Our isobar model® is similar in spirit to that used by Lee
and Ohta. Both models have the important feature of uni-
tarity above the inelastic threshold. This can make numeri-
cal differences as large as a factor of 3 from Born approxi-
mation calculation for the ratio R. The major difference
between the models, as far as pion absorption is concerned,
is that their model allows only NA intermediate states. We
have two isobars, A and N'.° The addition of NN’ inter-
mediate states brings in two new pieces of physics. The
NN’ intermediate state can have L'=0 when the absorbing
pair has T =1, in contrast to the L' =1 requirement for NA
states. Also, the final nucleon-nucleon state can now have
total isospin I/ =0 as well as / =1. Interference of the /=0
and I =1 amplitudes makes possible an unsymmetric angu-
lar distribution of the proton in the overall center of mass.
In this Brief Report we present results of the relative pion
absorption cross sections for a T=1 or T=0 NN pair at
rest in the laboratory. For comparison with the data for
capture on **He we should also take into account several
nuclear corrections. One of these is the effect of Fermi
motion, but as far as the cross section ratio is concerned

FIG. 1. Form of the graphs calculated for pion absorption on two
nucleons, relatively at rest, with total spin S and isospin 7. The
overall isospin is /, and L' indicates the relative orbital angular
momentum between the spectator nucleon N and the #N isobar, ei-
ther A (P33) or N’ (Py;). The blob represents the partial wave am-
plitude (in the LSJ representation) obtained by the unitary isobar
model of Ref. 8. The three-momenta of the initial particles are in-
dicated at the left of the diagram.
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that should not bring in qualitative differences. Another is
the possibility that the pion capture involves more than two
nucleons. However, for the situation in which two nucleons
are observed ‘‘at the free kinematics,” as in the experiment
of Ref. 1, Lee and Ohta have shown that three-body capture
processes make a negligible contribution.’

One other point that needs to be made before we present
our results is that, given the possibility of / =0 final states,
the extraction of a “T'=1 to T =0 ratio”’ is not unambigu-
ous. We have therefore calculated the ratio which corre-
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FIG. 2. Predicted cross sections o and o3, in arbitrary units
(same for all graphs), and the (w~,pn) to (w*,pp) ratio R, in per-
cent, for three incident pion energies. The full calculations with
both NN’ and NA intermediate states are shown as solid lines,
those with NA states only as dashed lines, and those with NN’
states only as chained-dot lines. The angle 6 is the c.m. angle
between the incident pion and the outgoing proton.
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sponds to experiment,

R = o(m~,pn) _ N2 o3
a(m*,pp)  Nriogo1+Nf2io,

€Y

gi=cla*+(np)s-1,r=0— ppl ,
or=oln*+(np)s=or-1— ppl .,
o3=oln ™+ (pp)s-or-1— pnl ,

where the N’s are the numbers of available nucleon pairs
with given charge and isospin in the capturing nucleus. For
SHe, N2, Nf2o, and Nf2, are 1, 1.5, and 0.5, respectively,
while for *He they are 1, 3, and 1. Thus, R (°He)
=2R (*He) =R, allowing us to plot results for both nuclei
on the same graph with a simple scaling factor.

Figure 2 shows our calculated results for the cross sec-
tions o and o; (in arbitrary units) and the ratio R (in per-
cent) for three pion laboratory energies, ranging from below
to above the (3,3) resonance. The small cross section o,
not shown, is comparable in size with o3, and thus does not
significantly influence the ratio R. The angle 6 is the center
of mass (c.m.) angle between the pion and the outgoing
proton. Calculations with both A and N’ isobars present
(and interfering) are shown as solid lines, while the separate
A and N’ contributions are shown as dashed and chained-
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FIG. 3. Angle-averaged (= ~,pn) to (#*,pp) ratio R (in per-
cent) as a function of incident pion energy, compared with data
from Refs. 1-4. The solid curve is the prediction with both NN’
and NA intermediate states, while the dashed curve is that for the
case of NA states only. The dotted areas surrounding the curves in-
dicate the range of variation of R(8). Solid data points are from
3He, open circles from 4He; preliminary data points are indicated
with dashed error bars.
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dot lines, respectively. (The N’-only contribution to o is
negligible and therefore not plotted.) The T =0 cross sec-
tion o, as expected, and the cross section o, are dominated
at all energies by the A resonance. Both o; and o, have an-
gular distributions like 4 + cos?9, similar to those for the
m*d— pp reaction.

The more interesting graphs are those of o3, which show
complicated interferences between NA intermediate states
(with L'=1) and the somewhat larger NN’ states. It is this
interference that gives rise to the striking angular depen-
dence of the ratio R. The pronounced backward peaking at
T,.=255 MeV is probably most amenable to near-future ex-
perimental verification. :

To compare these predictions with the available experi-
mental data, we have averaged R () for *He over angles.
The energy dependence of (R) is shown in Fig. 3, along
with data from Refs. 1-4. The agreement is surprisingly
good, considering that the present model uses a rather sim-
ple N’ propagator!® and it does not include contributions
from any of the other ‘“‘small” #N interactions (e.g., S31)
or from NN final state interactions. Note in particular that
keeping only NA intermediate states, as in Ref. 5, gives R’s
that are very much smaller than experiment at lower ener-
gies.

In this regard, we note that our ‘“NA-only’ results
(dashed curves) are rather smaller than those of Lee and
Ohta. One reason for the difference might be that they
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average over a *He ground state wave function, while we do
not. A more likely reason for the difference, in our
opinion, is the different treatment of NN — NA amplitudes
and A propagator. That is, the T =1 to T =0 absorption ra-
tio appears to be quite sensitive to model details, and for
that reason its experimental measurement should be pur-
sued energetically. At the same time we urge other theore-
ticians to apply their models to calculate this ratio. The
comparison with experiment should clarify the physics of
the NN# system which is presently hidden by the domi-
nance of the A resonance.

To summarize, we have found that the observed suppres-
sion of the T=1 to T =0 two-nucleon absorption ratio pro-
vides a window for examining small effects in the NN# sys-
tem that would otherwise be masked by the dominance of
the A resonance. In particular, the N’ (P;; #N) isobar
gives important contributions to R. It explains the much
larger values of R below the resonance, in good agreement
with presently available data, and also predicts a strong
backward peaking in R (#) at higher energies.

The calculations discussed here were based on a model
and computer codes developed in collaboration with J. Du-
bach and W. M. Kloet. We also thank D. Ashery, T.-S. H.
Lee, S. M. Levenson, and M. M. Sternheim for helpful dis-
cussions. This work was supported by the U.S. Department
of Energy.
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