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The parameters of the one-boson-exchange model (including pion and kaon exchange), applied in a
previous work to the reactions pp — YKN, are reexamined in the light of the results from a recent exper-
ment which presents new data on = production. It is found that the cutoff parameters on the momentum
transfer in pion exchange must be different for A and 2 production. Furthermore, in the former case, the
relative amounts of = and K exchange cannot be determined from experiment, provided pion exchange is
assumed to be dominant. Finally, a criticism is raised about the existing estimates of resonance production

in the above reactions.

1. SUMMARY OF EARLIER RESULTS

N a recently published paper! (hereafter referred to

as I) three-body associated production in proton-
proton collisions has been analyzed in the energy range
up to an incident proton momentum of 8 GeV/c, where
a certain amount of experimental information is
available.??

The reactions were supposed to proceed via the
exchange of a spinless boson (pion or kaon), as shown
in the diagrams of Fig. 1. As is well known, the so-called
“bare” matrix elements provided by the model (which
lead to an expression for the cross section of the Chew-
Low™ type) must be modified because of several physical
effects, like initial- or final-state interactions, vertex
form factors, or other corrections caused by the fact
that the intermediate boson is off its mass shell. As
pointed out in I, the correct theoretical treatment of
all these effects is severely handicapped by the fact that
they generally depend strongly on the angular mo-
mentum and parity of the final YK system (for =
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exchange) or KN system (for K exchange). Hence the
theory can be safely applied only to the production of
resonances. However, in our case, where such angular
momenta and parities can actually assume a variety
of values, an approximate evaluation of these cor-
rections has been sought, in order to reproduce satis-
factorily at least the main features of the experimental
results. On the basis of previous experience gained in
the study of quasi-two-body reactions, it was proposed
to lump all the corrections into a single cutoff function
on the four-momentum squared A? of the exchanged

particle (of mass u)!:
A2+ ”2 -1
=)

which multiplies the ‘“bare” peripheral matrix element.
In the above formula, & must be considered as an
adjustable parameter, which in I was assumed for
simplicity to be the same for all diagrams involving
pion exchange and for all diagrams involving kaon
exchange separately, but different in the two cases.
The use of the cutoff form (1) is by no means original.
It was first used in the description of pion production
in proton-proton collisions at energies of a few GeV.?2
A cutoff of this kind has been also introduced in some
experimental analyses®” in order to improve the agree-
ment between the yields of those particular experiments
and the theoretical predictions. The analysis performed

F(A2)=(1+ M)
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F16. 1. Typical diagrams representing three-body associated
production in proton-proton collisions through (a) pion exchange
and (b) kaon exchange. p=incoming protons, N =outgoing
nucleon, ¥ =outgoing hyperon.

1 The metric is chosen in such a way that, in the physical
region, A2>0,
2 E. Ferrari and F. Selleri Phys. Rev. Letters 7, 387 (1961).
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F1c. 2. Behavior of the cross section for reactions (3) as a
function of incident momentum. The experimental points are
taken from Refs. 2, 4-7, and 9. The curves represent the pre-
diction of the model, and are given almost completely by pion
exchange, with the cutoff parameter given by (4). The additional
contributions from kaon exchange (for the coupling constant Gx?
less than 1,6) are represented by the shaded regions.

in I, however, was more reliable, because it made use
of all the data available at that time. The conclusion
was reached that the one-boson-exchange model, modi-
fied as shown, was quite a powerful tool for predicting
the. basic features of the experiment (cross sections,
angular and mass spectra), whereas it was unable to
describe properly the results from more. elaborate
analyses, like angular correlations of any kind in the
final state, including the distributions in the so-called
Treiman-Yang angles.!* Furthermore, it was shown that
the most satisfactory fit to the data was obtained by
an admixture of pion and kaon exchange, whose relative
weights were essentially fixed by the cutoff parameters
entering Eq. (1) (let us call them o, and ax). The
values used in I were the following:

oy =45m,2=0.88 GeV?, ax=11.2m,2=0.22 GeV?. (2)

As far as the value of ax is concerned, a further ambi-
1S, B. Treiman and C. N. Yang, Phys. Rev. Letters 8, 140
(1962).
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guity is provided by the fact that the two basic coupling
constants among hyperons, nucleons, and kaons,
(Grpr*¥/4r=G? and Gzo,x?/4w=G5?) have not been
determined experimentally. The value of ax given by
Eq. (2) is to be used together with the value Gy?=4.8,
as determined from KN dispersion relations in an
early work.® A change in Gj;? would entail a corre-
sponding change in ax too.

Unfortunately, when paper I was accepted for
publication, one of the most comprehensive experi-
mental analyses (Ref. 6) was not known to the authors.
Especially for the = channels the results of this paper
were of considerable importance; in particular they
were not completely consistent with the choice of
cutoffs made in I.® Furthermore, some additional
amount of information about the YNK coupling
constants has become available in the meantime. All
this has prompted us to pursue the study started in L.

However, the changes with respect to I do not
concern the physical considerations contained in that
paper, which retain their validity; they rather concern
the practical side of the problem, that is, the choice
of the parameters of the model.

2. ¥ CHANNELS

Figure 2 reports the experimental values of the total
cross section for all the reactions involving = pro-
duction, namely,'¢

PP — ZTK*n ’ (33,)
pp— 2K, (3b)
pp— Z°K*p. 3c)

The additional experimental points (not reported in I)
concerning reaction (3a) are of considerable interest
because they are not consistent with the predictions
made in I; the calculated values are too large by a
factor of 2. It follows that the value of a, given by
Eq. (2) is certainly not adequate for = production, and
must be replaced by a smaller value. The theoretical
curves plotted in Fig. 2 are obtained by a new choice
of this parameter, which will be now called a,®:

a,®=20m,*=0.39 GeV2. 4)

This choice leads to a better agreement with experi-
ment also for reaction (3b). Since for reaction (3c) a
satisfactory agreement was reached in I, one might
think that the choice given by (4) should deteriorate
it. However, this is not necessarily true. Indeed, the
new data provided by Ref. 6 seem to indicate that the

14 M. Lusignoli, M. Restignoli, G. A. Snow, and G. Violini,
Phys. Letters 21, 229 (1966).

18 This point has been also briefly discussed in I, in a note added
in proof.

i6 Al the relevant cross sections and coupling constants to be
used in the calculations can be found in E. Ferrari, Phys. Rev.
120, 988 (1960). Note, however, that the factor % in Eq. (15) of
this paper is wrong and should be dropped. Furthermore, as done
in I, all interference terms have been neglected.
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cross section for 2° production is smaller than indicated
by some of the previous experiments.*? Therefore, on
the whole the situation is definitely improved by the
assumption of a stronger cutoff on pion exchange, al-
though for some particular experiments the theoretical
and experimental normalizations must necessarily
disagree.

Note that the theoretical predictions for reactions
(3b) and (3c) are quite uncertain for a variety of
reasons. The first one is the ill-defined amount of K
exchange, because of the poor knowledge of the cou-
pling constant Gs? for which no substantial progress
has been reported recently.” Another uncertainty
comes from the fact that the low-energy behavior of
the cross section for the reactions 7% — Z°K+ and
7 p—2K° is quite poorly known. [These cross
sections must be inserted into the pion-exchange
contributions to reactions (3c) and (3b), respectively. ]
This holds especially for the reaction 7—~p — Z°K°, for
which a recent accurate measurement!® is at variance
with the results obtained in earlier experiments.”® As a
matter of fact, we have used empirical fits for the above
reactions different from those used in I; the new fits
give a substantial weight to the accurate measurements
reported in Ref. 18. It is evident that a large un-
certainty is necessarily associated to the choice of such
fits. This must be kept in mind when comparing theory
and experiment in more detail.

On the contrary, the prediction for reaction (3a),
which has guided us in the choice of the cutoff o, @, is
practically unaffected by K exchange and is not even
influenced by the ambiguities in the fit of the cross
section for the reaction ntp— ZtK+ (which must be
inserted into the pion-exchange contribution).?

In Figs. 3 and 4 we present the fits to the spectra
reported in Ref. 6. Figure 3 shows the c.m. proton

17 We have retained the same K-exchange contributions to
reactions (3) as calculated in I (and we have taken them always
as isotropic, in the sense explained in I). In particular, the cutoff
ag is given by Eq. (2), and the upper limit on G3? is taken as 1.6.
The parameters for K exchange will be discussed more thoroughly
in Sec. 3. Here we only point out that, on the basis of the latest
analyses on the coupling constants (cf. Ref. 23), values of Gs?
smaller than 1 are more likely than values as high as 1.6. How-
eve%r, no conclusive evidence has been provided on this subject
so far.

18 J. Anderson, F. S. Crawford, Jr., and J. C. Doyle, Phys.
Rev. 152, 1139 (1967). The same group has also performed an
accurate analysis of the reaction 7~p — Z~K™ at the same energy
(1170 MeV/c) [J. C. Doyle, F. S. Crawford, Jr., and J. A. Ander-
son, sbid. 165, 1483 (1968)7.

1 L. B. Leipuner and R. K. Adair, Phys. Rev. 109, 1358 (1958);
F. S. Crawford, Jr., M. Cresti, R. L. Douglas, M. L. Good, G. R.
Kalbfleisch, M. L. Stevenson, and H. K. Ticho, in Proceedings of
the Ninth Annual International Conference on High-Energy Physics,
Kiev, 1959 (Academy of Science, IUPAP, Moscow, 1960), Vol. 1,
p. 443; F. S. Crawford,Jr., R. L. Douglas, M. L. Good, G. R.
Kalbfleisch, M. L. Stevenson, and H. K. Ticho, Phys. Rev. Letters
3, 394 (1959).

2 An ambiguity in the behavior of this cross section is present
only at high energy, where the experimental points known today
(see Ref. 24c of I) are not consistent with each other. This energy
region, however, has little influence on the theoretical spectra for
momenta of the incident protons in reactions (3) up to 6 GeV/e.
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F16. 3. Experimental c.m. angular distribution of the protons
(folded around 90°) for the reaction pp — Z°K+p at 6 GeV/c
(from Ref. 6), compared with the predictions of the model. The
shaded area has the same meaning as in Fig. 3. The average of
the theoretical predictions over the first experimental bin
(0.9<co0s#<1) is also shown.

angular distribution in reaction (3c), Fig. 4 shows the
mass spectra for all three reactions. The latter appear
to be quite consistent with the experiment, except for
the normalization in Fig. 4(b), where, however, for the
reasons explained above, a discrepancy in normal-
ization should not be taken too seriously. The most
significant theoretical mass spectrum [the one of Fig.
4(a)] is in good agreement with the experiment. On
the other hand, the distribution of Fig. 3 seems to
require the presence of a certain amount of K exchange;
indeed, pion exchange alone predicts too fast a decrease
at large angles, and the ambiguities associated to the
calculation of the pion-exchange contribution cannot
appreciably modify this conclusion.

3. A CHANNEL

There is only one reaction which can produce a A
in a three-body final state, namely,

pp— AKFp. O]

It is straightforward to ask the question whether the
cutoff parameter a, ought to be reduced also for this
reaction to the value given by Eq. (4). We think that
the answer should be negative. Indeed, in order to
preserve the correct normalization, one should make up
for the decrease of the pion-exchange contribution by
adding more K exchange (namely, by increasing the
value of ak). In this way, K exchange would dominate
over w exchange in A production, and would be de-
pressed in = production only because of the smallness
of the coupling constant. This situation looks rather
artificial, and it cannot be accepted also for other
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F1c. 4. Experimental K mass distributions for reactions
3(a)-3(c) at 6 GeV/c (from Ref. 6), compared with the predictions
of the model. Lower curves, pure pion exchange; shaded areas,
additional contributions from kaon exchange for the coupling
constant G32<1.6 (value giving the upper curves).

reasons. Indeed, as discussed in I, a dominant K-
exchange contribution to A production would not
correctly predict the mass spectra and would not
explain the A polarization experimentally observed.
Thus we think it much more meaningful physically
to release the requirement that the value of a, be the
same for A and = production, and to introduce two
different cutoffs, ;) and «,®, into the model, which
now contains three free parameters instead of two. As
a matter of fact, the existence of a difference in the rates
of falloff of the A? distributions can be directly inferred
from the data reported in Ref. 6 for reactions (3a) and
(4). If one assumes a dominant pion-exchange contri-

E. FERRARI

175

bution for both reactions, it follows that the associated
cutoffs must be different.?

It is obvious that the relative amount of pion and
kaon exchange assumed in I can be maintained. How-
ever, since the cutoff parameters for A production are
no longer tied to the reactions of = production (which
also cannot tell anything significant concerning K
exchange), we have tried to see whether the experi-
mental data indicate a clear-cut amount of admixture
between 7 and K exchange, or whether there is a certain
freedom in the choice of the parameters. The discussion
can be made only with reference to the data of Ref. 6
(at 6 GeV/c), which constitute a comprehensive sample:
the conclusions obtained hold also for the data from
other experiments, already discussed in I.

We have obtained the perhaps surprising result that
there is no way of determining how much pion exchange
and how much kaon exchange is present in A production,
provided that the former gives the dominant contri-
bution. In other words, if the choice of the cutoffs is
made in such a way that the total cross section comes
out right, all possible admixtures (from pure pion ex-
change to the admixture used in I) give satisfactory
fits to all spectra. One must also keep in mind the
additional ambiguity about the off-shell reactions (in
the 4-particle vertices of the diagrams shown in Fig. 1)
being ‘‘anisotropic” or ‘‘isotropic” (in the sense ex-
haustively discussed in I). This ambiguity affects one
or the other of the two possible contributions, according
to the kind of spectrum analyzed.

%tot | (p)
80+

60

40

2 3 4 5 6 7 8 Pinc (Gev/c)

Fi1c. 5. Behavior of the cross section for reaction (5) as a func-
tion of incident momentum. The experimental points are taken
from Refs. 2, 4-9. Dashed curve, prediction of the model for pure
pion exchange (with a cutoff parameter a, =180m,?); solid
curve, prediction of the model for an admixture of pion and kaon
exchange, with the cutoff parameters given by (6).

21 At this point, it is interesting to recall the empirical deter-
mination, made in Ref. 6, of the cutoffs on pion exchange. At
different stages, two independent determinations are made of a
cutoff parameter playing the same role as our a,; in both cases,
the values obtained for A and = production turn out to be different.
We refer to the parameter « appearing in Eq. (1) of Ref. 6, which
is 0.3540.05 GeV? for Z’s and 0.53:£0.03 GeV? for A’s (more or
less, of the order of the values chosen by us) ; and to the parameter
A introduced after Eq. (3) of the above paper, which is 5.0 GeV?
for A’s and 1.8 GeV? for 2’s (thus, much larger than our values,
even in the hypothesis of complete absence of K exchange). Note
that both determinations yield a cutoff effect which is stronger
in 2 production than in A production.
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The results of our analysis are presented in the figures
which follow. In all of them, only the extreme cases
have been plotted, namely, pure pion exchange (with
a cutoff a,®=180m,2=3.53 GeV?) and an admixture
very close to the one used in I, with the following values
of the cutoff parameters?:

;W =50m,2=0.98 GeV2;
ag=11.2m,2=0.22 GeV2, (6)

However, this value of ax (the same as used in I) must
now be used together with the value Gy2=6 of the
AK*p coupling constant. We have taken this value
from Davies et al.,22 which brings additional evidence
(with respect to the calculation of Ref. 14) in favor of
a relatively low value of Ga%. We have not considered
the larger value of GA? determined by Kim,* which
would require a smaller value of ax, much less satis-
factory from the physical point of view, in our calcu-
lations. Since none of the evidences presented can be
considered as conclusive, we favor the choice of G4? that,
in our case, seems to have more physical significance.
Figure 5 shows the theoretical curves and the experi-
mental values for the total cross section; Fig. 6, for the
c.m. angular distribution of the protons; Fig. 7, for the
distributions in A? (cf. Ref. 22 of I); Fig. 8, for the
AK* and K*p mass distributions. In all figures, the
isotropic and anisotropic cases (when occurring) have
been plotted separately. Except for the spectra of Figs.
7(b) and 8(b), this ambiguity occurs for the K-exchange
contribution. We can see that the curves from an ad-
mixture with isotropic K exchange give good fits, and
are in general agreement with the curves from pure
pion exchange. Anisotropic K exchange, contrary to
what has been stated in I, is much less satisfactory.?
In Fig. 8(b), again isotropic pion exchange is preferred
(both for the admixture and for no K exchange).
Finally, in Fig. 7(b) isotropic pion exchange still gives
the best fit for the admixture, whereas if one takes
pure pion exchange the correct behavior is not obtained
by any of the two extreme hypotheses. We think that

2Tt is obvious that the same ax must be used both for A and =
production: indeed, we have calculated the K-exchange contri-
bution to the =’s with the same ax as given by (6). If one changes
the admixture of = and K exchange in A production, by taking
more 7 and less K exchange, then the K-exchange contribution
to the T channels will be correspondingly reduced. However, this
does not represent a problem, because the K-exchange contri-
bution to = production is small, and it is poorly determined any-
way because of the uncertainty in the coupling constant Gz

% G. H. Davies, N. M. Queen, M. Lusignoli, M. Restignoli,
and G. Violini, Nucl. Phys. B3, 616 (1967). This paper concludes
that G2 should lie in the interval (64-2).

#7J, K. Kim, Phys. Rev. Letters 19, 1074 (1967); 19, 1079
(1967). Kim’s result is Ga2= (16.0==2.5).

% The histograms of Fig. 8(a) show a broader low-mass peak
than predicted by our theoretical curves. This happens because
we have inserted only one resonant peak in our fit for the 7—p —
AK? cross section. A second resonant peak, following immediately,
would definitely improve the agreement. However, the experi-
mental data for the above reaction are quite uncertain in the mass
region around 1.85 GeV (corresponding to incident momenta
around 1.3 GeV/c), and we have preferred not to “guess” any
resonance here.
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Fi1g. 6. Experimental c.m. angular distribution of the protons
(folded around 90°) for reaction (5) at 6 GeV/¢ (from Ref. 6),
compared with the prediction of the model. Dashed curve, pure
pion exchange (with a,®) =180m.%; solid curves, admixture of
pion and kaon exchange, with the cutoff parameters given by (6).
The two curves correspond to the assumption of anisotropic or
isotropic off-shell K*p scattering (as explained in I) in the K-
exchange contribution. The anisotropic case corresponds to the
upper curve near cosf=1. The average of the theoretical pre-
dictions in the first experimental bin is also shown.

it could be reproduced by assuming a somewhat
“intermediate” offshell mp — AK angular distribution,
forward-peaked but not so much as the experimental
one (as measured in 7~p collisions). This conclusion is
at variance with the result of the analysis performed
in Ref. 6, which suggests that the angular distribution
for 7~p — AK" is always nearly the same, whether the
incident pion be real or virtual.

4. SUMMARY OF CONCLUSIONS

On the basis of the recent experimental results,
which have provided substantial information for the
2 channels, we have reevaluated the parameters of the
one-boson-exchange model presented in I. We have
been forced to assumed different cutoff parameters for
pion exchange in A and 2 production. In the latter
case, pion exchange, with the cutoff parameter given
by (4), provides the bulk of the effect: A satisfactory
over-all fit to the various reactions can be achieved.
The channels are rather insensitive to kaon exchange;
however, the presence of some amount of K exchange
(obtained by assuming the same cutoff parameter as
in I and a coupling constant Gx* of order 1) would
provide slightly better fits.

For the A channel, instead, no definite conclusions
about the relative amounts of pion and kaon exchange
can be reached. We are in favor of an admixture of the
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Fic. 7. (a) Experimental
distribution in the momen-
tum transfer Ap,* (defined
as the smaller of the two
momentum transfer be-
tween the final proton and
the initial ones) in reaction
(5) at 6 GeV/c (from Ref.
6). The curves represent the
predictions of the model
and have the same meaning
as in Fig. 6. (b) The same
for the distribution of the
momentum transfer App?
between the A and the in-
itial protons. Here the an-
isotropic and isotropic cases
occur for pion exchange. In
both (a) and (b), the aniso-
tropic cases correspond to
the higher curves at the
peak.

4 plpp GevD)

two mechanisms, with the cutoff parameters given by
(6). However, pure pion exchange (with a, ) =180m.?%)
cannot be ruled out, nor any of the intermediate ad-
mixtures. Indeed, the various fits obtained by changing
the admixture of pion and kaon exchange, provided
that the total normalization is preserved, are gen-
erally not distinguishable within the experimental
uncertainties.

Our best fits are generally obtained when the off-
shell angular distributions in the four-particle vertices
of the diagrams of Fig. 1 are taken as isotropic.?® In
this way, as already remarked in I, the K-exchange
contribution plays essentially the role of a (non-phase-
space) background term, which might perhaps be re-

26 With the present choice of the parameters of the model,
isotropic pion exchange leads to better fits also for the spectra
considered in I, contrary to what was said there.

4 Bap V)

produced also by assuming other mechanisms of inter-
action (e.g., double Regge-pole exchange). For pion
exchange, it is more difficult to justify the hypothesis
of isotropy (or, in different words, to understand why
the insertion of the experimental angular distribution
for 7~p — AK® gives poor predictions for the spectra
sensitive to As,?). We think that this point deserves
further theoretical study.

5. PRODUCTION OF NUCLEON ISOBARS

We close with a comment on the statement, contained
in Ref. 6, that in reactions (3a) and (5) a sizable fraction
of events (38 and 549, respectively) show the formation
of nucleon isobars [the T=% N*(1920), and the T'=1%
N*(1688), respectively], which subsequently decay
into the hyperon-kaon system. It is true that the humps
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Fic. 8. Experimental distributions (a) in the AK* mass, (b) in the K*p mass in reaction (5) at 6 GeV/c (from Ref. 6), compared
with the predictions of the model. The curves have the same meaning as in Figs. 6 and 7. In both (a) and (b), the anisotropic cases

correspond to the higher curves at low masses.

in the 7p — YK cross sections, which are again found
in the mass spectra of Figs. 4(a) and 8(a), reflect the
presence of such resonances. But we think that actual
formation of isobars must occur quite less frequently
than stated in Ref. 6. Indeed, from the data given in
the latter paper, one can infer the following values
of the cross sections for pp — NN* (N* — YK):

o(pp — pN*+(1688); N*+ — AK+)=29+6 b,
o(pp — nN*++(1920); N*++ — Z+K+) =226 pb. (7)

However, one should keep in mind that the strange-
particle decays of nucleon isobars have quite small
branching ratios, still unknown, but very likely to lie
below 19;.2” Taking an upper limit of 197 for them, we
can obtain lower limits on the cross sections for the
total production of the same isobars in pp collisions,
and also for the production of isobars decaying into
the elastic channel (N7 system). We get

a(pp — pN*+(1688))>2.9+0.6 mb,
o(pp — pN*+(1688); N* — nnt, pr°)
21,9404 mb,
o(pp — nN*++(1920)) > 2.2--0.6 mb,
o(pp — nN*+(1920) ; N¥++ — prt) > 1.14:0.3 mb,

®

if we take elastic branching ratios of 65 and 509,
respectively.??

%7 See, e.g., A. H. Rosenfeld, N. Barash-Schmidt, A. Barbaro-
Galtieri, L. R. Price, P. Séding, C. G. Wohl, M. Roos, and W. J.
Willis, Rev. Mod. Phys. 40, 77 (1968).

The experimental data for reactions (8) in the energy
range around 6 GeV/c are rather scanty. From the
compilation by Alexander ef al.2® we learn that the total
production rate of N*+(1688) has been measured as
0.704+0.18 mb at 4.5 GeV/¢, 1.024+0.17 mb at 5.5
GeV/c, and 0.5:£0.1 mb at 6.0 GeV/c. At 5.5 GeV/c,
the cross section for production of the same isobar
decaying into the elastic channel is 0.544-0.22 mb.5
For the N*+*+(1920), we have only the cross section
for the production of the isobar decaying into the
elastic channel,® which amounts to 0.3240.16 mb.
Although all the errors quoted are quite large, and
furthermore the estimates of the cross sections depend
on the manipulation of the background, we see that the
experimental figures are all definitely lower than the
values given by (8). Therefore, we conclude that the
actual production of nucleon isobars in our reactions is
likely to have been overestimated in Ref. 6. In our
opinion, this should discourage any attempts to apply
the theory as developed for quasi-two-body reactions
(absorption model) to samples of data taken in the
regions of the experimental mass peaks,28»

(1;86?). Alexander, O. Benary, and U. Maor, Nucl. Phys. B5, 1

% Note added in proof. The most controversial point in the
above argument is the correct evaluation of the branching ratios
for the decays of the N*’s into YK. We think that the most
reliable way to evaluate them is to use the results of phase-shift
analysis applied to the reactions 7~p — AK® and #+p — I+K+,
We know that such analyses have been presented at the
Fourteenth International Conference on High Energy Physics
(Vienna, 1968) ; unfortunately, we do not have numerical results
available at the moment.



