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ABSTRACT

We have studied the effect of mass differences within multiplets
on relations between scattering amplitudes predicted by' SU(B) in a model
in which the matrix ND-i method and determinantal approximation are
used to calculate the pne~baryon exchange contributioﬂ to the Ez/é_
partial wave in octet-OCtet meson-baryon scattering; the model is the
same aé that ﬁsed'by Wali and Warnock to calculate decuplet mass splittings.
The unphysical cut is taken to be completely‘ SU(B)esymmetric, so that
the énly symmetry breaking arises from the mass differences in the
scattering particles. We,héve examined the predicted relation émong the
amplitudes for the reactions np-np, % p~ K =, and K+p_-~> K p,
and the predicted equality of the amplitudes for K p - KO =° and

- -+ . . . s
Kp—-2Zn . The results confirm an earlier calculation based on a simple
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potential model, in that Qne.finds the maés.spiittings’may produce very
large violations (as much as a factor of 10 in the amplitudes in one
case) 6f the predicted SU(B) relations at low energies; one cannot e
sure of fhe precise validity of these relgtions until the center-of-mass
energy becomes greater than the masses. Thus, even the large discrepancy
: befween the =° KO and 5 ﬂ+ production cross sections near threshold,
as well as the perhaps 20% disagreement in these cross éections reported
at higher energy, could be due to mass differences alone; similar
conclusions hold for all other apparent violations of SU(3) in scattering
procésses so far reported., It seems to make little'diffefence whether
one compares different reactions at, e.g., the same final or same initial
Q yalues. We note that the production cross sections near threshold for
K+ Z+ and KO EO, as predicted by this rather crude dynamical model, are
much too largé when 8SU(3) and the usual value of the D - F mixing '
rarameter, T = 0.35, arce used; the Ig/é contribution to thg former,
alone, is about ten times the experimental wvalue. One can obtain
qualitative agreement with these small production cross sections in the
context of thé‘ﬁédei by taking £ to be about 0.7; this, however,
results in a value of the N A K coupling constant which may be

-

vnacceptably large.



UCRL-17562
-]-

A numbef of authors ha?e studied the problem of obtainingbfTOm
the assumption of SU(3) symmetry, relations befween scattering
amplitudes for differgnt reactions, and hence equalities or,inequalities
which should hold améng experimental cross sections, and have compared
some of the resulting predictions with experiment; further predictions
have also been obtained froﬁx SU(6). Examples of such calculations are
giVen in Ref. 1. Similar>fesults could, of> course, be obtéined from
the assumption of other symmetry groups for the Hamiltonian. The
difficulty arises, however, thaﬁ one knows ﬂhe higher symmetries are
at best approximate. Even if no other violafions of the symmetry were
preéent, it would bebbroken by the appreciaﬁle mass_differences which
exist between members of the same multiplet. These méss diffeéereéences
" not only break the symmetry, but they introduce ambiguities as to how
the predicted relations between cross sections fof different reactions
should be compared with experiment. Most comparisons that have been
madevhave followed a recipe suggested by Meshkov, Snow, and’Yodh (MSY).2
MSY suggest that one should compare cross sections af energies such that
thé final-state Q value, Qf (i. e., the total kinetic energy of all
final~state particleé in the center;of—mass system), is the same for
each reaction. They also point out that the appropriate quantities
to éompare are‘probably the créss sections miltiplied bybthe kinematic

factor F, where

F = qi'Eg/qf- | @
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In Eq. (1), qiv and. q, are the magnitudes of‘the initial and final
three-momenta in the center-of-mass systemn, and' E is the total éenter-
of -mass energy. The cross section multiplied by F 1is proportional
to the square of the absolﬁte value df the invariant amplitude for the
reaction.

5

In a pfevious article one of the present authors explored,
within the context of a simple relétivistic potential séattering model;
the question of the effect of mass splittings on symmetry relatioﬁs, as
well as the problem of whether any of the possible procedures, e. g., that
of MSY, for comparing data from different reactions seemed clearly
preferable - to the others. The conclusions of the potential model
calculation can be summarized és follows. First, one finds that near
threshold, mass differences of fthe order of those Qithin hadronic
multiplets cause violations of the symmetry relations which can be
extremely severe, to the extent of an‘order of magnitude or more'in the
amplitude, and remain appreciable until the total center-of ~mass eﬁergy
becomes large compared with the maéses (not just the mass differences)
involved; simple qualitative arguments show that thié is not surprising.
Secondly, it was found. that there was no reason to6 prefer the M3Y
procedure to, e. g., cbmparing different reactions at the same initial-
state Q value, Qi; dndeed, if the two procedures differed markedly,

it was an indication that the effect of the mass differences was so
large that neither procedure could be expected to work very well, It
was also concluded. that existing discrepancies between SU(B) predictions

and scattering experiments could easily be attributed to the effect of
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ma.ss differences,,withouﬁ invoking other symmetry-breaking mechénisms,
since they occurred in relatively low-energy data.

The purpose of this work.is to study the same questions in a
more realistic model. We calculgtg the IB/E partial wave for some
pseudoscalar meson-baryon scattering.processes, under the assumption

that the entire force, or unphysical cut, is due to baryon exchange.

Our procedure follows exactly that of Wali and Warnock (WW),LL who in

turn use a somewhat simplified version of an earlier calculation by

Martin and Wali.br WW were interested in studying the mass splitting

of the decuplet of meson-baryon resonances produced by the mass
differences among the members of the meson and baryon octets. They

. _ ) 6 _
employed the matrix ND 1 method, and the determinantal approximation.

The unphysical cut functions were calculated by using degenerate masses

~and coupling constants which obey exact SU(3) symmetry. Hence the

only symmetry breaking in the model arises from the Tact that the masses
of the scattering particles, which enter in the phase;space factors
appearing in.theAintegrals for the matrix eiements'of the D matrix, are
nondegenerate, We apply WW's procedure to thevcalculation of amplitudes
for several procésses, rather than simply to the search for the zeros of
Re det D which indicate the positions of resonances or bound states.

The only differences between our calculation and that of WW 1is that

we made some small alterations in the parameters which enter the calcula-

tion. We found we were unable to reproduce the values for the decuplet

"resonance positions quoted by WW without discrepancies of the order of
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aApion mass, and hence made some changes-in our parameter values SOl
thét our calculations yielded the decuplet resonances at more hearly
their experimental positions. in the calculations reportéd below, we
tock the subtraction point W = 0.66 BeV, the excharged mass M, = 1. 385BeV,
ahd the pion-nucleon coupling constant gg/hﬂ = 15, The notation follows
WW, to which the reader is referred for a detailed definition of these
parameters. The corresponding values in WW were 'ﬁ = 0.42 Bev,
M, = 1.47 BeV, and gE/Hn = 19. We note that our value of the exchanged
mass 1s still large enough so that the unphysical éuts never overiap the
physical cuts, even when the degenerate-mass values--1i. e.; the masées
of the A and the w--are used for the external masseé in computing
the Born approximation amplitudes.' We defiﬁe a parameter f such that
the coefficients of the F- and D-type couplingé are proportional to f
and 1 - £ respectively., With f = 0.35, one finds that only the 10
representation of 3U(3) has a low-energy Pé/é resonance, in agree-
ment with experiment. Taking £ = 0.35, and_the above values of the
other parameters, we obtained the 33 xN resonance about 16 MeV higher
than the experimental value, with comparable discrepancies for the
positions of the other.members of the decuplet. No attempt was made
to find a set of parameters which would give a best fit to the experi-
mental decuplet values. | '

We directed our investigation to the five reactions

K++Vp~>K++p, : (2)
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e pea +p, (3)
e p-K o+ 3, (4)
K-+ p-x +3, (5)
X +p-K o+ z°, (6)

Let Tn be the amplitude for the reaction numbered n above in the

Eé/b partial -wave, normalized so that in the single-channel case

T = sin & elg/q , Where g 1s the center—of-méss momentum. We
o :
define An = En Tn , with En being the total energy at which

Tn is evaluated: thus Ah ig the invariant amplitude for the reaction
given by Eq. (n). The assumption of SU(3) invariance, together
‘with the kinematic correction prqcedure described by Eq. (1), then

leads to the relationsl

Ay - Ay = Ay, | (7)
Ay = A . (8)
Equation (7) implies the inequality
eyl <yl clal .

la i - |a

2
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The inequality (9) is, of course, much weaker than (7), but the

quantitiés entering it can be directly related to the P /é contribu-

)
tions to the partial cross section for reaction n, Opy 7 by the
relation
- UF 8
|a_| Fooop /8 (10)

where F 1is defined in Eq. (1).

We note heré that there is a question of phase convention in
computing the amplitudes fof Reactions (5) and (6). If one uses the
isotopic spin factors given in Appendix II of Ref. 5 to compute the
amplitudes for the reactions KN »>x £ and KN - K = in states of

pure isotopic spin, then

=
li

@i~ x 2)y / (6 + (RN ~x2),/2, (11)

T¢ (Kv - X E)O/e + (K¥ - K 5)1/2 s (12)
where by, for example, (EN - K E)Ov We mean the'amplitude for K +N ~
K += in a state of total isotoplc spin O computed from Martin and

‘ Wali’55 Appendix II. The ambilguity arises from the freedom one has to
choose, e. g., the EN‘ and K = states with isospin = O to be;
respectively, either t (jk-p > - lfo n >)/*{é. or

(x> - [k° =°>)/"2 . A particular relative choice of these
signs might change both the sign of the first term in (12) and the sign

of the expression for (I—ENA~> K E)O given by Martin and Wali, leaving T6’
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of course, unchanged. That is to say, the coefficients of.Martin and
Wali's Appendix ITI imply a convention on the choice of some relative
signs such as the one mentioned. In order to be sure whether one wishes,
e.g., a plus or minus éign on the right side of Eg. (12), one must go
back to the Tagrangian given in Appendix I of Ref. 5 and find out how

to choose thevsigns so that the first Born approximation to, e. g.,

(KN-* X Z)O is given correctly by the Martin and Wali iéqspin factors.
Equations (11) and (12) then result.

The actual numerical calculations, involving numerical integra-
tions and the inversion of L x4 amd 5 x 5 denominator matrices (in
computing KN scattering with isospin >O and 1) were, of course, doﬁe
on a computer. Most of the work was done on the IBM 1620 at the Tufts
University Computation Center, while some Tinal production runs were
made on a CDC 6400 at the Smithsonian Astrophysical Observatory.

| We have investigated the validity of Eqs; (7) - (9) at various
energies. We have compared amplitudes for different reactions both at
the same value of Qf, as suggested by MSY, and also at the same value
of Qi' We hé?e also varied the D -~ F mixiné parameter f over a
fairly wide range of values. Our reason for varying f is twofold.
Firstly, our basic philosophy is that we are studying the effect of
mass splittings in a typical model relativistic scattering_problém. We
do nqt believe that our model, with its drastic simplifications (neglect
of all unphysical cﬁt contributions other than one-baryon exchange,

determinantal approximation, neglect of other than two-particle final

states) can be expected to provide a good description of the actual
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physical processes at the energies involved,. which are typically of
the order of 2 BeV in our calculations, since we are dealing Qithltﬁe
production of heavy pérticles;'we do hepe that the mass differenee.
effects encountered will be similar to those in a more realistic theory.
By varying f we can, in effect, study several different models with
the same computer program, and perhaps get a better idea of the range
of phenomena one may expect to encounter in nature. Secondly; as we
shall see, when an orthodox value of‘ f 1is used together wifh - su(3)
symmetry, we find that the Pj/g contribution alone to the;cross
sections for Reactions (4) and (6), at least near threshold, is much
larger than the experimental wvalues. Since it is not clear that ene
expects the model to be gquite as bad as that, it seems worthwhile to see
if one can obtain qualitative agreement with the small exﬁerimehtal Cross -
sections for Reacﬁions (4) and (6) within the framework of en su(3)
eymmetric theory by varying f , whose value is at best fathef uncertain.
Our results are shown in Tables I, II, and III. Table I gives
the values of the amplitudes for the various reactions under considera-
tion, and at various total eﬁergies,along with the initial and final
state Q values. We have presented results for. f = 0.35, and also for
f = 0.7, Calculations were also performed for two other values of
£, 0.1 and 0.55, within thelrange‘fpr which Martin and Wali5 find a
resonance only in the 10 representation; The results were qualitativeiy
very similar to those for f = 0.35, and 1t does not seem worthwhile

presenting them.
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In Table IT, we give a comparison of the results of the symmetry
predictions (7) and (9) with the results of our calculations using the
exact masses. We héve confined ourselves to energiés above that at
which the 33 resonance occurs, as it is obvious that, since thé'mass
splitting causes the’resonahce energy to be kinematicélly allowed in
only one of the three channels, it will have a drastic effect for @
values near that of the resonance. It wili be seen, however, that even
above the 3% resonance region, Eq. (7) is badly violated, especially for
f=0.7. ThevviolatiOns remain large for Q's of the ofder of twice the
mass differences, and even at the very high energy (a bombarding energy
of about 14t BeV) corresponding to @ values of 4 BeV, the two sides of
Eg. (7), although gqualitatively similar, are not in quantitative agree-
ment. The triangle inequality (9), is, of course, in better shape,
since it does not necessarily reflect even large &iolations of (7);
nevertheless,‘it is very badly violated for £ ; 0.7 at Qf = 0.37,
and viclated to a lesser extent in ail fdur/cases at @ = 0.75.

As for the-question of héw one compares different reactions, as
.in Ref. 3 tﬁere does not seem to be a great deal to choose. At
Q = 0.37, 6f course, choosing to put the. Qi's equal means putting the
amplitude for Reaction (4) equal to Zero, since it is not kinematically
allowed, 1In this case, oﬁe does somewhat betfer to make the comparison
at the same Q.. Where both values of Q are allowed, ﬁhere is little
choice and, in fact, putting the Qifs equal gives somewhat better
results in this case, though this is probably not signifiéant. (At

Q = 4.0 BeV, the two methods yield essentially equivalent answers, and
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we have given only one of the results.) As concluded in Ref. 3, it
seems iikely that if the results are sensitive to how one compares
different reactions, e. g., in the.case of Eg. (7) with £ = 0.7 at
Q = 0,75 BeV, this is in itself an indication that the effects of mass
differences afe large enough that any agreement,by ay prqcedure, with
a symmetry prediction must be considered essentially accidental.
Meshkov and Yodh7 have récently surveyed the experimental
situation with respect to the inequality (9). The only violation they

find is at Q. @ 0.8 BeV, where the left-hand member of the first

binequality in (9) is about a factor of three largeruthan lAh . They
comment that this is not surprising, because this is approximately the
energy of the N*(l920). This seems to us to be bégging the question
somewhat, since, if SU(f) is really a valid symmetry, the resocnance
should manifest itself in the various channels in such a way as to
preserve Eq. (7), and therefore,(9); unlike the 33 case, the resonance
is kinematically allowed in all three of the reactions here. However,
in view of,ogr results, it seems perfectly possgible that the mass
differences alone éould-account for a violation of this magnitude at
this enérgy5veven if SU(3) is otherwise a valid symmetry. [Our
assumption, of course, is that the violation of relations like (7) for
ﬁhe sum of partiél waves comprising the total amplitude will, typically,
be of the same order of magnitude as those we find for a single partial
wave. ] |

The results in Tablé IT do, however, indicate one difficulty

with the SU(%) symmetric theory, at least with the value of f in the
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usually accepted range. FExperimentally, the cross éection for
Reaction (4) is quite small; near threshold, values 6f» 0.21 £ 0.0%
and 0.37 t 0.07 mb have been obtéined at values of Qf bf /O.l and
0.37 pev.,” Teking f = 0.35, our model vields a ré/g cross section
of k.5 mb at Qg = 0.15 BeV (or 2.9 mb at Q - 0.1 BeV, if one
extrapolates assuming the croés section is proportional to qu, as
orie would expect for a P-wave cross section near threshold), and 3.5 mb
at Qf =.O.57 BeV. That is, even neglectihg other. partial waves, our
model with the usuwal value of f .yields a cross_section‘for‘Reaction (4)
that is too large by a factor of 10. As indicated above,lthe same
commeﬂts hold true for f.= 0.1 ana 0.55. The cross section decreases
rather rapidly as a function of f for f > Q.55. For f = 0.7, the
Pé/é contribution is éompatible with expérimént, yielding cross
sections of 0.22 and 0.022 mb at Qp = 0.13 and 0.37 BeV. We shall
see that a roughly similar situation occurs with respect to Reaction (5),
and we shall pqstpone.consideration of its possible significance until
after reviewihg the situation as regards the validity of Eq. (8) in our
model.,

Table III summarizes the situation on Reactions (5) and.(6).
We again give the kinematically corrected amplitudes ABI and A6, Which |
are predicted to be equal by the symmetry assumption, for.several
different energies, and with the two reactioné compared both ét the

same Qf and at the same Qi . The situation is very much like that

we have already encountered. Near threshold we find one catastrophic
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violationvqf the symmetry relation;.at Qp = 0.18, the
two amplitudes which are predicted to be equal diségree by a factor
" of 10. The disagreement is perhaps not.as bad at intermediate enérgies
as in Eq. (7). Again, even at Q = k.0 BeV, there are still differences
of the order of 10% in the amplitudes.l We also examined f = 0.1 and
0.55 for these reactions: they were once more qualitatively similar
to f.= 0.35, and we have not included the results. Once again, there
seems no terribly clear-cut choice between the two prescriptions.for
comparing the reactions. Using Qi does avoid the catastropﬁe at
Qf = 0.18 which we have just mentioned. Again we feel that if the .
two methods disagree significantly in analyzing experimental data, the
main conclusion to be drawn is that one is mot at ;ufficiently h;gh'
energy‘to have eliminatéd the mass difference effects.

Experimentally, there are data on Reaction (6) at very low @

9

values. Berge et al.” have measured the cross section for Reaction (6)
for values of ‘Qf ranging from O to 295 MeV, and obtain cross sections
ranging from 46 * 35 +to 113 % 27 u b. These results differ from the
correspondiﬂéréross sections for Reaction (5), after the kinematic
corrections, by factors of the order of 50. As we have seen, however,
even discrepancies of this magnitude could result from the mass
differences alone. If one compares the tWo reactions at the same Qi,
one finds the cross sections, af ter correction, disagree by a factor of

: 10
4 rather than 50, thus indicating the mass differences are likely to be

extremely important.
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There is one measurement on Reaction‘(6) at a mdderately high energy;ll
It yields a éross seétion of 32 i”8 wb at an incident K vmomentﬁm
of 3 Bev/c; co?responding.to Q; = 1180 BeV and Q, = 806 BevV.
Measureﬁents of the cross.éection for Reaction (5).yiel@ b5 £+ 9 ub
at QiF: 1180 BeV, and 60 p b at .Qf.= 1030 BeV.™® These numbers

yield (F 0)6/(F 0)5 = 0.82 evaluated gt equél values of Qi, and
0.75 evaluated at (approximately) equal values of Q.. From Table IT
one observes that there is no reason to expect better agreement with
Bg. (8) at these energies. o

Once again, however, ouf calculations are not in agreement with

the very small value of the cross section.for Reaction (6) if the usual
value of f 1is used, although the disagreement is not so severe as
for Reaction (4). With f = 0.3%, we obtain a P5/é contribution to
the cross section for X° Z° production at Qp = 0.18 BeV of 0.21 mb,
or abdut three times the experimental total cross section for the
reaction. This seems a large discrepancy, especially since this close
to threshold one might expect important S-wave contributions. We have
again considéfed bf = 0,1 and f = 0.55, and find that the real ahd
imaginary parts of the amplitude vary with f in such a‘way'that the
rredicted cross,section for these f's is aétually larger tﬁan for

t

0.35. For f > 0.55, the cross section decreases rapidly; for

f

0.7, the predicted Pé/é cross section is 0.12 mb at Q. = 0.18,
or about one sixth of the experimental cross section for the reaction.

We turn now to the conclusions which seem to follow from these

calculations. First of all, the general results of Ref, 3 are sustained
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by the more realistic model cénsi@ered here. Tor mass differences of
the order of those within the hadronic’ SU(3) multiplets, one finds‘
that, for Q values of the order of 100 or 200 MeV, the 5U(3)
predictions of relations among the‘cfoss sections for various reactions
may be viclated beyond all recognition. AMoreover, the,mas; difference
effects remain appreciable in many cases until the ceﬁter—of~mass energy
becomes comparable to, or bettér, largef than, the baryon masses. As
far as thé meﬁhod of comparing different reactions is concerned, the
ﬁrocedure suggested by MSY, of looking at each reaction at the same

‘Qf, iz probably as good as, but no better than, other plausible methods
such as taking the Qi's to be equal as done hére, or taking.the initial
or firal center-of-mass three-momenta to be the same.

"It is, perhaps, worth commenting briefly on the choice of
amplitude to which to apply the'symmetry relation. We have been
accepting, more or less tacitly, that one should use the invariant
amplitude A rather than the scattering amplitude T, i. e., that the
factor F proposed by MSY and defined in Eq. (1) is appropriate. In
tﬁe symmetry limit, one could vse either: A or T, as the energy R
would be the same for each reagtion. The use of A 1s reascnable if
one makes the usual assumplions about the analytic properties of the
~amplitudes, which are, of course, built into the present calculation,
since then T has a 1/E singularity which is removed by considering
A, which is free of singularities at E = 0. At low eneréies, where
the effécts of mass.differences are very large, it is probably a some-

vhat academic juestion, as it must be considered accidental if the
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symmetfy relations hold for either A or T. [The feéder can, however,
easily find‘thét even'fhe catasfrophic failures oflﬁqs.'(7) and (8) in

our model calculétion would have been worse had we‘applied these relations
to T rather than A.) Af high»energies, the differénce between A

and T ﬁecomes small, since the ratios of the total eneréies~for
different reactions.tend to l; It is, however, worth noting that at

Q - 4 BeV the pefceﬁﬁage error in both (7) and (8) is cutvroughly in
half by using A rather than T. For Q‘; L BeV, one has T. - T_ =

_ 2 >
0.029 - 0.042 i and TM = 0,056 - 0.027 i, while T_ = -0.015 - 0.005 i

>

and T, = -0.013 - 0.00k i. Comparing these with the corresponding
‘values in Tables II and IIT for the A's one finds, as expected, that
bur model confirms the propriety of éomparing the invariant amplitudes.

As far as the experimental conclusions to be drawn on SU(3)
from symmétries in scattering experiments are concerned, it seems fair
to say'ﬁhat such discrepancieé as exist could easily be accounted for
in terms of the mass differences alone. On the other hand, because
df the large statistical errors in much of the data, the confirmatory
evidence is éiéo not convincing. More accurate data, and at much
higher Q values, is required. It may be worthwhile adding that the
possibility of stgdying nonrelativistié SU(6) by means of the
additional symmetriés in scattering which it predicts i1s very discourag-
ing., DBecause it is a nonrelativistic theory, its presumed region of
&alidity is just that in which, as we have seen, the mass differences
'may destroy all similarities betweéen fhé eXperimental data and the

predictions ¢ the symmetry.
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As ve have seen, however, our calculations have developed an
. additional diffiéulty‘for an SU(3) syﬁmetric theory, arising froﬁ
the fact that the predicted cross secti@ns‘for Reactions (4) and, to
a lesser extent, (6) are too largé. There are three poésible explana-
tions of this difficulty. The first 1s that our model is wrong by the
amouﬂt of the discreﬁancy. The likelihood of this is very diffieult
to estimaté. The model is crude in several respects; whether it is

+ ot .
2 production cross

1likely to be off by a factor of 10 in the K
- section ne&ar threshold is not clear.

A second possibility is that the value of the parameﬁer f is
larger than currently believed. The evidence on f is rather tenuous.
As we have noted, Martin and Wali found they obtained a decuplet
resonance, and no other, for 0.1 < f < 0,55; Cappsl5 obtains a similar
range by similar arguments. In particular, for f = 0.7, Martin and
Wali predict a resonance also in the 27 representation. In addition,_
Wali and Warnock, as well as the present work, find that one can achieve
rather good agreement with‘thé_actual rarameters of the decuplet states
for f = 0.35. For f = 0.7, we obtain thé 33 resonance, e. g., at an
eﬁergy which is too large by about QOO MeV} though this could perhaps
‘be improved upon somevhat by varying the subtraction point, which we
have not attempted doing. In any event, it is not clear that better
agreement than this should be expected from the model; it.seems possible
that, in an exact calculétion)one might find a value of f, probably in

the range of 0.5 to 0.7, that would yield the decuplet resonances at

the right positions, produce either no resonances or resonances only at
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quite high energy in the 27-dimensional representation, and yiéld
suitably small values of the cross sections for Reactions (4) and (6).
The biggest difficulty with a value of £ in this region ig 1n the

predicted value of the N A K coupling constant. For f = 0.5
5

2 ) 2 2 _
= 4/3, while for f = 0.7, EnaK /gNNTI = 1.9.

2. 0.33 t 0.7 from the dispersion

. 2
one finds ENAK /éNNﬂ

) _ 14 . 2 .
Lusignoli et al. . obtain ENAK /éNNﬁ

relations for Forward Kp scattering: this is consistent with values
obtained from A production by.photons and mesons,l15 though |
the latter calculations are highly model-dependent, and probably not
vefy reliable. Even allowing, however, for the difficulties in

- analyzing the Kp dispersion relations, because of the presence of
unphysical regions, it is rather.hard to accept values of the NAX
coupling constant consistent with the value of f suggested by our
calculations.

The third‘solution to the problem is, of éourse, to abandon,
or at least to allow severe breaking of, SU(3) symmetry for the
coupling constants. If this is done, then one has enough parameters
so that one céﬁ probably achieve consistency with the resonance struc-
ture, the small production cross sections in Reactions (4) and (6),
and the KXp forward dispersion relations. Indeed, Ref. (15) already
has sugéested_ that there are substantial violations of 8SU(3), since

 it‘is impossible to fit simultaneously for any value of f the value

obtained for and to satisfy an upper bound which is obtained

ENnK

for . If this is the  case, one would hope to find some clear

Ensk
disagreements with some of the SU(B) cross sections predictions per-

sisting even at center-of-mass energies large compared with hadronic

masses.
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TABLE I. Values of the real and imaginary parts of the amplitudes, T,
as defined in the text, for the various reactions at the indicated initial
and final Qb values and values of the - D-F mixing parameter,~f. The |
numbers in the first column refer to the reactions given by the corres-
pondingly numbered equations in the text. The last column gives the

total center-of-mass energy. We use units with ‘h = ¢ = 1.

Reaction  f Q4(Bev)  Q.(Bev) Re T(BeV ')  Im T(Bev ) E
2 0.35 - 0.37 0.37 0.9%59 0.852 1.81
2 0.7 0.37 0.37 -0.881 1.280 1.81
2 0.35 0.75 0.75 0.372 1.117 2.19
2 0.7 L 0.75 0.75 -0.483 . 1.010 2,19
2 0.35 4,0 k.o 0.1k41 0.%21 5.48
3 0.35  0.37 0.37 0,947 2,041 1.45
3 0.7 0.37 0.37  0.053 2.479 1,45
3 0.35 . 0.75 0.75  -0.387 0.535 1.83
3 0.7 0.75 0.75 -0.338 1.113 1.83%
3 0.35 k.o L.o 0.112 0.363 5.08
L 0.35 0.75 0.13 0.797 ~0.331 1.83
L 0.7 0.75 0.13 -0.123% -0.146 1.83
I 0.35 0.96 0.37 0.715 0.09% 2.06
Lo 0.7 0.98 0.37 -0.035 -0.0k46 2.06
b 0.35 1.36 0.75 0.515 0.089 2.4
b 0.7 1.3%6 0.75 0.100 0.104 2.4k
h 0.35 L.o 3.30 0.056 ~0.027 5.08

Table I continued
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Reaction F Qi(BeV) : Qf(BeV) Re T(Bevfl) Tm T(Bev"l) E
5 0.35 0.08 0.185 -0.105 10.151 1.52
5 0.7 0.08 0.185 0.440 -0.493 1.52
5 0.35 0.57 0.68 0.011 0.2k 2.00
5 0.7 0.57 - 0,68 0.050 -0.061 2.00
5 0.7 0.6  0.75 . 0.040 -0.060 2,07
5 0.7 1.14 1.25 0.000 -0.047 2.58
5 0.7 3.89 'u.o_ -0,015 -0,005 5.34
6 0.35 0.57 0.185 0.001 0.178 2.00
6 0.7 0.57 .185 0.048 -0.018 2.00
6 0.7 1.1h 0.75 0.011 -0.0u2 .58
6 0.7 4,39 4.0 -0.013 -0.004 81

\J
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TABLE 1II. The amplitude Ai represents the amplitude for reaction 1,

as given in Table I, multiplied by the center-of-mass energy, i. e., the

in&ariant amplitude for reaction i . Column 1 gives the lealué, and
whether initial or final, at which the amplitudes are evaluated, and
column 2 gives the coupling parameter f. SU(3) predicts that correé-
ponding entries in columns 3 and 5, and 4 and 6, should be equal, as
well as the less stringent inequality that the entries in column 7

should be less than the corresponding ones in column 8. In the first

two rdws of the table, the amplitudes are compared following the prescrip-

tion of MSY, Ref. 2. The units arethe same as in Table I.

Q f Re(Aé.: AB) | Im(A2f A,B) Re &) Im A IAEI-'IAB! [ALL'

| Qp = 0.37  0.35 3.07 1.k 1.45  -0.61 1.02 1.57
Qe = 0.37  0.70 -1.52 -1.28 ~ -0.07  -0.09  0.83 0.11
Qp = 0.75 0.35 1.52 _ 1.58 1.4# 0.19 = 1759 1.45
Q= 0.7 0.70 0. bk -0.37 024 0.29 0.19 0.11
Q; = 0.75  0.35 1.52 1.8 1.h7 © 0.19  1.59  1.L8
Q; = ‘0.75 0.70 -0.bk -0.37 -0,23  -0.27 0.19 0.11
Q, = 4.0 0.35 0.20 -0.08 0.28  -0.1k4 0.01 0.32
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Comparison of the invariant amplitudes

UCRL-1.7562

A, defined as in

the caption to Table II, for Reacticns 5 and 6, at the indicated values

of Q, in the initial or final state, and f. SU(3) predicts the

equality of corresponding entries in columns 3 and 5, 4 and 6 and 7 and

8, and the prescription of MSY corresponds to carrying out the comparison
as in rows 1, 3, and 5.
' Q .f Re Ay Im A ‘Re A ImAg IA5I |a]

Qp = 0.18  0.35  -0.160 0.230 0.002. 0.356  0.276 0.356

Qs = 0.57  0.35 0.022  0.484 0,002 0.356  0.484  0.356"

Qp = 0.18 0.7 . 0.667 -0.748 | 0.096‘ -0.036 1.003 0.105

Q; = 0.57 0.7 0.100 -0.122 0.096 -0.0%6 0.158  0.105

Qe = 0.75 0.7 0.085 -0.127 0.028 -0.108 0.152 0.139

Qi = 1.1+ 0.7 0.000 -0.121 0.008 -0.008  0.121 0.139

Q‘ = 4.0 0.7 -0.080 -0,029 -0.075 -0.027 0.079

0,091
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