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ABSTRACT 

We have studied the effect of mass differences within multiplets 

on relations between scattering amplitud.es pred.icted by SU(3) in a model 

in which the matrix ND-l method and determinantal approximation are 

used to calculate the one-baryon exchange contribution to the P3/2 

partial wave in octet-octet meson-baryon scattering.: the model is the 

same as thatused1by Hali and Harnock to calculate decuplet mass splittings. 

The unphysical cut is taken to be completely SU(3 )-symmetrj.c, so that 

the only syrnmetry breaking arises from the mass differences in the 

scattering particles. We have examined the predicted relation among the 

amplitudes for the reactions + + + + + and I(I-p + 
JL P ~ :n: p, :n: p ~K 1: , .~ K p .. 

and the predicted equality of the amplitudes for - ° Kp~K 
,-0 

and 

- - + K p ~ 1: :n:. The results confirm an earlier calculation based on a simpJe 



-iv- UCRL-17562 

potential model, _in_ that one finds the mass splitti]1gs may produce very 

large violations (as much as a factor of 10 in the amplitudes in one 

case) of the predicted SU(3) relations at low energiesj one cannot be 

s"LlYe of the pl'ecise validity of these relations until the center-of-mass 

energy becomes greater than the masses. Thus, even the large discrepancy 

b th -.::.0 KO et-vleen e and production cross sections near threshold, 

as vell as the perhaps 20% disagreement in these cross sections reported 

at higher energy, could be due to mass differences alonej similar 

conclusions hold for all other apparent violations of SU(3) in scattering 

processes so far reported. It seems to make little difference ,.;hether 

one compares different reactions at, e.g., the same final or same initial 

Q values. VJe note that the prodllction cross sections near threshold for 

and as predicted by 'this rather crude dynamical model, are 

much too large ,.;hen SU(3 ) and the usual value of the D - F mixing 

p-3-rameter, f ::: 0.55, are usedj the P3/2 contribution to the former, 

alone, is about ten times the exper j_mental value. One can obtain 

Cluali tati ve agreement '.;ith these small production cross sections 1n the 

context of theriiodel by taking -f to be about 0.7j this, however, 

results in a value of the N A K coupl1ng constant i-lhich-may be 

unacceptably large. 

'-~ 
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A number of authors have studied the problem of obtaining from 
-' 

the assumption of SU(3) symmetry, relations between scattering 

amplitudes for different reactions, and hence equalities or inequalitles 

whlch should hold among experlmental cross sectlons, and have compared 

some of the resulting predictions with experiment; further predictions 
~;, 

have also been .obtained from SU(6).Examples of such calculations are 

gi ven in Ref. 1. Similar results cO';lld, of course, be obtained from 

the assumption of other symmetry groups for the HamJltonian. The 

difficulty. arises, however, that one knows the higher symmetries are 

a t best approximate. Even if no other violations of the symmetry were 

present, it would be broken by the appreciable mass differences which 

exist between members of the same multiplet. These mass differences 

not only break the symmetry, but they introduce ambiguities as to how 

the predicted relations between cross sections for different reactions 

should be compared with experiment. Most compad.sons that have been 

made have followed a recipe suggested by Meshkov) Snow) and Yodh (MSY). 2 

MSY suggest that one should compare cross sections at energies such that 

the final-state Q value, Qf (1. e., the total kinetj.c energy of all 

final-state particles in the center-of-mass system), j,s the same for 

each reaction. They also point out that the appropriate quantities 

to compare are probably the cross sections multiplied by the klnematic 

factor F, where 

F (1 ) 
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and ~ are the magnitudes of the initial and final 

three-momenta in the center,..of-mass system, and E is' the total center­

of-mass energy. The cross section multiplied by F is proportional 

to the square of the absolute value of the invariant amplitude for the 

reaction. 

In a previous article3 one of the present authors explored, 

within the context of a simple relativistic potential scattering model, 

the question of the effect of mass splittings on symmetry relations, 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 summ~rized as follows. First, one finds that near 

threshold, mass di.fferences of the order of those within hadronic 

multiplets cause violations of the symmetry relations which can be 

extremel.y severe, to the extent of an order of magnitude or .more in the 

ampl.itude, and remain appreciable until the total center-of-mass energy 

becomes large compared with the masses (not just the mass differences) 

involved; simple qualitative arguments show that this is not surprising. 

Secondly, it was found. that there was no reason to prefer the MSY 

procedure to, e. g., comparing different reactions at the same initial­

state Q value, Qi; indeed, if the two procedures d.iffered. markedly, 

it was an indication that the effect of the mass differences ,-las so 

large that neither procedure could be expected to work very well. It 

was also concluded that existing discrepancies between SU(3) predictions 

and scattering experiment.s could easily be attributed to the effect of 
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mass differences, without invoking other symmetry-breaking mechanisms, 

since they occurred in relatively low-energy data. 

The purpose of this work is to study the same Ciuestions in a. 

more realistic model. We calculate the par_tiELl wave for some 

pseudoscalar meson-baryon scattering processes, under the assumption 

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

4 
Our procedure follows exactly that of Wali and Warnock (WW), who in 

turn use a somewhat simplified version of an earlier calculation by 

Martin and Wali. 5 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 

employed the matrix ND-
l 

method, 
6 

and the determinantal approximation. 

The unphysical cut functions were calculated by using degenerate masses 

and coupli.ng constants which obey exact SU(3) symmetry. Hence the 

only symmetry breaking in the model arises from the fact that the masses 

of the scattering particles, which enter in the phase-space factors 

appearing in the integrals for the matrix elements of the D matrix, are 

nondegenerate. We apply WW's procedure to the calculation of amplitudes 

for several processes, rather than simply to the search for the zeros of 

Re det D whtch indicate the positions of resonances or bound states. 

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

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

tion. We found we '''ere unable to reproduce ·the values for the deC'Llplet 

resonance positions Ciuoted by WW without discrepancies of the order of 
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a pion mass, and hence masie some changes in our parameter values so 

that our calculations yielded the decuplet resonances at more nearly 

their experimental positions. In the calculations reported below) we 

I, 
took the subtraction point w = 0.66 BeV) the exchanged mass M. == 1. 385Be V, 

J. 

and the pion-nucleon coupling constant The notation follows 

WW, to which the reader is referred for a detailed definition of these 

parameters. The corresponding values in were 
., 

/ " 

0.42 BeV) 

M. = 1.47 BeV) and g2/4n = 19. We note that our value of the exchanged 
1 

mass is still large enough so that the unphysical cuts never overlap the 

physical cuts) even when the degenerate mass values--i. e.) the masses 

of the A and the l1--are used for the external masses in computing 

the Born approximation amplitudes. We define a parameter f such that 

the coefficients of the }'- and D-type couplings are proportlonal to f 

and I - f respectively. With f = 0.35, one finds that only the 10 

representation of su(3) has a low-energy P3/2 resonance, :i.n agree-

ment~ with experiment. Taking f 0.35, and the above values of the 

other parameters) we obtained the 33 ;-eN resonance about 16 MeV higher 

than the experimental value) with comparable discrepancies for the 

posi tions 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 investigat:i.on to the five reactions 

-'- + 
K' + P -? K + p) (2 ) 
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+ + 
1( +p"-7TI +p, 

+ + + :n: +p->K +Z, (4) 

K 

- 0_0 
K + P -> K '+ - (6) 

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

P3/2 partial \{ave, normalized so that in the single-channel case 

T sin /) 
·5 

e
l 

/q , where q is the center-of-mass momentum. We 
c) 
define A 

n 
E T 

n n 
with En belng the total energy at which 

T 
n 

is evaluated,: thus A 
n 

is the 1nvar1ant amplitude for the reaction 

given by Eg. (n). The assumption of SU(3) invariance) together 

with the kinematic correction procedure described by Eq,. (1), then 

leads to the relationsl 

(8 ) 

Eq,uation (7) implies the ineq,uali ty 
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The inequality (9) is, of course, much weaker than (7), but the 

contribu-quantities entering it can be directly related to the P3/2 

tions to t he partial cross section for reaction n, a
Pn

, by the 

relation 

IA I n 
(10) 

where F is defined in Eq. (1). 

We note here that there is a question of phase convention in 

computing the amplitudes for 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 ->- rr L: and KN -> K:::: in states of 

pure isotopic spin, then 

1 

(RN -> rr L:)o / (6)2 + (RN ~ rr ~)1/2 (11) 

(12 ) 

where by, for- example, (RN -->- K ::::)0 we mean the amplitude for K + N -> 

K +:::: in a state of total isotopic spin 0 computed from Martin and 

Wali: s5 Appendix II. The ambiguity arises from the freedom one has to 

choose, e. g., the KN and K:::: states with isospln == 0 to be, 

respecti vely, either + (I K- p > - 1 KO n >)/ \2- or 

t (I K+::::- > - IKo ::::0> )/\'-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 (KN -~ K ::::)0 given by Martin and Wali, leaving T6J 
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of course: unchanged. That is to say, the coefficients of Martin and 

Wali's Appendix II 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 sign on the right side of Eq. (12), one must go 

back to the .Lagrangian given in Appendix I of Ref. 5 and find out how 

to choose the signs so that the first Born.approxj.mation to, e. g., 

(iili .-> K ::::)0 is given correctly by the Martin and Wali isospin factors. 

Equations (11) and (12) then result. 

The actual numerical calculations, involving numerical integra-

tions and the inversion of 4 x 4 ani 5 x 5 denominator matrices (in 

computing KN scattering with isospin 0 and 1) were, of course, done 

on a computer. Most of the work was done on the IBM 1620 at the Tufts 

University Computation Center, while some flnal production runs were 

made on a CDC 6400 at the Smithsonian Astrophysical Observatory. 

We have investigated the validHy of Eqs. (7) - (9) at various 

energj.es. 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 Q.. We have also varied the D - F mixing parameter f over a 
1 

fairly wide range of values. Our reason for varying f is twofold. 

FiTstly, our basic philosophy is that we are studying the effect of 

mass splHtings in a typical model relativistic scattering problem. We 

do not believe that our model, with its drastic simplifications (neglect 

of all unphysical cut 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 



UCRL-17562 

-8-

physical processes at the energies involved, which are typically of 

the order of 2 BeV in our calculations, since we are dealing with the 

production of heavy particles; we do hope that the mass difference 

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 compl1ter program, and perhaps get a better idea of the range 

of phenomena one may expect to encounter in nature. Secondly, as vie 

shall see, lv-hen an orthodox value of f is used together with SU(3 ) 

symmetry,we find that the P3/2 contribution alone to the cross 

sections for Reactions (4) and (6), at least near threshold, is much 

larger than the experimental values. Since it is not clear that one 

expects the model to be quite as bad as that, it seems worthvlhile to see 

if one can obtain qualitative agreement with the small experimental cross 

sections for Reactions (4) and (6) within the framework of an SU(3) 

symmetric theory by varying f whose value is at best rather uncerta:i.n. 

Our results are shown in Tables I,. II, and III. Table I gives 

the values of the amplitudes for the various reactions under consi.dera-

tion, and at various total energies, along vlith the initial and final 

state Q values. We have presented results for f = 0.35, and also for 

f = 0.7. Calc"t:llations were also performed for two other values of 

f.. 0.1 and 0.55, within the range for which Martin and Wali5 ftnd a 

resonance only in the 10 representation. The results were qualitatively 

very similar to those for f = 0.35, and it does not seem worthwhile 

presenting them. 
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In Table II} we give a comparison of the results of the symmetry 

predictions (7) and (9) with the results of 01.-1r calculations using the 

exact masses. We have confined ourselves to energies above that at 

which the 33 resonance occurs, as it is obvious that, since the mass 

splitting causes the resonance energy to be kinematically al10vred in 

only one of the three channels, it will have a drastic effect for Q 

values near that of the resonance. It will be seen, however) that even 

above the 33 resonance regiCJD, Eq. (7) is badly violated, especially for 

f =: 0.7. The violations remain large for Q's of the order of twice the 

mass differences, and even at the very high energy (a bornbarding energy 

of about 14 BeV) correspondtng to Q values of 4 BeV, the two sides of 

Eq. (7); although Cllmlitatively similar, are not in quantitative agree-

ment. The triangle inequality (9), is} of course, in better shape, 

since j.t does not necessarily reflect even large violations of (7); 

nevertheless, it is very badly violated for f =: 0.7 at Qf:= 0.37, 

and violated to a lesser extent in all four cases at Q:= 0.75. 

As for the question of how one compares dj.fferent reacti ons., as 

in Ref. 3 there does not seem to be a great deal to choose. At 

Q =: 0.30 of course, choosing to put the Q. IS 
1 

equal means putting the 

amplit·ude for Reaction (4) equal to zero, since it is not kinematj.cally 

aJ.1owed. In this case, one does somewhat better to make the comparison 

at the same Qf' Where both values of Q are allowed, there is 1i ttJe 

choice and} in fact} putting the Q. IS 
1 

equal gives somewhat better 

resu1 ts tn thls case, though this is probably not signHicant. (At 

Q := 4.0 Bey: 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 likely that if the results are sensitive to hmv one compares 

different reactions, e. g., in the case of Eq. (7) wtth f = 0.7 at 

Q = 0.75 BeV, this is in itself an indication that the effects of mass 

differences are large enough that any agreement, by any procedure, with 

a symmetry prediction must be considered essentially accidental. 

Meshkov and Yodh7 have recently surveyed the experimental 

situation with respect to the inequality (9). The only violation they 

find is at Qf:::: 0.8 BeV, where the left-hand member of the first 

inequality in (9) is about a factor of three larger than 1A41. They 

comment that this is not surprising, because this is approximately the 

energy of the N* (1920) . This seems to us to be begging the question 

somewhat, since) if SU(3) is really a valid symmetry, the resonance 

should manifest itself in the various channels 1n such a way as to 

preserve Eq. (7), and therefore. (9) j unlike the 33 case, the resonance 

1s kinematically allowed in all three of the reactions here. However, 

in view of.our results, it seems perfectly possible that the mass 

differences alone could account for a violation of this magnitude at 

this energy, even if SU(3) is otherwise a valid symmetry. [Our 

assumption) of course, is that the violation of relations like (7) for 

the sum of partial waves comprising the total amplitude will, typically, 

be of the same order of magnitude as those we find for a single parttal 

wave. ] 

The results in Table II do, however, indicate one difficulty 

.with the SU(3) symmetric theory, at least with the value of f in the 
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usually accepted range. Experimentally, the cross section for 

Reaction (4) is quite smallj near threshold, values of 0.21 + 0.03 

and 0.37 + 0.07 mb 

8 
0.37 BeV. Taking 

have been obtained at values of Qf 

f = 0.35, our model yields a P3/2 

of 0.1 and 

cross section 

of L~.5 mb at Qf = 0.13 BeV (or 2.9 mb at Qf = 0.1 BeV, if one 

extrapolates assuming the cross section is proportional to qf3, as 

one would expect for a P-wave cross section near threshold), and 3.5 mb 

at Qf = 0.37 BeV. That is, even neglecting other partial waves, our 

model with the usual value of f yields a cross section for Reaction (4) 

that is too large by a factor of 10. As indicated above, the same 

comments hold true for f = 0.1 and 0.55. The cross section decreases 

rather rapidly as a function of f for f > 0.55. For f = 0.7, the 

P
3

/ 2 contribution is compatj.ble with experiment, yielding cross 

sections of 0.22 and 0.022 mb at Qf = 0.13 and 0.37 BeV. We shall 

see that a roughly similar situation occurs with respect to Reaction (5), 

and we shall postpone consideration of its possible significance untiJ. 

after reviewing 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 AS and A6, ,.;-hich 

are predicted to be equal by the symmetry assumption, for several 

different energies, and with the two reactions compared both at 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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violation of the symmetry relation; at Qf = 0.18, the 

two amplitudes which are predicted to be equal disagree by a factor 

of 10. The disagreement is perhaps not as bad at intermediate energies 

as in Eq. (7). Again, even at Q = 4.0 BeV, there are still differences 

of the order of 10% in the amplitudes. We also examined f = 0.1 and 

0.55 for these reactions,: they were once more quali.tatively 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. Ustrig Q
i 

does avoid the catastrophe 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 '!lot at sufficiently high 

energy to have eliminated the mass difference effects. 

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

values. Berge et a1. 9 have measured the cross section for Reaction (6) 

for values of Qf ranging from 0 to 295 MeV, and obtain cross sections 

ranging from 46 ± 35 to 113 ± 27 ~ b. These results differ from the 

corresponding cross 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 fran the mass 

differences alone. If one compares the two reactions at the same Q, 
i 

one finds the cross sections, after 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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11 
There is one measurement on Reaction (6) at a moderately high energy. 

It yields a cross section of 32 ± 8 I-l b at an incident K momentum 

of 3 BeV/c, corresponding to Q. = 1180 BeV and 
l 

Qf =: 806 BeV. 

Measurements of the cross section for Reaction (5) yield 45 t 9 I-l b 

at Q
i 

= 1180 BeV, and 60 I-l b at 
12 

Qf = 1030 BeV. These numbers 

yield 0.82 evaluated at equal values of Q., and 
l 

0.75 evaluated at (approximately) equal values of Qf' From Table II 

one observes that there is no reason to expect better agreement vlith 

Eq. (8) at these energies. 

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

the very small value of the cross section for Reaction (6) if the usual 

value of f is used, althoLlgh the disagreement is not so severe as 

for Reaction (4). With f = 0.35, we obtain a P3/2 contribution to 

the cross section for KO ~o production at Qf 0.18 BeV of 0.21 mb, 

or about 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 considered f = 0.1 and f = 0.55, and find that the real and 

imaginary parts of the amplitude vary with f in such a way that the 

predicted cross section for these fls is actually larger than for 

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

f 0.7, the predicted. P3/2 cross section is 0.12 mb at Qf = 0.18, 

or abcmt one sixth of the experimental cross section for the reaction. 

We tllrn nm, 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 consi~ered here. For mass differences of 

the order of those Hithin the hadronic SU(3) multiplets, one finds 

tb .. at, for Q values of the order of 100 or 200 HeV, the SU(3) 

pn"dictions of relations among the cross sections for variol1s reactions 

may be violated beyond all recognition. Horeover, the.mass difference 

effects remain appreciable in many cases until the center-or-mass energy 

becomes compg,rable to, or better, larger than, the baryon masses. As 

far as the method of comparing different reactions is concerned, the 

procedure suggested by IvlSY, of looking at each reaction at the same 

Q • is probably as good as, but no better than, other plausible methods 
:f'" 

such as taking the Q. 's to be equal as done here, or taking the initial 
1 

or final center-of-mass three-momenta to be the same. 

It is, perhaps, worth commenting briefly on the choice of 

amplitude to ,·,rhich to apply the symmetry relation. Vie have been 

accepting, more or less tacitly, that one should use the invariant 

amplitude A rather than 'the scattering amplitude T, 1. e., that the 

factor F proposed by MSY and defined in Eq. (1) is appropriate. In 

the sYllliuetrY limit, one could use either A or . T, as the energy E 

Hould be the same for each reaction. The use of A is reasonable if 

one makes the usual assumptions about the analytic properties of the 

amplitudes, Hhich are, of course, built into the present calculation, 

since then T has a liE singularity Hhich is removed l)y considering 

A, "lhieh is free of singu1aritles at E = O. At low energies, where 

the effects of mass. differences are very large, it is probably a some-

\That academic luestion, as it must be considered accidental H' the 

". 
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symmetry relations hold for either A or T. [The reader can} however} 

easily find that even the catastrophic failures of Eqs. (7) and (8) in 

our model calculation would have been worse had we applied. these relations 

to T rather than A.] At high energies} the difference betl-leen A 

and T becomes small, since the ratios of the total energies for 

different reactions tend to 1. It is, however, worth noting that at 

Q =: 4 BeV the percentage error in both (7) and (8) is cut roughly in 

half by using A rather than T. For Q =: 1+ BeV, one has T2 

0.029 - 0.042 i and T4 == 0.056 - 0.027 i, while T =: -0.015 
5 

and T6 =: -0.013 - ·0.004 i. Comparing these with the corresponding 

values in Tables II and III for the Als one finds, as expected, that 

our model confirms the propriety of comparing the invar:i.ant amplitudes. 

As far as the experimental conclusions to be drawn on SU(3) 

from symmetries in scattering experiments are concerned} it seems fair 

to say that such discrepancies as exist could easD.y be accounted for 

in terms of the mass differences alone. On the other hand, because 

of the large statistical errors in much of the data, the confirmatory 

evidence is also not convincing. More accurate data, and at much 

higher Q values, is required. It may be worthwhile adding that the 

possibility of studying nonrelativistic su(6) by means of the 

additional symmetries in scattering which it predicts is very discourag-

ing. Because it is a nonrelati vistic theory, its presumed reg:Lon of 

validity is just that in which, as we have seen, the mass differences 

may destroy all similarities between the experimental data and the 

predictions cl the symmetry. 
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As He have seen, however, our calculations have developed an 

additional dlfficul ty for an SU(5) symrnetric theory, arising from 

the fact that the predicted cross sections for Reactions (4) and, to 

a lesser extent, (6) are too large. There are tlrree possible explana-

tions of this difficulty. The first is that our model is i-lTong by the 

amount of the di screpancy. The IH:elihood of this is very difficult 

to estimate. The model is crnde in several respects; "I.;rhether it is 

likely to be off by a factor of 10 in the 

section near tlrreshold is not clear. 

+ K 2.:+ production cross 

A second possibility is that the value of the parameter f is 

1arger than currently believed. The evidence on f is rather tenuous. 

As we have noted, Martin and \tJali found they obtained a decuplet 

resonance, and no other, for 15 
0.1 < f < 0.55; Capps' obtains a similar 

range by simj.lar argDlllents. In pg,rticular, for f:= 0.7, Martin and 

Hali predict a resonance also in the 27 representation. In addition, 

Wali and Harnock, as "I'lel1 as the present Hark, find that one can achieve 

rather good agreement with the act'ual parameters of the decuplet states 

for f:-: 0.55. For f:= 0.7, lie obtain the 35 resonance, e. g., at an 

energy "I.;hich is too large by about 200 MeV, though this could perhaps 

be improved upon someHhat by varying the subtraction point, I-lhich .... le 

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 calculation. one might find a value of f, probably in 
J 

the range of 0.5 to 0.7, that \-IOuld yield the decupJet resonances at 

the right posii·,i.ons, produce ei. ther no resonances or resonances only at 
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l1uite high energy in the 27 .... dimensional representation, and yield 

suitably small values of the cross sections for Reactions (4) and (6). 

The blggest difficulty with a value of f in this region is in the 

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

one finds5 2 2 
gNAK /gNNJL 

Lusignoll et al.
14 

obta.ln 

4/3.. whi1e for 

2; 2 
gNAK g:N~:r1 

2 2 
f = 0.7, gNAK /gNN:r1 == 1.9. 

0.33 ± 0.7 from the dispersj.on 

relations for forward Kp scattering.: this is consistent with values 

obtained from A production by photons and Jr mesons; 15 though 

the latter calculations are highly model-dependent, and probably not 

very reliable. Even ailowing, however, for the difficulties in 

analyzj.ng the Kp dispersion relations, because of the presence of 

unphysical regions, lt is rather hard to accept values of the NAK 

coupling constant consistent with the value of f suggested by our 

calculations. 

The third solution to the problem is, of course, to abandon, 

or at least to allow severe breaking of, suO) symmetry for the 

coupling constants. If this i.s done) then one has enough parameters 

so that one can probably achieve consistency wi th the resonance struc-

ture, the small production cross sections in Reactions (4) and (6), 

and the Kp forward di.spersion relations. Indeed, Ref. (15) already 

has suggested that there are substantial violations of SU(3), since 

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

obtained for gNAK" and to satisfy an upper bound which is obtained 

for If ":,his is the- case, one wO'uld hope to find some clear 

disagreements with some of the SU(3) cross sections predictions per-

sisting even at center-of-mass energies large compEtred ,-lith hadronj.c 

masses. 



UCRL-17562 

It is a pleasure for one of us (A. E. E.) to express his thanks 

for the hospitality of Prefessor Geoffrey Chew in the Theoretical Group 

at the lawrence Radiation Laboratory of the University of California· 

in Berkeley during the completion of this work. 



UCRL-17562 

-19-

TABLE 1. Values of the real and imaginary parts of the amplitudes, T, 

as deflned in the text, for the various reactions at the indj.cated initial 

and final Q values and values of the D-F mixingparameter,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 withh = c = 1. 

Reaction f Qi(BeV) Qf(BeV) Re T(BeV-1 ) Im T(BeV-1 ) E 

2 0.35 0.37 0.37 0.939 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 0·75 0·75 -0.483 1.010 2.19 

2 0.35 4.0 4.0 0.141 0.321 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 1.413 1. 83 

3 0.35 4.0 4.0 0.112 0.363 5.08 

4 0·35 0;75 0.13 0.797 -0.331 1.83 

4 O~·7 0.75 0.13 -0.123 -0.146 1.83 

4 0.35 0.98 0.37 0·715 0.092 2.06 

4 0·7 0.98 0.37 -0.035 -0.046 2.06 

4 0.35 1.36 0·75 0.515 0.089 2.44 

4 0.7 1.36 0·75 0.100 0.104 2.44 

4 0.35 4.0 3.38 0.056 .,.0.027 5.08 

Table I continued 
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Table I continued 

Q. (BeV) Qf(BeV) Re T(BeV-1 )- 1 
Reaction f 1m T(BeV- ) E 

l 

5 0.35 0.08 0.185 -0.105 0.151 1.52 

5 -0.7 0.08 0.185 0.440 -0.493 1.52 

5 0.35 0.57 0.68 0.011 0.242 2.00 

5 0·7 0.57 0.68 0.050 -0.061 2.00 

5 0·7 0.61f 0·75 O.OlfO - 0.060 2.07 

5 0.7 1.14 1.25 0.000 -0.047 2.58 

5 0.7 3. 89 4.0 -0.015 -0.005 5.34 

6 0.35 0.57 0.185 0.001 0.178 2.00 

6 0·7 0.57 0.185 0.048 -0.018 2.00 

6 0.7 1.14 0.75 0.011 -0.042 2.58 

6 0·7 4.39 4.0 -0.013 -0.004 5. 81 
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TABLE II. The amplitude A. represents the amplitude for reaction i, 
l 

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

invariant amplitude for reaction i. Column 1 gives the Q. value, and 

whether tnitial or final, at which the amplitudes are evaluated, and 

column 2 gives the coupling parameter f. SU(3) predicts that corr'es-

ponding entries in columns 3 and 5,. and 4 and 6, should be equal, as 

well as the less stringent tnequality that the entries in cOl'qrnn 7 

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

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

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

Q f Re(A2- AS) Im(A2 - A
3

) Re A4 1m A4 IA21- IA3 1 IAL~ I 

Qf = 0.37 0.35 3.07 -1.42 1.45 -0.61 1.02 1.57 

Qf = 0.37 0.'70 -1.52 -1.28 -0.07 -0.09 0.83 0.11 

Qf 0·75 0·35 1.52 1.58 1.44 0.19 1.59 1.45 

Q = 0.75 f .. 0·70 -0.44 -0.37 0.24 0.29 0.19 0.11 

Q. = 0·75 0.35 1.52 1.58 1.47 0.19 1.59 1. L~8 
l 

Q. = 0.75 
l 

0.70 -0.44 -0.3'7 -0.23 -0.27 0.19 0.11 

Q. == 4.0 0.35 0.20 
l 

-0.08 0.28 -0.14 0.01 0.32 
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TABLE III. Comparison of the invariant amplitudes A, defined as in 

the caption to Table II, for Reactions Sand 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 ~), 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 He AS 1m AS Re A6 1m A6 IASI IA61 

Qf =: 0.18 0·35 -0.160 0.230 0.002 0.356 0.276 0.356 

Qi 0.S7 0·35 0.022 0.484 0.002 0.3S6 0.484 0.3S6 

Q =: 
f 

0.18 0·7 0.667 -0.7~-B 0.096 -0.036 1.003 0.105 

Q. =: 0.S7 0·7 0.100 -0.122 0.096 -0.036 0.158 O.lOS 
1 

Qf =: 0.75 0·7 0.083 -0.127 0.028 -0.108 0.152 0.139 

Qi =: 1.14 0·7 0.000 -0.121 0.028 -0.108 0.121 0.139 

Q = 4.0 'f 0.7 -0.080 -0.029 -0.075 -0.027 0.091 0.079 
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