CERN LIBRARIES, GENEVA

LT

CM-P00061518 Ref.TH.1622=CERN

FURTHER EVIDENCE FOR A 70, L=2 BARYON MULTIPLET

*
D. Faiman, J.L. Rosner ) and J. Weyers

CERN -- Geneva

ABSTRACT

The recently discovered f wave dominance of
the decay F35(1877)—>13TV is interpreted as re-
quiring mixing between 6y I=2 and 70, L=2
baryon multiplets. This conclusion is drawn in
the context of a broken version of SU(G)W. Further
predictions include a) the existence of a second

prominent F,. TN resonance around 2 GeV in mass

15
and b) the more probable dominance of the 1.9 GeV

enhancement seen in ﬂ’+p - f(1385)K+ by P33

and P rather than F or F resonances.

37

31 35

*) Alfred P. Sloan Foundation Fellow, 1971=73.

Permanent address : School of Physics and
Astronomy, University
of Minnesota,
Minneapolis, Minn. 55455
Ref.TH.1622~-CERN
28 February 1973



I.

INTRODUCTION

of indications of an F KN resonance with

1)
17
a mass near 1983 MeV provided the first hints about the existence of a ZQ, L=2

The discovery in 1967

supermultiplet 2) in SU(S)WxQ(B). Since then phase shift analyses have been
extended to higher energies enabling a more detailed study to be made in this

3)

mass region. As a result, both the new CERN and Saclay 4) analyses provide

stronger evidence for this state. In Fig. 1 we have plotted the CERN F17
phases as tabulated in CERN preprint TH.1408, but in a manner designed to
improve the signal-=to-noise ratio. What we have done is to plot the average

of each successive three entries in the tabulation, removing the lowest entry
and adding one more to the average as we proceed from each point on Fig. 1 to
the next. 1In general this would be a good way of wiping out any fine structure,
but this is unimportant in the present case since our purpose is to see whether
there is any large resonant structure present. The resulting Argand diagram
and speed plot both show clear indications of a resonance. But this is all

history and by now well known.

What is new is the remarkable finding of Mehtani et al. 5) that the
F35(1877) decay into Am  proceeds entirely via an f wave final state
orbital angular momentum, whereas one might have expected the p wave to
dominate from centrifugal barrier considerations. Such a state of affairs -
confirmed now by Herndon et al. 6) - 1s not understandable if the F35
7) SU(6)W><O(3) classification of 56, L=2.

However, as we shall show in the present paper, the suppression of p waves

resonance is given its traditional

is precisely the effect that would follow from a small amount of interference
with a near—by 70, L=2 resonance having the same quantum numbers. Of course,
the alternative is always open to abandon broken SU(6)w as a reasonable
classification group for higher-lying resonances and their couplings. However,
we should like to suggest that such a course of action is not called for by any

of the presently available experimental data.

The mere existence of a 70, L=2 supermultiplet has important conse-
quences for certain classification scheﬁes based on the concept of duality.
Indeed, with the assumption that particles can be classified in complete SU(6)W
multiplets, the existence of an even I 70 supermultiplet is onég ;iquired if

7, If

duality can indeed be applied to such high threshold channels, one would

one tries to bring BE—-MM processes within the duality scheme

certainly expect its applicability to BE—-B'B' channels which, as is well
known 1O§ leads to the prediction of exotic meson resonances. One arrives
thus at a situation where evidence for a 19, L=2 considerably strengthens
the theoretical arguments in favour of the existence of relatively low=lying

(in mass) exotic mesons.



This paper is organized as follows. In Section II we review briefly
how SU(6)W symmetry is applied to experimentally measured partial decay
widths. Section III assumes that the established f wave v resonances
are pure unmixed members of a 56, I=2 multiplet. This leads to a gross
contradiction with the experimental situation. In Section IV we ask what
effects would follow if those members of this 56, L=2 which have quantum
numbers in common with corresponding states in a 70, L=2 were allowedvto
mix with the SU(6)W partners of the Pyqe Not only does this reconcile
theory with experiment in a most satisfying manner, but it enables us to
predict in Section V many experimental properties of these supermultiplets
noteworthy among them being the expected appearance of a second F15 reso-

nance not far from the F Section VI summarizes our conclusions.

17°

4 BROKEN SU(6)y

As a tool for relating resonance partial widths to one another, we
shall use a broken version of SU(6)W. The motivation for this symmetry and
the quality of its fits to the data have recently been discussed at some
length 11)-15>. Here we give only a brief description of the parameters

involved.

In SU(6)W a single reduced matrix element characterizes all decays
from one multiplet to a pair of others. For example, one would have a single
amplitude for all decays of the type éé, L=2 - 56, L=0 ® 35, L=0 E%g.,

F37 - N, IK, A, Ng ’ ..;]. A single but different amplitude would also
suffice for all decays in 70, L=2 - 56, L=0 @ 35, L=0 [}.g., F17 - N,
YK, AW, Ng , ] The constraints of angular momentum and parity conser-
vation, as well as certain selection rules of SU(6)W, dictate that the
orbital angular momenta £ of the final states will be fL=L%1, i1.e., L=
(p wave) or £=3% (¢t wave). In "4 broken SU(6)W" the p wave and f
wave amplitudes are treated separately from one another, while the SU(6)W

relations among p waves and among f waves continue to hold,



III. UNMIXED 5¢, L=2 PREDICTIONS

As already stated, we shall attempt to prove that mixing occurs by
starting from a no-mixing assumption. Thus, beginning with an unmixed 56, I=2
we require three f wave and a like number of p wave N resonances.

There are unique well-established candidates for the former, namely, F37(1923),
F35(1877) and F15(168§g. These maszjs are the averages of the individual
and Saclay . For the p waves, unfortunately,

there is no agreement : CERN suggests P11(19OO), P13(1850) but no

numbers quoted by CERN

Pzso
11 or P13 states.

Fortunately, we need not base our argument on these latter states. 'We para-

whereas Saclay claims a P33(189O) but no suitable P

metrize the observed partial widths in the usual manner :
2.2 k
l" D= 1

L
of two coupling constants ¢ a p wave coupling which goes with the £=1
16)

where Cz is an SU(6)WXO(2)L Clebsch=Gordan coefficient, and G is one
Z

barrier factor

B, (kr) =.JQ§23_ (2)

or an f wave constant which accompanies the £=3 barrier factor 16)

6
B, (kr) = (ker) . (3)
3 225+45(kr)2+6(kr)1;(kr)

*
M and k are, respectively, the decaying resonance's rest mass and the c.m.

decay momentum, and M is the traditional proton mass scale factor.

N

To enter here into an elaborate discussion about =r the radius of
interaction would obfuscate our argument very much. _For our purposes, it is

sufficient to consider r=0 and r=1 fermi as typifying values popular

in the literature and to remark that these yield respective F37-» TK/Nw
branching ratios of 0.026 and 0.163. Experimentally this ratio is found to
be 0.042 17) or less 18), so we shall construct our f wave argument around

r=0.
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The CERN and Saclay elastic ?N widths for this F37 resonance
centre about 86 MeV and the ¥ K= phase shift analysis of Kalmus et al. 17)
yields a $K rate of 3.6 MeV. The nearest we can approach to these values
for r=0 are 112 MeV and 2.9 MeV, respectively, 30% discrepancies which

are well within the spirit of su(3).

The F15(1684) - Nt  rate is then predicted at 57 MeV to be comgared
9

with the CERN-Saclay average of 86 MeV - still only a 30% discrepancy ! .
Now comes the first important prediction : the f wave F35(1877)—*£hr
rate is predicted to be 20 MeV.

In order to predict the p wave contribution to this process, it would
help to have two experimental pieces of input data - to fix both the p wave
coupling and its interaction radius. However, owing to the absence of any well
established p wave N resonances, as discussed above, we can use only the
AT decay rate of the F15(1684). This p wave partial width was measured

by Brody et al. )

to be 18 MeV, a value visibly compatible with the ampli-
tude plots of Herndon et al. 6) (who have not yet published any partial widths).
Taking this to fix our p wave coupling, and assuming typical interaction
radii, we arrive at the second important prediction : the p wave rate for
F35(1877) - A takes the value 47 MeV or 28 MeV, depending on whether r=0

or 1 fermi.

By comparing this with our f wave prediction the contradiction becomes
apparent. The figures of Herndon et al. 6) show no hint gf a p wave contri=
5

bution, but a possible f wave effect. Mehtani et al. are more emphatic

claiming a large f wave AT rate for the F and a negligible p wave.

35
El‘heir upper limit is F(p)/r(f> < 4.
At this stage we might :

a) conclude that the experiments are wrong, or
b) abandon 4 broken SU(6)W as a useful symmetry, or

¢) bearing in mind that the established existence of P11(1448) and
P11(1743) indicates the presence of at least something else besides

a 56, I=2, look to some interference effect to save this symmetry.

We shall argue that approach ¢) is the most sensible alternative.



IVQ

1Q, L=2 INTERFERENCE

In seeking a second SU(6)w multiplet to explain the p wave suppress-
ion of F35 - AW it is noteworthy that 70, I=2 1is a most natural and con-
servative choice. 1In the first place L=2 is the simplest way of building
a JP==5/2+ resonance. Secondly, there is not the slightest amount of
experimental evidence for a second 56, I=2 - in any case, as will become
apparent below, such a multiplet could not produce the desired effect. Thirdly,
56, L=4 contains an F35 but its H3’11 4) at 2390 MeV makes
it exceedingly unlikely that there could be any significant mixing with the
F35<1877). Fourthly, 70, L=2 is the simplest home for the F17(2O24). In the
fifth place the only remaining multiplets that could supply an F35

be positive parity multiplets of the kind : 36, I=1, 56, L=3 or 70, L=3 =

partner observed

state would

all far more extreme assumptions in any three-quark picture. Lastly, both

the harmonic oscillator quark model 21 and the unbroken duality scheme 8)’9)

actually predict a 70, L=2 in this mass region.

Thus the additional states that fall under our consideration are F17,

f wave 7N resonances and P13, P11, P 39 P13 p wave states.

F150 F350 Fi5
We consider first the f waves.

3

i) F,.(1877
) Fy5(1877)
F35(1877) can now be some linear combination of 5€ and 70. To be

more quantitative, we shall suppose that ¢ broken SU(G)W relates the
couplings of all members of the 56, I=2 and separately those of the 70, L=2
states. In principle we could take the observed elastic width of F17(2024)

to fix the f wave coupling constant for the 70. Its p wave coupling could
then be arranged so as to supply the necessary interference effects for the
F35(1877). In practice, however, our argument becomes much more transparent if
we make one more theoretical assumption. Since in the unbroken SU(6)w limit
the couplings of these two multiplets would differ by an over-all constant
factor, we shall assume that this still holds true in the £ broken limit,
i.e., that the ratic of the f wave couplings for the two multiplets and that

of their p wave couplings is the same.

Let R Dbe the ratio of the 70 couplings to those of the 56 on some
arbitrary scale. Then, defining the physical F35 by the mixture :

Fy5(1877) = 56 cosé - 10 sind (4)



we predict
a
FNw = _[L?x(cose-\-'f-‘%Rﬁwe) (5)

56 e an0)*
[aviy * x(cos © + FER s 9) (6)

An(5)
g —_2pap)?
[ty 2 «(«s© ﬁresme) (7)

[ﬁote that any one of Egs. (5)-(7) defines R;]

Thus, under our mixing assumptions, either the £ waves are enhanced
and the p wave suppressed or vice versa. We need to suppress the p wave.
So what effect will the corresponding enhancement have on our f wave pre=-

dictions ?

Recall that our f wave:§rediction for F35(1877) - Aw was 20 MeV.
Experimeatally, Mehtani et al. 7/ claim ~64 MeV, so this f wave prediction
can certainly stand some enhancement. Moreover, the unmixed F35—+N1r
prediction is 19 MeV. Experimentally, CERN and Saclay claim 43 MeV so mixing

improves this prediction too !

In order to say how much mixing is needed, we must know the value of
R. PFrom the elastic width of the F17(2024), this turns out to be R=0.9,
However, in view of the large error on the experimental value of this N
width, we shall set R=1. This still provides an excellent fit ([ﬁEﬁ17an:]=
= 24 MeV, cf., 201 3)’4)] but has the virtue of making our equations much
tidier. R=1 also has some important theoretical significance which we shall

return to in the concluding section.

With the scale of the 70 decay rates thus fixed relative to those of
the 56 we cail answer the F35 mixing angle question. Figure 2 displays the
f wave width enhancement and p wave width suppression factors as a function
of the mixing angle &. From it we can see that the f wave rates achieve
their maximum possible enhancement of ~1.4 anywhere in the range O:=25o 1o
40°. However, in the same range the p wave rate is falling very rapidly in
order to vanish at O::arctan(v7/2). It is thus clear that some value close

to 9::350 provides a satisfactory mixing angle.
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But what of the other F state ? Mixing implies the existence of

35

the orthogonal combination

F%S = 56 sin® + 70 cos® (8)
However by making the replacements sind—--cos® and cose—sine in Egs. (5)
to (7), it is clear that this state has its p wave decay enhanced at the
expense of the f waves. In particular, if we suppose this resonance to have
the mixing parameters (8), a mixing angle of 0 =arctan(N7/4) ~ 34° implies
a vanishing wN partial width. This resonance is consequently expected to

be far too inelastic to be visible.

ii) F15(1684)

At this stage the alert reader will be worried that our p wave
coupling constant, which we have hitherto fixed from the AW decay rate of
F15(1684), might be seriously wrong on account of possible mixing between the
F15 member of the 56, L=2 and the two F15 states in the 70, L=2. The
f wave coupling constant need cause no worry since it has been fixed with
sole reference to F37(1923) and F17(2024) ~ the two states that have no
partners with which mixing could occur. But since we must now admit the

possibility of F mixing, the p wave situation must be re-examined.

15

We therefore define the mixture

Fi5(1684) =N, [70(8,2]] +w,[70(8,4]] +N3[-§§(8,2B (9) -
where the mixing parameters Ni’ i=1,2,3 obey the constraint N$+N§+N§=1.
Thus far we have assumed N3==1, N, =Né:=0. Suppose, however, that this is
no longer the case, and that we treat N1 and N2 as independent mixing
parameters. For any pair of values in the range <=1 ¢ N1 > < +1 but such
that N$+Ng <1, the unmixed 56 decay width predictioné will now be in-

creased or decreased by some factor. In Figs. 3a and 3b we display contours
of this modification factor at 30% intervals for the N width and the ©p
wave AW width, respectively. The points at the origin (pure jé) are

normalized to one. Two possibilities are important.

Consider first Fig. 3a. Recalling that the unmixed F15-»N1r pre—~
diction is already some 30% too low when compared with experiment, we see

that mixing could not reasonably take us outside the 70% contour if theory
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and experiment are still to agree to within a factor of two - the maximum
occasional violation that we should be prepared to accept based on previous
g broken SU(6)W studies. If the reader cares to trace the 70% contour from

Fig. %a and place it over Fig. 3b, he will find a very small area of overlap

with the 170% contour for the F15—>[§u% rate. This indicates that the worst

overestimate we might have made in the p wave coupling (squared) is a factor
of 1.7. If the (1877) unmixed p wave prediction is now scaled down by

thls factor, it is found to be comparable with the unmixed f wave AW pre-—

’ diction. It is thus just possible that the f wave prediction might be a

factor of two too small, and the p wave too large by the same amount. In
this extreme case the ratio I:ég) /[:iﬁ) would be just about compatible
with the experimental limit of Mehtani et al. 5 , and mixing would not be
eeded for the P ..
n e or 35

situation for the F

But we would have invoked a far more complicated mixing

and this only to achieve a poor fit.

15

" The second possibility is that mixing (with N1 >0, N2 > O) could

improve the - NTT prediction slightly (see Fig. %2a). This would imply

Fis

that our estimate of the p wave coupling constant was in fact too small

(see Fig. 3b), thus emphasizing once more the need for F35 mixinge.

The amplitude ﬂN(ﬂ:B)-éF15—e wA(4=1) is directly measurable and

6)

its sign can be compared with that of  WN(¢=2)-D .- wA (4=2) . This

15

comparison allows one to determine whether the sign of the product Gpr is

2)

that of unbroken SU(6)W or the opposite ! . The question was raised in

Ref.A12)'of the possibility that the F15 might be mixed. We can see from

Fig. 3c that the sign of the amplitude 7TN(2=3)—+F15(1684)-+ A (4=1)

remains that of the unmixed case, as long as this state remains at least 50%

b6, 1 e., as long as -N2._1—N§-N§ > 1. Hence we expect the test suggested in
Ref'. 12) to be insensitive to all but rather drastic mixing of the F15(1684),

& circumstance we have shown is unlikely.

In brief, we must conclude that the experimental data available at

presenf yield no evidence for any substantial F15(1684) mixing.

PARTTAL WIDTH PREDICTIONS

Hav1ng flxed the constants for f wave and p wave decays of all the
L_2r baryons, we are in a position to predict a number of partial widths.
These are presented in %@e Table for unmixed 56 and 70 decays. Aside from
phase spécé'effects,'ye_expeég the sum of predicted partial widths (into a

given channel)lfdr any set of states which may mix to be roughly invariant
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under mixing. That is to say, if mixing causes one state to have an enhanced
partial width into some final state, this will be at the expense of its
mixing partners. The specific phases associated with decay amplitudes for

each state may be constructed using the method outlined in Section II.

We shall discuss some interesting features of these tables; the reader

is invited to find others.

a) Importance of SK/Nw ratio, F37(1923)

Our F35 mixing argument has been quantitatively built up assuming an
f wave interaction radius of O rather than 1 fermi. Our gole justification
for this assumption is the experimentally reported 17) 3K branching ratio

of F37(1923). Were future experiments to indicate an increased branching
ratio by a factor of 5 or so, the r=0 assumption would have to be abandoned.
However, it is important to realize that this would not alter our conclusion

that there has to be mixing. Our tables list the unmixed r=1 fermi

F
35

predictions (based now on the Py, N rate only) so that the reader can,

with the help of Figs. 2=3, verify this statement by reconstructing the appro-

priate Section IV argument for such an interaction radius.

b) Invariant nature of Ne /ZK ratio, F37(1923)

The phase space volumes for F37(1923)—+N9 and XX are almost the
same. The ratio cQ(NS» )/CZ(ZK) = 4/3 should thus be reflected in observed
partial widths, whatever the radius of interaction r. A preliminary exami- .
nation of the data of Ref. 6) shows that [-'(Ng ) >>§]:‘(ZK). If this is
borne out by the final analysis, 4 broken SU(6)w will be in considerable

trouble. See also a) above.

*
¢) £ K bump around 1900 MeV

It has been noted previously 9)

that the predicted f wave decay
F37(1923)-+‘2?(1385)K is very small. Such a prediction depends only on
SU(3) and Py~ ATW. On the other hand, the r22§tion - S(1385) "kt
definitely shows an enhancement around 1900 MeV . A rudimentary partial
wave analysis 22) is compatible with the hypothesis that this bump is due to
F37(1923), but also with many other possibilities. We have presented some
other predictions of 2?(1385)K partial widths for A states around

1900 MeV. We would regard P33(1890) and P31(1900) as rather more likely
sources of the bump; F35(1877) would be less likely if its p wave ay o

decay is really inhibited by mixing as we suggest.
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In any event, a partial wave analysis of 1T+p—e 2K1385)+K+ in the
region from threshold (pL Y 1.% GeV/c) to above the region of the prominent
2\ resonances (pL ~ 1.9 GeV/c) 1is greatly needed. Not only would such an
analysis provide a useful test of SU(3) when combined with Refs. 5) and 6),
but it would be free from the problem of meson resonance production and would
have a cleaner isobar signal than 7r+p-» 'rrO £f+ (where the A 1is relatively

broad). (Some background due to nfpo v o nfAKY woula be present.)

d) Magnitude of Vo decay of F35(1877)

Mixing (see Section IV) multiplies the predicted N9 width of
F35(1877) by (cose +1/7 sing)z. Although for ©=35° +this represents
constructive interference between the 56 and 70, the net result is only
a 7% enhancement of the predicted value. The Argand circle of Ref. 6), on
the other hand, indicates a p wave Ng width many times that predicted.

If borne out, this fact would indicate trouble for ¢ broken SU(6)W.

e) Cautionary note regarding P33’P31’P11 and P13 predictions

Three observed NN  resonances have been assigned to 56, L=2 in
the Table, and indeed from their measured properties such an assignment is
clearly most reasonable. However, it is difficult to assess what effect
mixing might have on the predictions for their as-yet unobserved decay channels.
The reason for this is that all of these resonances could in principle mix with
the L=0 states also predicted by the harmonic oscillator quark model to be in
this mass region 2 , and for which there are already some experimental indica=

2),23)

tions Although it would require tensor forces to bring about this

mixing, such effects have indeed been suggested in related circumstances 24)
and thus remain a distinct possibility. Better agreement on the properties of
the p wave resonances is an important goal for future phase shif't analyses,
and one that will enable these questions to be settled. In the meantime the
predicted properties of P13(1850), P31(19OO) and P33(189O) should be

regarded as less firm than those of their higher spin partners.

f) Predicted large f wave Am mode of P13(185O)

This result depends on the assignment shown. The 70(8,2), Foot
member also has both a large NTW and a large f wave AW width. The
phases are such that mixing could suppress the £ wave Avw mode of one
state and the N mode of the other. Hence the unmixed prediction cannot

be regarded as firm. Ref. 6) sees no evidence for P13(1850)-» AT,
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g) 1Inelastic decay modes of F17(2024)

This resonance is predicted to have appreciable K and

widths 9).

A partial
The latter should be looked for by extending the analysis of

Ref. 6) to slightly higher energies.

h) States of 70, LP=2+ with large elastic widths

Tet us list in turn any 70, I =27
is predicted to exceed 15 MeV (for r=0).

resonance whose elastic width

There are not many of them !

1) F17(2024) : probably observed (see above);

- e s e e e e e

2) F35(2OOO) : mixing with F35(1877) likely (see above);

3) F15(2OOO) : possibly observed in both Refs. 3) and 4);

— e S e e ot e

4) Pg%’2)(2000): may mix with P,,(1850) (see above).

e e e e e o e o e

The effects of mixing can easily lead to non-observance of the second

state, as illustrated above for the F35 case. We are thus in a situation

TN phase shift analyses may have told us nearly all we
can learn about the existence of the Y0, LP=2+ multiplet.

in which elastic

To learn more

about the non-strange (N and A ) states, it is thus imperative that one

compares these elastic analyses with such reactions as

~n-+.P e Attt
et
k*x*
K*s**
Tt A~
KYs~
KEN
nmn
e N
wn

TP

VN A A A

We would anticipate that the resonances obtained in analyses of these reactions

may not always correspond to the set listed in Table la. The analysis of the

AT system has been an important step in this respect.



VI.

i) Apology to hyperons

In general the mixing problems encountered for N and A states
become more severe when we turn to /A and Z resonances. (We do not discuss
='s and f's, which cannot be made in the direct channel.) The only
hyperon whose existence would be clear-cut evidence for a 70, L=2 has been
reported in at least one experiment : 1t is the /\(2020); JP==;+ 25).
It is predicted to decouple from NK and to have large 2 T and Z*T
modes 9)’26). The phase shift analysis of Kp- E?d:f€F would shed some

light on such a state.

If the data on hyperon resonances were to improve by an order of
magnitude in the region up to ~1800 MeV, one could begin at least to sort out
the structure of the negative parity states, usually assigned to 710, LP=1-.
A full discussion of all the predicted positive parity states seems prohibi-
tive at present, but theoretical predictions of mixing and partial widths

13)

exist for the negative parity states , and these could be usefully tested.

CONCLUSION

We have shown in this paper that large intermultiplet mixing is necessary
if SU(6)W in its # ©broken form is to remain a viable symmetry for the
positive parity baryon resonances. Such a mixing scheme, which does after all
occur among meson resonances 27), is in fact the only reasonable alternative
short of abandoning the whole SU(6)W approach., This conclusion depends
crucially on some recent experimental results > concerning the decay modes of
the F35(1877) MN resonance. For this particle the relative contributions of
p wave and f wave to its AT decay mode were found to disagree with a

pure 56, L=2 assignment. To resolve this contradiction, we have proposed in

this paper that, as predicted by duality 8)’9) and by the harmonic oscillator
quark model 21) and as suggested by experiment, there exists a 70, L=2 multi-

plet of SU(G)WXO(S), not too far removed from the 56, I=2 .and that, in at
least one case, intermultiplet mixing does occur. This mixing then leads to a
qUalifativehunderstanding of all the known partial decay widths of the F35
resonance. Our proposal can be further tested by a partial wave analysis of
ripo §K1385)+K+, where we predict that the bump observed near 1900 MeV 22)
should be dominated by P31 and/or P33

Other testable predictions of this mixing scheme have been discussed in the

resonances and not by F35 or F37.

previous section.

-
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The best-known member of the 56, L=2 multiplet is perhaps the Regge
recurrence of the nucleon, F15(1684). We have shown that this state is un-
likely to be very strongly mixed with 70, L=2 members. Within the limits of
allowable mixing parameters, we find that its contribution to the amplitude
for AN- A 1is of the same sign as in the unmixed case. This conclusion

means that a test suggested previously 12)

for distinguishing between SU(6)W
and its 4 Dbroken version is not likely to be affected by mixing between

56, L=2 and 70, L=2.

It is probavle that little further knowledge about the 70, L=2 multi-
plet per se (apart from the confirmation of at least one more prominent F15
resonance as predicted here) is to be gained by pursuing elastic ™ N phase
shift analyses. Not only are many of the predicted partial widths of the
unseen states small, but the p wave TN resonance properties may be
affected by 56 and 70, L=0 multiplets (for which there is some scanty
experimental evidence). Such analyses should nevertheless not be abandoned
before the present rather disturbing lack of agreement regarding p wave
resonances is sorted out. It is, however, the inelastic channels : FN-KA,
KT, -.LN, TA KZ*, S)N, wN, eee, which, if studied in detail in the
mass range up to 2.2 GeV, will shed most light on the properties of these

IL=0 and L=2 resonancese

It is remarkable that not only is a 70, L=2 multiplet predicted at
this mass by the harmonic oscillator quark model, but also the ratio of the
couplings for Ei@, L=2 —» ground staté] to 70, L=2-ground staté] decays is
found to lie very close to the value predicted by this model 2 o If this
success continues for the 56, L=0 and 70, L=0 multiplets ~ and there are
indications (not reported here) that this is the case = it would be extremely
interesting to use this na%ive model to reconstruct the pure resonant part of °
such scattering amplitudes as nN—- NN, TA, yN, etc. By imposing on
these amplitudes the self-~-consistency conditions based on a semi-~local dual
description of such processes 28), one might be led to a better understanding

of their direct and crossed channel helicity structure.

The one remaining multiplet predicted by the harmonic oscillator quark
P

model to lie in the mass region around 2 GeV is the 20, L =1%. Since its

members have no coupling to 56 ® 35 it is no surprise that there are no

experimental candidates for this multiplet. Such states could, however, exist

as 10 @ 35 resonanies and might be observable in a suitably designed pro=
29

duction experiment 77,
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Finally, the mere existence of a 70, L=2 multiplet of resonances as
close in mass to the 56, L=2 as this one seems to be has profound implica-
tions from the standpoint of duality. It means indeed that BE—MI' channels
are not significantly less reliable than those of MM'->M"M™ and MB-WN'B!
from which the well-known duality successes derive 8)’9>. This considerably

strengthens the theoretical arguments 10) leading to the prediction of exotic

mesoOnsSe



a) Unmixed 56, Lp =2 predictions
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Table

€3 (56) Tored (MeV) a)
State Mode p-wave f-wave I‘expt (MeV)
prwave | fwave [y T oqf | r-0 | r-1f
Fi,(1923)| Nu - o - - 12" 869 |6
5K - o - - 289 | 14 3.6 9, 0.86 ©
- 1 - - :
Am -5 31 74 e)
* 1
K - 175 - - 0.004 0.06 f)
16 g)
- —_— - - 9
Np 1578 4.9 22 large
Fas(1877)| Nu - | e - - 19 18 42
. 8 _ _ o)
IK - 725 0.28 1.8 5.7
. 7 64 ~ 64 (f-wave) p)
o 750 | 77 | P 28 20 57 < 16 (p-wave)
*e 7 128 q) q) Q) q)
L K 175 | 73675 0.23 0.76 0.0003 0.003
28 184 _ h)
No 3375 | 3%6% 11 10 1.6 9.6 large p-wave
Faa(1890)| Mo | e 46 15 - - 22 D
. 4 _ o)
K 575 - 8.2 7.3 - 4.9
2 L 3
A 675 150 39 22 11 30 unseen
* 16 1 Q) a) a) a)
K 337% 37T 0.18 0.58 0.0001 0.002
\ 28 1 4 )
Np T37C 1178 13 11 0.94 5.2 unseen
8 k
P3,(1900) Nn e - 95 31 - - 66 )
. 8 ~ _ _ 0)
K 75 18 15 7.3
r)
. 1 _ _ _ not seen
fn 270 13 6.8 possible )
W 1
N 575 - 0.06 0.18 - -
N 4 . n
Np T - 9.7 7.8 - - possible )
. 1
I (1684) N1 - = - - 58 121 85
S S U . 25 S)
50 0.03 0.39 < 0.28
An 1 - - Joas 0.91 <0.79)
1350
, 16 32 <) <) D (-
A 1175 T37% 18 18 1.4 9.5 18 (p-wave)
Np %’;‘—5 3%-2—8— (not estimated-below threshold) large p-wave r)
---------------- r—--—-_—_-—_—_—_—_—---—-_-—-———————-———— - -
PL1ssn| N | = - s 46 - - 75 ™
13 . 54 D
K 1 - _ - s)
AR 1—5—0' 12 9.5 ~ 15
S e R 1.4 - - 12 S)
8 8 . n)
A 3375 37T 6.7 4.1 24 79 unscen
103 32 < § —wave ™
N 57D 138 16 17 5.2 22 taroe p-wave




Table

b) Unmixed 70, LP = 2+ predictions

u)
r (MeV)
0 C; pred r D e
State Mode p-wave f-wave expt
p-wave | f-wave
r=0|r-=1f r=0 r=1f
F17(2024) | Nr - -5%3 - - 2 12 |20
(8,4)
’ K - -+ - - 5.5 15 |79
140 :
3 _ _ w)
Am - 0 56 83 unseen
1 ~ _ w)
Ne - 50 2.4 5.9 unseen
F15[82000] Nt - '2'5'%'6 - - 4.7 2.7
? 8
7 32
An 300 1578 59 25 45 73
7 23
Np 3600 | 12600 3.1 1.8 1.4 4.0
Ps[2000] | Mo | 25 | - 7.2 | 2.0 - -
’
4 1
AT 335 156 45 19 22 36
7 1
Np 3800 1700 3.1 1.8 0.63 1.8
p,,[2000] | Nr %5 - 14 4.0 - -
(8,4) 1
AT T80 - 14 6.0 - -
No | w5 | - 22| 1.3 - -
F3s[2000] | Nm - 1 - - 16 9.3
10,2 720
1 1
ar |z 5 42 18 24 40
1 47
Np 750 €06 3.6 2.0 9.9 28
Pas[2000] | Nn | =35 - 7.2 | 2.0 - -
(10,2) . 1
Am 350 0 7.0 3.0 55 90
43 1
Ne 3500 300 19 11 2.5 7.2
F1s[2000] | N - | = - - 131 78 |possible V)
(8,2) L )
Am Vi3 335 34 15 20 32
1 7
No | %5 45 25 15 42
Pia[2000] | Nr | o - 58 16 - -
8,
1 1
m| ol 5.6 2.4 a4 72
1 1
N | 155 | 3 8.9 5.0 32 90




FOOTNOTES TO THE TABLE

a)

c)
d)

e)

i)
i)

k)
1)
m)
n)

p)
a)
r)
5)

All masses, total widths and elasticities based on Refs. 3) and 4).
Inelastic widths derived using these values together with inelastic

amplitudes from Refs. cited.
Based on best fit to F37—>N W, L'K as explained in the text.
Input value,

Amplitude taken from Ref. 17).

The amplitude in Ref. 5) implies f:an ~ 100 MeV, whereas that in 6)

suggests a much smaller partial width : probably less than 35 MeV.
Ref. 30) implies a partial width of ~2.7 MeV. See text.

From the Argand circle of Ref. 6), this number could be as large as

~30 MeV.

Visual estimates based on Ref. 6) indicate that this number might be

many times larger than the theoretical prediction. See text.
Ref. 4). ©Not seen in Ref. 3).

The Argand circle of Ref. 6) might be consistent with a P33(1890)—> Aw
supe rposed on a large (possibly non—resonant) background peaking at a

lower mass. No Nf signal seen.

Ref. 3). The P3,| resonance in Ref. 4) is quoted at 1797 MeV.
Ref. 20).

Ref. 3). The P13 resonance in Ref. 4) is quoted at 1691 MeV,
Ref. 6).

Amplitude taken from Ref. 18).

Amplitude taken from Ref. 5).

For E:GK predictions this resonance was given a mass of 1900 MeV.

Ref. 5).

Branching ratio taken from Ref. 30).



t)

_u)

v)
w)
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Masses of all unseen states set at 2000 MeV (in square brackets) for
purposes of phase space calculations. Numbers in parentheses below

states indicate SU(3) x SU(2) classification.

Numerical predictions for 70, LP=2+ states based on setting

Gp(lo_)z:\/8715 Gp(i6) and Gf(7_o)=\!s715 Gf(ig). This is the harmonic
oscillator quark model prediction and corresponds to our choice of

scale factor R=1. See text.
Refs. 3) and 4).

This state lies at the end of the energy range covered by Ref. 6).



1)
2)
3)
4)

5)

6)

7)

8)

9)

11)

12)

13)
14)

15)

16)

17)

R.
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FIGURE CAPTIONS

Figure 1 : Argand diagram and speed plot for the wN F17 phase shift,
after Ref. 3) with apologies to the authors.

Figure 2 : f wave enhancement and p wave suppression factors as a
function of the mixing angle for F35(1877). The scale of
the 70 contribution relative to the 56 1is based on the

harmonic oscillator quark model.

Figure 3 : Contour plots of partial width enhancement or suppression
factors for a 56, L=2 F15 N resonance allowed to mix
with the (8,2) and (8,4) members of a 70, L=2. The
scale of the 70 contribution relative to the 56 is based
on the harmonic oscillator quark model. N1 and N2 are the

respective direction cosines of the F15 with respect to the

70(8,2) and 70(8,4) bases.

(a) Fyp-0m

(v) Fi5 = AW (p wave).

The shaded area on Fig. 3c represents mixing configurations
that would cause the (1&:3) wy - F15 - 11'A( 12:1) amplitude to
have the opposite sign from the pure 56, L=2 case.
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"NERCGY SCALE (iieV)

T 804 |6 1E8 111968 | 16 2034 | 21 2125
2 023 |7 1902 |12 1978 | 17 2054 | 22 2104
3 1846 |8 1915 |13 1997 |18 2071 | 23 2159
4 1982 |9 1823 |14 2013 |19 2090 | Z6 2170
5 1572 |10 1980 [ 15 2025 | 20 2107 | 25 2129
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