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THE SEARCH FOR z*' s · 

Gerson Goldhaber 

Department of Physics and Lawrence Radiation· Laboratory 

.. University of California, Berkeley, California 94720. _ 

. At the 1962 CERN Conference Gell-Mann and Ne 'ema.n 'Were each 
considering the idea that the ~(1238), the y*(1385) and the ~*(1535) 

.. could belong to either a 10 or a 27 SU(3) group. The absence of any 
·: · KN resonance phenomena ofthe magnitude of the then kno'Wn resonances 
.. S'Wayed them in favor of the 10 assignment.! This led to the predic-

tion of the n- 'Whose exciting-experimental confirmation is well kno'Wn 
to all. 

The possibility of the existence of KN resonances 'Was raised 
again in 1966 by Cool et al. in a series of very beautiful precision 
~p and ~d cross-section measurements at Brookhaven.2 These meas
urements indicated a distinct bump in the ~P cross section as 'Well 
as in the I = 0 part of the K+n cross section obtained after 
unfolding of the experimental K+d cross s~ction. If the resonance 
interpretation is adopted these 'WOuld correspond to rather high 
inelasticity resonances: zi at 1910 MeV and Zo at 1863 MeV. Con
firmation of these measurements come shortly thereafter from 'Work at 
the Rutherford Laboratory ·by Hugg et al.3 

Since that time there uas been a great effort on: inelastic 
cross-section measurements., elastic ~p scatgerins,5 observation 
of further structure in total cross sections, observation of steps 

·.inK- production yields for rp reactions,7 and more recently pglar
ization measurements in ~p scattering 'With polarized targets. . It 
is these later measurements which place more restrictions on phase 
shift analyses and limit the number of possible ambiguities, 'Which 
eventually can· lead to a uni~ue solution and ans'Wers to the que::;tiuu 
of the existence of exotic Z resonances • 

.------LEGAL .NOTICE------, 
This report was prepared as an account of work 
sponsored by the United States Government. Neither 
lh~ Uuilcd 3141~> Jh:Or the United E:tatoo Atomic Energy 
Commission, nor any of their employees, nor any of 
their contractors, subcontractors, ur tl•cu· employees, 
makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, com
plctonooa or uaofulnuoo of ~ny information, apparM.us, 
product or process disclosed, or represents that its use 
would not infringe privately owned rights. 
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I wiil now report on three new papers submitted to this Con
ference and then summarize the present status on z*•s. 

I. K + p ELASTIC SCA'ITERING MEASUREMENTS FROM 1. 4 TO 2. 3 Ge V / c 

I 1 d like to report on the following results based on brand new 
data from University College, London, and Rutherford Laboratory 
(Barber et al.).9 They have me~sured the K+p elastic cross section 
between 1.4 and 2.3 GeV/c at 26 momenta· at Nimrod with about 4,000 
events ~t each momentum. The method is a Cerenkov counter and time 
of flight for particle identification and wire chambers for kine
matics. Since this is new data there are only preliminary results 

,.. -available at present. They find that the Legendre polynomial expan.
~-· sions give a smooth variation of the coefficients with momentum. 

· Figure 1 gives typical examples of. the diff~rential .. cross section~. 
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F'our out of the 26 momenta they have measured, 1.5, 1.7, 1.9, and 
2.1 GeV/c roughly are shown. These distributions give you some idea 
of the quality of the data. The solid curves are Legendre polynomial 
fits. The dotted curves are fit according to a Regge pole model by 
Carreras and bonnachie10 which was not calculated from these data, 
but from fitting all other existing da.ta. This is the next communi
cation I am going to mention. The Regge pole model was actually 
only fitted:at momenta which are roughly equal to the ones given in 
Fig. 1. In between it does not fit so well, but it does fit where 
there had been earlier data at 1.5 and 1.96 GeV/c~ Figure 2 shows 

·the normalized Legendre coefficients A1 to A4 between 1.4 and 2.3 
GeV/c. ·These are fairly smooth all the way; this is essentially 
true over the entire interval studied so far. At the higher momenta 
even higher coefficients than those shown as an example are needed. 
The authors have performed a phase.shift analysis but they want to 
emphasize that it is very preliminar;y, because their data is so recent. 
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Figure 3 shows the results. This phase shift analysis was tied onto 
the Lee, Martin, Oadesl1 solution up to 0.8 GeV/c, but there i·sn' t 
much ambiguity up to 0.8 GeV. Beyond that it is an independent 
search at each momentum using starting values close to existing solu
tions. It is however not a complete random search.. They find essen
tially that the main waves (s11, P11 and P13 ) have a tendency to _go 

lmf 
.. 

······ ..... 

. Fig. 3·. Phase shift analysis by Barber et al. 

towards the center of the Argand plot; namely the negative waves have 
the tendency that when they reach a certain phase they stay constant 

,·in phase and the inelasticity increases. This is true for the sll' 
· .. :for the P11_ and also for the positive phase shift the P13 which j_s 

·,: · oo rclevo.nt to a.ll of' our diocuooion today. 

··.'• 

II. A REGGE POLE ANALYSIS 

I now va.nt to go on to another contribution to tP,ie Conference. 
·This is a Regge ~le model by Carreras and Donnachie from Daresbury 
and also Kirsopp 

0 
who has done a phase shii't analy.sis from the Regge 

pole model. In this Regge pole model they have attempted something 
different. Rather than trying the phase shift fits which other peo
ple have attempted, they try to fit all data above 0-7 GeV. That 
even includes data up to 12 GeV (whatever was available in the high 

. -energy region). They have also included all of the polarization 
data (including that at high energy). They carried out a Regge 
expansion; they mentioned a specific form, I won't go into the 
details, but its a parameterization which Das has used before. 
Furthermore, they allowed specifically for K6 and K*N thresholds. 

• 
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2 They get X on this large amount of data of 1750 for 1000 or so 
degrees of freedom. By and large it looks like a reasonable fit. 
There are three basic results. The first is surprising and needs 
to be ·looked at carefully. This is that they ge.t a positive S wave 
instead o:f a negative S vrave. I will mention later the previous 
basis for the negative S wave. They get a negative P11 wave, as is 
the case for all the other solutions we have seen. Finally, they 
get a positive Pr~ wave. Figure l.j. shows the positive S wave solution, 
in the Argand plot, you note that they have actually two solutions. 
They show both of them because though they prefer one, they cannot 
rule out the other. In' both the S wave has a positive circle which 
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varies very slowly with momentum; it should be noted that the curves 
go up to 6. GeV. Figure 5 gives the P11 solutions. As I said it 
looks as·though it has the same sign as all other solutions. Figure 
6. gives ~he P13 solution which again is positive; however, the 
authors say that it has no resonant features. Now consider the 
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question of the negative versus the positive S wave. When we got 
this paper last week, we went back to our phase shift program and 
tried it for two momenta at 0.86 and 0.96 GeV/c with a positive 
instead of a negative S-wave phase shift. The.answer is that either 
S wave fits well. Taking any given momentum you can fit with the 
positive S wave just as well as with a negative S wave. 

A. The Old Evidence for the Sign of the S Wave Phase Shift 

The reason for which most people use the negative S wave comes 
from an experiment which we have done nearly 10 years ago which 
showed interference between the elastic scattering and Coulomb scat
tering and which displayed constructive interference; namely, that 
the S wave is repulsive, just as the lct"p Coulomb interaction is 
repulsive. Now, in order better t~ answer the question about the 
sign of the S wave, I will show you ~some of our very old data • 
. Figure 7 is from the experiment by Sula Goldhaber and co-workers, · 
a collaborative experiment between LRL and UCLA. Figure 7 shows the 
elastic scattering from 140 MeV/c which was our lowest energy point 
up to 640 MeV/c.lj Here the solid curve is a fit with a negative S 
wave while the dashed curve is a fit with a positive S wave. You 
see very clearly there are several standard deviations difference 
at 140 MeV/c between these fits. This data was divided into eight 
separate momenta and essentially for each one of them these features 
are observed. The positive S-wave solution is not shown at each 
momentum ho1vever it behaves similar to the 140 MeV/c data. By 640 
MeV/c it becomes difficult to distinguish with the available data, 
but there are six momenta in between which all show the feature of 
constructive interference. Now the point which Carreras and Donnachie 
make is to say that if they take these data and add all other results 
and then compare with their solution the few points showing the inter
ference make little difference in the overall chi square and this 
effect is lost. This is perfectly true but it means ignoring a very 
clear systematic effect! While I feel that the negative S wave is 
actually pretty firmly established, I would like to urge other experi-
menters to think about checking the result. At the moment it is 
based entirely on one single experiment carried out ten years ago! 

. . Figure 8 is again from this old experiment just to show you the 
argument as to why we are dealing with an S wave at low momenta. If 
you have a flat distribution it can be s1; 2 or it can be P1; 2 or it 
can be a mixture of P1/2 and P3; 2 • However, only the S wave is going 
to give you a linear dependence between the phase shift and the momen
tum. The P wave would give you a p3 dependence which is very differ
ent from the observed result in Fig. 8. Again the point which is 
used as the basis for all the dispersion relation calculations (which 
Dr. Wagner mentioned) coming out with a negative si~ for the real 
part of' tlle .sl:aLLt!.dug e:ullplltude also uses as an input the negative 
scattering length whj_ch is obtained from these data. If indeed there , 
were a positive S wave at low energy, quite a number of relations 
would have. to change very drastically. 
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Fig. 8. Cross section.and phase shift for the low energy data show
ing the characteristic S \-lave-linear momentum dependence and 
value for the scattering length. 

III. K* PRODUCTION FROM THE I = 0 K*N STATE 

Novr I want to com~ to a third contribution. · This is from our 
group, Hirata et a1.,14 and it is new data on the deuterium experi
ment. These experiments are fairly complicated s.o although the 
.exposures have been taken some time ago we are only now completing 
the analysis of the deuterium _data. This is in the momentum interval 
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· 860-1580 MeV/c which covers the region of the Cool bump. Now in this 
particular result I am going to show you the data on K* production 
specifically. There we can isolate the K* production in the I = 0 
state. ·From isospin configurations you get the t'ollowing results: 

a (KN ~ KJrN) = 3[a(K+n ~ K01r+n) + a(K+n ~ K+1r-p) 
0 

- a(~p ~ K+ 1rop)] (1) 

This is true for whatever happens between the K-nucleon and Jr. In ' 1 

most of our data all of these three cross sections are available so 
one can just take this algebraic sum and obtain the I = 0 cross 
section. For the data at the highest momentum 1580 MeV/c the last .I 

cross section is not available to us, and one can use an alternate 
formula where you specifically say that you are considering K* produc-
tion: · 

( * ) '[ ( + *+ 0 + a0 KN ~ K N = 3 a K n ~ K n ~ K :rc n) (2) 

( + . . *0 + - ) 1 + . *+ 0 + + a .K n ~ K :p ~ K rr. p - '2 a(K p -7 K p ~ K lt p)] : 

The main difference is that for the last term one can use the cross 
section J<:+p ~ K·X·+p with Kx ~ K0 :rc+. In Fig. 9 we show the alge
braic sum of these three cross sections at 1210 MeV/c as an example. 
Here. the first cross section, ~n:-, as you see, has large K* produc- · 
tion; in· the K0 1r + cross section you can see a K* ~s well· The K+rc0 

~ross section also has a K*. Now we add the first two and subtract 
the third which yields the final K* distribution. We can see that 
this method works, because when we look at the 1r nucleon mass distri
butions there is some 6 present. ·But on subtraction the final mass 
distribution shows essentially no more 6, as expected for an I = 0 
state, which proves that we eliminated the I = 1 part. Figure 10 
sho,.;s ,.,ha.t the angular dictributiono do. Ago.in we a.dd the first two 
angular distributions and subtract the third one and that gives the 
resul.tiwt angular distribution for. I = o. Here e is :the K* produc
tion angle in the overall center of mass, a is the decay angle of 

··the KX· (Jackson angle), and <p is the Treiiill::tn-Yang angle of the K* 
decay bath in the Kn: center of mass. In the communication by Hirata 
et a1. 1 we show these distributions for three momenta 1200, 1360, 
and 1585 MeV/c. What is relevant to our discussion today is the 
question of the angular momentum state of K* production. You see 
that the production angle is extremely sharp.even at 1200 MeV/c. We 
must remember that 1200 MeV/c is just slightly above the K* threshold 
(K* threshold is at 1080 MeV/c or so). As soon as we can produce it, 
the K* is strongly forward peaked which means that in terms of s chan
nel K*N production there are many angular momentum states involved. 
An analysis requires up to £ = 4. I 'X'on't go into the details .. only· 
enough to say that it looks like the K is produced by pion exchange 
in this process even near threshold. Furthermore, there is a great ' 
similarity 1Jetween the I = 1 K* production cross section and the 
I = 0 K* production cross section. We show that if you put. a curve 
through the I = 1 K* prodncti on cross section the same ctlrve scaled ' 
up by a factor of 2.5 fits rather well to the I = 0 K* production 
cross section. The physical significance of this is still under study. 
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Fig~ 10. Con::>truction of the corresponding a.ne;ulr.n:· tl:i.stributiOl1S· 

* IV. _THE QUESTION ABOUT THE EXISTENCE OF A z0 

. ·~ 

In 1968 we sho'Wed our data for the I ,,.: 0 inela3tic crooa 
section (Hirata et al.l5; see Fig. 11). If we compare this with 
the I = 0 total cross section deduced at that time by Carter from 
a linear combination of the results of Cool et al. and Bugg et al. 
which were available then (the Jenkins data was not yet available) 

. the11. '\>Te f'ound tho.t 3Ubtra.cting the inelastic frum th(,t tc•tal you g.:-t.. 

) 

a rather sharply f'alling elastic cross section in the I = 0 state. ''1 

There is one other j_nteresting point vhich .was known from earlier 
work in collaboration with Stenger et a1.l6 at UCIA and that is that 
the. I =· 0 scattering length at zero energy is very small; essentially ·~ 
it was deduced to be 0.04±0.04 Fermis. 'l'his means that the S wave 
cross section at zero momentum must be dropping down very rapidly. 
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·Fig. 11. The I=O and I=l totl:l.l inelastic and elastic cross sections. 
The I=O cross section was obtained by Carter as an interpolation 
between the data of Cool et al. and Bugg et al. This curve is 
shown extrapolated to zero energy to the scattering length value 
deduced by Stenger et al.~ The I=l cross section is sim1larly 
ext~apolated to the scattering length value of s. Goldhaber et al.~ 

We pointed this feature out, and point out a distinction between the 
I = 0 and I = 1 cross sections: the I = 0 eros~ section drops 
off rather sharply, while the I = 1 cross section, which comes from 
the data I showed earlier remains more or less constant at threshold. 
The threshold limits for I = 0 and I = 1 are deduced as ~ 0.2 mb 
and ~ 11 mb respectively. This, of course, means that for the I = 0 

:·, 
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state there.occurs a rather rapid rise essentially from 0 up to some 
high value and then the elastic cross section drops off again. In 
fact ~ith the numbers we had then the elastic cross section rises to 
~ 4nX . The Brookhaven group (Abrams and co-workera17) analyzed this 
same data and made the point that this rapid· rise together "\-Tith the 
fall of the elastic cross section is a very striking feature and 
could be a· Zo· Figure 12 shows the most recent analysis by the 
Brookhaven group "\-7hich I obtained from Dr. Cool (it includes the '-· 
results of the University.of Arizona experiment at the Bevatron by 
Jenkins e~ al.). This figure was already shown by Dr. Cool in his 
talk. There is at present.some confusion as to exactly how the ·'# 
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curve goes through the points and whether we are dealing with one or 
two peaks, but there is no doubt that there is a rise from zero 
through a peak near 4rrx2 followed by a drop off of the elastic cross 
section. Figure 13 gives two possible alternative interpretations 
of the I= 0 elastic cross section dependi~g·on just how you treat 
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Fig. 13. The resulting I=O elastic cross section showing 2 possible 
interpretat.ions of the data indicative of the current uncertain
ties in the 0.8-1.2 GeV/c region. 

the data in the unfolding procedure and Dr. Lynch discussed this in 
his talk at this Conference. I won't go into this,. but one of these 
curve·s should be right and for the present a decision between them 
is not that critical. Finally, Fig. 14 is a contribution by Dowelll8 
to the Conference vhich again emphasizes the features of' the Jenkins 
and Bugg data; he independently points out that this very large I = 0 

·· peak occurs. I think the main difference in the analysP.~ ~re the 
approximately 3 millibarns difference in how high the peak goes and 
the subsequent question as to whether this should be considered as 
two structures or a single structure. 

,/-. • .,I 
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. V. SUMMARY ON EXISTENCE OF z-J<·, S 

This leads to the final point, what can we say as a summary to 
all the discussion we have heard? 

· (1) Is there a z* (I = 1) at the Cool bump? I think what we 
have learned is that if the P13 curve is indeed a resonant circle 
on the Argand diagram then the answer is yes, there is a resonance 
there and its spin and parity would be 3/2+ with a mass somewhere 
in the region of 1900 MeV anq width not yet determined. There is 
however the other possibility that ther~ is a phase shift solution 
which is not resonant, namely that all solutions are heading for the 
center of the Argand diagram which would be the onset of,diffraction 
processes. I feel that at the moment both possibilities still exist. 

·! 

(2) 'l'he second question is does the Zo exist and the answer is: 
·what we-.know at the moment is that there is a large peak in the elas
tic cross section, M(KN) ~ 1700 MeV, r ~ 500'MeV; however, we need a 
phase shift analysis in order to be sure that this is a resonance. 
It has .been fgggested as a resonance by Abrams et al.l7 and also by 
John Dowell. My feeling is that we will have to wait until we can 
do a phase shift analysis in the I = 0 system to be sure. We have 
done some phase shift analysis at lower momenta16 and they show that 
the one wave which is large and positive is the P1 • This solution is 
favored by polarization measurements on the charge exchange reaction 
~d ~ K0pp.l9 If there is a resonance, it probably will be a 
;J = 1/2+ (a P1 state). 

Now why are we so cagey on this question since we have very 
:readily accepted many, many resonances in the y*'s? The reason is 
really related to the point of view that the z* is a different animal 
from theY*; namely, in terms of the quark model in the case of the 

· .. z* we need more than the usual qqq structure characteristic of a y*. 
Here we are dealing with an exotic structure such as qqqqq. We could 
ask if three quarks bind why not five? But then we have to ask if 
five why not seven, nine~ and finally why not 1~7? The main point 
to realize is that the Z is a completely different structure. 
Although we have established the qqq structure, there is a need to 
establish this new one as ¥rell. That is why one has to be more 
rigorous in looking at all these questions than if we were just 
examlnlng one additional y*. Now what I would like to pose as a 
question to the theorists here is the following: we do know 
that there is a positive P13 phase shift. Thus we are dealing with 
an attractive force. The question I have is, in what sense is the 
world different (a) if you have just a positive force which does not 
lead to resonance or (b) you have a positive force which is strong 
enough to lead to a resonance? In other words, what other features 
of our world "lmuld be different for these two cases. The positive 
force seems to be there in any case. The phenomenon has the quali
tative features of an attractive force but what we are arguing about 
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is the question of whether there is actually a resonance. 

A second question is what should one do experimentally to 
really pin this down completely. We had a discussion between the 
members of the group giving the various talks in this session today. 
We thought that if very precise differential cross section and polar
ization measurements could be made at one intermediate momentum at 
least it would help in removing ambiguous.solutions. Secondly, if 
this exotic resonance exists, and assuming the SU(3) picture applies 
here, this is only one ~ut of 27; one should look for the other 26! 
Thirdly, there is the K-p backwards scattering experiment which I ,_ 
believe is being done by the Stony Brook group at Brookhaven and ~lso 

__ by various groups at CERN. If you have K--proton backward scattering, 
.'' the exchange particle would have to be a zi. As. far as I know at 
· present most differential cross section measurements either have only· 
. a limit in the backward direction for K-p scattering or it is more or 
.. less flat. If one could measure da/du as a function of u (the very 

backward scattering) and if one really observes the distinct charac
teristics of an exchanee particle at sufficiently high energy so that 
one is out of the s channel resonance regions,. I think that would be 

. a very excellent demonstration of z* exchange. So far, t~ my knowl
edge, none of the exotic resonances has been observert in exchange 
processes at high energy. 

l. 
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