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ABSTRACT

Multiparticle states derived from 7w and Kr scat-
tering are discussed and the techniques for analysis of
3 body final states are described. The role that ine-
lastic reactions play in determination of resonance pa-
rameters is investigated and the conclusion reached
that they only provide information on the specific ine-
lastic channel couplings. Thus the identification of
resonances coupling to 77 or K« systems is most
easily made by observation of the elastic and charge
exchange reactions,

INTRODUCTION

In the future analysis of nm and Kr scattering will be performed at
higher energies. This has two immediate consequences in that we expect
(1) higher EP states and (2) increased inelasticity. Thus we might expect
that the inelastic channels will become an increasingly important tool in
identifying new resonance states.

In this talk I want to (1) demonstrate that viable techniques exist for the
analysis of 2— 3 body reactions; (2) consider the available data in Kr —Kar
scattering and the application of such techniques; (3) discuss the contribu-
tion such inelastic information might make to »w and Kr scattering; and
finally (4) come to some conclusion about the best way of proceeding in the
study of mr and Kr scattering.

To illustrate many of these points I will draw on experience one has
gained from studies! of

N — 77N (1)
INELASTIC REACTIONS IN 7w AND Kr

In Table I, I have made a list (not exhaustive) of the inelastic reactions
one might expect in 7w and Kr scattering, taking into account the restric-
tions of G-parity in the former case. In the case of Kr scattering, Knw
could well be an important state at low c. m. energies. Thus I will use this
as’an indication of what might be gained by observation and analysis of an
inelastic reaction. The analysis methods for stable 2 body inelastic
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reactions KK’ Kn (I also include Table I Inelastic final states in nr and Kr scattering
Tw, Kw) are well known and

hence I will pay little attention to i Kr
these. 2 e Kr
KK Kn

I might note at this point 3 KRr Krm (K*m, Kp - .)

that the 07 wave in K7 scattering
can only lead to inelastic final
states with >4 particles, a clear | 4 rrrm(new) Krrr(Kw)
difference from the same JP
state in 77 scattering.

KKK (M > 1500)

ete.

THE ANALYSIS OF 3 BODY FINAIL STATES

Formalism and method. The formalism for this has been developed? 3
to deal with

aN — 7aN (2)
and later applied to

ApAy o= 3T (3)

The main ingredients are

(1) There exists strong resonance production in the final state, e.g.,
K*, p. This is then introduced as an integral part of the model.

(2) The amplitude for the observation of a state JPM is written as a
coherent sum over all of the possible intermediate quasi-two body states

AET) = ng\:/l M, PN vy, 0,8.) @

where #FM (w,t) = amplitude for formation of the state JPM with mass
and 4 momentum transfer t; GJPM(wl, w9, o, B,y) = amplitude for the decay
of this state into K7 (wy, wo,, 8,y - the 5 variables necessary to describe
the state). The decay amplitude is then

GPMo D xIPMp () 5)
&L T

where X':IIJPM contains all the angular

momenturn decomposition and B (wj)

contains the final state enhancemerit /\\w i
factor for the pairof particleslabelled

j, e.g., Watson final state factor® or

Breit-Wigner.

(i

z ) L
J
This is represented in Fig. 1. JPM 230141

Fig. 1. Decay of state JPM to
3 bodies via intermediate isobar.



(3) We can then write the differential cross section as

J,P.M, J,P.M
§ : JPM _JPM 117171171

JPM
J1P1M1
« Z Jp J1P1 GJPMGJIPIMl* ™
The object is then to determine
PPMw o i @b @)

and in order to make maximum use of the data this is usually done by the
maximum likelihood method.

Results. The success of this method is best demonstrated in the re-
sults in 77N partial wave analyses. There one finds that (1) Good fits to the
data are obtained. However large numbers of events are necessary to ob-
tain stable solutions, e.g., in 77N we use ~5000-10,000 at each energy; and
(2) The expected resonance structures are observed. This is seen in Fig. 2
where I show the F, - 5 par tial wave amplitudes — the F 5 being clearly seen
in the 74, Np and NG channels.

I might also add that the analyses of A — 37 data have also clearly
1dent1f1ed the resonant structure in the JEM = 27, 1 waves (the Ag).

Conclusion. The conclusion is that one now has comparatively well
understood methods of analyzing such reactions and one can consider apply-
ing them to the 3 body channels in #w and K7 scattering.

THE DATA AND ITS UTILIZATION FROM K7 INELASTIC REACTIONS

The data. In Fig. 3, I show the data that exists on the reaction

K'p —K°r n ™t ©)
with incident 10 GeV/c K" mesons.® This is a large bubble chamber experi-
ment and produces such meagre statistics.

The utilization of the data. In the spirit of =7 and K= partial wave anal-
yses one would optimistically like to follow one of two paths. (1) Amplitude
extrapolation from the physical region to the pion pole — this means that
one must determine the amplitudes at different t values. Now in inelastic
final states one in general can have both natural and unnatural spin parity
series (cf, nm or K7 elastic scattering where one only has natural spin
parity) so that the amplitude extraction is more difficult. From the r7N
experience this means > 1000 events for each m,tbin. (2) Amplitudes from

-3~
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Fig. 2. The Fyg partial wave.
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Fig. 3. KO°r'r~ invariant mass spectrum from K+p — KOgrtr-AtH

at 10 GeV/c (other #'p not in AHF),
fits in the physical region with a specific model — again one will require a
lot of data but furthermore one also needs good models for other production
processes besides 7 exchange, After all there may be Q's, etc. lurking in
the background.

Thus (1) and (2) both imply the necessity of more data than will be
available for a long time together with a complete phenomenological theory
for (2). However, I do believe that (2) offers more hope for the near future.

At present (1) and (2) are very
optimistic but one can follow a more
modest path by attempting to extrap-
olate the inelastic cross section to o v N
the pion pole. Of course one will KTz X

{- 8.25 GeVyse
e 50 GV

not then know the spin parity com- C with inelasticity 9.5
position but the reduction in the — (s lntyeiel,
amount of data required makes this =

feasible. In fact this has been at- 2

tempted for reaction (9) using data T

at 5.0 and 8.25 GeV/c and the re- L

sults are shown in Fig. 4. The s +,

presence of the K*(1400) is clearly % 0

ground. The superimposed curve
is a Breit-Wigner derived from the . -
current K*(1460) parameters.

- MK ) Gev
1.5 1.7

i

; b
seen on essentially a zero back- I | | i
3

T KT — K’ 1) v M)
2301A4
Conclusion., It seems reason-
able to attempt to obtain the extrapo-
lated inelastic cross section although
anything more ambitious will require
at least an order of magnitude in-
crease in the quantity of data.

Fig. 4. Extrapolated inelastic K
cross section versus MK 77) at
5.0 and 8.25 GeV/c using elastic

(7r+p) cross section from a r-nucleon
phase-shift analysis.



THE INFORMATION CONTAINED IN INELASTIC
PARTIAL WAVE AMPLITUDES

It is now important to understand the impact on analyses of the absence
of detailed information on the inelastic partial wave amplitudes. Again as a

guide I would like to take some of our work on the 7N system in discussing
this question.

Resonance observation. It is first worth noting that all of the resonances
listed in the PDG tables have been observed first in stable 2 body partial
wave analyses, i.e., 7N — 7N, KN— KN, Ar, Zr. Indeed our analysis has
essentially only added one new state, the D;4(1700) (already hinted at by
EPSA) and removed another, the Pgq4(~1700).

Resonance parameters (pole position in the T-matrix). One might ex-
pect that the quantitative definition would improve by adding the inelastic
channel information. We have been making coupled channel K-matrix analy-
ses of the different 7N partial waves and so we are in a position to investi-
gate this question by performing the analysis with or without the inelastic
data. Of course if the partial wave is inelastic sensible fits can only be ob-
tained if an inelastic channel is introduced to preserve unitarity. In Fig. 5
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Fig. 5. Djg partial wave.
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and Fig. 6 we see the Argand diagrams for the two partial waves D;s and
Fg5, both exhibiting large inelasticity but in two different channels, mA and
Np respectively. In analyzing just the elastic data we have considered the
"junk" channel in both cases to be 1A, clearly a bad assumption for the Fgc.
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The results of these analyses Table II Partial wave pole positions

is contained in Table II.
Partial wave | Elastic data only | Elastic and inelastic
The conclgsmns fx:om this 5 1660 -1 %g 1666 i 1_23
work are, I think, obvious (1) 15
Resonance pole positions are (Junk = 74) (Major channel = ra)
well determined by the elastic
data alone; and (2) Little change 1810-1 22 1824 -1 22
: : : F 2 2
is caused by the introduction of 35
the inelastic data. (Junk = 74) (Major channel=Np)

Resonance couplings. Clearly one will never know the inelastic channel
to which a resonance couples unless one measures inelastic channels. Itis
very important to know the couplings to specific decays for the evaluation of
resonance classifications or symmetry schemes in general. However, one
should realize that n7N experience has taught us that this is really the only
contribution,

Thus one is forced to conclude from these empirical observations that
(1) The qualitative existence and quantitative evaluation of resonances which
couple to stable 2 body channels are most easily determined by studying
those channels; and (2) Other more complicated inelastic channels provide
information only on the couplings to specific channels, although this in itself
is very valuable data.

CONCLUSIONS

The following points are the conclusions we can draw: (1) The quantities
of data required for partial wave analyses in multiparticle states derived
from 77 and Kr scattering are large, making such projects unfeasible. We
might be able to attempt such analyses in the future, first by assuming that
certain resonances are present with a specific production mechanism and
then secondly determining their coupling constants. (2) The extrapolation of
the total inelastic cross section to the pion pole, which requires less data,
may well provide a useful constraint in future partial wave analyses of the
elastic scatterings. In this case it would be important to study

K'p— v att
or -+ -+
™ p— (MM) A

in order to obtain the total inelastic cross section. (3) Stable 2 body data and
in particular the elastic channels — identify resonances and give good esti-
mates of the pole parameters. This means thal the value of the inelastic data
lies in its ability to give the couplings to very specific final states.

Finally one should not infer that it is of little interest to study these

higher multiplicity final states. Clearly one can never see G=-1, S=0
boson resonances in 27 final states. However, if one wishes to identify

8-



resonances which do couple to the elastic channel in n7 or K7 scattering then
studying those elastic channels will produce the most dramatic reward.
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