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SOME TOPICS IN BOSON SPECTROSCOPY

George H. Trilling
Department of Physics and Lawrence Berkeley Laboratory
University of California, Berkeley, California 94720
I. INTRODUCTION
Although my report to_this Conference was supposed to be con-
cerned with a review of hadron spectroscopy it needs hardly be stressed
that I cannot do Justice to this subject in my allotted time. Conse-
quently my plan is to discuss a few items which have in recent times

been the subject of considerable research activity without claiming

“elther completeness or topical choices of the greatest possible signi-

ficance. Although the official Conference program stipulates a "Re-
view of Hadron Spectroscopy," I shall totally confine myself to boson
spectroscopy. I had anticipated that Dr. Lovelace, originally sched-
uled to give a companion presentation, might stress the baryons, and
I note further that many of the baryon spectroscopists are not here
but rather in my home territory of Berkeley having a Conference on
Polarized Targets. _

My order of presentation is such that I shall first discuss some
aspects of various natural-spin parity [P = (-l)J] nonets, and then
briefly comment on some of the diffractively-produced unnaturaljspin-

parity systems.

II. THE 2 NONET

As you undoubtedly all know, the possible existence of the fine
structure in members of the tensor nonet has been a.subject of very
considerable experimental investigation and controversy for some years.
In particular, a series of experiments performed by the CERN Missing-
Ma ss-Spectrometer-Boson Spectrometer Groupl_3 showed the isovector
member of the tensor nonet, the A2, with a mass spectrum containing a -
marked dip at its center. The fact that a nearly identical dip appeared

at two different incident momenta, namely 2.6 (Ref. 2) and 6-7 GeV/c
' 3

(Ref. 1) and further manifested itself in the KK decay mode as well
as in the three-pion modes initially suggested it to be an intrinsic
property of the A2 which was usefully parametrized by replacing the

usual Breit-Wigner form
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BW -~ : — (l1a)
(M - M )%+ (1%/k) |
with the dipolé form, | 5
, - (M - Mo) . : o
Dipole ~ —— > 5 . - (1b) T
S - ) e (2] - '
It need. hardly be p01nted out that the ‘establishment of such a remark- ah

able effect goes well beyond simple displays of mass spectra and into
detailed discuss1ons of resolutlon, all of which were provided in the
references cited above. . - _ '

The credibility of the dipole spectrum as an intrinsic property
of the A faded about a year and a half ago with the demonstration
from the Berkeley bubble chamber experiment of Alston-GarnJost et al.u
that the A2 (the experiments of Refs. 1-3 were on AQ) produced by 7

GeV/c n showed no evidence of dipole structure in any of its three

pr1n01pal decay modes pn, KK, nn. Shortly thereafter two new studies

.of the reactlon

vy' L | x p - A2p - KK% ,
one by-the.BNL group of Foley et al.5 and- the other by the CERN- Munlch
Group of Grayer’et'al;' at incident momenta of 20 and 17 GeV/c respec-
tively gave mass sﬁectra in strong disagreement -with the dipole form
(1b), while in satisfactory agreement with the Breit-Wigner form (la).
Attempted reconciliations of these apparently conflicting'pieces of
data were made by abandoning the notion of the central mass dip as an

intrinsic A ‘property, proposing therproduction.of several interfering

resonances ind taking advantage of thé fact that such production
characteristics asfincident momentum, production angle, sign of beam
particle did differ.in the various experiments.7 Thi s loophole, how-
ever, has now been shut rather tightly'by the recent high—statiStics‘ -
Northeastern-Stony Brook experiment of Bowen et'al.s which, in one of

its runs, practically duplicated'the running conditions ‘of the original e
CERN Missing-Mass Spectrometer run.l There seems to'be,excellent agree-

ment between the two experiments with one fundamental exception, nanmely

the complete absence of the dip at the center of the A peak in the

Northeastern- Stony Brook experiment. ‘-
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After these somewhat lengthy historical comments, I want to ex-
hibit some of the data. Figure 1 shows both the original CERN data
from the Missing-Mass and Boson Spectrometers and the recent North-
eastern—Stdny Brook results. The statistics of the latter experiment
are enormously larger, and the adequacy of their resolution is discussed
in their paper8 to which the interested reader should refer for details.
Figure 2 shows the A; - KK data ffom the CERN Boson Spectrometer3
and from the more recent, higher statistics and higher energy experi-

ments of the BNL5

and CERN-Munich Groups.6 Finally, in view of the
rather different experimental technique, it seems worthwhile to ex-
hibit the results of the most impreésive of the bubble chamber experi-
ments even thbugh the statistics are smaller than those of the recent
counter experiments. Figure 3a shows the results of the LBL Group A
experim.entL'L which first cast serious doubt on the dipole structure of
the A2, and}Fig. 3b gives a recently published KOK_ mass spectrum from
a bubble chémber experiment by the BNL Group of Crennell et al.9
It is rather natural that SU(3) cdnsiderations should have sug-
gested a search for dipole structure in members of the 2+ nonet other
than thebAe. The results of such searches for the f£(1260) from LBL
Group Alo and for the K*(1420) from Aguilar-Benitez et al. at BNLll
are shown in Figs. 4 and 5. Again for discussions.which show thét the
resolution is adequate for the result to be meaningful the reader is
referred to the papers in guestion, and it suffices here to say that
no indication of dipole structure is seen.
Needless to say, the results which I have shown in these first
few figures represent by no means the totality of all experiments which
have attempted to say something on the subject. A rather useful sum-
mary from which the potential informational content of each A2 experi-
ment is quickly seen has been made by G. Lynch12 of LBL by the useful
device of defining a continuous variable & (labeled the duplicity (1))
whose variation from O to 1 carries thé mass spectrum from a Breit-
13 Specifically,

Blw. N
[Shape]

Wigner shape to a dipole shape.

E)[Dn.pole] +

Shape + Background . (2)

Mass Spectrum = (L - 8)

The uncertainty in © depends of course on statistics and mass resolu-

tion. Figure 6 shows the results of Lynch's fits to the quoted spectra
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from a vafiety of experiments which include the ones shown in Figs.
1, 2 and 3, as well as several others. If we take the sensible crite-
rion that no experiment has much information content on the fine struec-
ture of th_e.A.2 spectrum unless the full error widthrin o) (208) is less
than 0.5 we see that in fact only the experiments shown in Figs. la,
1b, 2b, 2c and 3a had anything really significant to say. Of these
only that of Fig. la (the original CERN experiments) favors the dipole
structure; all others strongly support the Breit-Wigner shape.

Where does this leave us? In.my view the notion of the dipole
mass spectrum as an intrinsic property of the A2 or of other members

of the 2" nonet is conclusively ruled out. The more subtle idea that

“there may be some variations in A2 spectrum shape due to neighboring

resonances, interference with background, etc. which can vary with
incident momentum, beam particle, or production angle is obviously
much more difficult to rule out. My own opinion is that there is
very little solid evidence for such effects beyond the usnal conse-
quences of varying background shapes and reflections from possible
isobars. ' '

To bring to a close this discussion of the more controversial
aspects of the tensor nonet I simply want to exhibit in Table I the
results of a recent SU(3) analysis of the decay modes of the members
of this nonet made by Aguilar-Benitez et al.ll Although this is
certainly not the last word on the subject in terms of incorporating
all the latest known values of widths, branching ratios, etc. 1t
indicates clearly an excellent fit to Su(3) decay rate predictions,
1eading to the conclusion that our level of understanding of this

nonet is presently in rather satisfactory shape.

III. LOW ENERGY Kx AND s SPECTROSCOPY (S 1 GeV)

It is well known that our rather extensive knowledge of S =0
and. S =,'l baryon spectroscopy stems from the ability to do phase-
shift analyses from formation experiments rather than rely solely on
the results of production experiments. Similar attempts in boson
spectroscopy have been based on the study of reactions dominated by
thevone-pion—exchange mechanism and have particularly focuéed on the

: +
study of the scalar (0 ) Kr and nn systems. Without going into details
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here, .it has already been reasonably well esta.blishedlLL that, at least
below 1 GeV, the exoticvisospin-3/2 Kﬁ'and isospin-2 nn systems both
exhibit slowly varying fairly small negative S-wave phase shifts. The
naﬁure of the isospin-l/2 Kn and isospin-zero . S-wave amplitudes
have however been a matter of rather more controversy and difficulty,
and are continuing to be a subject of cbnsiderable study.

I want first ‘to take up the recent analyses of the Kr system.
Recent work by the ANL-Chicago bubble chamber group based principally
on the reaction of Fig. 7a using their own data at 5.5 GeV/c has
already heen vpublished.'l5 I actually want to mention in somewhat
more detail work by the CERN-Brussels-UCLA Colla.bora.tion16 using the
reactions of Fig. 7b with an enormous sample of events coming from
the so-called "World Data Tape" encompassing incident K momenta rang-
ing from 3 to 13 GeV/c. The available total number of K+p - K&n-n+p
events, namely 77,267, gives some idea of the magnitude of the statis-
tics involved. The Johns Hopkins Group has made a somewhat similar

17

analysis,”' based on about 60% of the events presently available on
the World Déta Tape, but because of the larger statistics and my own
greater familiarity with that work I shall confine my discussion to

the CERNrBrﬁssels—UCLA work.

o The'analysis is based on the assumption of only S and P waves
below 1 GeV mass and the absence of inelasticity. Kx angular distri-
| butions are'paramétrized by their average moments (Yi(e)) and <Yg(9)>
which are themselves simply related to the phase shifts. These moments
are extrapolated from the physical region to the pion pole. For this
study of Krn scattering, the pn+ system is confined to the £r+(1236)
mass region. Before going to the results it is worth noting that the
large daté sample of the World Tape permits tests of the self-consis-
" tency of the procedure which perhaps increases potential confidence in
the results: |

(i) The moments (Y:) and (YZ) must be independent of the incident

momentum. of the K+ meson. The experimental verification of this expec-
tation between 3 and 13 GeV/c is shown in Fig. 8.

. (i1) The application of a similar procedure to the study of n+p
'scattering'from the same reaction (keeping now the K 7 in the K*(890)

region) should give results in agreement with the accurate ones available
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directly frOm formation experiments. Such a comparison is- shown in
'Fig. 9 for pn masses up to 2.2 GeV and moments up to (Yh) ~ The agree-
ment, although not perfect, seems rather good enough to 1nsp1re some
confidence 1n Kn scatterlng results obtained in the same manner.

| (111) Although the CERN-Brussels UCLA results 16 have not yet been-
shown T want to ant1c1pate to the extent of saying that they do seem

' to agree with those from the ANL Chicago’ Group15

whlch uses a. com— :
pletely different reaction w1th 1nc1dent K instead of X .'
Before g01ng to these results I want to allude ‘here to a potentlal

dlfficulty about which I believe there ex1sts more confus1on than is

really varranted. It is known that the K'x A" final state is dominated

‘at high energy by a very strong =x A diffractive dissociation of the -
1nc1dent nucleon, just as the K*(890) 7t p final state is dominated by
the diffractive dissociation of the- 1nc1dent K 3 the so- called Q bump.
Slmilarly at hlgh energy the Kn—- K p final state contains a..
strong low pﬁ enhancement which presumably is a diffractively disso-
cliated 1nc1dent neutron. These enhancements all reflect strongly into_
the forward part of K scattering (nucleon diss001ation) or np scat-
tering (K dissoc1ation) In the CERN Brussels UCLA work, as 1n much _
other work, 1t is s1mply assumed that whatever nefarious effects thesev
reflections cause disappear upon extrapolation to the pole. My essen-
tial point is- that although the reflections of diffractively produced
structures do’ not disappear upon extrapolatlon, they are in fact an

essentlal,part of the.Kn or nn.scattering one is studying. One should

not in any case attempt to subtract them out as though they were inco-

herent background."I feel somewhat impelled to discuss.this point in
some detailvbecause_it will arise even more strongly in the later
discussion of higher mass boson states. '

Thus consider, in Fig. 10a, a dlagram which might represent the.
diffractive dissociation of p into A (1236)x~ via Pomeron exchange in

the reaction of interest. In the region of very low momentum_transfer

between incident P and final A one might expect the diagram of Fig. 10a

to be dominated by a‘COntribution of the form of Fig. 10b; here I.have

drawn heavily on the type of analysis made by Chew and Pignotti.18 If

‘we now go to the limit of small Krx subenergy, namely the domain of

'interest here,'the Kn scattering via Pomeron exchange indicated in

wh
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the upper half of thé diagram of Fig. 10b simply becomes, via the
19

duality arguments of Harari and Freund the nonresonant part (for
example, isospin-3/2) of the Kx amplitude (see Fig. 10c). This ampli-
tude is a coherent part of the overall Kn scattering and must be
retained in any attempted phase—shiff analysis of meson-meson scat-
tering. In other words the reflection of the diffractive nucleon
diSsociation forms an integral part of Kn scattering just as the
reflection of the kaon dissociation is an essential part of the pilon-
nucleon scattering.

Having made these remarks, both experimental and quasi-theoretical,
which in my mind help justify the validity of results on meson-meson
scattering via one-pidn-exchange extrapdlations, I now come to the
results. Those of the CERN-Brussels-UCLA Collaboration are shown in
Fig. 11 which exhibits the isospin-l/2 S-wave Kn phase shift between
0.78 and 1.04 GeV. An S-wave isospin-3/2 negative phase shift with
a cross section of 1.8 mb, in agreement with other data has been
assumed ‘as has a Breit-Wigner shape with mass 891 MeV, width 50 MeV
for the K*(890). There are two ambiguous solutions, one exhibiting
a sharp resonance just on top of the K¥(890) and the other a slow,
graduai rise to about 60° at'l.Oh GeV. These ambiguous solutions are
also features of both the Johns Hopkins a.na.lysis17 and the ANL-Chicago
15

analysis. There is unfortunately no easy way from existing Kn data
tb make a choice although, since as will be seen further, nx scattering
data definitely do not favor the sharp resonance solution, SU(3) argu-
ments strohgly argue in f&vor of the slowly rising phase shift. It is
wofth mentioning in passing that both Trippe et al.2o and Firestone et
al-el have suggested actual rescnant S-wave behaﬁior at considerably
higher energy (~ 115041350 MeV) than that presently under considera-
tion. Unfortunately higher waves and inelasticities then set in and
greatly limit the degree of detail achievable and exhibited for lower
energies in Fig. 1ll.

While no World Data Summary Tape has, to my knowledge, been con-
structed recently for studies of nﬁ\scattering the accumulation of
very extensive statistics at fixed energies by several groups has also
led to interesting results. As an example, Fig. 12 shows the isoépin-

zero, S-wave nn phase shifts from a very recent analysis by a SLAC
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Group,,Baillon etfal.,22 using'the results of a wire chamber spectrom-

X s . - + - e .
eter study of the reaction . p = ntnxt at 15 GeV/c. These agree
23

reasonably with those recently publlshed by Baton et al. ~;. and, as

~in the Kx case, exhibit a two- fold amblguity at the higher masses,

one solutlon representlng a sharp resonance essentlally coincident

with the p and the other a slowly rising phase shift making its way |
toward about 90 near 900 MeV; unllke the Kx system however it appears
cleérl&‘pOSsible‘to choose the slowly rising amplitude‘as almost surely
the correct one. | ' A h | | _

This arlses first of all from the fact that the =« no system is
capable of show1ng up an isoscalar S-wave resonance free of contamina-
tion- by the p. While. experiments to study the nono system are diffi--
cuit, I am:not aware of any which show up a ‘sharp resonance of the
sort predicted by the "up" solution of Fig. :L2.2~lL while details differ
from experiment to experiment, observed KOHO ‘mass spectra do seem- to
follow the flat form 1nd1cated by the "down" solutlon., '

Recently further very detailed information relevant to mn scat-p
tering at energles near the KK threshold has come from the LBL Group’

A 7-GeV/c”n+p bubble chamber experiment, other results of which have
25

already been shown in Figs. 3 end k., 'Figure3'13a,b; show the mean-

- values of the moments (Y ) and’ (Y ) and the mass spectrum for the e

!
A

system produced by the reactlon,

. 4 L -
atp > AT (1236)

in the physical region with -t' < 0.1 (GeV/c)e. ‘The mass intervals

are 10 MeV bins, and the basic results are summarized in Table ITI.

All these observations can be understood by imagining'en Argand Dia-

gram in whlch the isoscalar nn S-wave amplltude is somewhere near the
top of the unltary circle at about 950 MeV, rapldly g01ng around in
clockwlse fashlon and reaching KK threshold near 180 « It then rapldly
becomes inelastic in the production of KK states. Further details of

this analys1s are glven in the ‘paper of Alston-Garnjost et a.l.,25 but

- the fbllow1ng points are worth emphasizing:

(a) Independent evidence of ‘large. S-wave cross sections for -am —
KK Jjust above threshold has been independently glven by the CERN-

Munlch Zurlch Hawall 26 Collaboratlon.




A A

_21_
004 T
_ 980 MeV }
0.3t <Y,% !H”i '
02l - o |
o1f . H |
—0.0F *H
-0.41 L+H —+
0.4 <Y,%>
0.3} o w '
o2F fw
0.1} * .
0.0 |1H1+, , .
. . ﬂ'+p-’A++ﬂ‘*ﬂ_
800 h —t'<0.1 GeVvZ® ]
' ()
> *H ¢
= 600 f
o it
Q by
,g 400 )
g oy
e 200 N
,/: ! v,;,yf‘e,%
0.0 0.5 1.0 1.5 2.0
M(m+m™) GeV
XBL~716-3755A

+ - . —
Fig. 13. 7 n anomaly at KK threshold.25



-22- o 'LBL-351

Table II. ‘ﬂﬁ~Anomaly Near KE‘Threshold.25

: . Relation to
Property = - Amplitudes : o Behavior
) . . . : : T v 2 - 2 . . : " .
Population |s|< + 3]p< Flat 9L0-950 MeV
' ’ Sharp Drop 950-980 MeV
(Y°) " - , ES.P. 5 Near-Dlscontlnulty down
|s|< + 3]p| to zero at 980 MeV
o - ' |P|2 : o o -
) - == Sharp Rise at 980 MeV after
o ISI + 3|PJ' some previous slight drop |

‘(b) The behavior exhibited by the moments (Y5) and (¥2) in Fig. 13
has also been Obeerved in the SLIAC 15-CeV/e x p = o x” éxperiment.
(c) The population behavior near 950 MeV (Fig-. l3c) requires a large
S-wave: amplltude at that energy, in agreement with the "down" but not
the' up Qsolutlon of Fig. 12.: - )
These observations of nxn behavior, coupled w1th SU(3), are strongly
suggestlve that ‘the down solutlon for Kn scatterlng is probably,the
'correct one. ’ o ' -
. In conclu81on it is fair to- say that good experlmental data and
X increased theoretlcal understandlng have the potentlal of bringing us
to a really detailed understanding of the behav1or of all Kn and nx
-:partlal wave amplltudes in at least this energy region below and around
1 GeV.

Iv. HIGHER ENERGY AND ANGULAR MOMENTUM n AND Kx SGATTERING

Ev1dence for a natural spln-parity isovector me son of mass around
1650 Mev, which would naturally be - interpreted as the Regge recurrence
of the p meson, has been . accumulating for some time. Various sets of
data collected by the Aechen-Berlln-CERN Colla.bora.t10n,27

thelr own results, are shown in Fig. 1k, The various data show both

including

mass spectra plus coefficients of Legendre expan31ons of T scatterlng
angular dlstrlbutlon in the physical" reglon. 'The basic results of all
these data are: - 7 : ‘ '

: +
(1) There are clearly mass enhancements in (nx)™, (ﬁn)? systems
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around 1650 MeV. Although not shown in Fig. lh, there is no observed
: ' . . - o . - )

structure in (nx)  or (sn)  systems. A most natural interpretation

is then the existence of an isovector state of mass near 1650 MeV,

‘usually referred to as the g me son, produced readily in reactions of

,the’form' N = N, Bose statlstlcs then requlre a sp1n belonglng _ ; L 2

to the sequence l, 3, 5, cee etc. . v

(2) The Legendre expans1ons of it angular dlstrlbutlons show contri-
butlons up to. but not higher than s1xth order at. masses up to 2 GeV.
Slxth order contrlbutlons deflnltely become s1gn1f1cant Just below 1.6
_GeV and are thus highly suggestlve of . the quantum numbers JPV= 3_.
It must be stressed however that the behavior of the’ s1xth order term
'(whlch would, assumlng plon exchange and no hlgher order amplltude,
be Jjust proportlonal "to |F| does not show in any of the experlments
of Fig. 14 conv1nc1ng structure at 1650 MeV. This term simply rises
and Just tends to remain hlgh up to the p01nt where klnematlc llmlts_
come into play to turn the reaction off. "This suggests that hlgher »
than F-wave amplltudes are not completely negllglble. ’

Th1s brings me to- the d1scuss1on of a recent result from the CERN-
Munich Group28 from a study of the reactlon T p - ﬂ+ﬂ n at 17 GeV/c
by means of counters and spark chambers. The ﬂ+ﬂ mass spectrum below
2.0 GeV is shown in Fig. 15a before and after correctlon for detectlon
vefficiency. The Legendre coefflcients N(Y ) and N(Y6) calculated for
-t < 0.2 (GeV/c) Wthh fundamentally correspond to coeff1c1ents A_,
A6 in Flg 14) are shown in Fig. 15b. Higher-order moments given in
the CERN -Munich aper appear to be negllglble in the nx mass range
below 2.0 GeV. It is p01nted_out by the authors that the structure
shown in Fig, 15a and lfb gives,conclusive evidence for the spin 3 :

assignment of the g meson. It is however only fair to point out that

" there are some mysteries (at least in my mind) about the CERN-Munich o

“t
results

(i) As spe01f1cally noted by the authors, (Y6) is- s1gn1f1cantly 2
negative (if one believes the quoted errors) around 1.2 to 1.k GeV.

In. the absence of waves above the F-wave this is hard to understand

in the context of one-pion- exchange. The authors, while not certain
- of the explanatlon of this effect, assert that its resolutlon should

not affect their conclusion.
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(ii) The behav1or of (Y6> near 1.9-2.0 GeV shown in Fig. l5b is
totally different from that in any of the bubble chamber experiments.
Inspectlon of Fig. lh shows that (Y6) or N(Y6) tend to be maximal near
2.0 GeV whereas the CERN Munich Group finds this qQuantity to be ‘zero.
Since it 1s in large part the observed structure in N(Y6> which leads

the CERN- Munlch Group to 1ts def1n1t1ve conclus1on, the clarification
of this point appears to be of some 1mportance '

(iii)IFinally, and this may relate to point (11) above, it is noted
as an asset by the CERN Munich Group that thelr apparatus is insensi-
tive to nn ‘masses. below l 5 GeV.V As I p01nted out 1n ‘Sec. IIT and
Fig. lO the proton dlffractlve dissociation 1nto low mass: nn+ is an
: essentlal and coherent part, not a superfluous reflectlon, of the nx
scattering. I am simply unsure as to how the correctlon for this loss
is made. ' R

In conclus1on, 1nsofar as the g-meson is concerned, it appearS‘

' quite conv1nc1ng from the data of Fig. 14 and Fig. 15, as well as other

data not shown here, that the spln-parlty 3 ass1gnment is the correct
one, It would however be desirable to 80 a large step further, as one
-does 1n pion- nucleon phase sh1ft analy81s, by maklng an actual partlal-
wave break-up of the amplitudes which go 1nto the Legendre coefficients
shown in Flgs. lh and 15. ' Unfortunately one suffers in that the data
of Fig. lh cover a t- range which is a b1t too hlgh for slmple pion-
'exchange domlnance (< 1.0 (GeV/c) whlch is another way of saylng that
the 1nterest1ng_stat1st1cs are low) whereas‘those of Fig. 15 require
resolution of the questions (i), (ii), (iii) mentioned above before a
completely-believable analysis can be made. These problems preclude
at present answers to such questions'as'whether the g-meson miéht bei
hiding underneath it resonances of lower angular momentum It is also
1mportant to note that the. g-meson has substantial decay mode s other
than 2x. New information on these has been presented on these else~
where at this Conference,29 and I shall make no further comment on
then here. _

'~ The previous discussion of the g-meson as the Regge recurrence of
the p 1mmed1ately raises the question as to the strange counterpart
which would be thevRegge recurrence. of thefK*(890). vBy analogy with

the -fact that the g shows up in reactions of the form =N — N, it

¢
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is not surpriéing that evidence for a strange.3_ meson has shown up
in studies of Kn systems from the reaction

Kn- Knp .
Indeed independent evidence for such a particle has come from the
Purdue-Davis-Indiana Group3o (9 GeV/e) and the LBL Group (Firestone
et a,l.).3l Mass spectre from both these groups fér_the above reac-
tion are shown iﬁ Fig. 16. It is clear that there is substantial
evidence of structure in the region.around 1700-2000 MeV. Figure 17
from the work of the LBL Group Shows'Legendre coefficients N(Yj) up
to sixth order (higher order is negligible up to 2.2 GeV). The resem-
blance betﬁeen the behavior of the coefficientsvin Fig. 17 and the
available correspondihg ones in Fig. 14 is striking. Again N(YZ) rises
substantially in the region under consideration although, analogously
to Fig. 14 but not Fig. 15 it does'hot exhibit structure parallel to
the shape of the Kn mass spectrum. There is also in Fig. 17 in the
N(Y§> and N(Y%) terms evidence of strong and rapidly varying inter-
ference effects in the 1800 MeV Kn mass region. I think that it is
fair to conclude that these data are highly suggestive of a strange
analogue to the g-meson in the mass region 1750-1850 MeV.32 It is
interesting to note ‘that such a state would nearly complete a 3 nonet.
An »(1680), presumably the recurrence of the w(782), has been reason-
ably well_established,33 and it only remains to find.the recurrence of
the @(1020). It is also worth noting that a detailed partial wave
analysis of distributions such as that in Fig. l7Iis eventually desir-
able to see if lower angular momentum states are hidden under the
dominant resonances. In my view, the increasing Suécessvof the lower
energy nn and Kx phase-shift analysis (see Sec. III) makes this a not-

too-unrealistic hope for the future.

V. DIFFRACTIVE PROCESSES
I want to conclude my talk with some fairly brief remarks about
states in the unnatural spin parity series produced by diffractive
processes. The production of some low-mass baryon resonances in this
manner has been studied in inclusive processes with identical incoming
and outgoing particles and an appropriate spectrdmeter to determine

34

momentum transfer and missing mass. Here, however, I want to
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'emphasize the States produced,via'Exclusivé'three-body processes such
as: o - . _

-t % * - I

p = Ap -~ (p)P  (3e)

AP - Kp > (207 | (30) 3
Kp - §p > & @00 (k)

K'p > Lp- (kH(w20)mp . (bb)

In referring to the final states as "three-body" I bave considered p,
£, K¥(890), K*(1420) as single particles. . '

Slnce time 1s short, I shall simply indicate here very brlefly

some general features of these processes whlch have had recent atten-

“tion: .
(1) Mass ‘spectra exhibit large broad enhancements ‘not very much
above the thresholds for the comblnatlons 1nd1cated 1n parentheses
1n_the equat;ons (3,4) shown above. These enhancements, whlch, in

the casefof'the Q and A » have been studied qulte extens1vely generally
give rough qualltatlve flts to multi-Regge models. Examples ofl‘such35

fits for the Q have been quoted in the review paper by A. F1restone.

Approprlate comblnatlons of Breit -Wigner amplltudes can give much more

35

quantitatlve fits to ‘the experlmental data. Firestone”™ was able to.

obtain good fits to a large amount of Q data with a combination of
two (a single one was clearly inadequate) Breit- ngner terms. Because
of uncertalntles_about handling of background and further uncertainties
about the dynamics of the production process, his actual resonance and
width values should be treated with caution. o v
(2) Spln-parity analyses have given values of 1" for the A; and. Q
and 2” for the A3 and L. A particularly 1llum1nat1ng way of repre- ‘
sentlng the 3n data in the A, o) A3 reglons, obtained by the Illinois | .
Group,36 is shown in Figs. 18a and 18b which use in part I1llinois Group

data and in part data from other groups, particularly at the higher

E]

‘F'v

energies. The l contributions for the Al and 2 for the A3 come

almost exclus1vely from S-wave pm in the first case and S-wave fr in

the second. _ |
- (3) Enough data at various energies have recently been accumulated

to examlne the energy dependences of the Q and Al,cross sections w1th
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. 7 N _
some reliability. Results for the Al (here defined as the 1 compo-
nent of the 37 amplitude) and the Q (here the results are plotted,
37

are

mass interval by mass interval, with no béckground removed)

~ shown in Figs. 19 and 20. In both cases the cross sections have a
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: The cross section for the reaction 7°p — A4, p
as g function of the incident 7~ momentum with the
A" as defined in the text. The cross sections have
not been corrected for unseen decay modes of the Ay~ .

Fig. 19. Ref. 36.

slow though nonzero decrease with incident energy.‘ Thése results are
suggestive of dominant Pomeron exchange accompanied by some f, w ex-
change. Unsuccessful searches for Q production vié charge-exchange
processes suggest (o) A2 exchange contributions are véry small.38

(k) Studies of Q production in deuterium could a priori lead to a

. different mass spectrum if two distinct resonances produced via differ-
ent exchanges represent the spectrum seen in hydrogen collisions.39
Evidence from several experimentsuo'(see for example Fig. 21 for data
at 12 GeV/c from Firestone et al.ho) show no such effect; mass spectra
from deuterium are practically identical to those in hydrogen. '

What can we say at this point as to the resonant or nonresonant
nature of enhancements such as the Q or Al? The subject is still
controversial,and I can at best venture some opinions: my belief 1is
that indeed such structures are resonant, the arguments being the
following: ,

(1) The shapes of the structures, particularly their drops at the
higher masses have a sharpness which seems, at least to me, most easily

-understood in terms of resonant amplitudes, As pointed out by Chew and
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Pignotti18 the qualitative successes of multi- Regge fits do not
detract from these arguments. S
C(41) There are theoretical arguments which Suggest that mass.
enhancements‘with the property that cross sections for the production
of a given fixed mass interval AM of the enhancement goes to a flnite
limit at very high inc1dent energy are indeed resonant.hl The data
of Fig. 20, for example, suggest the Q as- such a structure.
(iii)- Finally I take note of the recent observatlons of coherent
A1 production by a large variety of nuclei’ ranging from beryllium to
lead, and optical model analyses leading to estlmates of effective
."Al" nucleon cross sections.hg These are typical of single pion-
nucleon cross sections and tend to conflrm the 1nterpretation of the
Al as a. single particle.h3 ‘_
' To all this it seems essential to add .some warnings. The Chew—
vPignotti multiperipheral model suggests for a process such as A
production a px mass spectrum which looks roughly like

‘d'G'N_ 2aP(Me) “_.gﬂiM.g_

o S?'Mpn_‘ | M:n | Mpﬁ
One might therefore expect pﬂ resonant amplitudes to be highly dis-
torted toward low mass by the dynamics of the process. ThlS may ‘ex-
-plaln why the mass spectrum from baryon dlffraction into nucleon—pion |
seems to exhibit the large contributions near 1350 MeV, well below
the lowest Nl/2 establlshed by pion-nucleon phase- shift analys:.s.lm
It follows that re sonance parameters obtained by simple Breit-Wigner
fits to diffractive structures from three-body exclusive reactions .
mustrbe,treatedzwith cOnsiderable caution. - \

I want-tOFCOmplete this lecture by apologizing to the enormous
number of contributors to hadron spectroscopy whose work was neglected,
misrepresented, or otherwise improperly treated in what was purported

"to be a "Review of Hadron Spectrosc0py. With an order of magnitude
increase in time (accompanied by a similar 1ncrease in the wisdom of

the lecturer) one might have been able to do the subject better Justice.
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