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We present new results on K p-K 7f+ n at 5.5 GeV/c. We fit all the available do/dt and
decay density-matrix elements for the K~N K N charge-exchange reactions. The differ-
ence between the K+ and K reactions is explained successfully in terms of interference be-
tween a p Regge pole and strong absorptive corrections to the m Regge pole. This differ-
ence is related by vector dominance (VDM) to the m+ and 7t photoproduction cross sections
and polarized-photon asymmetry data. The VDM predictions are only qualitatively success-
ful.

I. INTRODUCTION

Previous studies of the charge-exchange reac-
tions~"

K p -g o(890)n,

K'n- K*'(890)P

(1)

(2)

have indicated that one-pion exchange (OPE) rep-
resents a significant component of the production
mechanism. A reasonable description of the data
at a given energy is provided by the absorptive
OPE model. ' Another approach suggested by
Schlein uses the OPE model with corrections for
off-mass-shell effects given by DGrr-Pilkuhn form
factors. ' Although the data at each energy for (1)
have generally been sparse, there is good agree-
ment between the density matrices for the K*(890);
the differential cross section for

~
t ) & 0.5 (GeV/c)'

is consistent with the form da/dt=Ae ', where
B -5 (GeV/c) '.' The data for reaction (2) are re-
stricted to a few energies, but it seems clear that
its cross section is larger than that of (1) at the
same momentum and also that the differential
cross section is more peripheral than is observed

for (1). In this paper, we discuss an explicit mod-
el for K* production. We show that the difference
in the slope of do/dt for the K and K' reactions
is obtained naturally in an absorption model using
Reggeized m and p exchange.

II. EXPERIMENTAL RESULTS

First, to illustrate the salient feature of (1), we
refer to new results' at 5.5 GeV/c obtained from
measurement of about 40000 two-prong events in
the ANL 30-in. bubble chamber. Track measure-
ment and ionization determinations were done us-
ing POLLY ' with subsequent automatic hypothesis
assignments in the kinematical fitting program. A
detailed analysis of these measurements will ap-
pear later, but we stress here that particular at-
tention was directed at the problem of contamina-
tion of

by misidentification of the processes

K P- w's (A'/Z'),

which we estimate is less than 7% of the total se-
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FIG. 1. (a) The K 7t+ mass distribution, (b) do jdt
forK (890) production for the reaction K p-K &+&

at 5.5 GeV/c. The curve was obtained from the absorp-
tion-model fit described in the text.

FIG. 2. (a)-(e) Density-matrix elements for K 0 in the
helicity frame forK p K (890)n at 5.5 GeV/c. The
curves were obtained from the absorption-model fit
described in the text.

lected events for reaction (3) and is only 2% in the
E*(890) region. '

The cross section for reaction (3) is measured
to be 832+ 41 pb. ' The detailed features are pre-
sented in Fig. 1. The mass distribution in Fig. 1(a)
shows, as at other energies, prominent peaks cor-
responding to the strong production of K*'(890}and
K *'(1420) resonances.

Turning to the production and decay characteris-
tics of K*0(890), we show the differential cross

section in Fig. 1(b). The K ' cross section, cor-
rected for unseen decays, is 380+48 pb. The
slight reduction in the differential cross section at
small momentum transfer is removed when the
distribution in t = t —t «( tnoshown} is consid-
ered. For

~
t

~
&0.5 (GeV/c)', the slope of the dif-

ferential cross section is 4. 7+5.005(GeV/c) '.
The pronounced forward-backward asymmetry ob-
served in the polar decay angular distribution of
the K '(890) indicates that both S- and P-wave com-
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FIG. 3. (a)-(e) Density-matrix elements for K in the

Gottfried-Jackson frame forK p —K (890)n at 5.5
GeV/c. The curves show the result of the absorption-
model fit described in the text.

ponents of the Km system are important, and we

have used this parametrization of the density ma-
trix. The s-channel (helicity frame) density-ma-
trix elements are shown in Figs. 2(a)-2(e) while
the corresponding t-channel (Gottfried-Jackson)
quantities are presented in Figs. 3(a)-3(e). The
density-matrix elements and da/dt values are giv-
en in Tables I-III. We note here that the Durr-
Pllkuhn 0PE model would predict that ppp 1 and
that the differential cross section for both the K P
and the K+n reactions would be identical, contrary
to observation. In Fig. 4 we compare the da/dt
predicted by this model with the present data at
5.5 GeV/c. The parameters were taken from Ref.
4. With increasing t, the data fall off less quickly
than the model would indicate.

In either frame, the large values of ( Rep„) and

p» near the forward direction indicate that strong
absorption is needed to describe the data. Further,
we note that the t dependence (dips, breaks, etc. )
of s- and t-channel amplitudes is reflected in the

density-matrix elements evaluated in, respective-
ly, the s- and t-channel frames. Whereas in the
strong-cut Reggeized absorption model'o (SCRAM)
the s-channel amplitudes have a distinctive struc-
ture, exchange (Regge-pole) effects are naturally
associated with t-channel amplitudes. In both
frames we note that p«- p» decreases rapidly in
value away from the forward direction (pion pole),
indicating that non-pion-exchange processes are
important. It is most accurate to study the prod-
uct of the density-matrix elements with da/dt, and
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FIG. 5. p+00 der/dt and poo do/dt for theK* inK p
K*(890)n at 5.5 GeV/c with curves from the absorption-
model Gt.
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TABLE I. Differential cross sections. ~

t range
(GeV )

Number of
events dc'/dk (mb/Gev )

0.0-0.02
0.02-0.04
0.04-0.06
0.06-0.08
0.08-0.10
0.10-0.14
0.14—0.20
0.20-0.28
0.28-0.38
0.38-0.56
0.56—1.0

40
48
41
37
30
47
69
63
54
55
52

1.2g7 + 0.137
1.557 +0.150
1.330 +0.138
1.200 + 0.131
0.973 + 0.118
0.762 + 0.074
0.746 +0.060
0.509 + 0.043
0.350 + 0.032
0.198 +0.018
0.0769+0.007

The mass range 0.84~M(K n+) & 0.94 GeV/c is
used to define the K*{890) and to obtain the numbers in
the table. The differential cross section is normalized
to the cross section forK p —K*o{890)n corrected for
unseen decay modes.

in Fig. 5 we comPare Puaui der/dt and Posuda/dt. »
There is a striking difference in the slopes of
these t distributions: As we already mentioned,
the slope parameter for der/dt is 4.75+0.5 (GeV/c)
to be contrasted with those for p»rda/dt and p,ada/dt
of 7.4+0.8 and 12.1+1.3 (GeV/c) ', respectively.
Whereas d&r/dt is much flatter than that for the typ-
ical OPE process mN —pN, the t dependence of
p«da/dt is similar for K* and p production. For
instance, in rr P- p'n at 8 GeV/c, daldt, pJ d/ad, t
and posuda/dt have slopes 10.9+0.5, 10.9+0.6, and
13.6+ 1.0 (GeV/c) ', respectively. " The SCRAM
model of Ross et al. predicts a dip in pg, da/dt at
~
t ~-0.5 (GeV/c)' in all such vector-meson produc-

tion experiments. This is an unambiguous predic-
tion for any amount of x, B, and natural parity
(p, A, ) exchange. One need only make the presum-
ably safe assumption that A, exchange is negligible.

The present data do not show conclusive evidence
for this zero, although it is encouraging for the
SCRAM model that p»da/dt is sharper than p»~drJ/dt.

A comprehensive survey of the dip structure in

pu, drJ/dt at t = -0.6 (GeV/c)' in EN —K*N, rrN —pN,
and mN —~N is contained in Ref. 13.

III. VECTOR DOMINANCE FOR p»drJ/dt

In the above we have demonstrated empirically
that the anomalously small slope for K*' produc-
tion is associated with the dominance of 2p»da/dt
at large -t. Let us now show that this is expected
from a combination of SU, and the vector-domi-
nance model (VDM)." Explicitly we have the re-
lation

2pp, (K p-—K* n) —2pp, —(K'n- K*op)

do do
=X (yp- s—'n) (yn-——P» )dt dt 7

(5)
where II=3y '/arrr, o. =1/137, and y~ is the univer-
sal p-meson coupling constant. Figs. 6(a), 6(b),
and 6(c) plot Rr for the reasonable value y~'/4rr
= 0.45."

R = "(l&~,rx (yp ') ——t—v -p-))dt dt

(6)

at E&b = 5, 8, and 16 GeV. The figures indicate
that (6) is essentially independent of energy. The
e "factor is inserted to remove the t dependence
of the K"' data and Figs. 7(a) and 7(b) show Rz for
compar ison.

Rrr =& "(-,'Pab)'2pggdt

for K*u and Z"' production at 3 and 5.5 GeV/c, re-

TABLE II. Helicity-frame density-matrix elements. 8

t range
{GeV2)

0.0-0.02
0.02-0.04
0.04 —0.06
0.06-0.08
0.08-0.10
0.10-0.14

0.14-0.20
0.20-0.28
0.28-0.38
0.38M.56
0.56-1.00

Number of
events

40
48
41
37
30
47

6g
63
54
55
52

poo
H H

1.00 + 0.18
0.62 + 0.17
0.44+ 0.20
0.58+0.17
0.09 + 0.18

—0.03 + 0.16

0.00 + 0.14
-0.33 + 0.12
-0.12+0.15
-0.24 +0.13
-0.39+0.12

Re p"„

0.01 +0.06
0.13+0.07
0.16 +0.07
0.29+0.07
0.09 + 0.08
0.17+0.06

0.16 + 0.05
0.13+ 0.05
0.10 + 0.06
0.00+0.05

—0,01 + 0.06

Re pg

0.13 + 0.06
0.04 + 0.08
0.09+0.10
0.00 + 0.09
0.11+0.12
0.08 + 0.09

-0.02 +0.08
0.01+0.09
0.11+0.10
0.15 + 0.09
0.24+ 0.09

pos
H

0.30 + 0.10
0.03+0.09
0.12 + 0.09
0.10 + 0.10
0.22 + 0.09
0.28 +0.06

0.06+0.06
0.07 + 0.05
0.04 + 0.07

-0.05+0.06
0.03 + 0.06

p&s
H

—0.06 +0.04
—0.03+0.04
0.03+0.05
0.06 + 0.05
0.10+0.06
0.07 + 0.05

0.02 +0.04
0.05+0.05
0.07 +0.05
0.04 + 0.05

-0.04 ~ 0.05

The helicity (s-ch~»el) frame is defined in the K*(890) rest system with the z axis opposite to the direction of the
recoil neutron and with the j axis along the direction y =K&„xKO~/[E?;„x~~~.
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TABLE III. Jackson-frame density-matrix elements. '

t range
(GeV 2)

0.0—0.02
0.02-0.04
0.04-0.06
0.06-0.08
0.08-0.10
0.10—0.14

0.14—0.20
0.20-0.28
0.28-0.38
0.38-0.56
0.56—1.0

Number of
events

40
48
41
37
30
47

69
63
54
55
52

Poo
GJ GJ

0.819+ 0.187
0.611+ 0.169
0.483 + 0.179
0.744+ 0.200
0.099 + 0.211
0.275 + 0.169

0.289 +0.133
0.269 +0.152

—0.030 +0.160
-0.060+0.156
-0.144 + 0.136

Re p(()

-0.209 + 0.061
-0.138 +0.067
-0.146 + 0.079
-0.199+ 0.069
-0.079 + 0.076
—0.079 + 0.059

-0.090 + 0.058
-0.038 + 0.048
-0.094 + 0.056

0.006+0.054
—0.006 + 0.058

Re pf, -iGJ

0.069 + 0.064
0.037 + 0.080
0.106 + 0.089
0.060 + 0.067
0.112+ 0.102
0.179+ 0.088

0.076 +0.090
0.209 + 0.072
0.135 + 0.088
0.211 + 0.076
0.326 + 0.083

pG)

0.256 + 0.094
-0.002 + 0.089

0.116+ 0.091
0.124 + 0.103
0.254 + 0.084
0.244 + 0.073

0.052 + 0.067
0.084 + 0.069
0.096 + 0.066
0.058 +0.066

-0.063 + 0.065

Re pcs(

—0.118+ 0,039
-0.044+ 0.043
-0.029 + 0.046
-0.012 + 0,046
-0.053 + 0.059
-0.120 + 0.039

-0.032 + 0.038
-0.029 + 0.036
-%.023+0.045

0.032+ 0.042
-0.006+0.040

The Jackson (t-channel) frame is defined in the K*(890) rest system with the z axis along the incident K direction
and with the y axis along the direction y =K;„xg,~«/ fCt„x Ko~«l ~

spectively 's
C.orrespondingly, Eq. (5) predicts

that the difference between the K*' and K*' curves
is equal to the photoproduction quantity (6).

The small value of R
&

near the forward direction
predicts the equality of R~ for K* and K*' near
t =0. This does not seem to be indicated by the
data of Figs. 7(a) and 7(b), and although it is prob-
ably a real physical effect, we ignore such ques-
tions of normalization here. Instead we plot in
Fig. 7(c) the difference R(E*') -R(K*') with the
K* data renormalized to equal the F"' data at t =0.
This is to be compared with R &, represented by
the dashed line in Fig. 7(c). There is a qualitative
agreement with VDM although the quantitative com-
parison is wrong by, say, a factor of 2 (photopro-
duction is too big). It would be good to confirm
this, at higher energies, with K*' and K ' data at
the same energy and with well-determined relative
normalization. In particular we remark that the
energy independence of (6) suggests that there
should be a large difference between the K*' and
K* production cross sections and a flat slope of
E*'da/dt up to at least 16 GeV/c. This is a sensi-
tive test of VDM and it is important to check it in
hadronic experiments.

IV. VECTOR DOMINANCE FOR p dojdt
1, 1

There is a well-known'4 VDM relation for polar-
ized photons. Letting Z' be the usual polarized-
photon asymmetries in m' photoproductions, it
reads

2pf,d
—(w p- p'n)+ wa pf,d

—(w'n-(p'p)

1,dp, 4y
(rp nw')+—E —(-yn- pw ) X.3 dg dt

One can easily derive an SU, analog of this cor-

-4t I 2 HR» =s (-'pub) 2p~ (9)

Then vector dominance predicts

R(K ) -R(K*s)=R~ . (10)

Figure 8 shows R ~; Fig. 9(a), R(K"); Fig. 9(b),
R(K '); and Fig. 9(c), the difference R(K ')
-R(K*c). Here the open circles in 9(c) represent

R& and this figure again indicates a substantial
quantitative violation of vector dominance. As be-
fore, the hadronic data are too small -the discrep-
ancy (say a factor of 4) being rather larger than in
the 2pf do/dt comparison of Fig. 7(c).

Similar disagreement with VDM has been found
in a recent w p- p'n experiment at 15 GeV/c. "
Again the hadronic cross sections were lower than
the VDM prediction away from t =0, while the ra-
tio p, ,/p» was also smaller than predicted.

In spite of the quantitative disagreement with
VDM, Figs. 7(c) and 9(c) confirm the qualitative
interpretation of the K*, K*' cross-section differ-
ence and smaller A* slope with the same mecha-
nism that causes the difference between m' and m

photoproduction. We now turn to a consideration
of this within an explicit model.

V. ABSORPTION MODEL

We have previously proposed an absorption mod-
el" involving other Regge-pole exchanges besides
the z, which not only explains the K* data but also

responding to Eq. (5). Let

»„=e-"(lz~b (x( ( z bD m'')——& z
—-(m-Pw )),

(8)

and for the hadronic data
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The first data point for the K is normalized to the
K data at the point indicated by the arrow.

relates it to other line-reversed reactions. " In
view of the possible existence of systematic errors
in the different experiments, we will not discuss
here the tricky question of difference in size be-
tween the K*' and K*' data."but rather consider
the difference in slope. In accordance with the
VDM considered above, we obtain this from the
interference of the p Regge pole with the strong
(SCRAM) cut correction to w exchange.

The formalism and qualitative features of the
SCRAM model have been well described in Ref. 10.
In the Appendix, we detail our realization of this
model for K* production and also define the inde-
pendent parameters. We employed m, p, and A.,
exchange" and determined these parameters by
fitting all available K ' and K*' data. " The fitted
values of the parameters are recorded in Table IV.
Both the S- and P-wave components of the Km sys-
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mines the on-shell S-wave Kw phase shift 5~= 64
+ 10' at the K* mass. The fit is compared with
do/dt for K p-F"0n in Fig 10(a).and K"n-K*'p in
Fig. 10(b). (To be exact, we plot e (4P5~) 42r/ td. ")
The fit is quite satisfactory considering the rela-
tively small number of parameters. The good fit
to the t-channel density-matrix elements is shown
in Figs. 3(a)-3(e) for K P- K 'n at 5.5 GeV/c and
in Figs. 11(a)-11(e)for K'n-K*'P at 3 GeV/c. The
comparison with the s-channel density-matrix ele-
ments in Figs. 2(a)-2(e) shows the characteristic
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FIG. 9. (a) R(K*) forK+n K*(890)P at 3 GeV/c,
(b) R(K ) forK p-K (890)n at 5.5 GeV/c, (c) R(K*)
—R(K*0), where R~ = e '(~J'»b) 2pi i do./dt.

TABLE IV. Parameters of fit. 8-wave absorption constant C =1.354. Pole parameters.

Vertex Coupling

(1) n Regge pole: u = —0.0196+t

Value of y
Fixed

parameters

NN
KK "s (P-wave}

KK* (8-wave)

~++
+00

YOi

~00

-33.67
(2.17 —27.46t)e 0.2Mt

(29.17-8.12t)e 0'258

1.11

-33.67 ~

-27.46
-8.12 b

NN

XK~ (P-wave}

KK* (P -wave)

(2) p Regge pole: n =0.5+0.9t

Y++

7+
70f

(3) A2 Regge pole: n =0.5+0.9t

~++
7+
~0i

-80
-320
1ei.0t

-60
-240
1e2~ St

-320
1 8

-240 c

1 8

Parameter fixe arbitrarily as only product y~~y~z~ determined by fit.
Parameter fixed by threshold constant (Ref. 28).
Parameter fixed from known flip/nonflip ratio from x p —m0n, etc. analysis.
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SCRAM structure in p» —p» discussed in the first
part of the paper. This is further illustrated in
Figs. 5 and 12, which show p~drr/dt and p~~do/dt
for Z"' and K*' at 5.5 and 2 GeV/c, respectively. "
These show the dip at t = -0.5 (GeV/c)' expected in
any s-channel single-flip cross section (as in the
v-exchange contribution p~~do/dt to KN-K*N or rrN

-pN) from the SCRAM model. " One would also na-
ively expect a zero in Rep f, near this t value [=-0.5
(GeV/c)'], but the model calculations for R*'[Fig.
2(d)] and K*' (not shown) show a featureless Repg,

in this region. This is due to the "SCRAM zero"
being in different positions, namely t= -0.4 and
-0.8 (GeV/c)', for the real and imaginary parts of
the n-exchange amplitude. This prediction should
perhaps not be taken too seriously as it is sensitive
to many omissions, "e.g. , 8 exchange, in the mod-
el at large -t values. Nevertheless, it is comfort-
ing that the natural prediction of a dip in pf,do/dt
is not affected by these technical points. Finally,
the projected cross sections drr/dt and posodo/dt at
12, 17, and 40 GeV/c are shown in Fig. 12.
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VI. CONCLUSION erous provision of unpublished data.

In conclusion, we have shown that the qualitative
features of K* production are in agreement with
simple theoretical ideas. Decisive tests of the ex-
plicit model and the vector-dominance predictions
await data of higher statistics at preferably higher
energies and with a detailed treatment of the rela-
tive normalization of K~' and K*' data. Indepen-
dently of any model, a systematic experimental
study of the t dependence of pdo/dt for the various
vector-meson production reactions (vN- pN,
KN- K*N, vN- i«iN, vN- pa, KN- K*ti, vN- shiit«, )
will be very fruitful.
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APPENDIX: THEORETICAL FORMALISM

Let H'„,„, „,„,(s, t) be the usual" s-channel heli-
city amplitudes for the process 1+2-3+4 with re-
spective helicities p, ;. In our case 1=K, K; 2 =n,
P; 3=K*, K* (S and P waves); 4=P, n. We now de-
fine the Fourier-Bessel partial-wave amplitudes

h„,„, „,„,(s, b), in terms of which we can define
the absorption model as

h„,„~(s,b) = ha, , „,(s, b)[1 —C exp(-b'/2a)].

(A1)

a, the slope of elastic scattering, was fixed at
8 (GeV/c) ' in the fit presented here. C, the S-
wave absorption constant, is a free parameter.
We now must specify the unabsorbed Regge-pole
amplitude h„, , „,(s, b) This. is done in terms of
t-channel amplitudes Hz, z, i„i, (s, t), which are
related to the s-channel amplitudes by"

H'P,v, »3u. (s-t) = Z H'k, x, - k, i.(, t) exp[tv(ss - 2+ &i+ &2+ &3+ &4)]dk'„,(Xi)di,'v, (X2)d x',p, (X )d~;„(X4),
X, Z2X3X4

(A2)

where the crossing angles X, through X, are chosen
to lie between 0 and m and are defined by

(s+m, ' -m, ')(t+ m, ' -m, ') + 2m, 'a
eosX, =

12 13

-(s+ m, ' -m, ')(t+ m, ' -m, ') + 2m, 'a
COSX2

12 24 (A3)
-(s+ m, ' nz, ')(t m+-,

' -m, ') + 2m, 't
cosX3 =

34 13

(s+ m, ' —m, ')(t+m~' -m, ')+2m4'ti4 3 4 2

34 24

with

pi. i' Q i ~' ~ ~ ~ ~ ( « t)33 XXX 33 123 4
I 2 4

"H*i. i i ~ (s t), [»(p) = 1],
(A5)

where for helicity-frame density-matrix elements
we use e =1 and H=H' and for Jackson-frame den-
sity-matrix elements, H=H' and e =(-1) &

We now must complete our painful definitions by
specifying the parametrization of the t-channel am-
plitudes. With X, =X, —A„A&=~2 —~4 we write for
each Regge pole

H'i i i. q =FcoS pw(s, t, X;,Xt)S sic(t, a)

m3 +m2 m 1 m4
2 2 2 2 S exp[is(X, + X,)]Cgi Y~ „(t)

S»' —[s —(m, -m, )'] [s —(m, + m, )'],

T„'=[t—(m, -m, )'] [t —(m, + m, )'], , etc

To specify our sign and normalization conven-
tions we note that for meson-baryon scattering

Igw Yi,, i, ,(t)S V",

where the Clebsch-Gordan factor

E«=+1 all poles: K P- K*'n

V = —,'(S - Q)

(A6)

«I«=
64 P .)g IHI',

0.3893
wm»

(A4)

and p:

Ft Q 1 7lyA2

K+n - K* P

K'n —K*OP

(A7)

where the sum runs over the 6 (2) independent am-
plitudes for P —(S-) wave KN -K*N or KN —K ~N

scattering. The density-matrix elements for the
K* (K*) are given as

The physical-region boundary factor

F,gs, t, x, , x, ) = [(1+z)/z ]I 'i"~ I"
4t [(z —1)/z ]I ~i-&I I/& (A8a)
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Z, = 2vt/(T„T„) (A8c)

its asymptotic form.
The signature factor Fs,~(r, a) (w= signature,

o. =trajectory) in the reported fit took the form":
Fsr(+, o) = -(e " + 1)/[2 sin s n I'( —,'(n+ 2))],

Fsr(-, a) = -(e '" —1)/[2 sin ma I'(~(n+ 1))].
(A9)

is asymptotically unity but ensures the correct be-
havior at the physical-region boundary at finite
energies. Here

Z = [2vt +(m, ' -m, ')(m, -m~')]/(T, ST2~) (A8h)

is the t-channel scattering cosine and

(1) NN vertex.

p, A, : K„=N, K, =~tN;
K„=-~t, K, =0.

(2) KK* vertex (P wave).

P, A2: K00 = 0, K0~ = -~IN;
K„=1/T„, K„=av t/T„-.

(3) KK vertex (S wave).

Pr 2' 00

K„=1

(A11)

(A12)

(A13)

Finally, the residues Y are related to the parame-
trized kinematic singularity-free residues y by

(A10)

and K takes the following form.

with the nonsense factor N=vn for A, and N=1
for p.

We parametrize the y), „)„subject to the two
threshold constraints for the x- KK* (P-wave)
vertex. " The fitted values of C and the indepen-
dent y's are recorded in Table IV.
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Total and differential cross sections are presented for proton-antiproton annihilation into
x+x and K+K at six laboratory momenta between 686 and 1098 MeV/c. The two-pion final
state displays moderate energy dependence in its differential cross section, but shows no

evidence of any direct-channel resonances. In contrast, the two-kaon Qnal state exhibits
some behavior in the total and differential cross section suggestive of a possible direct-
channel effect between 800 and 1000 MeV/c.

I. INTRODUCTION

It has been apparent for several years now that
the meson spectrum above -1 GeV/c' mass is ex-
tremely rich in states of assorted quantum num-
bers. This fact was established gradually during
the past decade by a steady stream of discoveries,
and demonstrated most dramatically, perhaps, by
the results of the CERN Missing Mass Spectrom-
eter experiments' which reported the R, S, T, U

complexes of resonances with masses between
1690 and 2380 MeV/c'. These reports have since
been supplemented by many others. Aside from
the apparent complexity of the spectrum, what is
particularly interesting and even surprising is the
extreme narrowness of the reported widths, with

typical upper limits given at 30 MeV/c' or less.
With such an abundance of very narrow massive
bosons, it is tempting to speculate that perhaps
some of the broader enhancements observed con-
tain a complex fine structure as yet unresolved.

Resolving close, narrow resonances is a formi-
dable task in bubble-chamber production experi-
ments, where effective mass techniques are usually
limited by resolutions of -10 MeV/c' or more.
However, in formation experiments, where the res-
onance appears as an s-channel enhancement, the
obtainable resolution is considerably greater. In
particular the proton-antiproton system potentially
offers the possibility of observing nonstrange boson
resonances with mass ~ 2M„with resolution of the
order of a few MeV/c'. To be specific, in the ex-


