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Study of K+ Forward Scattering from the Reaction 7r p ~ K+ Z (1385) at 4.5 and 6 GeV/c~
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(Received 25 January 1971)

Experimental data are presented for the forward scattering of E+ from the reaction
z p —Jf+Z(1385) . This "forbidden" peripheral scattering can not be explained by any
simple kinematic effects in the AK+& final state. s-channel resonances, two-particle
exchange, or a single "exotic"-meson exchange in the t channel are examined as possi-
ble explanations of this effect.

4.5 GeV/c 6 GeV/c

(1)
(2)
(3)

1226 events
560 events
420 events

373 events
172 events
99 events

The Dalitz plots and mass-squared projections
for Reactions (1) and (2) at 4.5 GeV/c are shown

in Fig. 1. The K, t2*(890)' and K, t2*(1420)' bands

Since there has been no strong experimental ev-
idence for an I= 2 Km resonance from production
experiments, the observation of the "forbidden"
peripheral scattering' of K' from v P -K'Z(1385)
has renewed the interest and speculation concern-
ing its possible existence. ' However, this "for-
bidden" scattering has been given other interpre-
tations such as kinematic reflections in the AK'~
final state, ,s-channel resonances, and two-parti-
cle (for example, K', n' or p', K*') exchange in
the t channel. ' In this Letter we report the ob-
servation of this "forbidden" forward reaction;
w P -K'Z(1385) at 4. 5 GeV/c. We cannot ex-
plain these results by a simple kinematic reflec-
tion in our data. The shape of the differential
cross section at this energy, when compared with
those at lower energies, suggests that an s-chan-
nel resonance is not a likely interpretation for
this effect. We also present the upper limit of
the cross section for this "forbidden" forward
scattering at 6 GeV/c. These data lea.d to a.n en-

ergy dependence of the cross section for this
peak of s ""'/lns for incident m momenta from
-2 to 6 GeV/c (s = 5 to 10 GeV').

The data for this analysis came from (a) a
500000-picture exposure to m mesons at 4. 5

GeV/c in the Stanford Linear Accelerator Center
(SLAC) 82-in. hydrogen bubble chamber, and

(b) a 230000-picture exposure to m mesons at
6 GeV/e in the Brookhaven National Laboratory
(BNL) 80-in. hydrogen bubble chamber. Events
were measured on the BNL flying-spot digitizer
(FSD). The reactions of interest are as follows':

are the dominant feature of these reactions.
Therefore to search for Z(1385) production,
events in the K* bands (0.84 to 0.96 GeV and 1.34
to 1.48 GeV a,s shown in the Da.litz plots) must be
removed from the subsequent analysis. A marked
enhancement in the Ar mass spectrum is evi-
dent after removal of K*'s [solid region in Fig.
1(a)].' This enhancement does not depend on the
exact choice of the limits of these K* bands and
thus it is not associated with the K*'s. We identi-
fy this enhancement with the Z(1385) since the
fitted mass of 1392+ 8 MeV and width of 32",',
MeV are in good agreement with the established
values for this resonance. There is no similar
structure in the Z'm mass spectrum [Fig. 1(c)],
a point which will be discussed later.

To investigate how the Z(1385) is produced in
Reaction (1) at 4. 5 GeV/e, the A~ mass-squared
distributions are shown in Fig. 1(b) for different
selections of f K' The f.orward (w K'-+1)
and backward (m K'- -1) scatterings dominate
the angular distribution. The cross section in the
"forbidden" forward hemisphere (0(w K'- 1)
corresponds to 0.9+ 0.25 p. b and can be described
by e" with b =2+1 GeV ' for ~t~(0. 5 GeV'. The
upper limit for the similar cross section at 6
GeV/c is 0.3 pb at the 99/o confidence level. Be-
cause the forward scattering of the K' in the re-
action v P -K'Z(1385) cannot be explained by
the exchange of any single known particle in the
t channel, we must, therefore, consider other
possible explanations of this peripheral K' pro-
duction as follows:

(1) Kinematic effect. -Unlike broad resonances
such as A(1238), the Av peak is narrow (-35
MeV) and well defined (1392+ 8 MeV), and in gen-
eral is difficult to generate by a kinematic re-
flection of K~ scattering without invoking other
final state interactions. For example, the calcu-
lations of Berger' predict a width for the Am

peak due to kinematic reflection of the order of
200 MeV. In this respect, we have examined the
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FIG. 1. (a), (c) Dalitz plots and their mass projec-
tions for final state (1) and (2) at 4.5 GeV/c. Solid
histograms are for events outside the Kig2*(890) and
EC&2*(1420) bands. (b), (d) Mass-squared projections
for A7r and Zom, respectively, for different selections
of & K+ as shown.

K'n angular distributions as a function of K'w

mass for both AK'm and Z'K'r final states.
These distributions (not shown), found in terms
of either forward-backward asymmetry or K'm

moments, for events inside and outside the K*
regions, are very similar for the AK'w and
Z'K+m final states. Therefore, a relevant test
can be made in the reaction IT p —Z'K'7I: If
there were kinematic reflections producing the
Aw peak in the reaction 7I p A-K'n the same
mechanism would produce a Z'n peak in the re-
action v p- Z'K'7I . With no final-state interac-
tion, the magnitude should be proportional to the
number of events in the Z K'm final state and the
mass perhaps displaced from the Z (1385). How-
ever the absence of a Z'II peak (where eight
events are expected above background and none
is seen) in the Z'K'II final state, as shown in
Fig. 1(c), suggests that the Am peak is not due
to the kinematic effect, and is indeed the Z(1385).
From the established branching ratio Z(1385)
—(Z'Ii )/(Am ), we expect that less than two Z'n
events can be due to Z(1385) . This is certainly
consistent with our observation.

We have also examined the distribution of the
angle between the target proton and the A in the
Z(1385) rest frame (not shown) and found it to be
symmetric. This distribution is again not con-
sistent with a kinematic reflection.

We conclude that a simple kinematic reflection
due to K'w scattering is not consistent with our
observation without invoking an additional final-
state interaction between ~ and A. , as suggested
by Berger. ' This additional assumption, of
course, is somewhat indistinguishable from two-
particle exchange in the t channel, a possibility
which we discuss later.

(2) s-channel resonance(s). —A single s-channel
isobar could produce both the forward and back-
ward peaking in the reaction m P -K'Z(1385) and
K'Z(1385). In the reaction s p -K'Z(1385)' at
4.5 GeV/c, the K production angular distribu-
tion, ' Fig. 2(h), shows a strong forward (II' K'
—+1) signal but with no backward peak (& K'
—-1). This is not in a good agreement with the
K'Z(1385) angular distribution'8 [Fig. 2(d)j.
Therefore a single s-channel resonance interpre-
tation is not a likely one. However, many iso-
bars are reported in this mass region and the dif-
ferent behavior of angular distributions between
K'Z(1385) and K'Z(1385)' may be explained by
complicated interference effects among the iso-
bars. We see no s dependence in the angular dis-
tributions of 7I p -K'Z(1385) and K'Z(1385)' in
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Fig. 2 above 2 GeV/c, indicating the t-channel
and u-channel exchanges to be the simplest de-
scription fx'om the dualitye point of view. To sup-
port this conjecture, the energy behaviox of
cross sections in the "forbidden" forward hemi-
sphere and the "allowed" backward hemisphere
from v P -K'Z(1385), and in the "allowed for-
ward hemisphere from II p -K'Z(1385)', for in-
cident pion momenta -2 to 6 GeV/c, are shown
in Figs. 3(a), 3(b), and 3(c), respectively. The
data are fitted well with the form s /lns, "where

n, =-3.7+0.4 for the forward '*forbidden, "n,
= -5.2+ 0.5 for the backward "allowed, " and n3
= -1.9 + 0.3 for the forward "allowed" reactions, "
The last two values are in agreement with the
"hyperon"-exchange and "meson"-exchange be-
havior deduced from othex processes. " We
therefore suggest that the forward K' production,
above 2 GeV/c 7I' incident momentum, can be
best described by a t-channel and not an s-chan-
nel effect.

It i.s interesting to note that the s dependence
for the differential cross section at the forward
direction for v P-K'Z is steep (-s ") and has
been attributed to an s-channel b (1950) effect. "
In th1s connect1on, the s dependence of the for-
ward cross section for 7I P —K'Z(1385) is, how-
ever, less steep (-s ').

(3) Taboo particle or single -exotic exchange in
t channel. —Experimentally these two possibilities

are difficult to distinguish from each other. From
the simple Regge-pole model, the cross section
fox the forward hemisphere can be expressed as
s'"0 '/lns, where n, is the value of a Regge tra-
jectory at t = 0 in the Chew-Frautschi plot '0

From Fig. 3(a) we obtain the experimental value
e, = —0.9+ 0.2. If this "forbidden" forward peak
is indeed due to a single I= p "exotic" meson ex-
change, then this may imply an exotic meson hav-
ing a mass of -1.0 (1.4) GeV for J =0' (1 ) as-
suming the slope of the trajectory to be l.

For two-particle or "eut" contribution in the t
channel, ' n, takes a form of (no'+ n, ')-1, where
e,' and n,' are the values of two possible trajec-
tories at t =0. For the examples (IT', K') and (p',
K*'), n, (v', K') = -1.25 and n, (p', K*')= -0.4.
The large error in the experimental n, preeludes
any positive identification of which one if either
of these examples of two-particle exchanges may
be x'espons1ble fox' the K fox'wal d scattex'1ng.
However, for (II', K') exchange, one would expect
the slope (b) of the differential cross section to
be steep 1n disagreement w1th what we obsex've
(5 =2+1), whereas for (p', K~') exchange, the
slope would be about 4 which is not incompatible
with our result, More data, particularly at high-
er energies, should be able to answer these ques-
tions.

To summarize, we have observed the "forbid-
den" forward scattering of K' fxom the reaction
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w p-K'Z(1385) . This forward peak cannot be
explained by kinematic reflections of the K'm

scattering in the AK'w final state. The K'Z(1385)
angular distribution at 4.5 GeV/c as well as those
from lower energies suggest that this peak is not
due to s-channel effects. %e therefore have to
face the possibility of either two-particle or a
single "exotic" exchange in the t channel to de-
scribe the production of the "forbidden" peripher-
al peak. In any case, more data are needed for
this reaction, w P -K'Z(1385) and, in particu-
lar, the line-reversed reaction K p —w'Z(1385)
in order to compare their energy dependences
and angular distributions. "
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Ionization information from the FSD was used to
veto hypotheses. Then an event was assigned to Re-
action (1) if it successfully fitted that hypothesis; to
Reaction (2) if it successfully fitted that hypothesis but

did not fit Reaction (1) and if the missing neutral mass
squared was -1.7 (GeV); to Reaction (3) if it fitted
only that reaction and if the missing mass squared and
its error were «0.1 (GeV)2. For Reaction (2) the de-
cay angular distribution of Z —Ay (not shown) was
isotropic indicating no serious selection biases.

No enhancement is present in the Z (1885) region
if only events in the X*bands are plotted.

E. Berger, Phys. Rev. Lett. 28, 1139 (1969).
The angular distributions are shown after a back-

ground subtraction and correction for the E*bands
which were removed.

For an s-channel A isobar the branching ratio would
be (a- Z'K')/(6 —Z K') = 2, whereas if the s-channel
resonance were a N&/&* the branching ratio would be
(N&/&* —Z Ko)/(Nii~* —Z K') = 2. Therefore an s-
ch~nnel D as well as 14'&i2* can be ruled out by two
standard deviations by comparing the backward sig-
nals in Fig. 2.

~For a review of the subject, see J. D. Jackson,
Rev. Mod. Phys. 42, 12 (1970).

Limited statistics in the forward "forbidden" peaks
preclude exact determinations of do/dt at t~';„. There-
fore, we assume the forward peak can be expressed
as do/dj - s' " il where n =+0++'t. The integrated
cross section

'min da0' —dt
d.t

can be expressed as =s"/lns, where n=2( o -01) assum-
ing n' & 0.

When the data are fitted with the form -s", we find
w

~
= -4.2 + 0.4, n 2

= —5.8 + 0.5, and n3 = —2.5+ 0.8.
i2D. R. O. Morrison, Phys. Lett, 22, 528 (1966).

See, for example, C. W. Akerlof, University of
Michigan Report No. UM-HE-70-19, 1970 (unpublished).

Further, if two single particles were exchanged the
amplitudes could have an interference which could
lead to a polarization of the A from the Z (1885) decay.
However, there are too few events in our data to ob-
tain reliable polarization information.

An experimental comment is in order here. Since
the reaction K p Aw w+ is dominated by Z(1385)+ as
well as po, f0, etc. , a missing-mass search for
Z(1385) by detecting w' only from the reaction K p

w++ anything is probably fruitless; also the pro-
duction cross section of Z(1985) is small and the
possible signal will be buried under overwhelming re-
flections from other strongly produced resonances as
stated above. This, certainly, is the case for the re-
action m p —K 'Am. investigated in this experiment.
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