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+p -A+K'+w++w, 647 events;

-A+E++n'+m, 401 events;

w++p-A+K +w++w+, 127 events;

A +E + m + wo, 163 events.

(1a)

(1b)

(2a)

Figures 1(a) and 1(b) show the (Kww) distri-
butions for Reactions (1) and (2), respective-
ly. Two enhancements are seen in the neutral.
(Kww)' mass spectrum at 1300 and 1440 MeV,

Evidence for a En.m enhancement at -1300
MeV has come from the study of Kp interac-
tions, in particular from the reaction K++p
-K++w++w +p at 4.65 and 5 GeV/c. ' The
K*(1300) has been shown to decay strongly in-
to w+K*(890) and possibly also into K+ p(760).
Since the K*(1300) mass is not far above the
thresholds for these quasi-two-body decays,
it has been difficult to exclude the possibility
that the enhancement is due to kinematic effects. '
In this Letter we report independent evidence~
from the reaction w +p -A+K*(1300)'-A+K
+@+m supporting the resonance interpretation
for this E*. We find a mass of -1300 MeV,
a width of -60 MeV, and isospin &.

The sample of events for this study is obtained
from a systematic investigation of w p inter-
actions at 6 GeV/c in the Brookhaven Nation-
al Laboratory 80-inch hydrogen bubble cham-
ber. This analysis is based on a w P exposure
of 230000 pictures and a w+p exposure of 80 000
pictures. The events used for this analysis
were required to have a visible A' decay with
seen and unseen SP included. We present here
data on the following channels leading to eith-
er neutral or doubly charged Ken. states. 4:

whereas no significant structure is observed
in the (Kww)++ distribution. The solid curves
indicate an estimate of the background togeth-

40— I I I I

p ~A(Kvrvr)' 1048 EVENTS

vr p

~llllllli Y( ( 1385) EVENTS REMOVED

30—

20—

1300

1440
'//

///
//

//

//

//

!/
!!
//

//

10—
CU

(/vI-
IJJ

UJ J~

vr+ p ~A(Kvrvr)++ 290 EVENTS~ ~-p
//////!/l YI (1385) EVENTS REMOVED

(b)

15—

10—
!/

// // //

//

/!
//5 —- !!! //"/ //

pz /~fili i/Elf'/2 5 r/)JPii~i 'kilil'i /II)ili 'ziti~ ~i ~z Pit/g

1.0 1.2 1.4 I.6 1.8 2.0
M (Kvrvr) IN GeV

2.2

FIG. 1. The (Km) mass spectra. The solid curves
indicate an estimate of the background, together with
two resonance peaks in the case of the (K7171 ) distribu-
tion.
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+K+(890)+-ir +K+ '+w'+]j[iT'+K*(890)'-~'
+K +m ] is 3 for an isospin-2 assignment.
The isospin determination for the K*(1300),
by comparison of production in the m p and
m+p reactions, is discussed below.
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M(~~) IN GeV FIG. 3. Sections of the two-body versus three-body
scatter plot in the (K~~) system [Y~*(1385)events re-
moved] as shown. The horizontal lines indicate the
limits for p and K*(890) mass region (see text for de-
tails). The K*(1300) and X*(1440) are indicated with
arrows.

FIG. 2. (a) The (K7t) mass spectra from Reaction
(1}with Y~*(1385) events and p events removed. The
shaded area is the (K7I') combination. (b) The (7tx)
mass spectrum from Reaction (1) with Y&*(1385)
events and K*(890) events removed.

er with two resonance peaks in the case of the
(Kmm)' distribution. The shaded areas show
the events after removal of the F~*(1385)bands
(1.34-1.43 GeV). The enhancements at 1300
and 1440 MeV in the (Kirm)0 spectrum remain
after the F,*(1385) subtractions and we asso-
ciate the second peak with the K*(1420).' In
the following analysis we use only events with

F,*(1385) excluded.
Figures 2(a) and 2(b) are the (Kir) and (ww)

mass spectra from Reaction (1). Strong K*(890)
and p production is evident. Events giving (iim)

mass in the p band (0.64-0.88 GeV) have been
removed from Fig. 2(a). The positively charged

+
(K +a+ and K +m') combinations are shown
shaded. Events in the K* band (0.84-0.94 GeV)
have been removed from Fig. 2(b).

To examine the quasi-two-body decay mode
of the two (Kiim)' enhancements at 1300 and 1440
MeV, we show in Figs. 3(a), 3(b), and 3(c),
respectively, scatter plots of the (~m) &', (Kir)+,
and (Kw)0 mass spectra versus the (Kiter) mass
spectrum. The p, K*(890)+, and K*(890)' bands
are indicated by the horizontal lines. There
is evidence of an accumulation of events where
the p and K*(890) bands intersect the two (Kmw)'

enhancements as shown by the arrows; there
is, however, no significant structure in the
(Kw)' band. We also note that events in the K*(890)+
band are mainly concentrated in the 1300- and
1440-MeV regions. We therefore conclude that
both K*(1300) and K*(1440) decay into K+p and
m+K*(890)+. The contribution of $'K*(890)'
to the (Kmii)' enhancements would be expected
to be weak since the relative intensity of [m
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We now consider possible kinematic inter-
pretations of the K~(1300) enhancement. In
our case a mechanism of the usual Deck type'
with virtual elastic diffraction scattering at
the lower vertex cannot contribute since a change
of strangeness and isospin is required for the
nucleon at the lower vertex. We also note that
in the present data there is no evidence of large
background at low Emm mass values as has been
seen in K~ interactions. Another mechanism
similar to the usual Deck mechanism might
operate in the w+P -A +K+ m+w final states
with r P+-A+K or E+P -A+v at the lower
vertex. Cross sections on the mass shell for
these two reactions are known to decrease with
increasing energy. This, in turn, might re-
duce the contribution to the background from
such kinematic effects, whereas, in the E+P-K+ v + v +p final state, m +p - v +P or E+P
-K+p occurs at the lower vertex, and cross
sections on the mass shell for elastic scatter-
ing are generally large (in comparison with
a two-body inelastic channel) and nearly con-
stant at high energy. This might give a marked
broad background at low Kmm mass values in
the K+p -E+v+v+P final state. We want to
point out the following features of our data which
are not usually associated with kinematic en-
hancements:

(1) The width of the observed K*(1300) [Fig.
1(a)] is -60 MeV, much narrower than expect-
ed for a kinematic effect.

(2) Diagrams leading to kinematic effects
in general would not lead to states of definite
isospin, and similar effects would be expect-
ed for the w P reactions (2). However, they
are not observed in our data [Fig. 1(b))].

(3) In Fig. 3(b) we see evidence of n +K*(890)+
contribution to the K*(1300)'. A kinematic ef-
fect is an unlikely explanation for the K*(1300),
since a doubly charged virtual exchange par-
ticle would be required for the usual Deck type
of mechanism. Even for the inverted Deck type
of mechanism [i.e., E*(890)+produced from
the lower vertex], one would expect that the
same effect should show up in both m+p and n p
interactions. This clearly is not the case be-
cause of the absence of a (Emv)++ enhancement
in this mass region.

(4) We have also examined the (Ewe)' mass
projection (not shown) of events outside the
K*(890) or p bands. The K*(1300) and K*(1440)
peaks are observed, showing the possible ex-
istence of three-body decay mode of the K*(1300).

This again cannot be easily explained by any
known kinematic effect.

The combined evidence presented above sup-
ports a resonance interpretation for the K*(1300).
Consequently, we proceed to examine the quan-
tum numbers of the K*(1300).

(1) Isospin. —The reaction v +P -A+K*(1300)
limits the K*(1300) isospin to either —,

' or —,'.
If the isospin of K*(1300) is assumed to be —,',
only the I= —, w~P states can contribute, giving
the prediction of o(w++P -A+K*(1300)+ )/o(w
+P -A+K*(1300)')= 3. Correcting for the dif-
ferent path lengths in the z P exposures we
would expect 30+ 7 events above background
in the mass region 1.26-1.36 GeV of the (Kmw)++

distribution. We see four events, a number
consistent with background, indicating isospin
—,
' for the E*(1300).

(2) Spin and parity. —We have examined the
decay angular distributions of the (Ewe) sys-
tem using 8 and 4, the polar and azimuthal
angles defining the direction of the normal to
the Kwm decay plane in the (Eww)o rest frame. '
In the Enm mass region 1.5-1.7 GeV the decay
distributions are consistent with isotropy, where-
as this is not the case in either the 1300- or
1440-MeV regions. We have studied the mo-
ments ALAI ~YL~(8,4) + [Q(YLM)2]1/2 of
the angular distribution as a function of the
(Kmw)' effective mass. Moments above L =4
show no significant structure. With the pres-
ent data the moments analysis only excludes
the spin and parity J+ = 0 . J+= 0+ is also ex-
cluded since it is not an allowed state of three
pseudoscalar mesons.

We have also searched for the other decay
modes of the K*(1300), into K+ m and K+ m + n

+n from w +P -A+E++m and A+E +w++m

+~', respectively. With the present data we
can obtain the following upper limits for rela-
tive branching ratios:

K*(1300)o-E++~-
K*(1300) -K+ +m ++m

~ 0.2,

E*(1300)'-K'+ n++ m
-+n' ~ 0.1,K+(1300)'-K+ '+ n' ++ m

at the 90/o confidence level.
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A very crucial problem in a Reggeized the-
ory of strong interactions is that of Regge cuts.
Various authors have advanced strong theore-
tical reasons to justify the presence and pos-
sible importance of Regge cuts. ' The angular-
momentum singularities important for crossed-
channel asumptotic behavior have trajectories
of the form

n (t) = nn(t/n')-n+1,(n)

due to an intermediate state containing n (iden-
tical) Regge poles, a(t). Here n=1 corresponds
to the "parent" Regge pole cr(t) and integer
n & 1 to Regge cuts.

From E'l. (1), one notices the ugly feature
that a Pomeranchuk pole (called P pole, here-
after) with np(0) =1, generates an infinite num-
ber of Regge cuts all condensing to J= 1 (at
t =0), which would give rise to an essential
singularity. Such a phenomenon is universal,
in the sense that every trajectory of whatever
quantum number would have a similar conden-
sation at its intercept at t =0. This is due to
the fact that the P pole has the quantum num-

bers of the vacuum and hence it can mix with

any trajectory to produce the infinite sequence
of cuts which, with np(0)=1, condense at n c(0n)

=n(0). (See Fig. 1.)
In this Letter, we propose to resolve this

dilemma by a simple mechanism. We find some
very interesting consequences (twist effect,
vanishing total cross sections, etc. ) and also
provide some experimental tests for our pro-

FIG. 1. The pole and cut trajectories with the Pomer-
anchuk intercept +p(0) = 1.


