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This formula satisfies all the properties required

by construction. The Regge behavior is already
built in as can be shown easily in the following
way: Let us keep s; and s, fixed and take s;s,
and s, to —. Then the region of integration that

contributes corresponds to f,f,f, near 1. Expand-

ing the logarithms of those functions around 1 it
is easy to show that formula (10) tends to

[—a ()1 Ca(s )1 r(cas,))
X [Cdx e~xx-a(ss)-1
x[1—xa(s,)/a(s)a(s)]* ),

For s,~s,s, this expression reduces to
a(sg)-k a(s;)-k _k
S-a(s) (s,

XT(~a(sg) +B)T(-a(s;s) +k)/T(k +1),

which shows the characteristic double Regge be-
havior.
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STUDY OF THE 1450-MeV pn 7~ ENHANCEMENT IN THE REACTION K'p ~K*n*n™p AT 5.5 BeV/c*
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D. Gillespie,T G. Goodman, G. Luste,f R. Mercer, A. Pevsner, and R. Zdanis
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A highly peripheral pnTT™ enhancement centered near 1450 MeV, observed in K'p
— Ktntr=p at 5.5 BeV/c, is shown to be consistent with a A™™ 7~ system with I=3. We
observe a large asymmetry in the At*7— angular distribution which is not consistent
with a pure resonant effect. Dissociation-type models fit the data reasonably well when
cuts are made on the KT~ mass, and this is interpreted as evidence for diffractive
K™ virtual scattering in this K'1™ mass region.

Considerable interest has recently been direct-
ed toward nucleon-pion spectra observed in mis-
sing-mass spectrometer experiments!>? and vari-
ous bubble -chamber experiments with a proton
beam incident at various momenta from 6 to 30
BeV/c.%* Of special interest is the wide (200-
MeV) enhancement near 1400 MeV, whose inter-
pretation as a resonance, possibly the Roper
resonance predicted by 7p phase-shift analysis,®
is uncertain due to its position at the low end of
the mass spectrum.®

We report here a study of the reaction

Ktp~kKtn—n'p (1)

occurring in the 80-in. Brookhaven National Lab-
oratory hydrogen bubble chamber exposed to 5.5-
BeV/c incident momentum kaons. The film ana-

lyzed to date corresponds to 5.3 events/ub in Re-

action (1).

The pn+1r‘ spectrum in this reaction exhibits
an enhancement centered near 1470 MeV with
width in excess of 200 MeV, as shown in Fig. 1.
In this figure, we omit those events in which
either the K*(890) or K*(1400) is formed; that is,
events for which 840 MeV <M(K*717) <940 MeV or
1320 MeV <M(K*7~) <1480 MeV. Figure 1(a)
shows events for which the momentum-transfer
squared from target proton to the final p77 sys-
tem is less than 0.15 (BeV/c)2. The absence of
an enhancement in the 1450 region when the cut
0.15<A%<0.5 is made, Fig. 1(b), indicates the
highly peripheral nature of the enhancement.

As we later discuss the effect on the p77m mass
of making various K7 cuts, we show in Fig. 1(c)
the K7~ invariant-mass spectrum for those
events in which AZ%(incident K™ to final K¥) <0.5
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FIG. 1. (a) pr"7~ invariant-mass distribution for
events with the K™7~ mass outside the K* regions and
A%(Kpeam — Kout) <0.15. The shaded events are those
for which the (p7") mass lies in the AT(1236) band and
(b) 0.15<A2<0.5. (c) K'n~ invariant-mass distribution
for A2(Kpeam — Kout) <0.5, AT(1236) in, and K*(890)
out. [We define K(890) by 840 MeV <M (Km) < 940 MeV
and K*(1400) by 1320 MeV <M (K™77) < 1480 MeV.]

and the A** is formed [1150 MeV <M(p7+) <1340
MeV].

The analysis of the pnm enhancement, hereafter
referred to as the N(1450), has produced the fol-
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FIG. 2. (a) and (b) p7— and p7t mass distributions
for events in the (p7*7—) enhancement, i.e., 1350 MeV
<M (P7*1~)< 1600 MeV, both K*’s out, and A%*(Kpeam
— Kout)<0.5. (c) Cosine distribution of the angle be-
tween target and final protons in the (p7*) center-of-
mass system for events in the p1r+7r" enhancement,
both K*’s out, A2<0.5, and A**(1236) in. (d) Cosine
distribution of the angle between target proton and final
7~ with the same cuts as (c).

lowing conclusions:

(a) The enhancement decays principally via the
Attr— mode.—The low mass of the enhancement
forces both the pnt and pn— distributions to lie
near the A++(1238) region, causing difficulty in
separating the At+7— mode from other modes
such as A% or p77 phase space. Nevertheless,
three features of the enhancement favor this
mode: (i) As shown in Figs. 2(a) and 2(b), there
is a marked difference in the p7* and pn~ distri-
butions. The former is centered near the A**
mass of 1236 MeV with width 120 MeV and hence
is well fitted by a A™" Breit-Wigner formula. The
p7m~ mass distribution peaks below 1200 MeV and
has width in excess of 160 MeV. (ii) Figure 2(c)
shows the distribution of cos 0.+, the cosine of
the angle between the 7t and the target-proton di-
rections in the p77+ center-of-mass system for
events in the N(1450) region. The distribution is
reasonably symmetric and gives a good fit to 1
+3 cos?6p+. This cos?6 dependence is a charac-
teristic decay distribution for the A** when its
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spin component in the target-proton direction is
restricted to +3. (iii) In Fig. 2(d) we show the
distribution of cosf;~, the cosine .of the angle be-
tween the final 7~ and target-proton directions as
viewed in the p7T7— center-of-mass system. The
m~ strongly favors the direction opposite the tar-
get proton. The corresponding 7t angular distri-
bution is similar to that of Fig. 2(c). The notice-
able difference in the two angular distributions
cannot be explained if the enhancement is princi-
pally a po system or pnm phase space. The iso-
spin-zero, spin-zero ¢ would lead to identical 7+t
and 7~ distributions. The asymmetry in Fig. 2(c)
has been observed also in a p +Ne exposure at

25 GeV/c.”

(b) The enhancement is not a pure resonant
state.—The highly asymmetric decay into At+r—
is indicative of a high degree of parity mixing
and rules against a resonance interpretation.

(¢) The decay rates of the enhancement are con-
sistent with its being a pure T=73 state.—The iso-
spin channels available are 7=3 and 7=3 (=3
is excluded by the production process). In the
four -prong—-topology kinematics, overlap of the
A+ and A° prevents a determination of the AT*r~/
A%t ratio. However, we can compare Reaction
(1) with the (two-prong+ “vee”) reactions:

K'p~Ko(pr™), @)
K*p —Ko(pntn0), (3)
K'p =K matnt). 4)

The parentheses indicate the system where the
enhancement is looked for.

From isospin, if T'= 3, then we expect three
times as many doubly charged N(1450) events as
singly charged ones. If we assume 7= %, the
cross section for N(1450) production in Reaction
(1) predicts at least 47 events in the channels (2)-
(4) after corrections are made for the size of the
film sample used in the K° events to data. Our
data show less that 10 events in all of these chan-
nels together which demonstrates that the N(1450)
is not a 7= 3 enhancement and that it is consis-
tent with pure 7'=3.

The low-mass peaking and asymmetric decay
are suggestive of a diffraction-scattering mecha-
nism. This is further suggested by Figs. 3(a)-
3(c) in which we have plotted the A**7— distribu-
tion for three cuts on the K*7~ mass: (a) 800
MeV <M(K*71™) <1000 MeV (“K*890” region), (b)
1000 MeV <M (K7) <1300 MeV (“intermediate” re-
gion), and (c) M(Km)>1500 MeV. The distribu-
tions are notably different in appearance, es-
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FIG. 3. (a)-(c) p7*7~ mass distributions for A*T(1236)
in, A2<0.5, and (a) K*(890) in, (b) 1000 MeV <M (K™7™)
<1300 MeV, and (c) M (K*17)< 1500 MeV. (d)-(h). Co-
sine distribution of the angle between target proton and
final 7~ with A*t+(1236) in, and A2<0.5 for events in the
p1r"'7r‘ enhancement. (d) Ross-Yam prediction for both
K*'s out. (e) Real data for 1000 MeV <M (K+17) < 1300
MeV. (f) Ross-Yam predictions for the same cut.

(g) Real data for M (K*77)< 1500 MeV. (h) Ross-Yam
prediction for the same cuts.

pecially in the sharp peaking that results in (b)
and the very broad peak in (a) when the K* and
7= resonate.

In studying the mechanism involved, we cannot
use Deck-type pion exchange® as the K* distribu-
tion in the k™7~ center-of-mass system is not
isotropic about the direction of the exchange pion.
Consequently we have applied the Ross-Yam dif-
fraction-dissociation model to this reaction, us-
ing the coherent sum of three terms representing
K'm™ scattering, Kta™ scattering, and K*
scattering, with the proton dissociating into
At*tp—2 The resulting A**r~ distribution peaks
at the right mass, but, as is characteristic of
the model, its width is several hundred MeV too
large. Furthermore, the model predicts a flat
distribution in cosf;— as shown in Fig. 3(d). If,
however, we make the same K7 cuts in the Ross-
Yam calculation as we make in the real data, we
find the following: (i) The predicted width of the
peak, though remaining larger than that in the
data, does get narrower when the intermediate
K7 cut is made, just as the data do. (ii) In both
the intermediate and high K'1™ mass regions,
the cos0;— distributions predicted by the model
agree qualitatively with the real data, as shown

41



VoLuME 22, NUMBER 1

PHYSICAL REVIEW LETTERS

6 JANUARY 1969

in Figs. 3(d) to 3(h). (iii) The Treiman-Yang
distribution!® predicted by the model also shows
qualitative agreement with the data for both K7
cuts.

We conclude that the model, as we have applied
it, errs in that it favors the high K7 mass region
over the intermediate region (by a 5:3 ratio),
whereas the data favor the intermediate region
by a 2:1 ratio. This suggests that the events in
the A™*7~ enhancement whose K™7~ mass lies in
the intermediate region are principally produced
by virtual K¥7~ elastic scattering, as that dia-
gram in the model favors lower K1~ masses.
Restricting ourselves to that K7 mass region, we
are able to deduce the following about the nature
of this scattering.

Pure /=1 exchange (p exchange) predicts the
ratio (K*p -~ KonoA™*™)/(K*p ~K*n—Aat)=2/1,
which is not consistent with the absence of a
7~A%" enhancement in Reaction (3). This still
leaves the possibility of /=0 exchange. Forma-
tion of an I=% Kr state with subsequent decay into
K*r~ or K°7° would give the same ratio as above
and is ruled out. /=%, however, predicts a ratio
of 7 and cannot be ruled out with our limited (two -
prong + “vee”) data.

In summary, we observe a p7+7— enhancement
near threshold which decays principally via AT*tr—
and can be interpreted to be an =3 state. The
asymmetric decay rules against a pure resonant
interpretation. The Ross-Yam model is moder-
ately successful in predicting angular distribu-
tions, but does not stress adequately K7 scatter-
ing at low Km masses. The low mass of the en-
hancement and its peripherality, along with the
observed dependence of the shape of the spectrum
on the K7 mass cut made, corroborates Kr dif-
fractive scattering. Restricting ourselves to con-
sideration of K7 scattering in the intermediate
K7 mass region, we are able to rule out I=1 ex-
change as the mechanism involved. However,
our data are consistent with both /=0 exchange
and the formation of an /=4 Kr state with subse-
quent decay.
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