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We report on a study of the diffraction dissociation of the neutron from the reaction K+n
K+m p at 9 GeV/c. The data are compared with a double-Regge-pole-exchange model of

Berger. Good agreement with our data is obtained for distributions in M(p7t ), M(K+m ), t„&,
the Toiler angle, the Treiman-Yang angle, the proton production angle, and the Van Hove
angle. The p7j: mass dependence of t z& is also well described.

I. INTRODUCTION

In this paper we present data on the reaction

K'n K mp

at 9 GeV/c and use a double-Regge-pole-exchange
model (DRPEM) to describe the data. The ad-
vantage of the DRPEM is that it has the same
simple form as a single-Regge-pole-exchange
model and the parameters it uses can be taken
from those determined by two-body or quasi-two-
body reactions. In addition, the double-Regge
approach provides an understanding of the entire
reaction resulting in a three-body final state;
it yields distributions in all relevant kinematical
variables, not merely fits to the Dalitz plot or to
one Chew-Low plot.

The double-Regge approach is an extension of
a single-Regge -pole-exchange model made by
several groups in recent years. ' ' Phenomeno-
logical fits of double-Regge-pole models to pro-
cesses with three-particle final states have been
achieved by many groups. " ' We shall adopt
the model used by Berger in Ref. 6. Of particular
interest is the interpretation of the low-mass
m P enhancement as a result of peripheral dy-
namics or as a resonant state, or perhaps both.
In the same reaction at 12 GeV/c, Lissauer et al. '
interpret this enhancement in terms of Pyi2 Dgi2,
and F,i, resonance contributions.

II. EXPERIMENTAL RESULTS

The data were obtained through a 400000-picture
exposure of the Brookhaven National Laboratory
80-in. deuterium-filled bubble chamber to a 9-
GeV/c rf-separated K' beam. The pathlength

equivalent of the exposure is 10 events/yb. Of
85000 three- and four-prong events measured
on SMP's (scanning and measuring projectors)
and processed by the TVGP-SQUAW analysis
programs, 4838 fitted to the four-constraint
K'w p final-state hypothesis, with a y' proba-
bility of greater than 0. 1%. In the case of four-
prong events, we demand that the spectator pro-
ton have a momentum less than 0.3 GeV/c. The
contamination to this final state is believed to
be negligible. The cross section for this final
state is 505 + 20 p, b.

Figure 1 shows the Dalitz plot for the reaction
K'n-K'm P. The plot shows that this reaction
is separated into two main parts: (a) K* produc-
tion [especially K*(890) and K*(1420)j and (b)
diffraction dissociation of the neutron, the K me-
son remaining unexcited. The K* production has
been presented earlier. ""

Figure 2 shows the Pm mass spectrum; its
major feature is a large, broad. mass enhance-
ment centered near M(Pw)= 1.4 GeV which drops
off sharply at M(Pv) = 1.7 GeV. This large en-
hancement has been also observed in several
other experiments. '-"' This effect seems to be
a direct effect inM(pv) rather than a reflection
of an effect in M(Kv), since the M(Pv) enhance-
ment extends well beyond the K* bands. The
cross section for this enhancement above back-
ground is 270+20 pb. The cross section of the
same enhancement from the same reaction at
12 GeV/c is 240+ 13 pb."

Figure 3 shows the Chew-Low plot which re-
lates t, the momentum transfer squared between
the incoming and outgoing K' mesons, with M2(Pw).
The low-M(Pv) enhancement is produced periph-
erally although it does extend to fairly high t
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FIG. 1. Dalitz plot for the reaction K+n K+m p.
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Figure 4 shows the differential cross section

do/dt' for M(tpw) below 1.8 GeV, where t'= t, —t
and t, is the kinematic lower limit of t. The
distribution evidently cannot be fitted'by a singie
exponential linear in t', but can be adequately
fitted by the sum of two exponentials,
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FIG. 3. Chew-Low plot M~(p~ ) vs -t for K+n K+n p.
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FIG. 2. M(p~ ) distribution for all K+n -K+~ p events.

FIG. 4. do/dt' vs t' for K+n —K+~ p events such that
M+7I ) &1.8 GeV. The straight line corresponds to an
exponential with slope equal to 3 (GeV/c) ~.
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b, = 14+2 (GeV/c) ',
b, =3.0+0.2 (GeV/c) '. .

Figure 5 shows the differential cross sections
do/dt' in the following 0.2-GeV bins of M(pv):
(a) 1.1&M(pv) & 1.3 GeV, (b} 1.3 &M( pw)& 1.5 GeV,
(c) 1.5&M(pv) & 1.7 GeV. The fit to a single lin-
ear exponential

1R „(t~)1'= ~ exp(xt„~),
it I

1-cos va„

I &,(t»r) I' = exp(~fr»)

sq~ ——s~ —tr» -m„' —2(m, ' —t~ —t»»),
2 1Rr„= sr —tw ™r'—~(m, ' —t»„—t&),

(5)

—=Aed(r
dt' (3) a, = a,'(t~ -m„') .

for t'&0.2 (GeV/c)' gives b = 12+ 1, 7+ 1, and

4+ 1 (GeV/c) ' in the three M(Pv) bins (a), (b),
and (c), respectively. The dependence of the
do/dt' distributions on M(Pv) has also been seen
in many other experiments. ""In particular
in the same reaction at 12 GeV/c, Lissauer et al."
find slopes of 14, 8, and 3.5 with comparable
errors.

In this paper we shall interpret the above fea-
tures with the double-Hegge model used by
Berger. '

No is a normalization constant, m~ and m, are
the masses of kaon and pion, respectively, and

~, y, &„, &,~, and e„' are parameters to be
determined. The invariants t~, t«, s~„, and

sr, are explained in Fig. 6(a).
All our calculations have been carried out using

the Monte Carlo phase-space program FOWL"
with the function ~A~' as WEIGHT. The values we

(a)

III. DOUBLE-REGGE MODEL

The diagram corresponding to the amplitude
used to parametrize the data in this experiment
is shown in Fig. 6(a}. The double-Regge ampli-
tude squared may be written in the following
form:

IAI'=N. I&,tt )I'( ") Iz, (t„II*( "),
(4)

where
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FIG. 5. do/dt' vst' for three ranges of M(p7t ): (a)
1.1&M(p71 ) &1.3 GeV, (b) 1.3 &M(pal. ) &1.5 GeV, (c)
1.5 &M(pm ) &1.7GeV. The straight lines correspond to
exponentials with slopes equal to 12, 7, and 4 (GeV/c) 2

for parts (a), (b), and (c) respectively.

FIG. 6. (a) Double-Regge-pole-exchange diagram we
used for the process K+n -K+7( p; &&denotes the Pomer-
anchuk and n~ the pion trajectory. The p& and q& are
four-momenta. s = (p& +p2), sz~ = (q& + q), sp &

—(q + q2),
t«—- ( q& -p&), t„~ = (q, -p2)'. (b) Van Hove longitudinal
phase-space plot for K+7r p. q&, q~, and q& are longi-
tudinal momenta of K', 7t, and p in the total center-of-
mass system, respectively. An event is represented by
a vector R in this plot. The vector R defines the Van
Hove angle ~. Each of the six half-sides is assigned to
a different multiperipheral diagram according to the
relative values of the c.m. longitudinal momenta.
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used for these parameters are"
A. = 3.5 (GeV/c) ',
y=4 (GeV/c) ',
s,„=0.V Gev',

sop ——1 QeV,

a„'= 1.2 GeV

The experimental data and the model have been
subjected to the same cuts and selections. These
consist in the three cuts

~ t~ ( & 0.6 (GeV/c)',
s~, & 2.56 GeV', and 120 & +& 180, where & is
the Van Hove angle and is defined in Fig. 6(b).
The cut in the Van Hove angle is to comply with
the selection of the diagram shown in Fig. 6(a).
After the above cuts, we have 1630 events left
for analysis. As seen by comparing Figs. 2 and
7(a), however, about 60%%ug of the amount of low-

mass enhancement above background remains
after these cuts.

In Figs. 7 and 8 the predictions of the DRPEM
are compared with the following commonly studied
experimental distributions (not all of which are
independent): M(Ps ), M(K's ), t«, t„~, the
Toiler angle, the Treiman-Yang angle, the proton
production angle, and the Van Hove angle. The
Toiler angle v, the Treiman-Yang angle Q, and
the proton production angle 0 are defined by

(P, &:tl,).(P, &tl.)cosT= -' -'
~

-' -'~ in the m rest frame,
Lp, xq, 1 1p Xq, l

cosp = -' -' -' -' in the K'w rest frame,

(6)

cos8 = -' -' in the Pw rest frame,
Iq, I I p, I

where p, and q, are the four-momenta defined
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FIG. 7. (a) M(p ~ ) distribution containing events for
which M{K+z ) &1.6 GeV, ) t„t, ~

&0.8 (GeV/c), and 120'
&cu &180 . (b) M(K+x ) distribution containing events
for which

~
t „e ~

&0.8 (GeV/c)t and 120'&~ &180'. (c)
Distribution in the invariant four-momentum transfer
squared to the K+ from the incident E'. The plot con-
tains events for which M{K'e ) &1.6 GeV, r t„e ~

«0.8
(GeV/c)2, and 120' &( &180'. (d) Distribution in the
invariant four-momentum transfer squared to the proton
from the neutron. The plot contains events for which
M(K+7| ) &1.6 GeV and 120 &~ &180'. All curves are
from the DBPKM fits.
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FIG. 8. (a) Distribution in the Toiler angle measured
in the ~ rest frame. (b) Distribution in the Treiman-
Yang angle measured in the K+w rest frame. (c) Dis-
tribution in the cosine of the proton production angle
measured in the pm rest frame. (d) Distribution in the
Van Hove angle measured in the total center-of-mass
system. Each of the diagrams contains events for which
M(K+e ) &1.6 GeV, ~ t„e r &0.8 (Gev/c)t, and 120' &a&

&180'. All curves are from the DBPKM fits.
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TABLE I. Mass dependence of the slope of differen-
tial cross section.

1000:(0) (b) (c) (d) (e)

M(P~ ) (GeV)

from

b (GeV/c) 2

Experiment DRPEM prediction 100

1.0
1.2
1.3
1.4
1.5

1.2
1.3
1.4
1.5
1.6

10+1
8+1
7+1
4~1
2+1

8.8
7.6
6.2
3.8
3.5

in Fig. 6(a).
.The model correctly reproduces the skewed

Treiman-Yang angular distribution [Fig. 8(b)]
and all other distributions with the exception of
the Kv mass distribution [Fig. 7(b)] in which a
residual K„(1760)signal" can be seen and the
—t«distributi on[Fig. 7(c)] in the forward di-
rection. " '

We have also studied the slopes of the differ-
ential cross sections when plotted against t'.
Figure 9 shows t' distributions for various regions
of the invariant mass M(pv). The straight lines
are fits to the data by the expression do/dt'=Ae "
in the region t'(0.4 (GeV/c)'. Table I gives the
value of 5 for various M(pv) together with the
DRPEM predictions. The agreement is quite
good.

IV. SUMMARY

The cross section for the reaction K'n-PK'r
at 9 GeV/c is 505+ 20 yb. The reaction can be
separated into K* production and diffraction dis-
sociation of the neutron. The data from the latter
part of the reaction are well described by DRPEM.
The mass dependence of the slopes of the dif-
ferential -cross section can also be described by
the DRPEM.
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FIG. 9. dr/dt' vs t' for five ranges of M(P m ): (a)
M(p~ ) &1.2 GeV, (b) 1.2 &M(p~ ) &1.3 GeV, (c) 1.3
&M(pn ) &1.4 GeV, (d) 1.4 &M(pm ) &1.5 GeV, (e) 1.5
&M(P7t ) &1.6 GeV. In addition to the restrictions in
M(p ~ ), events in the diagram are also subjected to the
following cuts: M(K+7r ) )1.6 GeV, ~ t„& ~

(0.6 (GeV/c),
and 120' &~ &180'. The straight lines correspond to
exponentials with slopes equal to 10, 8, 7, 4, and 2
(GeV/c) 2 for parts (a), (b), (c), (d), and (e), respec-
tively.
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The reaction pp -pp~ m is studied at 205 GeV/e using the 30-in. bubble chamber at the
National Accelerator Laboratory. The event selection is discussed in detail and the cross
section is measured to be 0.68 +0.14 mb. This cross section is higher than one would expect
based on a simple power-law extrapolation of lower-energy data. Peripheral production of a
low-mass p w w system dominates the reaction. The data are consistent with conservation of
t -channel helicity.

I. INTRODUCTION

The reaction

PP-PP&' &

has been extensively studied for momenta from
threshold up to 28 GeV/c. ' ' The data exhibit a
pronounced, low-mass enhancement in the Pn'w
system with some suggestion of structure cor-
responding to isospin-2 N* resonance produc-
tion."Although it is generally asserted on the
basis of the existence of the low-mass enhance-

ment and its peripheral nature that the reaction
exhibits strong diffractive production of the pgp
system, the total cross section for (1}decreases
markedly with increasing beam momentum from
10 to 28 GeV/c, whereas diffractive processes
should be nearly independent of beam momentum.
We present a study of this reaction at 205 GeV/c
and find that the cross section decreases more
slowly between 28 and 205 GeV/cthan is found for
incident momenta below 28 GeV/c, which suggests
that diffractive processes are becoming dominant
in the several-hundred-GeV energy region.


