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We have studied the reactions K+p K 6+'(1236) at 15.7 GeV/c, K p -Kn at 10.7 and 15.7
GeV/c, and K p K 6 (1236) at 15.7 GeV/g in the BNL Double Vee Magnetic Spectrometer.
The st+ and 71. from the decays of forward K 's were detected and the above reactions were
identified by a missing-mass technique. Total and differential cross sections are presented
for the first two reactions and a total cross section for the third.

I. INTRODUCTION

We have studied the reactions

K'p -K'6" (15.'7 GeV/c),

K p -K'n (10.7 and 15.7 GeV/c),

K p -K'6' (15.7 GeV/c)

(1)

(2)

(3)

II. APPARATUS AND EXPERIMENTAL PROCEDURE

The beam used for this experiment was an un-
separated charged secondary beam produced at
0 at target station A by the slow extracted proton
beam from the Brookhaven AGS (see Fig. 1). The
K experiment was run simultaneously with the
n p experiment mentioned above. Two threshold
Cerenkov counters, CTi and CT3, were set to
veto pions and one, CT2, to count kaons. Kaons
constituted about 1.2%%uo of the negative beams. The
first 60/o of the IC' running was done with the same
Cerenkov-counter configuration in a positive beam
obtained by reversing the magnet polarities. Pro-
tons were below threshold for CT2 and thus did
not count directly. However, about 1% did produce
counts via the production of knock-on electrons.
Since the positive beam contained only -0.5% K"s

in the forward arm of the BNL Double Vee Mag-
netic Spectrometer. ' The triggering, detection,
and analysis of reactions (1) through (3) were
identical to those used for a study of w p -Ko(p, Z')
(Ref. 2) except for the arrangement of three thresh-
old Cerenkov counters used to tag incident kaons,
and thus only a brief description will be presented
here. Preliminary results have been presented
earlier. '

and -85%%uo protons, the knock-on electrons from
protons in CT2 led to a significant contamination
of protons in the "K"beam. This introduces a
normalization problem but does not effect the
missing-mass spectrum in the region of the
K'P -K &"(1236) eve nt s~ The later runs were
done with one counter (CT1) set to veto v's and
two counters (CT2, CT3) set to accept K's and re-
ject protons, thus reducing the proton contamina-
tion to a negligible level (P/K'& 0.01).

The apparatus is shown in Fig. 2. The trigger
was designed to select a neutral forward particle

]
leaving the target and subsequently decaying into
two charged particles in a region downstream of
the target. This was done by requiring a single
particle in each of the beam hodoscopes (Hl, H2,
H3), no signal in counter A, a signal in counter B
and two or more particles in each of counter hodo-
scopes H4 and H4'. The trigger rate was about
2 x10 4 per incident kaon for these triggers.

Wire spark chambers were used to measure
the trajectories of the two forward charged tracks
from the neutral vee decay before and after a
48D48 bending magnet. The data were recorded
on magnetic tape along with data from the various
hodoscopes. A sample of the data was transmitted
to a PDP-10 computer for on-line monitoring and
analysis. The final data reduction was performed
off-line on the BNL CDC 6600 computers.

III. DATA ANALYSIS

The effective mass of all neutral vees was cal-
culated assuming both decay particles were pions.
Figure 3 is a plot of the effective mass of such
forward vees from the K p -K'(MM) trigger at
15.7 GeV/c. Events with masses between 485 and
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ego
& [(GeV/c)&] Events Acceptance —[pb/(GeV/c) ]dt

0 0.05
0.05 0.1
0.1 0.15
0.15 0.2
0.2 0.3
0.3 0.4

19
31
30
21
17
4.5

0.22 + 0.01
0.22 + 0.01
0.20 + 0.01
0.19+ 0.01
0.17+ 0.01
0.15+0.01

114+ 26
180 + 32
191+35
141~ 30

66+ 15
19+9

Errors shown are statistical only. There is also a
10% over-all systematic error.

TABLE I. Number of events, acceptance, and differ-
ential cross section as a function of t ' for the reaction
K+P K 4++(1236) at 15.7 GeV/c. N

0

C3

lO—
O
0
I—z 5—

IJJ

I.O 2.0

(MM) [(Gev) j

3.0

as well as geometric cuts applied to the data.
Events were traced through the apparatus and were
tested against various effects that could lose
events. The details of this calculation are sim-
ilar to those described in Ref. 2. The results of
this calculation are included in Tables I and II.
The statistical errors of the Monte Carlo calcu-
lations are less than 30% of the statistical errors
of the associated data points in all cases.

V. RESULTS

A. E'p ~ E~6"(1236)

The over-all missing-mass-squared spectrum
for K'P -K'(MM)" is shown in Fig. „4. The data
were divided into t bins and a maximum-likeli-
hood technique was used to fit each histogrammed
missing-mass-squared spectrum over the region

FIG. 4. Number of events versus the missing mass
squared recoiling from the K for the 15.7-GeV/c K P
K (MM) data. The solid line is the fitted curve. The
dashed line is the fitted background.

0.5 ~o/IM)' ~ 3.0 GeV' with a, ~(1236) peak broad-
ened by our resolution' (standard deviation o =0.104
GeV'), and a background quadratic in (MM)' be-
ginning at (MMp =1.16 GeV'. The mass and width
of the ~(1236) were fixed at the values listed in
the Tables of Particle Properties . The fitted
background in each t' bin ranged from 0 to 24%
and its contribution to the over-all error was
small compared to statistical errors of the peak.
Table III lists the major corrections to the data
and their associated errors. Table I and Fig. 5
(see Ref. 7) present the differential cross sections.
The data show a pronounced forward dip.

In order to calculate a total cross section for this
reaction, we fitted the data in the region 0.15

TABLE II. Number of events, acceptance, and differential cross section as a function of
t' for the reaction K p E n at 10.7 and 15.7 GeV/c.

-t' [(GeV/c) ] Events Acceptance [pb/(GeV/c ]
do

10.7 GeV/c

15.7 GeV/c

0 0.05
0.05 0.10
0.10 0.15
0.15 ~ 0.20
0.20 0.30
0.30 0.40
0.40 0.50
0 ~ 50 0.70

0 0.05
0.05 0.10
0.10 0.15
0.15 ~ 0.20
0.20 0.30
0.30 0.40
0.40 0.50
0 ~ 50 0.70

59
64
49
30
31
16

6
3

35
31
28
21
28
24

3
4

0.18+0.01
0.15+0.01
0.12+ 0.01
0.09+ 0.01
0.07 + 0.01

0.045+ 0.005
0.035+ 0.005
0.020 + 0.005
0.24+ 0.01
0.25+ 0.01
0.24+ 0.01
0.22+ 0.01
0.20+ 0.01
0.18+ 0.01
0.15+0 ~ 01
0.10+ 0;01

147+ 19
186+ 22
173+24
141+25
95+ 17
80+ 19
40+ 16
18+10.5

115+ 19
98+18
91+17
72+ 15
53+ 10
53+ 11

7.8 + 4.5
7.4+ 3.6

Errors are statistical only. There is also a 10% over-all systematic error.
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TABLE III. Systematic corrections to the data and their associated errors.

K+P «K 06++ (1236)
Z p -Z'n
10.7 GeV/c

K p -Eon
15.7 GeV/c

Program efficiency
Trigger efficiency
Pion decay in spectrometer
Nuclear attenuation in

the target
Beam contamination
Empty target

1.16+ 0.06
1.05+ 0.05
1.04+ 0.01
1.04+ 0.005

1.05+ 0.03'
0.97 + 0.01

1.18+ 0.06
1.05+ 0.05
1.06+ 0.01

1.045+ 0.01

none
0.98+ 0.01

1.18+ 0.07
1.05 + 0.05
1.04+ 0,01

1.045 + 0.01

none
0.98+ 0.01

~ 2.3 + 0.1 for the sample with single Cerenkov counting K 's (see text).

& —f'& 0.4 (GeV/c)' to the form Ae ' and obtained
b = 11.5 a 2.8 (GeV/c) '. Summing the bins for
—f' & 0.4 (QeV/c)' and integrating the fit for 0.4

(QeV/c)' (this integral adds about 1 p,b)
yields

500

200

or(K'P-K'S") =41+6 pb,

where the quoted error includes a 10% systematic
error (see Table 111). Fitting the data for 0.1
& —t' 0&.4(GVe/c)' changes b to 8.8+1.8(GeV/c) *,
but changes the contribution from the integral by
less than 0.5 p,b.

Figure 6 is a plot of the available total-cross-
section data' for this reaction above 2 GeV/c. A

least-squares fit to the momentum dependence of
the form o~-P» "yields n=ls85+O. OV.
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FIG. 5. do/dt versus -t' for K+p K 6++(1236) at
15.7 GeV/c. The errors indicated are statistical only.
There is an additional 10% systematic error. The
dashed line indicates a fit to the form e~' for 0.15 &-t'
&0.4 (GeV/c)2 used for extracting a total cross section.
The solid line represents a calculation of this cross
section based on a Regge-pole model fit provided by
M. Krammer and U. Maor (Ref. 7). This calculation is
based on the parameters of solution 1 of Table 2 of
their publication (Ref. 7).
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FIG. 7. (a) Number of events versus the missing mass
squared for the reaction K p K (MM)0 at 10.7 GeV/g.
(b) Number of events versus the missing mass squared
for the reaction K p —K (MM) at 15.7 GeV/c. The
solid line is a fit to the data containing neutron, 6 (1236),
and A*(1470) peaks plus a quadratic background. The
dashed line is the sum of the A*(1470) contribution and
the background [i.e., the effective background for the
neutron and 3 (1236) fits].

tained b = 4.4+1.0 (GeV/c) ' at 10.7 GeV/c and b
= 5.4+1.4 (GeV/c) ' at 15.7 GeV/c. The total cross
sections were calculated by summing the bins be-
low —t' = 0.7 (GeV/c)' and integrating the fit above
—t' = 0.7 (GeV/c)'. The integral adds -3 pb at
10.7 GeV/c and about 1 gb at 15.7 GeV/c. The re-
sults are

cr(K p -K n) = 61+8 pb at 10.7 GeV/c,

or(K p-K'n) =33+4 gb at 15.7 GeV/c .
The errors include a 10% systematic error.

The value b =4.43 ~1.0 (GeV/c) ' is consistent
with the values of b obtained as the fitted t' region
for the 10.7-GeV/c data was varied from 0.2
& —t' & 0.7 to 0.05& —t' &0. 7( GeV /c)'. The value of
b for the 15.7-GeV/c data changes significantly as
the fitted t' region is varied, but the value of the
integrated cross section changes less than 0.5 pb.
The available total-cross-section data' for this
reaction above 4 GeV/c are shown in Fig. 9. A
least-squares fit to the momentum dependence of
the form o~-P» "yields n=1.54+0.05.

c. K p ~ FPb,o(1236)

B. E p ~iP(n)

The over-all missing-mass spectrum for K p
-K'(MM)' at 10.7 and 15.7 GeV/c is shown in Figs.
7(a) and 7(b), respectively. The missing-mass-
squared resolution &r was better at 10.7 GeV/c
(c= 0.075 GeV'), so there was essentially no back-
ground (&2%) under the neutron peak. Differential
cross sections were obtained by dividing the data
into t' bins. No fitting was done and the number of
events was just taken to be the sum of events with
0.76&(MM)'&1.06 GeV'. The 15.7-GeV/c data in
the region 0.5&(MM)' & 1.25 GeV' was fitted to a
sum of the neutron peak and a linear background.
The background is small [less than 10/0 for all
t' bins except 0.4 & —t'&0. 5 (GeV/c)' where it is
20/pj and its error is small compared to the sta-
tistics of the peak. The analysis is insensitive
to the choice of the threshold for the background
or the introduction of a quadratic term. Including
a &o(1236) peak in the fit had little effect on the
neutron results (& 5%). The major systematic
corrections to the data are listed in Table III.

The differential cross sections are given in
Table II and Fig. 8. Errors shown are statistical
only. The data at 10.7 GeV/c show a possible for-
ward dip. The 15.7-GeV/c data also appear to
deviate from a pure exponential form, but the
shape of the curve is not clear.

In order to calculate total cross sections, we
fitted the differential cross sections in the. region
0.15& —t'&0.7 (GeV/c)' to the form Ae" and ob-
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FIG. 8. do/dt versus -t ' for K p -K n at 10.7 and
15.7 GeV/c. The errors indicated are statistical only.
There is an additional 10% systematic error. The
dashed lines indicate fits to e~ for 0.15 & -t'&0.7
(GeV/c) used for extracting total cross sections.

In order to extract a total cross section for the
60(1236), the over-all (i.e., summed over t')
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FIG. 9. oz(K p -K n) versus laboratory momentum.
See Ref. 9. The solid line is the fit to the form oz-PI,b

missing-mass-squared spectrum at 15.7 GeV/c
[see Fig. 7(b)] was fitted to a sum of neutron,
4'(1236), and No(1470) peaks broadened by our
resolution and a quadratic background. The in-
clusion of the N(1470) has only a slight effect on
the number of events found in the neutron peak
(&1%) or the n, ' peak (-6%). The combination of
poor statistics (95 events) and background prohibits
any significant analysis on the t' distribution of
the 6'(1236) events In ord.er to calculate an aver-
age acceptance we have assumed the t dependence
of the ho(1236) cross section to be the same as
that of the reaction K'p-K'h" [reaction (1)] to
which it is related by line reversal and isospin.
This yields

o'r(K p K b, ) =13+3 lib .

Figure 10 shows the available data" on this reac-
tion. The dashed curve is the fit to or(K'p
-K b,"(1236))divided by 3 (the factor predicted
by isospin and line reversal). The agreement is
satisfactory.
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