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We have measured the differential cross sections for the associated
: . - o,0 - 0,0

production reactions » p—~K A and» p—K Z at3, 4, 5, and 6 GeV/c,
with a total of over 40,000 events. We find that both reactions have
exponential forward peaks for -t - 0.4 (GeV/ c)z, with no indication of
forward direction flattening or turnover; the slopes of the forward peaks
show little if any variation with momentum; and the two cross sections
are equal within experimental error from -t = 1.2 (GeV/c)z out to at least

-t=2.0 (GeV/c)z.



Knowledge of the associated production reactions =« -p—-Kvo and
™ -p-Ko z° at high energies is important for the amplitude analysis of
hypercharge exchange processes. Such an analysis requires high quality
data, and in this paper we present differential cross section measurements

of these processes made at 3, 4, 5, and 6 GeV/c, with a total data sample

of over 40, 000 events.

This experiment was performed at the Argonne ZGS accelerator, using
the Argonne Effective Mass Spectrometer. The technique of the experiment
was to detect the 1r+1r "~ decay of the K:'s produced in the forward direction.

. o,0 o o0
The momentumn of the decay pions was measured, andthe K A and K Z

reactions were separated by means of the calculated missing mass.

The experimental apparatus is shown in Figure 1. A beam of typically
200,000 w  per pulse was focussed on an 8 inch long liquid hydrogen target.
An array of counters at an intermediate focus tagged the momentum of each
particle to a precision of £0.27%. Four threshold Cherenkov counters identified
each beam particle as 11-, K, or f: The hydrogen target was followed by a
S-inch by 10-inch array of veto counters, used to veto events with charged
particles emerging downstream of the target. Wire spark chambers with
magnetostrictive readout were located in front of, behind, and inside the
large aperture of the Effective Mass Spectrometer to provide measurements
of the particle trajectories. Another set of three wire chambers was used
to rneasure the beam particle position and angles. An on-line EMR-6050

computer wrote the raw data onto magnetic tape for later processing, performed



checks of the experimental apparatus, and performed preliminary physics
calculations.

Neutral V-particle decays were selected by requiring total anti-
coincidence in the veto ccunter array, followed by charged particles pro-
ducing a signal in counter CM located 20 inches further downstream. Two
or more counts were required in a 40~element counter hodoscope located
behind the magnet to ensure that both charged particles from a V-particle
decay passed through the magnet aperture.

For m -induced events with at least one fitted track of each charge,
pion masses were assumed for each pair of particles and the fr+1r- effective
mass was calculated, A peak with an RME width of 3 MeV/cZ was found at
the K® mass. Events in the peak region were fitted to the hypothesis K°~ ﬂ+1r-
and the missing mass squared of each event was calculated, resulting in the

distributions shown in Figure 2. The good resolution was due in large part

to the use of spark chambars inside the spectrometer magnet. A good A°-2°
separation could be made at all momenta by appropriate cuts on the missing

mass distributions.

Corrections were made as a function of t' = t - tmin for loss of events
outside the missing mass cuts and for cross-contamination between A° and
z° regions (about a 10% effect in the worst case, at 6 GeV/c). Acceptance

corrections were made through the use of a Monte Carlo program which took

into account the decays of both V-particles in the reaction as well as the v

energy loss and multiple Coulomb scattering of decay products in the liquid




hydrogen and the target structural materials,

Systematic corrections were made for the Ko—-rr +1r i branching ratio,
target empty effects (typically 5%), beam contamination by e and i " (5%),
loss of events rejected in the analysis because they had been tagged by the
electronics as having a later beam track passing through the apparatus within
the resolving time of the spark chambers (22%), analysis program efficiency
{5%), accidental and dead-time effects {3%), and a number of other smaller
effects. Contamination by forward-produced kinematically ambiguous A°
particles was very small (typically 0. 25%), and contamination with e+e-

pairs from converted gamma rays was negligible.

The resulting differential cross sectionsare presented inFigure 3 and Table 2.
We estimate possible systematic overall scale errors of + 10%, with no more
than &+ 3% scale error variation between results at different bearqn momenta.
The cross sections are in excellent agreement with previous measurements

(1)

of these reactions.

The features of the data are similar at all four momenta. Each cross
section has an exponential forward peak, followed by a break near t' = -0. 4
(GeV/c)z. There is no evidence for flattening or turn-over in the forward
direction, indicating the dominance of non-spin-flip production mechanisms
in both reactions. The result of a fit of the forward cross sections to the form
do /dt = AeBt'are given in Table 1. The slopes of the forward peaks in both the
Kvo and KOZO reactions do not vary rapidly with beartn momentum from

3 to 6 GeV/c and are quite consistent with those found by Foley et al., ()



at 8, 10,7, and 15.7 GeV/c. It would appear that there is little if any vari=-
aticn of the forward slopes over the full range from 3 to 16 GeV/c. The
K°A° forward cross section is found to be less steep at all momenta, indi-
cating a relatively larger spin~-flip production amplitude than for the K°z®
reaction,
2
The cross section beyond the break at t' = -0,4 (GeV/c) is relatively
0,0 0,0
flat for K'Z~, but less so for KA . At 4 GeV/c and above the cross sec-
2
tions are observed to converge to a common value near t' = -1,2 (GeV/c) ,
2
remaining approximately equal out to at least t' = -2, 0 (GeV/c) .
Our cross sections for rr-p - K°=° may be compared with those for
+ +_+ . i
T p-K I, assuming pure I = 1/2 exchange, by means of the relation
do/dt (‘ﬂ'-p - KOZO) = (1/2) de/dt (Tl'+p - K+Z+). Using existing data on

tp - ket 4 5

we find that our data is in good agreement at 4 GeV/c
and above with the predictions of pure I = 1/2 exchange.
At 3 GeV/c, the 1 = 1/2 exchange relation is not well satisfied if we

(3)

compare to the 3.0 and 3,25 GeV/c data of Pruss et al. We do not see

the rapid increase with energy of the forward cross section slope reported
in that paper. A sharp change of slope neart = -0, 1 (GeV/c)Z in the

+ + .+ . . . (4)
3GeV/c n'p - K I cross section has been inferred by Kalbaci et al.” ',
using their data combined with that of Pruss et al. We see no sign of such

structure, even though the range of t covered by our data spans that of both

K+E+ experiments,
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Figure Captions

1. The Argonne Effective Mass Spectrometer.
2. Missing mass squared distributions from =« -p——KOX.

3. Differential cross sections for w -p——Kvo and w _p——KOZO.
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5 = K°A°
3 GeV/e
4 GeV/c
5 GeV/c
6 GeV/c

o - K(:zo
3 GeV/c
4 GeV/c
5 GeV/c
6 GeV/c

Table 1

-t Interva]l, Intercept A
(GeV/c) ub/(GeV/c)2
0.0 - 0.35 476 + 14
0.0 - 0.35 391+ 9
0,.0-0,40 3332 9
0.0 - 0.490 262 % 6
0.0 - 0,40 3711 £ 13
0.0 - 0,40 279+ 8
0.0 - 0,40 233+ 8
0.0 - 0,40 176 £ 5

]
Fits of the forward peaks to do/dt = AeBt

Slope 32

(GeV/e)™

7.39+ .28
7.79¢ .19
7.95¢ .20
7.95 £ .17

10.07 £ ,40
9,06 £ .25
9.17 + .28
8.56 £ .22



Table 2

Differential Cross Sections in ;.\b/(GeV/c)2

3.0 GeV/c 5.0 GeV/c 6.0 GeV/c
-t do (A)/dt  do (Z)/de -t! do (A)dt  do (Z)/dt -t! do (A)/dt  do (£)/dt
.0125 438.116. 318.15. . 0125 303.£11. 192 10. 0125 245.18.1 161.7.3
.0375  380.+16. 262, +14. L0375 247.:10. 176.49.7 0375 200.:7.2 108.15.9
.0625 301.+14, 211.#13. .0625 204.+9.0 129.18.2 0625 150.x6.1 110.15.8
.0875  225.x13, 161.x12. .0875 165.+8.1 111.27.6 0875 133.£5.7 91.215.2
L1125  202.+14. 110, 211, L1125  143,17.5 87.946.8 1125 99.1:14.8 77.9:4.7
L1375 171,13, 83,7110, L1375 103.:6.4 70.116.1 1375 85.1+4.4 58.414.0
. 1625 137.%13.  73. 3210, L1625 94.326.2 51.915.3 1625 71.0+4.0 43.8:3.5
L1875 111,212,  62.8%10. .1875 71.5£5.4 41.8:4.8 1875 60.7+£3.7 34.3x3.1
L2125 101,312,  34.417.9 .2125 58.845.0 33.7:4.4 2125 51.613.4 24.2:2.6
L2375 112,114, 37.518.6 .2375 48,9:4.6 24.013.9 2375 41.533.0 23.0£2.5
. 275 65.2+8.1 21.3:4.9 .2625 41.8:4.4 23.413.9 2625 29.4+2.6 19.9x2.3
. 325 47.9127.6 21.6%5.3 .2875 39.4:4.3 17.813.5 2875 27.822.5 15,3:2.1
. 375 48.318. 2 8.8+3.8 .3125 31.5:4.0 10.6x2.9 3125 23.7+2.3  9.4+1.8
. 45 37.1£5.6 10.5+£3.1 .3375 24.8£3.6 6.812. 4 3375 19.3:2.1 10.3:1.8
.55 30.415.7 11.7x3.6 .375 21.912.5 8.1+1.9 3625 14.321.9 10.221.8
. 65 17.425.0 11.4:4.7 . 425 19.942. 6 6.9+1. 8 3875 15.4:2.0 5.8+1.5
.15 34,3211, 10.7£7. 9 . 475 16.112. 4 6.41+1. 8 . 425 11.4£1.2 5.6x1.9
.55 8.9+1. 4 4.5%1.1 475 11.0£1.3 3, 75%.91
. 65 6.5£1.3 4.041.1 525 7.521.1  2.48%.77
4.0 GeV/ec .75 7.4x1.5 3.5:1.1 .575 8.0+1.2 3.56%.92
L0125 368.x11., 246.%9.7 .85 7.3:£1.6 1.95%.95 . 65 6.41:.81 2,44+ 58
.0375 302.£10. 200.18.6 95 5,7+1.5 6.41£1. 7 .75 2.6712.60 2.55+.58
.0625 242.18.8 168.17.9 1.05 8.7+1.9 3.041.3 .85 3.90£.75 2.51%. 62
.0875 186.%7.6 127.16.8 .15 8.5+2.0 1.4+1.0 .95 4.81+. 89 3. 95¢. 81
L1125  158.£7.1 97.416.1 1,30 4.411.1 3.141.1 1.05 2.82%+.72  2.52+. 67
L1375 125.16.4 75.645.5 1,50 1.01%. 62 L77%. 61 1. 15 2.91%.77 2.76+.73
.1625 107.16.1 61.8%5.1 1. 70 .82:. 71 2.3£1.2 1.25 3.10+.81 2.47+. 73
.1875 84.1£5.6 50.2:+4.8 1.90 2.121.3 1.6+1.3 1.40 1.50+.45 2.02%.48
.2125 78.64£5.7 40.5:4.5 1. 60 .72£.36 1.46%.44
.2375 61.845.3 28.343.9 1.80 .35+, 31 1,27+.45
.26245 59.215.5 28.414.1 2. 00 . 89+, 40 . 26%, 27
L2875 43.414.8 22.2+3.7
. 3125 45.125.1 16.643. 4
.3375 34.614.6 17.5%3.5
. 375 29.1£3.2 11.622.2
. 425 23.7+3.0 10.4%2.2
. 475 15, 8+2. 6 5.4£1.7
.55 15.512.0 5.3%1.2
. 65 14.412. 1 9.6x1.8
.75 9.9+1.9 4.2:1.3
.85 11,312, 3 6.4:1.8
.95 12.4£2.6 6.9+2.0
1.05 8.012.3 9.61x2.7
1.20 6.61£1.8 7.122.0
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