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Strange-particle cross sections from n+p interactions at 10.3 Gev/c
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Cross sections are presented for production of final states with two strange particles from n+p interactions
at 10.3 GeV/c in a 31.1-event/p, b bubble-chamber experiment.

EXPERIMENTAL DETAILS

The data described in this report were obtained
from a 580000-picture exposure of the SLAC 82-in.
bubble chamber using an rf-separated m' beam of mo-
mentum 10.3 GeV/c with a spread of 5%. The
beam flux was approximately 11 tracks per picture.
The rf separator and a Cerenkov counter reduced
the non-m' hadron part of the beam to less than
0.25/o. ' Addition of 4 in. of lead radiator made the
positron contamination negligible. Further details
of the bubble chamber and the beam can be found
elsewhere. "

SCANNING AND MEASURING

The film was scanned for events with a visible
strange-particle decay (either V' or V'). V "s
with zero opening angle in al.l views were scanned
as y's and deleted. The ionization of nonminimum
tracks was recorded and stopping tracks were
flagged. A beam-track count was taken every
twenty frames.

To determine the number of strange-particle ev-
ents missed in the scanning stage, a portion of the
film was rescanned. Misidentified events (such as
y conversions, m- p.-e decays, etc. ) as determined
from kinematic reconstruction and visual examina-
tion were deleted from the two scans. The number
of remaining events found by both scans and the
number found in only one scan were used to deter-
mine the scanning efficiency. ' This was found to
vary from 52+5'Po for six prongs with a V', to
79+3% for four-prong events with a V'. The er-
rors in the efficiencies are estimates. They are
an order of magnitude larger than the statistical
errors. 4 Events with a V' only are very difficult
to recognize and the efficiency for these types of
events is correspondingly low. All topologies with
a V' had scanning efficiencies greater than 70/p.

The film was divided between Brookhaven and
Toronto. At Toronto the measuring was done man-
ually, on image-plane digitizers with a least count

of two microns. At Brookhaven the film was mea-
sured on the Hough-Powell device.
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FIG. 1. Distribution of main vertices along the beam
direction in the bubble chamber. The fiducial volume
and the falloff expected from beam attenuation are indi-
cated.

MICROBARN EQUIVALENT

The hydrogen density was determined from a
sample of m- p,-e decays to be'

p = (3.64 ~ 0.03) x 10"protons/cm'

(see Ref. 6) yielding a mean interaction length in
hydrogen of

1
j, = —= (1.11+ 0.02) x 10' cm

Po'

(see Ref. 7).
We used only events with a beam interaction fall-

ing inside a fiducial volume imbedded in the bubble
chamber. The distribution of beam vertices in
the x (beam) direction is shown in Fig. 1. After
correction for beam attenuation, this fiducial
length corresponds to a mean length in the bubble
chamber before interaction of 135.0+0.2 cm.
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measured field by 0.5% and the removal of a small
positional correlation was required to produce the
distribution of the K' mass shown in Fig. 2.

The total path length in hydrogen is thus

I.= (852.5 +1.4) x 10' cm,

yielding a microbarn equivalent of

1—= pL =31.1+0.2 events/pb.
0'0

MAGNETIC FIELD

The magnetic-field map of the chamber, as
coded into the reconstruction programs, ' was
checked by calculating the K' mass from the mea-
surements of the decay tracks. A decrease of the

BEAM MOMENTUM

The beam is dispersed in the horizontal direction
just before entering the bubble chamber, leading to
a momentum spectrum of 5 cm per percent ap/p.
We used a sample of four-constraint, nonstrange
fits to parameterize the beam momentum as a func-
tion of its position on entering the chamber. ' This
gave a precise determination of the momentum for
any beam track and was used as the measured in-
put into the reconstruction programs. Figure 3
shows the distribution of the fitted beam momen-
tum.

TABLE I. Visible decays fitted and fitted values for c7.

Decay mode Fraction (%) c7 (cm) ' Fitted c& (cm)

A-Png'- ~+~S
e+e

64.2
68.8

51.6

48.4
100
21.1
63.5

100

7.7
2.66 '

2.4

2.4
4 4

7.7 +0.2
2.51+0,06

Not used for cross
sections

2.6+ 0.2
5.6+ 0.8

' From Particle Data Group, Hev. Mod. Phys. 48, 81 (1976).
This value was 2.58 in 1972.
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EVENT RECONSTRUCTION

The events were processed through the TVGT'-

SQUA%' reconstruction system. Table I shows the
decay modes of the visible strange particles which
we fit. We also attempt to fit a y conversion to the
V' and a m

' decay to the V'.
For each event the film bubble density was

checked against the prediction of the fits. Incon-
sistent fits and events with decays fitting only non-
strange particles were deleted. Events which had
apparently good visible strange particles but no
fits were sent back for remeasurement. Of those
fits remaining, only those in the highest constraint
class were kept." Fits with a p' probability less
than 2% were deleted (see Fig. 4) and a correction
factor was applied for good events lost. The re-
maining fits were flagged as ambiguous.

Figure 5 shows the (space) opening angle for
V "s. The accumulation of events near zero de-
grees is due to y contamination. These events were
removed by deleting all visible E"swith opening
angle less than four degrees and visible A's with
opening angle less than two degrees.

Since the scanning was done in at least two views
there was a negligible" loss of good V"s with a
projected opening angle of zero degrees after the
y contamination was removed.

Figure 6 shows a loss of V' events whose film
distance before decay is so small that they appear
to be part of the main vertex. V"swith a projected
decay length of less than 0.5 cm were rejected and
the remaining events corrected for this loss.

Figure 7 shows the projected decay length for
Z' events. Z' (Z ) events were deleted if they had
a projected decay length of less than 0.5 (1.0) cm
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or a projected opening angle of less than four
(seven} degrees. A corresponding correction was
applied to the remaining events. "

Figure 8 shows the proper lifetime (I,/) Pc} of
the visible strange particles. The falloff of events
with short decay lengths is evident. The events
were fitted to an exponential over the indicated
ranges to give values for c~ for each particle, as
listed in Table I.

I ~ I

I

I

IO I2

WEIGHTING

Based on the four-momentum of each strange
particle, each fit for every event was assigned a
weight to correct for those events which failed the
cuts on decay length or opening angle or had non-
visible decays. "' Table II shows sample aver-
aged values for the weights of the individual
strange particles. The weight for any fit was the
product of the weights of the constituent strange
particles.

The E ~ K ~ cross sections come directly from
events with both K"s visible in the bubble chamber
(a K~ will decay in our bubble chamber only about
0.2% of the time}. The cross sections for E'&E~
channels are determined from the events with
one visible E' after subtracting off those single- V
events which are K~E ~.

cT (cm )

FIG. 8. (a) Proper-time distribution for E z ~+n

and Z+ en+. (b) Proper-time distribution for A pm

and Z nm (fitted lines give values for c7 given in
Table I).

W(Q„,, =3.1
8"(XD ., =1.5
8'(A)„,, =1.7
8(A)- „=2.5
W(EC )„,;30~.—

W(XQ„= 1.1

8'(X ) . =55'
8'(K ) „=1.1

(xs)

~(K~0) = 2.7

W(IC ), =2W(ICz~)„,, =3.2
2mKO

W(~q.„=2W(~~)- -1.3
W'(Xo)

TABLE II. Sample-averaged weights for either visible
(fitted decay) or invisible (inferred from energy-momen-
tum conservation) strange particles.

Table III lists our results for the cross sections
along with the initial number of events used in each

Because of the small probability of a X decaying in
the bubble chamber, events with a visible K were not
used for cross-section determination.
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TABLE IH. Nuznber of events observed and cross sections, for various channels.

Channel

nK'K'~'~'s s

K Kos s

nK Koz

~K'Ko ~'~'~

gK+Kox+z+x+m x

~K-K' ~+ ~'~'

gK Ko~+x+n'm+~

pKOKD ~+

P K~00 ~+

PKsKso n'x'

pKsKs ~+ ~+

PKsoK~O~'~+~-

pKK m'ex's s

pKsKs x'x'x'7 -m-

pKsoo~~n x x+m m

pSC,'SC)~'~'~+~ ~ ~0

pK'Ko

pK+Ko~o

pK'K'm'r-

pK Kon+& ~0

PK'K'~'~'~-~-

P K+K'~+~+~-~-&0

PK Kon' g+

PK K'~+~+&0

PK-K'~'~'~+ ~-

pK-K'~+ &+&+&-p

AK'~'&+

AK'~+ ~+ ~0

AKO~ &+&+,-

m'n+ n+ z+ g-~0

AK'~+~+~ ~+&-&-

AK'~'~+~'~+ ~-&-&0

No. of
events

281

402

80

86

490

145

397

34

844

11g

184

250

385

122

728

215

Cross
section (gb)

8.5+1.5

5.5+1.5

46~12

71~25

15.5~]..5

40~8

20~1.5

12.5+1.5

1+ 0.5

1+ 0.5
30.5~ 2

160+ 6

22.5 + 2

46~ 5

72+ 5

17.5~ 2

62~ 10

45+ 8

Channel

AK+~+

AK'~+~'

AK'~+ x'~

AK+~'~'~ ~'

AK'~'~'~'x n

AK+~'~'~'~ ~ m'

Z'K'~'X'

Z oK'n+ n+ ~+~-

Z'K'm'~'m'~'m ~

ZoK+~'

Z'K+~'~+ ~

Z'K'~'~'~'~-~-

Z'K 0~'

Z'Ko~+~'

Z Kon' x+n'

z Kox'x'g mo

Z'K'~'m'n+n r
Z+K~vr n+m+n w wo

Z+K+

Z'K'~'
Z'K'~+~-

Z+K mx mo

Z'K'~+~+ &-~-

Z'K'~+~'&-~-~0

z~o~+~+~+

z Ko& &+&+&0

z ~'x+ ~'~'r+~-

7r-&0

zw+~+~+

z~+~+m+~o

Z-K+~+~+ r+ &-

Z-K'~+~+ ~+ ~-~0

No. of
events

909

38g

1148

274

10

142

171

43

54

10

33

Cross
section (pb)

30+ 2

87+ 3

40+ 3

117+4

11.5+ 1.5
29+ 2

1+ 0.5

7.5+ 1.5
14.5+ 1.5

33+ 7

29+ 3

44+ 8

20+ 4

59+ 5

8+2

17+ 3

10+ 2

11+3

2.5+ 1.5

6+1

channel. The analysis of the experiment was car-
ried out independently at Brookhaven and Toronto,
thus giving two values for the cross sections for
most channels. In addition, the cross sections for
some channels can be calculated several ways by
using events with either one or two visible decays.
For instance, the cross section for A'K n'm' can
be calculated using the events with one visible A',

or those events with one visible K', or those events
with both strange particles visible. " This gave
several independent values for the cross sections.
The cross-section measurements from the differ-
ent topologies, from the Brookhaven and from the
Toronto data, were combined to form an average
cross section and error for each channel. This
average value and the different cross-section mea-
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surements were used to compute a y' for each
channel. If this g' was greater than its expectation
value, the errors on the measurements were
scaled up until it was equal to its expectation value
(e.g. , the channel nE'Kaw'r'w )i.

The cross sections were calculated both by using
the "best" fit (i.e. , the fit with the lowest g') if the
event was ambiguous and by weighting ambiguous
fits by the reciprocal of the number of ambiguities.
The two methods gave almost identical results, so
the method of using the best fit was arbitrarily
chosen.

Correcting for unfitted channels, we find the total
strange-particle cross section at this energy to be
3.2+0.4 mb. This is shown in Fig. 9 along with
values at other energies (from Refs. 16-19).
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