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INTRODUCTION

This paper presents preliminary results of a study of inclusive

0
S ]
experimental data were in 48, 000 frames from the FERMILAB 30-inch

v, Koo A% and R° production in 205 GeV/c 7 p interactions. The
bubble chamber filled with hydrogen. Results on inclusive neutral

cross sections using approximately one-half the filrn have been pre-

viously reported.

EVENT SELECTION AND WEIGHTING

A total of 1644 gamma conversions or neutral decays were asso-
ciated with the 7000 7 p events found in the film. 2 These gamma con-
versions or neutral decays were classified on the scan table as 273 G's
(E}_ammas, defined as having at least one identified electron), 520 V's
(Vees, defined as having a non-zero opening angle), and 851 A's (Am-
biguous, defined as zero opening angle and no identified electrons)..

This breakup into G, V, or A at the scan table was useful for the pre-
liminary analysis of events, 3 and it was necessary for an understanding
of the scanning efficiency for gamma conversions and neutral decays
(see below). During measurement and editing 3. 6% of these GVA's were
rejected as being incorrectly picked up by the scanners (for example,

1. 9% did not point to the associated event). Another 31% were discarded
by a fiducial volume cut. 4 The remaining 1068 in the fiducial volume

were processed through TVGP and SQUAW. Seven percent of these



ments. In SQUAW kinematic 7118 to ~{p) - ee” PEREE S S

A% m p, and A° - P 7 were attempred. 0 For each N1t a ¢ui-squared
and the transverse momentum of the positive (p;! ant negative (pt ) |
outgoing tracks relative to the neutral track were calculated. Accept-
able fits were defined as having a chi-sguared less than 26 anZ both p
less than 15 MeV/c for v fits or pt" greater than 15 MeV/c Jor neutral
decay fits. The P, cut was intrcduced to help resolve ambiguizies he-
tween gamma conversions and neutral decays. After these cu:s there

were 119 events with no acceptable fit, 815 events with one unique fit,

and 61 ambiguous events with two acceptable fits, There were 41 KSO

A° ambiguities, 19 KSO N ambiguities, and one ¥ A° ambiguity, and

they were resolved by choosing the fit with the lowest chi-squared. The
final sample contained 485 v fits, 248 Kso’s, 118 ’\0'3, and 25 T\O‘_s.
From a study of the decay angle in the center of mass of the neutral

particle it was estimated that the final sample of Kso's has 4% contami-~

nation from A° and A0 decays, and that the A® andg A° samples have

o

8% and 16% KS

contamination respectively.

In order to determine the total number of gamma conversions and
neutral decays produced at the primary vertex, each event with a fit
was weighted by the product of {ive separate weights. The first weight

was the inverse of the conversion or decay probability as determined

by the particle's momentum ari potentizl length inside the fiducial
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volume. Secondly, each neuirzld
the branching ratic “or the particular Zecay mode shserved.  ne events
failing to reconstruct in TVGP zr failinz -0 fit In =QUAW wers stuadied,
and it was found that most of these evenis were enmeshed in "ne tracks
from the primary vertex and that the failures were due to mezsurement
difficulties. It was also found that ceriain classes of conv2r=10ns anc
decays had a higher percentage of unmeasurable events than cirers and
hence all events were classified according to whether they were scanned
asa G, aV, oran A and according to the charged prong multiplicity of
the ussociated primary vertex. Then the events with fits in each classi-
fication were weizhted appropriately 1o account for the unmeasurable
events. The fourth weight was applied to V's and A's found close to the
primary vertex, to correct for those missed in the scan fall G's were
found due to their distinct eleciron spiral tracks). Finally, it was dis-
covered that the scanning efficiency for A's was lower than that for G's
and V's. Even after a double scan nine percent of the A's were missed,
and so all events scanned as A's were weighted to correct for this scan-
ning inefficiency. The average weights were: 89,6 for vy, 3.39 for Kso,
3.56 for .’\0, and 5.83 for A . The difference in the A® and A° weights
is due to the difference in the \° and A° momentum distributions (see

0O, <0

Fl(x) distributions bHelow). qu's, A7's, and A7's produced Jorward

~t

in the center of mass generallv escape this chamter before cecaying.

Thus, there are only a small number of detected fast forward neutrals



in the final sample, and they hzve larges weights., Thev are =20t as they
are the only source of informs=ion on Iorward produ-es neyrrzls, out

1ziistics zre very poor in the ‘crward

tn

one must remember that the

hemisphere.

CROSS SECTION RESULTS
Tables [-IV give the numzcer of fizted events, inciusive -ross sec-

tions as a function of n , {the number of charged particles produced),

ch
and the average number of neutrals produced per inelastic collision,

O,

S

0

-0 .
for v's, Ko''s, A7's, and A 's respectively. Forward and backward

cross sections are given for neutrals with x greater than zero and less

2p
than zero respectively (x = _L » P and s calculated in cenier of
N3

mass). In Table I, <n_g > is calculated assuming all v's come from

]

o] . . .
the decay = — vv. Figure 1 compares the neutral inclusive cross

sections in this experiment with lower energy data for v p interac-

tions. 78,9 The r,ro, KSO and \° cross sections have approximately

doubled from 20 GeV/c while the A® cross section has increased one
order of magnitude. Figures 2-5 show the average number of neutral
particles produced per inelastic interaction as a function of the number
of charged particlez preduced. In Fig. 2 note that the number of 7Ors
produced rises linearly with the number of charged particles imostly
pions) produced (a: least up through n_, = 14). For 10.5 GeV.c ‘n'+p

) . 7 . : . -
interactions, <n_g> is flat a3 a funciion of nch’ while for 25 GeV/c
- . . a -
¥ p interactions, one sees the start ¢f a linear dependence of <n_p>
[1



onn - Thus, the correlation betweern neutral and ciirged £ion pro-

duction appears 1o cecome stronger as ine beam mormentum .rnoreases,
. et . i 2 O 0o,

in contrast to neuiral pion procuction, the produciion o KS :, A\ 's,

and A°'s, Figs. 3-5, appears to have liitle or no correlation with
charged particle production. The backward neu:ral particlé Zecay re-
sults can be compared with 205 GeV/c pp resulis, If it is azzumed one
can "factorize' an interaction into a forward part asseciated with the
beam particle and a backward part associated with the target, then the
results on particles produced backward per inelastic interac:ion for
Tl'_p al a given momentum should be approvimately the same z3 com-
parable results for pp interactions at the same momentum. Table V
shows that the results of this experiment agree very well wit: the cor-

responding results for 205 GeV/c pp. 10

AIOMENTUM DEPENDENCE

The dependence of neutral particle production on the longitudinal
momentum of the produced particle is shown in Figs. 6-9 for v, KSO,
A® and R° production respectively. Here, Fl(x) is the invariant double

. . c . 2
differential cross section integrated over Pp »

)
FI(X)E —Tr—“-v-- [ Ed’.‘!’ dpz,
dde_. T



where all quantities are calculated in the cenrer of mass. ZIZirst, note
that these distributions dep<nd strongly on the produced varticle., In
. o} S . o _ e s

particular, A~ production is peakeZ in the backwarz direciion, indicating

production by target fragmentation. Figure 6 may indicate that forward

v preoduction is somewhat different irom backward ¥ produ:tion. Figure
o . : . . .

7 shows that K roduction occurs in the central region with a possible
g P & P

plateau for le < 0.1.
2
Figures 10-13 show FZCpT ) distributions for the four produced

2 . . . . .
particles, Fz(pT ) is the invariant double differeuntial cross section

integrated over x,

+1 2

2 2 d
Fz(pT) = - f -E—-—-% dx .
T NS
- dxde

Note that the steepness of the exponential falloff is a function of the mass

of the produced neutral. That is, the F2 distribution falls fastest ¥'s

and is flattest for A° production.
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Their A® and AY results have been diviiad by two in order w0 get a

result for the backward hemnisphere (making use of forward-tackward
. . o N .

symmetry in pp experiments). The K~ result has been diviced by four

because they included KLO in their calculation.



TABLE I

Cross Sections for n p — v + Anything

Number of

Charged Particles Number - (v) <n o>
Produced of Fitted n.h per irslastic

Beh v's mb interzction
2 13 5.4 1.5 1.7+ 0,5
4 47 17.9 % 3, 4 2.5%0.5
6 - 76 33.1 £ 5.5 4.2 = 0.7
8 86 30,1+ 4.3 3.6 £ 0.5
10 98 32.2 % 4.4 4.8+ 0.7
12 83 27.0 £ 4.2 6.1+ 1.0
14 40 12,7 £ 2.5 5.7 % 1.1
16 18 4.7+ 1.3 3.8+ 1.0
18 17 5.5 % 1.9 8.9 3.0
20 6 1.8 £ 0.8 9.0 3.8
22 1 0.1zt 80 ggt D

Total 485 170.6 £ 15.3 4.06 = 0,36

Forward 272 87.4 £ 8.9 --

Rackward 213 83.2 % 8.1 --




TABLE II

. - o
Cross Sections for m p - K. + Anrthing

Number of

O <Ilr 22>

ch S mb interzction

0 1 0.008 00 g2 7 2 0

2 8 0.51 £0.45 0.31 =0.2%7

4 35 0.36 = 0. 14 0.16 =0.04

6 48 0.56 £ 0.11 0.14 =0.03

8 39 0.46 = 0.11 0.11 0,03

10 56 0.59 £0.11 0.18 =0.03

12 33 0.45 £ 0.10 0.21 =0.05

14 10 0.11 +0.04 0.09 = 0.04

16 11 0.14 £ 0.05 0,23 =0.08

18 7 0.11 £0.02 0.35 0. 17
Total 248 3.49 £ 0.60 0.166 = 0,029
Forward 54 1.64 = 0.30 0.078 £0.024
Backward 194 1.85 £0.23 0.088 =0.011




TABLE III

. - o .
Cross Sections for m p = A~ + Anything

Number of o

Charged Particles Number 5 (A™) <p,0>
Produced of Fitted ch C )

o per inelastic

n A . o
ch mb interaction

2 16 0.34 £0.18 0.204 = 0,098

4 22 0.21 £0.06 0,060 = 0.018

6 ' 22 0.24 £0.07 0.060 0,018

8 23 0.31 £0.11 0. 076 =0,027

i0 21 0.30 £0.09 0,091 = 0. 0286

12 9 0.20 £0.09 0. 088 0,039

14 3 0.03 £0.03 0.042 = 0,027

_ + 0.026 : + 0. 041

16 1 0.005 _ 0. 003 0. 008 - 0.004

+ 0.022 + 0,069

18 1 0.004 _ 0. 002 0.014 _ 0. 007

Total 118 1,65 £0,33 0.079 =0.016

Forward 7 0.46 £0.20 0.022 +0.010

Backward 111 1,19 20,21 0.057 £ 0,010




TABLE IV

. - =0 .
Cross Sections {for m p — A7+ Anjything

Number of
-0

Charged Particles Number o (A7) <ngo>
Produced of Fitted “eh )
N mb per inelastic
“ch A° interaction

+ 0.06 - 0.038
2 | 1 0.08 " " o4 0.038 _ * o-
4 3 0.06 +0.04 0.017 =G, 011
6 ' 8 0.15 £ 0.08 0.038 = 0.020
8 6] 0.10 £0.086 0,023 =0,015
10 4 .11 £0,07 0.033 £0,019
12 3 0.06 +0.05 0. 028 = 0.020

14 0 -— -
+ 0.086 ' =~ 0,087
16 1 0.03 " " 0o 0.048 ~ " og
Total 25 0.57 £0,22 0.027 £ 0,010
Forward 6 0.25 £0,13 0.9012 =0, 0086

Backward 19 0.32 £0.13 0.015 =0, 006




TABLE V

Comparison of Backward Neutral Pzarticles Produced Per

Inelastic Interaction Jor 205 GeVi/c 7 p and pp

Neutral Particle <n> - <n> a

W p pp
KSO (backward) 0.088 % 0. 011 0. 085 % 0. 603
A° (backward) 0.057 + 0.010 0.053  0.505
A° (backward) 0.015 + 0. 006 0,013 = 0.004

aRefex:'ence 10.



Fig.

Fig,

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig,

o

10

11

12

FIGURE CAPTIONS

Neutral inclusive cross sections as a function =7 beam
momentum for wzp interactions.

Average number of 7% produced per ircslastic Interaction
as a function of the number of charged par*ticies produced.
Average number of Kso's produced per inelastic interaction
as a function of the number of charged particles produced.
Average number of A%1s produced per inelastic interaction
as a function of the number of charged particles produced.
Average number of A%'s produced per inelastic interaction
as a function of the number of charged particlez produced.
Fl(x) as a function of x for v production.

Fl(X) as a function of x for KSO production.

Fl(x) as a function of x for A° production.

F (x) as a function of x for A° production.

Fz(pTg) as a function of pT2 for v production.

Fz(pTz) as a function of p,I,2 for KSO production.

Fz(pT2) as a function of pTz for A° production.

Fz(pTz) as a function of p,r2 for A° production.
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