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ABSTRACT
0
We have studied the properties of the inclusive pp - vX, KS X,

AOX, and AOX reactions in an exposure of the NAL 3C-in. bubble chamber
to a 303 GeV/c proton beam. From an analysis of V events observed in
this experiment, we have obtained the following results: 1) the average

number of particles produced per inelastic collision <n > = 7.90x0.75,

- - —_—— 0.03 |

2) <n_g> rises approximately linearly with n_implying that neutral and
- -
charged pions are strongly coupled, while <nKSO> is less coupled to n ;

3y, K O, and A9 production cross sections have reached a scaling limit

S
0
by 303 GeV/c; and 4) do/dy is relatively flat in the central region for KS

and low multiplicity y events.

‘rSupported by the United States National Science Foundation under grant
GP-33565.
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In this letter we report on our swudy of V7 evenls from an expo-

sure of 302 GieV /e protons in the 30-inch hydrogen bubble chamber at
the National Accelerator Laboratory,  Results on multiplicity, total

. . . + .
cross section, and inclusive A production have already been re-
. 1 f e O ; . o .
poricd.  Adotal of 211V events were recorded in a fixed {iducial
2 .
volume,  These events were processed through TVGPE and SQUAW and
. . . -0 + - 0 - ==0 + —
fitted to the following hypotheses: K, - mn , A" - pr | A7 » 7 p
[E R . .
and v{p) — o ¢ (p). After two measurements, 71% of the 311 events
had satisfactory fits, 19% did not point to the primary vertex, and 10%
were unmeasurable, The events were examined on a scan table by
physicists. Of the 311 fitted events, 18% had more than one satisfactory
fit. A selecltion on the (ransverse momentum of the neguatlive outgoing
s . .3 L .
track with respect {o the neutral particle” was cffective in resolving all
T 4t +1q T £ O . L
the v ambiguities.  The small number of I'\S /,’XO ambigulties was re-

2
sclved by ionization and Y7 . These were cdited on the scan table using

ionization inlorniation.

. L0, o .
After all sclections there were 119 v, 5C K., 20 A7, and 2 unijue

rue! 4 -y ~ -0 A O ) . .

AT The data for 130, A7, and AY were resiricted io the backward

hemisphere in the pp center of mass as the detection erfficiency in the
D
forward direction was extremely low. The average weighting factors
- I's [a) ' rd o DR I O -T‘“O v ‘o 3
are: T1.9for v, 3,41 Jor I\c; , 4.2 for A7, and 4, 6% for AP, The final
(S

sample wag further corrected by a scanning elficiency of 0, 93, The in-

clusive cross sections moensured {(that is, the product of the average



numher of particles produced per inelastic collision and the total in-

clnstic cross section) arc: o(v) = 253 * 2.1 b, o‘(I'\’q} = 0.8 £ 1.3 mb,
0, o o =0 1.0 . ]
w{AT) = 4,2 1.0 mb and «{AY) = 0,4 03 mb. Assuming that all
O i o O s oy
v's come from 7 - 2y, we get o(n ) = (127 £ 12) mb.

The dependencies of these cross secitons on the incident labora-
L 6,7,8,9 N : “
tory momentum are shovn in I'igs, 1(a), (b}, and (¢). Note that
o . 1 . . ’ ~ %7 :
(A7) has increased threéefold from 28 GeV/c to 303 GeV/e and remains
- ) ) . . O . .
much larger than o(A% at 303 Gev/c. The }xS cross section has in-

creased morc than eight times from 28 GeV/c to 303 GeV/e, Tlowever,

0 .
) may level off at energies beyond 303 GeV/c as

the rapid rise in rr(Kg

o 10 o) . . . .
indicated by the ISR data, The 7 cross section in Fig. 1(¢) is con-
sistent with a logarithimic growth with incident momentum and is egual
to oin } or o(7 ) if we assume all negatively charged particles to be 7 's.
This is in accord with nultiperipheral models that predict <n_ o>= <n_->
11 i - . . .

oSNy >, where < n, > is the average number of particles of type
x produced per inelastic pp cellision,

The topological cross sections and < noo> and <« nK§3> vs topology

N

. . o) e . . .
for incluzive v and l\g production are listed in Table L

In FFig., 2(a) and (b) < n_g > and < n,o > are plotied as o function
T \_S

of charged multiplicity, n . Two possible dependencies are shown:

< N0 > = 0.531 assumes Kq production is independent of topology;
'\S P

<n,0> = 0.00n_is based on 10 /‘Tw_ being independent of topology,
.\S - &q -

(1 contrast < n o > tends to rise linearly with n, for n. € 16, The



tatter lincare dependence which has been obscerved here and carlier at

~ . ‘ . 12
205 GoeV/ieis very different from the low cnoeroy bp data, The broken
Y £2Y i

stradght line in Irig, 2(b) 1s given by <n_g > = n . If we assume all
I

the neguative particies to be pions, the data imply thal {he isospin states
. ) . . . . 13

of the pion are strongly corvelated, DBerger, Jlorn and Thomas =~ con-

clude that « lincar rise of < N_o > Versus n, at high energies rules out

models in which pions are independently emitted but is in accord with

fragmeniation models and multiperipheral models in which p or w type

meson clusliers are emitted, The weaker dependence of < N0 > on
S

n, may reflect the lack of sirong-correlaticn between kaons and pions.

In Figs. 3(a) and (), we show the invariant single particle distri-

. N . e e ¢ .
bution in evnman variazhkle ¥ {or the inclusive P\S and A7 reactions,

. , 7. .
Our results combined with the 205 GeV/c data  give evidence that the

a

. . -0 3 . s - C .
inclusive I-\C; and A7 reaciions have veached (heir scaling limits {from

N

. O . . -0
below, with 4 approaching the limit at a much faster rate than T'\g .

Figures 4(a) and () show do/dy versus the rapidity variable y

L0 . . . . . . :
for the I\S and v reactions. There is evidence for a plateau with widths

. . . 0 . N
of two units in y for the K, and low multiplicity v events; do/dy secms
J g ! : ; J

to peak at y = 0 for high multiplicity v events. The averapge longitudinal

momenturm in the center of mass <lIp |> = 2,90 £ 0,56, 1.11 £+ 0.17,

I.‘

s - ¢! .0 0 . 14
G+ 0,12 CeV/ie for A7, K and 7w respectively. I'hus, ncutral

and 0.8 Q'

pions and Lkaons arce produced more frejquently in the central region thon

AT rg,
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Y

for A% and
Note that these cuts are equivalent to making o very small cut (0. 3%)

. . . . . . O —
in the cog® distribution in the center of mass of Rg . ’10, and AO decays,
*

4 — - o . . . .
Ten A9 -~ pr candidates were found end edited on the scan table using
3 vz e 1 ey T P T h ezt H- ey e DAy TO 2 . -
ionizaotion informotion. Tho resull was: 2 amigue A7, 8 unigue I&C;,

A

i c RN " -/_ i . - s . r . -'O
and 5 oevends fhi it A and at least one other hypothesis (usually K.

w

[
5 . . ‘ . . .
Each event was weighted by a factor calculated {rom the potential decay

lencoth and newrral decey hranching eatio, The minimum lengih for
= " = A =

.. L . . . O o A0 e
officient doeiceciion was 4 em for v and 2 cm for l\_C;, AV, and AP, The
pair conversion cross section for v was calceulated by T, M, Knasel,

DIESY Reporis Nos, 70/2 ond 7073,

6

~ . . . . 0 ok
B, Y. Oh and . A, Smith, "Tneinsive Study of A7 and 27 Hlyperons

. . . ) e . . . . . . ]
Produced in volon-Preton Coillsions Trom 6.6 to 28 GeV/e', paper



A
PREEY

spbmiittad to "1 Tnterrationul Confercence on ligh Encrgay FPhy

Tratavia (1072,

‘G. Charlton o1 ol., Phys. Dev. Letters 30, 574 (1373),

3. Charlten et al,, PPhys. Rev. Letters 20, 1758 (1972).
Y. Neuhofer ¢f ©1., Phys, lLetlers 2013, 51 (1972); and 1Phys.

378, 438 (1071},

1 =
hysics,

TLetters

10.., . U . .
The 1S data points in [Fig. 1(h) were computed on the assumption that

nouiral haon ervission is as frequent @3 charged kaon ¢alission.

. . _ _ "y
e K
(=1 R 5_-; i
L0 \n‘ H Vv b | o,
rr(lx(;} == g{m )
b 'n"_
1+ 1t {—:
\ m P

£

Thus,

vnere the ratios werce obiained from A, Tertin ot al,, Phys. l.etters
41713, 201 {1972) end the v7 cross section from ef. £,
11 1 - TR " 1 a1 LRANAl = b
I Lionerhamp ood 10, Bl MVitler, Nucl, Phys, 1308, 065 (197%2)
2 ) A M N =T 1° T rr 3O o s (‘l"
11, Dogpild et al., Nucl, Phys, 1327, 285 (1971).
13 i s - 3 - ~ - 8} ] ) 3 rd
L. .. Berger, D, Horn, and G. H. "Thomas, ANT /IR Report 7240
{19721,
14 - . o . - : O
G, 1. Kopylow, Nucl, JPhys, 1252, 126 (19733, dorives <«

L vy >.

.
1,

J. Aiek et ol., Phys, 1 ocite

ez 2
i
FANCIEES I

303 (19072).




TARLIS T

. . _ . 0 .- SO
Cross Sections for pp — 7 X ond K‘S X
b

n = Numbor

of Chargod 7 (pp w® X)* Lrn(pp KK‘O X)

Pariicles 11 mb < nﬂo> in 1?1) <nKSo>
2 1.7 = 1.2 1.0 £ Q0.7 0.2 £ 0.2 0.1 2 0.1
4 11.8 + 3.1 2.4 £ 0.7 0.8 = 0,4 0.2 + 0.1
G 10,4 + 4,1 3.4 0.8 2.9+ 0.7 0.5 £ 0.1
g 16.0 % 3.7 2.0 + 0.7 1.4 £ 0.5 0.3 = 0.1
10 22,6 £ 4.4 1.8 £ 1,0 1.6 £ 0,5 0.4 £ 0.1
12 20,3 4+ 4.1 1.8 £ 1.4 1.3 £ 0.4 0.3 0.1
14 15.7 + 2.5 7.2 4£ 1.5 6.6 £ 0,2 0.3 « 0.1
16 9,3 4 2.8 G.7 + 2,2 C.8 £ 0.4 .6 £ 0,3
16 .2+ 2.5 5.3 £ 3.2 - -
20 1.6+ 1,1 5.8 = 2.4 0.2 4 0.2 0,3 £ 0.3
22 - —-- - -
24 - - .- -
26 0.9 4 0.9 17.0 % 17.0 -

TOTALL 126.7 % 12,0 3.05 £ 0,38 9,08 + 1.3 0.31 = 0,041

I _ . o L. . -
Caleulaied rom :':'n(])p LA n‘nlpp -y X)) /2,
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Fig. 2 () Average number of K(; and (b} average number of

O . . P
7 's produced per inelastic pp collision versus charged

multiplicity, The curves are described in the text,
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