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Sooc 3.f. H llp. E1 • 11665 
11ccnelloaauue HHKnl03uauoro pO)I(lleaaa y , K~ , A , A -"'aCTHil 
B pp -B38HMOlleiiCTBHHX npH HMfiyllbCe 22,4 faBle. l.faCTb J. 
nonRbiB H TOnonorH"'8CKHe C8"18HB.II p0>Kll8RHSI HeiiTpan&RbiX "18CTHil. 
l13y"'eRae KNO -cxellnaura 

B 2_aiSoTe nl!_ellCTaBJI&Hbl fi.JlnHbie H Tononora"'ecxae ce"'eRBll pO)I(ll8BHll 
y , K 0/K 0 

, A , A -"'aCTHil a pp -eaaaMOllellcTaHIIX npa 22,4 faBle, 
Cpaaaaaa~TCll 38BHCHMOCTH cpellaero 'IRena ReiiTpallbHbiX "18CTHil OT 
NBOlK&CTBBHHOCTH B pP -B38HMOil8IICTBHIIX npa pa3nH"'HbiX aaeprHIIX. 
noKa3aao, 'ITO QnH y H K 0 -pO)I(IlBHHll B PP -B38HMOilellcTBHIIX npa 
22,4 faBle BblfionaaeTCll renoTe3a KNO -cxeAnaara. 

PaiSoTa Bblnonaeaa B naiSopaTopaa BbiCOKHX aaepral 011.RI1, 

flpeopaBT 06~eaaaeaaoro BBCTHTyTa aaepawx accneooaaaaA. Dy6aa 1978 

Boos E.G. et al. E1 • ll665 
Inclusive Neutral Particle Production in 
w Interactions at 22.4 GeV/c. Part I. ~otal 
and Topological cross Sections of ,o, K0 /K0

, 

A/X production. A Test of the KNO Scaling 
Hypothesis 

In this paper we present the results of an analysis 
of inclusive production of y(rr") • K0

• , A , A particles 
in pp interactions at 22.4 GeV/c. The total and topolo­
gical inclusive czoss sections of neutral particles 
were obtained. The charged multiplicity dependences of 
the mean number of rl' , K0 ;i 0 , , A/A productions were 
studied. The KNO scaling hypothesis for tr

0
, K: ,A par­

ticles was tested. 

The investigation has been performed at the 
Laboratory of Sigh Energies, JINR. 
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In this paper we prese~t the results 
of an investigation of inclusive production 
of y(77°), Kg,A,andA (including A,A 
from I- 0 and I,o decays) in pp interactions. 
The data have been obtained in exposures of 
the hydrogen bubble chamber "Ludmila" to 
a RF separated beam of 22.4 GeV/c antipro­
tons at the Serpukhov accelerator. Some in­
formation on the antiproton beam is given in 
ref. 111. 

About 40 000 pictures of the total sample 
of 300 000 have been used in this analysis. 
The pictures were scanned twice for all ty­
pes of primary interactions. The scanning 
efficiency for the interactions with associa­
ted V0 's ( V0 stands for _all neutral par­
ticles y(77°), Kg, A, A) was about 98%. 
The events were measured on semiautomatic 
measuring machines.The measurements were car­
ried out using the geometric programs 
MDTHRESH or HYDRA-geometry. The kinematic 
programs GRIND or HYDRA-kinematics were 
used for kinematic fitting of the decays 
and conversion by the following hypotheses: 

Ko -+ + -
77 77 ' 

A ... p77 
A - + ... p 77 ' 

y ... e+ e- · 
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About 95% of unique V0 , s (out of all 
vo, s) were identified using the kinematic 

H 
programs and ionization information. In (]) 

order to classify ambiguous V0
' s, use was .Q 

s A 

made of the transverse momentum distribu- ::l 

~Ill! g: 
m Ml ~ ~ .j..) I=! :8 8 

tions of negative tracks from vo decays (in I=! N 0 N 0 
0 0 0 0 0 • 

(]) I=! 1::: • • 0 . . . . 0 

the laboratory system) relative to the neut- H IU V H _fT H 0 R 0 +I 

ral-particle direction I~. After using such 
(]) (]) 

4-4 s 
a method, statistical weights were assigned 4-4 

~I""I~NI~"I~" ·.-l (]) 

to the remaining ambiguous par t i c l e s I 2/. . 'd..C: ....a • • •HHH(J')H 
.j..) . 0 NC!lN• •• •• 

Table l shows the numbers of unique 4-4 I=! b... eo- +I R H R 0 R 
0 'd 0 

and ambiguous neutral particles. I=! ·.-l 

~0 I~ ~I~ ~ Ul 1U .j..) 

' .j..) u 
Table l C Ul 1U 

(]) I=! H b .... N R 0 R 

ambiguous V0 's 
> 0 (]) 

The number of unique and (]) ·.-l .j..) 

I ~I I ~~0,~00 N .j..) c 0 gco H~ NN <?H 
H u ·.-l 

;::> HC\100000 

Type of V0 A 
(]) 0 (]) :oo a5 ti o fi o H o R 

y Ko A ~ 4-4 Ul c. 
particles s .Q I C. 

IU I=! Ul 
E-t 0 Ul u 

I o lw o~~ e--lo ~~~N ~ 
of unique 770 363 159 107 

·.-l 0 ·.-l ;> "1~ .<"! ~~ ~~ 
Number .j..) H .j..) '-" mHo ff off o.w 

V0
' s 

u u Ul b~ H ~ + + 
::l IU 
'd (]) ~ 

Type of 0 > Q) 

g: ,~ ~~~ ~~~ ql~ q H ·.-l I=! 
• • • +- • K0 -A K0 -A ~ Ul ·.-l amnLgUl. .... .les s s ::l '-" ~ H 0 ff 0 ff 0 ff 

of 0 ~ H 
b-.1' N +I + + + 

Number ::> u Q) 

ambiguities 13 14 I=! 0.. 

~~~~,~q,~q,~q 4-4 ·.-l 
0 Ul 
~ Q) Cll ~HOff O~=j' Off 

To correct for minimum decay length cuts Ul IU ~ b H ~ + + + 

and for decays outside the fiducial volume, 
I=! .j..) u 
0 0 ·.-l 

standard weight was assigned to each par-
·.-l .j..) .j..) , It')" ~~~~~,~~ a • .j..) H 0 0 0 0 0 0 

t i c 1 e I 2/. In 
::> • • 

0 0 0 0 0 w order to check further V0 losses, u QJ IU '-"o H o 
(]) ..c: 0.. b +I +I +I + 

the expected forward-backward symmetry for Ul .j..) 

~ 

y and ~0 longitudinal momenta in the c.m.s. Ul .. IU 
Ul :>. 1-l I I I OCil 

was used. Corrections for unseen decay 0 0> .j..) 
0 bd I < I < 

and K particles/~ I:: 

modes were made for K~ , A 
H 0 ::l 
u ~ Q) 

All corrections are discussed in more detail 0 I=! 

/2/ 
(]) ~ 

in ref. ..c: 0 4-4 . E-t .j..) 0 
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In Table 2 we present the total inclusive 
cross sections (at (V0

)), topological cross 
sections (an (V 0

)) and mean numbers of neutral 
partie le s per inelastic pp interaction (<n(V0 )>= 

=at (V0
)/ain ), where a in is the inelastic 

cross section/1/. All y' s were assumed to 
come from rr 0 decays and hence the rr 0 cross 
sections were obtained from the relations: 

1 a (17°) = -a {y), 
t 2 t 

a (rr0
) = ..!.a (y). 

n 2 n 

We see that a 2 (A) is significantly smaller 
than a 2 (A) and the difference is larger 
than one standard deviation. As the topolo­
gical cross sections an(A) and an(,\) are 
assumed to be equal according to CP-symmet­
ry in pp interactions, the difference bet-
ween a 2 (A) and a 2 (A) can be explained 
by additional scanning and measuring losses 
of X particl~s. Table 3 shows that the mean 
momentum of A particles for two-prong events 
in the laboratory system is significantly 
larger than that for higher topologies, 
i.e., one can suppose that_additional losses 
are due to the most rapid A particles. There­
fore A's are not used in the further analy­
sis. 

Table 4 shows the unweighed and weighed 
numbers of V0 V0 particle pairs and the inclu­
sive cross sections of V0 V0 -pair production 
in our experiment. 

Figures 1 (a,b,c) show the variation of 
the total inclusive cross sections as a func­
tion of incident beam momentum for produc-
t ion o f " 0

, K n (K 0 /K0
) and A/A in pp - in -

6 

1-

• 

Table 3 

The mean momenta of A and A particles in 
the laboratory system for events of diffe­
rent multiplicities. 

n <P > 
lab A 

<P >-
lab A 

2 1.73±0.20 11.20±1.10 
4 2.37±0.18 8.47±0.65 
6 3.12±0.32 7.63±0.70 

Table 4 

V0~ inclusive production cross sections 

Unweighed Weighed 
number of number 
particle of particle 
pairs pairs a . (VOV0

) (mb) 
tot 

KOKO 20 87 0.26±0.06 

K~ 12 69 0.21±0.06 
-

K0 A s 12 87 0.26±0.08 

AA 10 73 0.22±0.07 

teractions/4/. The values from pp data /5/ 
are given for comparison. Our data are in 
good a g r e em en t w i t h the pp d a t a for other 
energies. 
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Ul 
1::: 1::: 
0 0 The mean number of neutral particles per 

·.-I ·.-I inelastic pp collision function of .jJ .jJ as a to-
1- ~ •-o- u u pology · (<n(V 0 )>n = un (V0 )/un, un 

(,J .... <1.1 ::I 
is the 

'- ci <>- Ul 'd topological cross section Ill) is presented 
0 

1- )( a Ul 1>-l in figs. 2 (a,b,c). The figures also show 
CD Ill_ Ul OJ 
Ill .... tJ 0 corresponding results obtained in other 
~ ">" I-ll< experiments /4c, d,e I . There is no clear charged 

>< )( ~ -·.(} Cb u......._ 
I< I< ~ < multiplicity dependence of <n(rr 0 )>n and <n(K n)>n 
..... ..... ...- ..0 <1.1 

< < d :> ' (figs. 2a,b) at 22.4 and 32 GeV/c. In cant-

[ t 1 • .(} _, ·.-I.::: 

• c 
Cl.. Ul :::;::: l rast, one can see an approximately linear .... 

Q.. Q. ::I rise of <n(rr 0 )> n at 14.75 GeV / c /4c/ and 
IQ.. Q.. 

.-I ' 

J. 
/4e/ u 0 100 GeV/c 14e/ and of <n(K n)>n 100 GeV/c • tO 1::: 1:: 

at 

• 0 
·.-I when the multiplicity varies from 2 to 8. 

1>-l 
.-I 0 Such correlations between neutral and charged 

cu m 4-l particles observed interactions ... .jJ were in pp 
o a from 70 GeV /c and 100 GeV/c for TTO and Ko 

(~w) g 
.jJ ::I 

respectively /6/ . .jJ mesons, 
<1.1 1::: 

..c:: <1.1 The < n(A/ A)> n data (fig. 2c) strongly 
.jJ a decrease with increasing charged multipli-0 ..,.. +<>- 4-l a city in experiment and in - collisions ..... 0 

our pp 

d 
.(} ' -<> 

1::: ~ at 32 GeV/c but remain constant within er-
ci "<:) Cl. Q -..... .c '- )( .., 0 <1.1 rors in pp interactions at 100 GeV/c. 
Cll Cll •.-I .0 
rn • .~ . .jJ To test the KNO scaling hypothesis for 
s:: <> ~ 0 

m +J TTO K~, I A production /7/, figures 3(a,b,c) 

~---· 1- -----. 
,... ·.-I 1::: . ' I 

l.l -- 1>-l <1.1 Ul show the <n>•u (V 0 )/<n(V0 )>. u. data against 

• • > m ra 1::: n 1n .. :> ·.-I 0 n/<n> ( <n> is the multiplicity of 
0 • Q~ 

mean 
u ·.-I charged particles /1/ ) . 

")( )(. • )( )( • - <1.1 1::: .jJ Data obtained in 
ooQ 

Q ~ t t <1 ..c:: ·.-I u 

'J 
other pp experiments /8/ and fits to high 

~ 1:::: ~ ~ 
_, 

E-t m 

I I • t t • ooa.. 4-l ~ energy pp interactions/?/ are given for com-
• 0 <1.1 

Q..Q.. Q..Q. ~ .jJ pari son . There is no significant difference 
'Q.. Q... IQ. Q, u 1::: 1::: 0 and Ko 

' 0 ·.-I between all the data for TT s produc-

• C\1 .0 ·.-I tion but the scaling is not valid for A's • 0 I 0 ' .jJ ~ 
m u ~ as can be seen from fig. 3c. Only the 
~ 1::: 'd 

::I 1::: 100 GeV/c data for A production are almost 
Q Q Q It') C\1 ..... .-I 4-l m 
Of) .., - equal to th~ data while at lower energy 

• fill g; pp 
the - and data 

(gwJg (iUJ).O tJ> the difference between pp pp 
·.-I Ul 1::: systematically decreases with increasing 
~ m . ..-~ 

primary momentum. 
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F i g . 3 (a , b , c ) . The KN 0 dependence for 77° , K s , A production in pp 
and pp collisions. The solid curves are fits to high energy 
pp interactions . 



1.0 

0.1 

Q01 

PP 22.4 Ge'#C 

o <n,,> ~ 
Urrt 

+ ~ 6a({7°J 
<nm J> 6;,. 

6 - PP< nch > ¥:'-6;,. 

Q001 10 2.0 .n... 30 

o <n> 

Fig. 4. The KNO dependences for charged 
particles and rr0 mesons in pp collisions at 
our energy. The solid curve is a fit of the 
KNOpp data for charged particles. 

Figure 4 compares the KNO dependences 
for charged particles (<n>·an/ain per 
n/<n>) (ref. /1/ ) and for 77° 's in our 
~ interabtlons. The fit of the KNOpp data 
for charged particles/W is also shown. All 
the distributions are very similar. 

Our main results are: 

12 

1. There is no clear correlation between 
the mean number of ~-mesons and the number 
of charged particles in our experiment. 

2. The mean number of A/A particles 
decreases with increasing charged multipli­
city. 

3. The KNO scaling hypothesis holds for 
17° and K~ production in pp and pp inter­
actions in a broad energy interval. 

4. The KNO dependences for charged par­
ticles and 77° -mesons in pp and pp interac­
tions are very similar. 

The authors want to express their gra­
titude to the staff responsible for the ope­
ration of the Serpukhov accelerator and of 
the beam channel number 9 and to the techni­
cal staff of the "Ludmila" HBC. We also 
thank the technicians and assistants at all 
Laboratories for their excellent work. 
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