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We present here results of the analysis of 2440 e+e-pairs 
out of 37000 J)p interactions at 22.4 GeV/c obtained by expo­
sing the HBC Ludmila to a RF separated antiproton beam at the 
Serpukhov accelerator. The experimental procedure and some 
results concerning y(TT 0

) production in 22.4 GeV/c [>p inter­
actions have been published elsewhere 111 • 

Due to large losses of y-s in the backward c.m.s. hemi­
sphere, these y-s were replaced by those from the forward 
hemisphere, reflected about p~ = 0, according to cp -symmet­
ry. 

In 'rable 1 we present some average characteristics of y -s 
and 11'

0 -mesons. The latter are obtained from the relations /2/: 

< IP *I> 
L "o =2<1p*[> 

' L y' 
( 1) 

m2 
<p* 2> == 3<p* 2> "0 

(2) - --L rro L y 4 

m2 
2 ==3<p~>y "0 (3) <pT>rro ---2 

which are valid under the assumption that 11'
0 -s are the only 

source of y-s. 

y 

Table I 

Mean values for different momentum variables of y and rr0 • 

<plab> <[p*[> 

GeV/c GeV/c 

1.004 
+.038 

0. 285 
+.007 

<IPtl> 

GeV/c 

0. 197 
+.007 

0. 394 
+.014 

<p*2> 
L 

(GeV /c) 2 

o. 114 
+.010 

o. 337 
+.029 

0.169 
+.004 

<p2> 
T 

(GeV/c) 2 

0.052 
+.003 

0.147 
+.009 
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~- Topological 
cross sections for 17° -
production in PP 
(22.4 GeV/c) and pp 
(24 GeV/c) interacti­
ons and their_diffe­
rences D.u =a PP- a PP • 

n n n 

The total and topo­
logical cross sections 

1 of 11° production are 
determined as follows 

(4) 

where n is the number of charged particles in an event. In 
order to estimate the cross section of "0 production in an­
nihilation channels, we use the difference of the topological 
cross sections "•("0

) in PP (22.4 GeV/c) and pp (24 GeV/c) /s/ 
interactions for the events with n ?- 2. This is a reasonable 
approximation at low energies ( Plab < 10 GeV/c), where an­
nihilation has been separated. At high energies .... 90% of the 
total annihilation croSs sections is accounted by the diffe­
rence of the PP and pp cross sections based on Regge pheno­
menology 141. 

The topological cross sections of tr
0 production in pp and 

pp interactions and their differences are presented in Fig.! 
and Table 2. It is seen that the fraction of "annihilation 11 

a 0 -s increases from 9% for n = 4 to 89% for n = 10 and be­
comes ..... 100% for n ;;;; 12. The average number of charged par­
ticles associated with the .. annihilation" tr 0 -s equals 7.00 + 
+ 0. 41. For all events with rP-s this value is equal to -
4.92 + 0.34 which coincides, within errors, with the charged 
parti;-le multiplicity in all inelastic events <n> =4.69=0.05 151 

In high energy experim~nts /6/ the correlation has been ob­
served between the average number of tr

0
- s , <n 

17
o >, and the 

number of associated charged particles which can be described 
by the linear dependence 

<n"o >=a+bn (5) 
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Table 2 

The topological cross sections of "0 -s production in pp 

and pp interactions and their differences 

a ("0) a ("0) 
n n - 11a n <n rro > 

Topolor;y pp ~ "0(22.4) pp~ " 0 (24) a pp -u PP [3 =-n n 
mb mb mb 

a PP 
n pp (22.4) 

n 1.05 1 .63 

:tO. 1 8 ±D-33 

-
2 14.05 13.92 0,13 0,01 1. 59 

±o. 75 ±o.96 ±:, ,22 ::t<J.18 

4 23.50 21.46 2,04 0.09 1. 66 

±o.99 "±a. 65 ±1.18 ±o.os 

6 20,69 13,02 7.67 0.37 2,19 

±o.97 ~.36 ±1.03 :!:o.tz 

3 9.75 4,36 5.39 0.55 2,39 

±o. 10 ±o.23 ±o. 74 ±o.t9 

10 ?.,34 0,25 z.og 0.89 1,65 

±o. 35 ±o.o6 ±o.36 ±o.26 

12 0,47 0.47 1,0 1. 96 

±o.1s ::!:o.l8 ±o. 79 

14 0,034 0,0]4 1.0 0,57 

:!0.034 ±o.034 ±o.60 

all 71 .89 53.0 17 .a 1.84 

±1. 7R ±, .2 ::!2.2 :to.o6 

<n> 4.92 7,00 

±o.J4 ±o.41 
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Fig.2. Average number of 
PP-n'.x 1r

0 -s vs number of nega-
v 100G•VIC 

tive particles, n 
4 

• 32 G.vtc 

"" t 

I 
A 22.4G•VIC c:::" • • x MODEL This linear law ~s not v 3 

t • t valid at large n_ because 

2? t+ 
of energy consideration. 

~. 
~ 

~ 
In fig.2 we display<n.,>vs 
n_ for PP interactioR's 
at tool71, 32 /8/ and 

1 22.4 GeV/c. As is seen, 
the linear increase of 
<n

11
o>with n_ takes place 

in the interval 1 -s;;. n ~ 4. a 1 2 3 4 5 6 7 n_ ·For n > 4, <n 0 > at 22" .. 4 - " and 32 GeV/c is smaller 
than <n"o> at 100 GeV/c in accordance with a weaker phase 
space limitation in the latter case. Besides, the data at 
100 GeV/c indicate a possible increase of the <n170> and n_ cor­
relation with increasing energy. The value of the parameter b 
calculated in the interval 0 :S n ~ 4 is equal to 0. 26 + 0.06 
in our experiment. This is 1n agreement with the critical li­
quid model 191 , which predicts the slope to be independent of 
the type of colliding particles and to increase with increas­
ing free energy E! (see fig. 3). 

Previously we have compared our experimental data on char­
ged particle production in PP interactions at 22.4 GeV/c 1111 
with the events generated accordirig to the quark-parton mo­
del1121. The dependence of· <n

17
o> on n_ presented in fig.2 for 

generated events shows that the tr0 yeld is overestimate9 in 
the model: <n 17o>mod= 2.12 as compared to <n"o>ex = 1.84 .±. 
+ 0.06. The data are described by the model only for n = 1 
B:nd 3. The linear dependence of <n,o•>on n_ is specific to the 
models with abundant resonance production. For example, if " -
mesons are produced only in the decays of w -type resonances, 
then <n,.o > = n_. The dependence becomes weaker in the case 
when p -mesons are the sources of 11 -mesons /l3/. The overesti­
mated value of <n17o> mod for n_ >... 4 is likely to be due to the 
overevaluated resonance yield in the model (the fraction of 

* The free energy E a is equal to y'S-2rn P and to v'·S for non­
annihilation and annihilation channels, respectively. Accord­
ing to a 23% contribution of annihilation tc the totcti inelas­
tic pP cross section at 22.4 GeV/c, we get E a= 5.17 GeV. 
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Fig.3. Slope parameter b 
in eq.(5) vs free energy 
Ea for different reacti­
ons /10/. The full line is 
the prediction of the 
critical liquid model. 

directly produced 11-s in 
the model is only - 7% of 
all 1T-mesons) • 

According to the hypo­
thesis of scaling in the 
mean /14/, the one-partic­
le inclusive distributi-

as 

0.4 

ao 

-0.4 t 

t 

10 

t 
• PP 22.4 G<!V/C 
.. pp 
+ rrP 

20 30 

ons of the longitudinal and transverse momenta in multipartic­
le reaction scale as follows: 

1 dan 
), ~ 

Pi. 
an 

- =¢ (~ 
<Jp* I> d~n L n n 

L n 
(6) 

1 dan PT 

an 
-d-=¢T(~n), 7J n = 

<p T>n ryn (7) 

where an is the topological cross section and the functions 
¢ L and </J T are independent of primary energy, multiplicity 
and initial states. 

We check the validity of scaling in the mean in the reacti-
ons 

(8) 

(9) 

at 22.4 GeV/c. 
The values <I Pi I> ·and <p T> for y-s are given in Table 3 

for n = 2,4,6 and for all topologie_s. 
The distributions ¢L (~n) calculated for different topologi­

es as well as for all the events of the reaction (8} are dis­
played in fig.4. The concentration of the data points near 
each other indicates the independence of charged multiplicity. 
The_ solid curve in fig. 4 is the result of approximation of the 
corresponding distributions in the reaction "-P .... y + X at 

7 



Table 3 

The average longitudinal and transverse momenta of y -s. 
(The 5 GeV/c rr-p-data are from ref.l5)o 

Topology 

<IP[I>. 
GeV/c 

0.1 

8 

2 

Oo235 
+Oo017 

Oo158 
+Oo007 

4 

Oo 211 
+Oo012 

Oo178 
+Oo007 

PP- 't' • X. 2204 GeV/C 
o n=2 
• n=4 
• n=6 

6 

Oo178 
+Oo010 

Oo176 
+Oo007 

All 

pp..., y+ X 

22o4 GeV/c 

Oo197 
+Oo007 

Oo168 
+Oo004 

"-p-Joy+X 

5 GeV/c 

Oo147 
. +Oo004 

Oo172 
+Oo002 

Fig.4. Normalized distribu-
0 1 da f doff tlon a di or 1 erent to-

• AU - rrP- 't'• Xo5 GeV/C 

pologies n in the reacti­
ons j)p-.y+X at 22.4 GeV/c. 
The full line approximates 
the data in the reaction 
rr-p ~ y +X at 5 GeV/co 

1 d<T 

" d~y 

5 GeV/c /15/ o It also 
well describes our data 
thus indicating the in­
dependence of ¢ L (>.) on 
the type of colliding 
particles and their 
energy. 

To obtain the scaling 
distribution ¢ L (f) for 
rr 0

- s , we use the integ­
ral equation /15/. 

(!O) 



Table 4 

Parameters of function (12) 

A! A2 

PP -+ Tl
0 +X , 1.08 1.10 

22.4 GeV/c +0.07 +0.05 15/10 

"-p-.11°+X, 1.04 1.05 
5 GeV/c +0.03 +0.02 54/71 

where ¢ (~ ol=.!. ~. 
L " a d( o 

" p * (q *) is the longitudinal momentum of y(tr0
) 

rroLma~s. The lower integration limit depends on 
and 

~y 
m is the 
in the 

following way rn2 
A =2~ -

y s~y<IP~I> 2 (II) 

The normalized experimental 
~y distributions shown in 
f~g.4 were fitted by formula 
(10) with the function 

¢ (~ 
0
)=A exp(-A 1,; 0 I) (12) 

Lrr 1 211 

with A 1 ( i = 1,2) as free 
parameters. In Table 4 these 
parameters are compared with 
the corresponding ones in 
the reaction rr- p -+ rfJ +X at 
5 GeV/c. As these parameters 
agree within errors, we can 
conc}ude that the distribu­
ons a * are independent of 
collidirig particles and in­
cident energy. 

In fig.S we co~pare the 
distribution ¢L(~)in there­
action (9) with the quark­
parton model predictions/12( 
Despite the overestimation 
of rr

0 -production, the norma­
lized distribution is well 
described by the model. 

1. 

0.1 

PP- fi~X ,22.4 G•V/C 
I EXPERiMENT 

.n_MODEL 

Fig.S. Experimental and quark­

parton model distributions_!_~ 
a d~ 

in the reaction PP ~ TT
0 + X at 

22.4 GeV/c. 
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PP-'t'•X, 22.4GeV/C 
• n=2 
• n=4 
• n=6 
• Me 
- n-P-'t'•X,SGeV/C 

as 1.0 1.5 2.0 2.5 

rz =..& 
<Pr> 

Fig.6. Normalized dis-
"b , 1 da f d • f tr1 ut1on -- or 1 -

a d~ 
ferent topologies in the 
reactions PP-+Y+ X at 
22.4 GeV/c. The full 
line approxi~ates the 
data in the reaction 
IT-p~y+X at 5 GeV/c. 

The scaling distribu­
tion ¢ T(~ n ) for the re­
action (8) in terms of 
the transverse scaling 

p T . 
variable 71 = --- lS 

n <p > 
shown in fig.6 ifi gom­
parison with the 
corresponding distribu­

tions in the reaction rr-p-+y+X at 5 GeV/c. Again, ¢T(ry n) 
seems to be independent of multiplicity, the type of colliding 
particles and primary energy. 

Conclusions: 
1. The average number of charged particles accompanying 

"annihilation" rr0 -s (7.00 + 0.41) is higher than the one for 
all events with rr0 -s (4.92-+ 0.34). 

2. The value of the slo.r)e parameter b in eq. (5) determined 
in an interval of 0~ n_ $4 is in agreement with the critical 
liquid model prediction. 

3. The hypothesis of scaling in the mean is found to be va­
lid for y -s and rr0 -s~ 

4. The quark-parton model slightly overestimates the avera­
ge number of rr0 -s, but describes well the normalized ¢ L (' )­
distribution. 
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