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In studies of pp interactions, processes with the complete 
destruction of primary baryons and antibaryons in annihilation 
reactions BB -.mesons are of particular interest. 

The separation of annihilation channels at primary momenta 
higher than 10 GeV/c is complicated due to increasing a frac­
tion of events with several neutral particles. To estimate §a­
annihilation cross sections, the differences of pp and pp at 
equal energy are commonly used 111. 

As the 0 -prong annihilation cross section rapidly decreases 
with increasing energy, it is neglected at primary energy hig­
her than 10 GeV/c12~Besides, the 2-prong annihilation cross 
section is estimated using the low energy annihilation data12,S( 
Bel~w we use extrapolation based on the annihilation data at 
P11b<IO GeV/c in the formula: 

u: =525. S -e.o1 (mb) (I) 

where S is in (GeV) 2, x 2/ND = 1.9/4. 
The PP- PP differences at 22.4 GeV/c for nch ~4 have been 

obtained in ref. l&l. 
Th:: t~t.::l ~r .:.~::i~il.:.ti~:: ::::-:::: ==::ti:::-:.: t!:~= :.:ti=~t:::=! .... b ... """-

well with the experimental values directly obtained at 
Plab. < 10 GeV/c and also with the data well fitted by a solid line 
p -0.81 (see fig. I). 

lab . "1 . 1 d . h . A s1m1 ar process 1s a so use to est1mate t e cross sect1ons 
of rr0

- and K~-mesons in pP annihilations 141 (see figs. 2 and_12_. 
In this paper we present the estimates at the total and to­

pological cross sections of neutral rr 0 and K~, ene!gy fractions 
and total multiplicities of particles produced in pp annihila­
tions at 22.4 GeV/c. 

The experimental data have been obtained with the help of 
the 2 m HBC "Ludmila" exposed to an RF separated antiproton beam 
at the Serpukhov accelerator. 

After treating 37000 events of pp interactions, we have 
found 24400 y-s.Details of the data processing are described in 
ref. 181 

Let us introduce the following designations: u! is the to­
pological annihilation cross section, uA(rr0

) and uA(Kn) *are 
the annihilation cross sections of rr 0

- and Kn-mesons, n- is 
a given charged multiplicity. 
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Fig. I. The energy dependence 
of P'P annihilations and pp -pp 
differences. The line is the 
fit of the annihilation data. 
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Fig.2._ The energy dependence 
of the inclusive " 0 cross sec­
tions in pp annihilation and 
pp-pp differences. The line is 
hand-drawn to guide the eye. 

Fig.3. The energy dependence 
of the inclusive K~ cross 
sections in pp ann1hilation 
and pp -pp differences. The 
line is hand-drawn to guide the 
eye. 

To obtain uA ("
0

), we have used the "o topological cross 
sections in pp interactions at 24 GeV/c 17•1 normalized to 

00
(un/ =Z.i'.2.,.i.L. at:"-'·'+ ueVtc. 1n1s value tallows trom the 

formula: 

which describes well the data on the 
teractions for primary momenta in an 
( x2/ND =5. 1/5). 

P lab in GeV/c (2) 

"
0 cross sections in pp in­

interval of 2-300 GeV/c 171 

_To obtain uA (Kn ), the topological cross sections of Kn-S 
inpp interactions at 19 GeV/c 18/ have been used. 

The resulting estimates of the annihilation "o and K n cross 
sections as well as the average " 0 and K n annihilation multi­
plicities are presented in table I. 

The average "0 multiplicity in ~p annihilation at 22.4 GeV/c 
is compared with the data at different primary momenta in fig.4. 

The dependence of <" 0 >A on the number of charged particles 
ncb in annihilation events at various primary energies is shown 
in fig.5. 

The 22.4 GeV/c data given only for n0~ ~ 4 since the value 
of <"0 > A at nch =2 has been obtained w1th a large error._As 
is seen, <" 0 >A decreases with increasing ncb contrary to PP 
nonannihilations or pp interactions where <" 0 > increases. 
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Fig.4. The energy dependence of 
the average rr0 multiplicity 1n 
pp annihilations. 

Fig.5. The topological depen­
dence of the average rr0 multi­
plicity in pp annihilations. 

The important characteristic of the process of multiple pro-­
duction is the energy fraction 'II representing the energy frac­c 
tion carried by the particles of a given type (in the c.m.s.). 

The energy fractton 'II in pp interactions is related to the 
energy fractions 'II~A an~~ of nonannihilation and annihilation 
channels by the formula 

'II = ( 1 - a )n N A + a 'II A ( 3) c ., c c ' 

where a - a A; a in . 
Fearn expression (3) 

'II -(1-a)'I!NA 
'II A= c c 

c a 

'II~ is equal to 

The energy fraction 'lc in the reaction a+ b-+ ctX can be 
calculated from the invariant X distribution 

191 

where 
fc -+ -1 ct3 a 

(4) 

(5) 

a b (S, P c ) = aab E c d3; · 
It is shown'10/ that the invariant distribution of charged 

pions (rr+ andrr- together) in pp interactions at 12 GeV/c 
coincides with that in pp nonannihilation at the same energy. 
Annihilation channel in this experiment has been separated ex­
perimentally. One can expect that the values of 'II rr++ rr- and 
'II o in pp and pp nonannihilation interactions are equal. The 

rr + . • • 
energy fractions of rr -,rr--and Kn -mesons 1n PP 1nteract1ons at 
24 GeV/c have been calculated from the invariant x -distribu­
tion17a/ according to formula (5), and the energy fraction of 
rr0 has been calculated from the phenomenological relation which 
well describes data in a wide range of energies 1

91 

'II PP ., .!_ (71 PP + 7l PP ) , ( 6) 
rr0 2 rr+ rr-

1 

' 

Table 2 

Energy fractions forrr--and Kn-mesons 

pp pp PPA 

0.215 0.302 0.66 

'~~rr+ +rr-
+0.014 +0.004 +0.06 

0.108 0. 156 0.36 

T/"0 +0.007 ,:!:_0.008 +0.05 

0.0100 0.0166 0.044 

T/K n +0.0012 +0.0003 +0.008 

The energy fraction of 'II~~* at 22.4 GeV/c has been ob­
tained in our previous paper /11/ based on the statistically 
separated rr + and p spectra. 

- /12/ To determine 'II Pg , we use the formula 
" <ny><\ Py \> (7) 

TJ"o = .Js , 
t.rh<>r<> <'n ~ i'< thP !'IVPT<IPP v-multiolicitV. (\P~.\> is the 
average £omentum in the ~.m.s. and ~~is the total c.m.s. ener-

gy. 
The energy fractions for rr- and Kn-mesons calculated by 

expression (4) in pp annihilation interactions are presented 
in table 2. 

Previously in e+e- annihilation to hadrons the increase has 
been observed of the energy fraction of neutral particles with 
increasing primary energy/18/ in comparison with the expected 
value of T/ o =1/3. However, all particles have been assumed to 
be charged ~r neutral pions. It has been supposed

1
1
41 

that the 
energy dependence of coe f f ic i~nt f3 = T/ "o I TJ If+ in e +e-, P~ . 
annihilation is the same. As 1s seen from f1g.6,the coeff1c1entf3 
in e+e- annihilations increases with energy and reaches the 
value essentially higher than I ( TJ o > I /3) while in PP an-rr 4 • 
nihilations f3 is practically constant; f3 =1.07:!:_0. I 1n PP an-
nihilations at 22.4 GeV/c. 

due to CP-symmetry. 
* In till interactions 71 +"' 'II -

fT " 
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Fig.6. The enrgy dependence 
of the ratio of the energy frac­
tions for neutral and charged 
rr-s in pp and e+e- annihila-
tions. 

However, in a recent paper /18/ on e+e- annihilations, in 
which secondary particles (baryons, K-, rr -mesons) are indenti­
fied, 71 o has been found to be 0. 25 + 0. 30 ({3 =I). 

To co~pare the total average multiplicity of _charged and 
neutral particles in inelastic and annihilation pp interactions, 
one should determine the average multiplicity of neutrons <n> 
in inelastic interactions using the relation 117/ 

a A. a1°(1- <p>- <n>-<A>). (8) 

Hence 
a A 

<D> • 1- -- -<p>- <A>. (9) 
uln 

Substituting aA from table I, <p> =0.478+0.004 1111 ,<A> = 
=0.029+0.002 1 18~ we get from formula (9) <n>-=0.31~0.03 which 
is in agreement with a value of 0.37+0.11 ob~ained previously 
by another method ; iv/. 

The particle multiplicities of inelastic and annihilation w interactions at 22.4 GeV/c are compared to those in pp in­
teractions at 24 GeV/c given in table 3. Note that due to CP 
symmetry <n> • <n> , <A> • <A> , <K 0 >• d{ 0 > in pp in-
teractions. As is seen from the data of table 3, the total multi­
plicity of particles produced in annihilations is 40%-30% 
larger than that for inelastic pp and pp interactions. 

Table 3 . 
Particle multiplicities for pp, pp and jjpA interactions 

< n charged> 
<ITO> 
<Kn> 
<A +A> 
<n + n> 
All 

6 

pp (24 OeV/c) 

4.25+0.03 
1.1s+o.os 
o.os2+o.oo3 
0.039+"0.003 
0.66+0.02 
6.78+"0.06 

pp (22.4 OeV I c) 

4.58+0.02 
1.84+"0.06 
o. 116+0. 006 
o.o5s+o.oo4 
0.62+0.06 
7.22+"0.09 

6.8+0.2 
3.2+0.3 
0.27+0.03 

10.2:+0.4 

~I 

.. 
! 

I 

i 
) 

The following results have been obtained: 
I. The estimates of the topological cross sections and the ave­
rage multiplicities of rr 0 and Kn in pp annihilation at 
22.4 GeV/c have been obtained. 
2. The energy fractions. of rr 0 and K0 in the annihilation chan­
nel have been determined. 
3. The energy fractions of rr 0 in pp annihilations are appro­
ximately equal to that of 11 + and practically independent of . , 
pn.mary energy. 
4. The total multiplicity of charged and neutral particles in 
pp annihilation at 22.4 GeV/c is equal to 10.2~0.4 which is 
much larger than the corresponding value for inelastic pp and 
pp interactions. 
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BaTIDHH B.B. H AP· OnpeAeneHHe ceqeHHH 1 cpeAHHX E1-82-475 
MHO~eCTBeHHOCTeH H K03~HUHeHTOB HeynpyrOCTH npH o6pa90BaHHH 
HeHTpaJtbHbJX- H K-MesoHoB B pp -aHHHrHmi~HOHHbJX BSaHMOAeHCTBHHX 
npH 22,4 rsBic 

AuH onpeAeneHHH ceqeHHH, cpeAHHX MHOEeCTBeHHOCTeH H KOs~­
ci»HUHeHTOB HeynpyroCTH rr 0 H K 0 , o6paSYIDDgiXCH s pp-aHHHrHJin­
UHOHHbJX B9aHMOAeHCTBHJIX npH 22,4 rsBic, HCD~b90BaJlHCb AaHHble 
0 paSHOCTH COOTBeTCTB~X xapaKTepHCTHK B pp- H pp-B9aHMOAeH­
CTBHHX. CpeAHftJI MHO~eCTBeHHOCTb rr 0 B pp-aHHHrHJIHUHOHHbJX 
ssaHMOAeHCTBHHX pasHa 3,2+0,3 H npesbmtaeT aHanornqHhle AaHHhle 
AJU1 HeynpyrHX pp- H pp-B9aHMOAeHCTBHH. OnpeAeneH K03~HUHeHT 
HeynpyrOCTH rri; rr 0 H K0 IK 0 HJIH K0 I MesoHos, o6pa3YIDDgiXCH 
B aHHHrHJIHUHOHHbJX B9aHMOAeHCTBHR:X: ~rr+ =0,33~0,22,~~ =0,36~ 
~0 1 05, ~Kn =0,044~0 1 008. I!OJIHaR: MHO~eCTBeHHOCTb sap~eHHbiX 
H HeHTpan:&HbJX qacTH~,o6pasYID~xcn s pp-aHHHrHJIHIUrii-npn 22,'4 
rsBic,paBH~ ~0,2±0,4 H npeBMruaeT COOTBeTCTBYID~e BeJIHqHHhJ AJIH 
Heynpyrnx PP'" H pp- BSaHMOAeHCTBHH. 

'" • --- n TT -&.. _, ,_ ............ c ........... .: ..... _.... Aun,...~t"'rO Fl-R?-671:\ 
J.JelLJUll,YCL U• W • ~r... U..&.e V.&......,oJu .,;.,_._._.._..., .......... ' ••• ---0 -

Multiplicities and Energy Fractions of Neutral rr- and 
K -Mesons in pp- Annihilations at 22.4 GeV I c 

To estimate cross sections, average miltiplicities and 
energy fractions carried by rr 0 and K0 in pp annihilations 
at 22.4 GeVIc, W-PP differences have been used. 

The average multiplicity of rr 0 in pp annihilations at 
22.4 GeVIc is equal to 3.2+0.3 that is larger than the values 
1.50+0.05 and 1.84+0.06 for pp and ii'P interactions, respecti­
vely-:-

The energy fractions carried by rr +, rr 0 and K
0 

(K 0 or K0 ) 

have been determined: ~~=0.33~0.02; ~rro=0.36~0.05; ~1{0=0.044~ +0.008. 
The energy fractions of rr0 in pp annihilations are approxi­

mately equal to those of ~ rr+ and practically independent of 
primary energy. 

The total multiplicity of charged and neutral particles in 
pp annihilations at 22.4 GeVIc equals 10.2+0.4 which is much 
larger than the corresponding value for inelastic pp-and pp 
interactions. 
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