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

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

As the O -prong annihilation cross section rapidly decreases
with increasing energy, it is neglected at primary energy hig-
her than 10 GeV/c’/®/ Besides, the 2-prong annihilation cross
section is estimated using the low energy annihilation data’/2:3/
Below we use extrapolation based on the annihilation data at
P|,p<10 GeV/c in the formula:

of =525, s7E01  (mb) (1)

where 8 is in (GeV)%, y%/ND = 1.9/4,
The pp~pp differences at 22.4 GeV/c for ng; 24 have been
obtained in ref.’%
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well with the experimental values directly obtained at
Pub.<10 GeV/c and also with the data well fitted by a solid line
—0.61 (see fig.1).

‘5 similar process is also used to estimate the cross sectlons
of n°~ and l(°-mesons in Pp annihilations’4’ (see flgs. and 3)
In this paper we present the estimates at the total and to-
pological cross sections of neutral #° and K$, energy 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.

Let us introduce the following designations: aﬁ is the to-
pological annihilation cross section, o2(°) and oA ,)* are
the annihilation cross sections of n°- and K,-mesons, n- is
a given charged multiplicity.

"Kn is K° and EK°.
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To obtain o* (7°), we have used the n° topological cross
senctions in pp interactions at 24 GeV/c .’V normalized to

v Cw’j =47.2+i.Z at zz.4 Gev/c. lnis value rollows trom the
formula:

oPP (7°) = 20.90 + 24.89 In P,p (md), P, 1o GeV/c (2)

which describes well the data on the »° cross sections in pp in~
teractions for primary momenta in an interval of 2-300 GeV/c’"
(X¥ND  =5,1/5),

_To obtain o4 (K,) the topological cross sections of K,~-8
inpp interactions at 19 GeV/c/8/ have been used.

The resulting estimates of the ann1h11at10n 7° and K, cross
sections as well as the average 7° and K ; annihilation mu1t1—
plicities are presented in table 1.

The average 7° multiplicity in Tp annihilation at 22.4 GeV/c
is compared with the data at different primary momenta in flg

The dependence of <#®>4 on the number of charged partlcles

ch in annihilation events at various primary energies is shown

flg 5,

The 22.4 GeV/c data given only for n, >4 since the value
of <a®> 4 at Dep =2 has been obtained w1th a large error._As
is seen, <n°>A decreases with increasing Y contrary to pp
nonannihilations or pp interactions where <#°> 1increases.

2

of the 1nc1u31ve 7°® cross sec—

line is hand-drawn to guide the
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Fig.4. The energy dependence of
the average 7 multiplicity in
pp annihilations.

Fig.5. The topological depen-
dence of the average n° multi-
plicity in Pp annihilations.

The important chatacteristic of the process of multiple pro—-
duction is the energy fraction 7 representing the energy frac-
tion carried by the particles of a given type (in the c.m.s.).

The energy fractionn, in Pp interactions is related to the
energy fractions aNA and v% of nonannihilation and annihilation
channels by the formula

n, =(1-amW+ank, (3)

where a=ad o' . A
From expression (3) n7, is equal to
e - (1-a)n§a

ne= T . ' (4)

The energy fraction n, in the reaction a +bsc+X can be
calculated from the invariant X distribution /¥

ng 8 =5 [dxd®p 5 (x.p.8) (5)

where
c -» - 3

fab (S'pc)=aablEc —9'3_"7—'

It is shown’10/ that the invariant distribution of charged
pions (r* andr” 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 Moty n— and
n,0 in pp and pp nonannihilation interactions are equal. The
energy fractions of p*-,m—and K -mesons in pp interactions at
94 GeV/c have been calculated from the invariant x -distribu-
tion’/%a/ according to formula (5), and the energy fraction of
#° has been calculated from the phenomenological relation which
well describes data in a wide range of energies 79/

1
n:;g -—é-(n ‘:'p++ n:_‘f ). - (6)

e
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Table 2

Energy fractions for 7 —-and K,-mesons

PP p op?
n 0.215 0.302 0.66
+ —
T +0.014 +0.004 +0.06
0.108 0.156 0.36
n_o
" +0.007 ,+0.008 +0.05
. 0.0100 0.0166 0.044
K
" +0.0012 +0.0003 +0.008
PP »

The energy fraction of Mo+ at 22.4 GeV/c has been ob-
tained in our previous paper /11/ based on the statistically
separated #%* and p  spectra.

To determine n#B, we use the formula

<n><\p >
,,o,__“z__‘_"z_‘___ 7)

m \/-S-
whare <n > is rhe average v -multiplicitv. <ip*l> is the
average momentum in the c.m.s. and g is the total c.m.s. ener-
gy

The energy fractions for m— and K, -mesons calculated by
expression (4) in pp annihilation interactions are presented
in table 2.

Previously in ete~ 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 7npo =1/3. However, all particles have been assumed tc
be charged or neutral pions. It has been supposed/‘4/ that the
energy dependence of coefficient B ="ﬂ°/”n+ in e%e™, Dp
annihilation is the same. As is seen from fig.6,the coefficient g
in ete” annihilations increases with energy and reaches the
value essentially higher than | (n,0 > 1/3) while in Pp an-
nihilations B is practically constant; g=1.07+0.14 in pp an-
nihilations at 22.4 GeV/c.

718/

*In fp interactions ne= - due to CP-symmetry.
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However, in a recent paper 18/ on e*e™ annihilations, in

which secondary particles (baryons, K-, » -mesons) are indenti-
fied, 7,0 has been found to be 0.25+0.30 (B8 =1).

To compare 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 /1%

cAmoll(l o <p>—<n>~-<A>), (8)
Hence
A
<n>-1_f-l;--<p>-<A>. (9)

Substitutin§ o* from table 1, <p> =0.478:0.004/”/,<A> =
=0.029+0.002 /18/ we get from formula (9) <n> =0.31+0.03 which
is in agreement with a value 6f 0.37+0.11 obtained previously
by another method ’ ¥/,

The particle multiplicities of inelastic and annihilation
PP 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 <mn> = <n> , <A>=<A>, <K°>=<K°®> in pp in-
teractions. As is seen from the data of table 3, the total multi-
plicity of particles produced in annihilations is 40%Z-30%
larger than that for inelastic pp and pp interactions.

Table 3 . _
Particle multiplicities for pp, pp and pp® interactions

pp (24 GeV/c) Pp (22.4 GeV/o) PrA(22.4 QeV/c)

<n charged > 4.25+0.03 4.58+0,02 6.8+0.2
<r°> 1.75+0.05 1.84+0.06 3.2+0.3
<Kp>_ 0.082+0.003 0.116+0.006 0.27+0.03
<A +A> 0.039+0.003 0.058+0.004

<n + fi> 0.66+0.02 0.62+0.06

All 6.78+0.06 7.22+0.09 10.240.4

i

- %
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The following results have been obtained:
1. The estimates of the topological cross sections and the ave-
rage multiplicities of #° and Ky in Pp annihilation at
22.4 GeV/c have been obtained. '
2. The energy fractions., of »°
nel have been determined.
3. The energy fractions of »° in pp annihilations are appro-
ximately equal to that of 7.+ and practically independent of
primary 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 interactioms.

and K° in the annihilation chan-
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Batoua B.B. ¥ gp. OnpenmeneHHe cedeHHii, cCpegHHX E1-82-475
MHOXeCTBeHHOCTel! H Ko3ddHIMEHTOB HeyNPYrOCTH NPH o6pasoBaHHH
HeATPANbHEX m U K—-MEe30HOB B pP —aHHUT'HJIALHOHHKIX BSaHMOOeNCTBHAX
npu 22,4 I'sB/c

IIna omnpepneneHds CcedyeHHil, CpegHMX MHOXeCTBEHHOCTeH H KO3~
dunneHToB HeynpyroctH n® u K, , obpasywmmxca B Pp - aHHHTHIA-
LHOHHLIX BsauMopmeHcTBuAX npu 22,4 I'aB/c, MCMOIbSOBANHCE [aHHbIe
O DPAasSHOCTH COOTBETCTBYWIHUX XapaKTEPHCTHK B Dp- H pp-BsauMopei-
cTBHAX. CpegHAA MHOXECTBEHHOCTb #° B Dp-— AHHUTHIIAIHMOHHBIX
B3auMmopeicTBuAX paBHa 3,2+0,3 u mpeBbmlaeT aHaNOrWyHbie OAHHLIe
Uil HeynpyrHx Ppp- H Bp-nsauuoneﬁcm'miﬁ. OnpepneneH Ko3¢dHLHEHT
Heynpyroctd nt, n°® H K, /K°® mmu K° / MesoHOB, o6pasyiommxcs
B aHHMIWIALMOHHHIX BSaWMONEACTBHAX: 7+ =0,33+0,22,n 0 =0,36+
+0,05, 7, =0,044+0,008. Tlonuas MHOXECTBEHHOCTb 3apsKeHHBIX
H HeHTPaJbHBIX 4acCTHL,06pa3’ywmMXcs B PP-—aHHHrWIAuUMM npH 22,4
FaB/c,paBug 10,2%0,4 u npeBhmaeT COOTBeTCTBYOmME BEeNHYMHH IJIA
Heynpyrux Ppp-H Pp - B3anumopeicTBHH.

NpenpuHT OGBEANHEHHOrO MHCTMTYTA AfEPHEX MccnenomaHuii. flybHa 1982

~ . I ] e -1 Nemmmmn CAntsAnmn Avravaco R1-R2=-47K
pDaLyullya LDeve TL G VLU LDO Meeeavise gy aey —a —-o-

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

To estimate cross sections, average miltiplicities and
energy fractions carried by #°® and K, in pp annihilations
at 22.4 GeV/c, pp-pp differences have been used.

The average multiplicity of »° in pp annihilations at
22.4 GeV/c 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 pp interactions, respecti-
vely. - _

The energy fractions carried by r+, #° and K (K° or K°)
have been determined: n"+=Q.33:0.02; nﬂo=0.3610.05; ngn=0.044_-0_-_
+0.008. _

The energy fractions of n° in pp annihilations are approxi-
mately equal to those of n_+ and practically independent of
primary energy.

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