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

The separation of annihilation channels at primary momenta
sigher than 10 GeV/c is complicated due to increasing a frac—
:ion of events with several neutral particles. To estimate BB
mnihilation cross sections, the differences of pp and pp at
:qual energy are commonly used

As the 0 -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. s™B0L  (mp) (1

where 5 is in (GeV)%, x®/ND = 1.9/4.

The . pp -pp differences at 22.4 GeV/c for ng, 24 have been
obtained in ref.’%,

The total pp annihilatior cross sections thus estimated agree
well with the experimental values directly obtained at
Phb.<|0 GeV/c and also with the data well fitted by a solid line

I -81 (see fxg. ).

5 similar process is also used to estimate the cross sect1ons
of n°~ and K“-mesons in pp annihilations’4/ (see figs. 2 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
the2 m HBC"Ludmila" exposed to an RF separated antiproton beam
at the Serpukhov accelerator.

After treating 37000 events of pp 1nteract10ns, we have
found 24400 y-s. Details of the data processing are described in
ref.

Let us introduce the following designations: oﬁ is the to-
pological anmnihilation cross section, o®®°) and o®®,)* are
the annihilation cross sections of n°- and K, -mesons, & - is
a given charged multiplicity.

“K_is K° and K°.
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Flg. I. The energy dependence Fig.2. The energy dependence }
of pp annihilations and Pp~pp of the inclusive #° cross sec- !
differences. The line is the .tions in PP annihilation and :
fit of the annihilation data. pp-pp differences. The line is

hand-drawn to guide the eye.

¢
Gmb) 1 (Bp-epl~ K Fig.3. The energy dependence

. L add of the inclugive K° cross
sections in Pp annihilation
and pp-pp differences. The
line is hand-drawn to guide the

0 10 PL:a,(GeV/c) eye.

To obtain o®(r®), we have used the m° topological cross
sections in pp interactions at - 24 GeV/c /7 normalized to
o PP (zo) =47.2+1.2 at 22.4 GeV/c. This value follows from the

formula:
oFP (7°) = 20.00 + 24.80 luP, , (mb), P, In GeV/e 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 v
(x¥/ND  =5,1/5),

To obtain d‘(l( ). the topological cross sections of K a3
mpp interactions at 19 GeV/c/8/ have been used.

The resulting estimates of the annihilation »® and K, cross
sections as well as the average »° and K annihilation multi-
plicities are presented in table 1.

The average n° multiplicity in Ppp annihilation at 22.4 GeV/c
is compared with the data at different primary momenta in_fig.4.

The dependence of <#®>% on the number of charged particles

h in annihilation events at various primary energies is shown

f1g.5.

The 22 4 GeV/c data given only form, >4 since the value
of <#®> 4% at ng, =2 has been obtained with a large error._As
is seen, <7®>4 decreases with increasing nep contrary to pp
nonannihilations or pp interactions where <w®> increases.
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Table 1

Topological cross sections and average multiplicities of
7% and K ,-mesons produced in Pp annihilations

2 T ALl
inetast. * 6 8 10 - 12 14

Topology topologles

G MM a5 439 909 58T 202 04T 0.03 236
" ! £1.22  £1.18 £ 1.03 20,74 #0.36 20.18 20.034 £ 2.2

A 0.12 0.3 0.36 0.34 0.10 1.74
G (kW),ME :
10.08 0.1 10.09 +0.04 10,03 10 «16
O. 1.18 2.8 «0Q 0.89 0.234 0.046 7.49
G‘HA s P f 44 3 2.04 k ‘
+0.07 £0.15 $0.11 30,08 $0.04 10 013 10.005 +0 -2.2
6.1 3.7 3.2 2.9 2.4 2.0 0.74 3.2
<n*,? ‘
:4-8 11 o1 10.4 3004 ;0.4 ;0'_008 :0 .74 :003
A O.44 0.25 0.3 0.18 0.11 0623
<k,
032 30.09 40.1  30.02 $0.03 $0.02

P £l
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Fig.4. The energy dependence of Fig.5. The topological depen-
the average #° multiplicity in dence of the average »° multi-
pp annihilations. plicity in Pp annihilations.

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

The energy fractlonn in pp interactions is related to the
energy fractions nrf,A and 17% of nonannihilation and annihilation

channels by the formula
7, =U-aliheand, (3)

where a ma® o' | .
From expression (3) ,, is equal to
ng = -a)pNA
7 : - — (4)
The erergy fraction g, in the reaction a +bs+c+X can be
calculated from the invariant X distribution /%

7, (8) =3 [dxd®p S (x.p,.8) . (5

where
o - - 3

rn: @, L )’anblEo '%!-1’

It is shown'19/ that the invariant distribution of charged
pions (#%* and gy~ 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. Ome can expect that the values of p 4, .~ and
7,0 in pp and Pp nonannibilation interactions are equal. The
energy fractions of #%-s"-and K, -mesons in pp interactions at
24 GeV/c have been calculated from the invariant x -distribu-
tion/?a/ according to formula (5), and the energy fraction of
n° has been calculated from the phenomenological relation which
well describes data in a wide range of energies /?
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Table 2

Energy fractions for » -and K, -mesons

P L) (1%
0.215 0.302 0.66
Tpt w0~

+0.014 +0.004 10.06
0.108 0.156 0.36

Ny0
10.007 ,+0.008 $0.05
7 0.0100 0.0166 0.044

K
" #0,0012 +0.0003 +0,008

The energy fraction of n"i * at 22.4 GeV/c has been ob-

tained in our previous paper /!1/ based on the statistically
separated 7+ and P spectra.
To determine P8, we use the formula 718/

< <[p* >
LAl A P

7 \/-s-
where <:,(> is the average y -multiplicity, <lip}i> is the
average momentum in the c.m.s. and g is the total c.m.s., ener-

A

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

Previously in gte~ annihilation to hadrons the increase has
been observed of the energy fraction of neutral particles with
increasing primary energy 713/ in comparison with the expected
value of n, =1/3. However, all particles have been assumed tc
be .harged or neutral pions. It has been supposed 714/ that the
energy dependence of coefficient Bmp o /n.+ in e*e”™, Pp
annihilation is the same. As is seen from fig.6,the coefficient g8
in e*e™ annihilations increases with energy and reaches the
value essentially higher than | (»n, > I/3) while in Pp an-
nihilations B is practically constant; 8=1.07+0.14 in pp an-
nihilations at 22.4 GeV/c.

*In pp interactions M4m0 - due to CP-symmetry.
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8PP~ amih Fig.6. The enrgy dependence
w @ o b amnih of the ratio of the energy frac-
P u M tions for neutral and charged
i ' ' r—a in Pp and ete~ annihila-
tions.
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However, in a recent paper 718/ on ete™~ annihilations, in
which secondary particles (baryons, K-, 7 -mesons) are indenti-
fied, n,o has been found to be 0.25%0.30 (8 =1).

To compare the total average multiplicity of charged and
neutral particles in inelastic and annihilation pp interactionms,
one should determine the average multiplicity of neutrons <n>
in inelastic interactions using the relation /1V

cldagli(l _ <p>a<p>=<A>). (8)
Hence
o
<ﬂ>-l—;—l;~—<p>—<A>. (9)

Substituting ¢* from table 1, <p> =0.478+0.004"1Y (A> =
=0.029+0.002 /1% we get from formula (9) <n> =0. 31+0. 03 which
is in agreement w1th a value of 0.37+40.11 obtained “previously
by another method /

_ The particle mu1t1p11citie 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 <a> = <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%-30%

larger than that for inelestic pp and pp interactionms.

Table 3 -
Particle multiplicities for pp, P and W‘ interactions

pp (24 GeV/c) Pr (R2.4 GeV/0) ‘PpA(22.4 QeV/c)
€8 charged >  4.25+0.03 4,5840,02 6.840.2
<n®> 1.75%0.05 1.84%0.06 3.2%0.3
<Kp> 0.082+0.003 0.116+0.006 0.2740.03
<A +4A> 0.03940.003 0.058+0.004
<p + 0> 0.66+0.02 0.62+0.06
Al 6.78%0.06 7.22%0.09 10.240.4




The following results have been obtained:
The estimates of the topolog1cal cross sections and the ave-

rage multiplicities of #° and Ky in Pp ann1h11at1on at
22.4 GeV/c have been obta1ned.

2,

The energy fractions.of #° and K° in the annihilation chan-

nel have been determined.

3.

The energy fractions of »° in pp annihilations are appro-

x1mate1y equal to that of 5 ot and practically independent of

primary energy.
4. The total multiplicity of charged and neutral particles in

P

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

interactions.
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Barious B.B. u mp. Onpegenense ceuenwit,cpegHix E1-82-475
MHOXecCTBeHHOCTelt H KoaddHLHeHTOB HeylnpyrocTu npd o6pasoBaHMi
HeATPANBbHHX #~ H K~Me30HOB B Dp ~aHHHTHISUHOHHNX B3aHMONEelHCTBHAX
npu 22,4 'sB/c

Ins onpemeneHHs ceveuuii, CpeSHHX MHORECTBEHHOCTEH H Ko3d~
¢uuMeHTOB Heynpyrocts n° u K,, obpasywomuxca B I)p-aumirmm-
UHMOHHHIX B3aWMopelicTBHAX npu 22,4 IM'sB/c, ucnonbsoBamuce paHHMe
0 PasHOCTH COOTBETCTBYWIHMX XAapPaKTEePHCTHMK B Bp- H pp-B3auMogel-
cTBHAX. CpenHAA MHOXECTBEHHOCTh #° B Bp-ammrmnuuonm.m
B3aMMOOeHCTBHAX paBHa 3,2+0,3 u npememiaeT aHaJlOrMuHbe OaHHbIE
ans Heymnpyrux pp- u Ep-nsaunoneﬁc'rsuﬁ. Onpegenen xosdgduumeHT
HeYNnpyroctu s+, n® H K, /K® wumt g / MEe30HOE, 06pasyomuxcs
B aHHUIMUISLHOHHMIX B3auMopeHcTBuaX: p 4 =0,3340,22,7 0 =0,36+
10,05, KR, =0,044+0,008, llonHas MHOXECTBEHHOCTb 3apAKEHHHX
H HeHTPAMBHEIX YaCTHI,06PA3YHMHXCA B PP-aHHHIWIANMH NpH 22,4
FSB/c,paBHi 10,2%0,4 u npeBmmaeT COOTBETCTBYWMDHE BeJTHYHHH OJIS
Heynpyrux Pp=u Pp - B3auMogelcTBHH .

fipenpunt 06MeaMHEHHOTrO MHC MTYTa AAEPHUX Mccnegosanwsi, flybHa 1982

Batyunya B.V. et al. Cross Sections, Average E1-82-475
Multiplicities and Energy Fractions of Neutral - and
K-Mesons in pp-Annihilavions at 22.4 GeY/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 7#°® 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 g+, 7»° and K,K® or K°)
have been determined: n,+=0.33+0.02; .0 =0.3640.05; g =0.044+
+0.008. _ o

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

The total multiplicity of charged and neutrai particles in
PP annihilations at 22.4 GeV/c equals 10.240.4 which is much
largec than the corresponding value for inelastic pp and pp
interactions.

Preprint of the Joint Institute for Nuclear ReFearch. Dubna 1982
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