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1. Introduction

In this paper we present results on single-particle

. inclusive spectra of secondary charged particles produced

in inelastic pp interactions at 22.4 GeV/c. The experi-
mental data were obtained from the 2 m hydrogen bubble
chamber “LUDMILA“ exposed to a RF-separated anti-
proton beam at the Serpukhov accelerator !/, Details
of the scanning procedure and the beam characteristics
were published earlier /2/.

All events were measured using semi-automatic
devices and processed by means of geometric reconst-
ruction programs (MDTHRESH, HYDRA geometry). Visual
estimates of ionization were made for all tracks of mo-
mentum less than 1.5 GeV/c. Necessary Kkinematic
quantities were calculated and the data were recorded
on DST by the program LINEX /37, Altogether 7343 in-
elastic events were used in this analysis®. Weights
were introduced to account for scanning, measuring
and computational losses. These weights vary with
topology, the average value being equal to 1.26.

Losses due to slow recoil protons were estimated by
fitting the do/dt distribution by A exp (Bt). The interval
0.06 <|t|< 0.30 (GeV/c)> gives B=12.0£0.6 (GeV/3)2.
This agrees with the value at 25.2 GeV/c from ref. 4/
(B = 11.8+ 0.1) for pp interactions. We also used the
azimuthal angle distributions of the slow proton for various
values of t and the constraint

Ae? =[0ef Nu-)t —(atot -Ain)Neﬂ]/(Ntut __Nee ).

* 1175 elastic events were excluded. For these events

the missing mass to the identified proton was required

to be less than 1.15 GeV and the laboratory momentum
of the negative particle greater than 19 GeV/c.



Thus the losses were found to be A= 2.6+0.2 mb for
elastic events and Aj, =0.30 £+ 0.05 mb for inelastic
events. Taking all corrections into account, our micro-
barn equivalent is equal to 4.60 + 0.05 ub per event.

2. Momentum Distributions

The momentum distributions for positive and nega-
tive particles in the laboratory frame are shown in fig. 1
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Fig. 1. The laboratory momentum distributions of se-
condary particles produced in Ppp interactions at
22.4 GeV/c.

together with those for identified protons. A peak at
large momenta of negative particles indicates the presence
of fast antiprotons and is mostly related to diffraction
dissociation. The transverse momentum squared distri-
butions for negative and positive tracks as well as for
identified protons are-given in fig. 2. As is seen from
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Fig. 2. The distributions of the transverse momentum
squared. The solid line and the dash-dotted line show
the distributions for the reaction pp-n~+X at
205/7/ and 28.5 GeV,/c/6/, respective;;;, the dashed line,
the reaction pp » p+X _ at 205 GeVc /7 (-1.< x £-0.5),
the points, the reaction pp »z+ + X at 100 GeV/c

Table 1, these distributions are well fitted by the two-
exponential expression

do__, exp(=b, p2 )/1; +(1 -a)exp(-b, P2/, ,
dp%‘
where l; ; are the normalization integrals. Note that

p - 5/
the pz distributions for the 22.4 and 100 GeV/cpp.daté;
are sTlmilar in shape, our data being slightly lower due
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57.5/44
39.6/44
70.2/46
45.3/46

0.2
4,0 + 0.1

b, (GeV/c) ™2
3,9 % 0,2
5.6 ¥ 0.4
4.1

b, (Gev/c) ™2
17.1 ¥ 5.0
15.2 ¥ 0.7
15,3 % 0,7

distributions
Parameters

Table 1
2
P

0.45 % 0.04
0.24 ¥ 0.10
0.51 ¥ 0,03
0.48 ¥ 0.03

1.0

Mixing parameter and slopes obtained in the two-expo-
1.0

nential fit of the

Py
(GeV/c)2

0.04 - 1,0
0.0
0.0

positive 0.04 - 1,0

Particle
negative

to smaller multiplicity of secondary particles. To com-
pare our results with pp data, we present in fig. 2 also
the p distributions obtained for the 28.5 and 205 GeV/c
PP data’®?/. There is a close agreement between our
spectrum for identified protons and that from the
205 GeV/c pp data. The statistical parameters of the
transverse momentum spectra of charged particles,
along with the results of other experiments, are given
in Table 2. The average values of the P and p dis-
tributions of positive and negatlve partlcles are close
to those for #— in the pp»7~ +X reaction at 102 and
205 GeV/c’'7/. It shouflld be noted that the values of
<py> and D= (<p > <PT> )/2 for negative pions produced in

the reactions pp-7—+X, 7z ps7+X, K*pw+Xetc., increase
logarithmically with energy up to 100 GeV/s/ and even-
tually reach a plateau at about 200 GeV ’

The average transverse momentum for positive pions
from events with an identified proton is Py 7=
-0.292* 0.004 *. It is equal to the average p, value at
12 GeV/c for charged pions m the non-annihilation
channels of the reaction pp » 7 + )

3. Upper Limit for the Antiproton Diffraction
Dissociation Cross Section

Dissociation of the target or the beam particle is an
important feature of high energy collisions. For example,
in the reaction pp~»p+X there is an enhancement at low
missing mass values (MX< 5 GeV?). The cross section
for this enhancement depends weakly on energy, and the
differential cross section do/dt is similar to that of
elastic scattering’7/

Figure 3 shows the missing mass squared distribu-
tions to the identified protons for different topologies in
our experiment. For two-prong events thereisa pronoun-
ced peak at about M2 ~ 2 GeV ?For four- -prong events
such a peak is absent and only some shoulder in this

* Only the statistical errors are taken into account.
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Table 2

Average characteristics of transverse momenta

2
{Pp)
(GeV/e)

{(Ppp
GeV/c

Particle

Momentum

Reaction

p\% )1/2

D=(<p%> -¢

GeV/c

2

GeV/e

0.227 + 0,003

0.170 + 0.003

0.354 + 0,003

0. 344

positive

0.003

0.250 +

0.188 + 0.003

negative
+

0.232 + 0,003
0.172 4 0,005

0.171 + 0.003
0.164 + 0.004

0.342 + 0.003
0.357 + 0.005

0.170 + 0.010

0.543% + 0.010

102

0.228 + 0,010
0.220 + 0.004

O.34% + 0,.04

19

+ 0.166 + 0.003

i

205

region is seen. For higher topologies this region is al-
most unpopulated. In Table 3 we compare the cross
sections for the low mass enhancement (M%/s <0.16)
in the reactions pp-» p+X  at 22.4 and 32 GeV/c’
These cross sections are the same within two standard
deviations, our values being, however, systematically
higher.
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Fig. 3. The distributions of the missing mass squared
to the identified proton a) for 2-prong events, b) for
4-prong events, c) for 6-prong events, and d) for all
topologies.

4. Single-Particle Distributions

The CMS rapidity distributions for positive and ne-
gative pions are shown in fig. 4 together with the data
from the 14.75 and 100 GeV/c pp experiments ’ .
The n‘t-meson distribution is reflected about y*=0 |,
thus giving the corresponding distribution for » ~ -mesons
because of CP-symmetry. One can see that the cross
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Table 3

Upper limits for the beam fragmentation cross sections

D

s < 0.16)

p>p + X (Ivé/

22.4 GeV/c

Prongs

32,1 Gev/c 719/
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The error includes inelastic losses.

*

-

section in the central region is approximately the same
in the energy interval from 15 to 100 GeV/c.
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Fig. 4. The rapidity distributions in the CMS. The points
show the distribufion for the reaction Pp_7* + at

100 GeV/c U5 the/squares,for the reaction pp-7~ + X
at 14.75 GeV/c ''V/_ "The distributions for = * -mesons
are reflected about y*=0.

In fig. 5 the invariant cross section
2
f(x)={ 2E* _dg .dp?2
ays dx dpi T
is given (again the 7*-distribution is reflected about
x=0 ) together with the data from the reactions pp-n “+X
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Fig. 5. The {(x) distributions. The solid line shows the
distribution for the reaction » "p-n—+X at100GeV/c/12/
the dashed line and the squares forthe reaction pp-n~ +X

at 28.5 and 102 GeV/c """ The distribution for
7+t -mesons is reflected about x=0.

at 28.5 and 102 GeV/c '®"/ and »7p-r”+X at
100 GeV/c/'2/ Our =~ distribution is close to that for
pp interactions at102 GeV/cinthe backward hemisphere.

The invariant cross section --1- -£2_ at y*=0 is
o dy*

tot
shown in fig. 6 together with resglts from other experi-
ments as a fu_nction of pl‘;{)/“ /13" The invariant cross
sections for pp »7~ +X and n+p»n++X are similar and

weakly dependent on primary energy.
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{0 theffreac/tio pp »7 +Xusing the normalization qua@p)=
= 39.8 mb 137.

In fig. 7 the target fragmentation cross sections

L_-do/dyaty -0 are given for =~ -production from
Uto;l ? . i ~1/2 .
different initial states as functions of s . A rapid
decrease of the fragmentation cross section for the re-
action pp » 7~ +X in the p interval from/&.; to
22.3 GeV/c fits the calculations done by Humble’ - on
the basis of the multiperipheral model assuming a strong
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Fig. 7. The target fragmentation cross sections for dif-
ferent inclusive reactions as functions of s~ 2

energy dependence of the annihilation cross section and
high multiplicities in the annihilation channels.

The x -distributions for negative and positive par-
ticles and identified ~ ' -mesons are shown in fig. 8.
The last two distributions are reflected about x=0
Note that the attribution of pion mass to a nucleon with
P, > 1-9 GeV/c results in a positive shift of the value
X, is shift being inversely proportional to the labora-
tory momentum of the particle,Ax =z 0.44 GeV/c/plab
This effect is negligible for x near 1 and becomes sig-
nificant for x < 0.2 as indicated by the excess of po-
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Fig. 8. The x distributions for negative and positive
particles and nt-mesons. The two last distributions are
reflected about x=0.

sitive particles over negative ones in the region of
x ~0 and the opposite effect for 0.2<x< 0.6.

We also observe larger values of do/ dx for

|n

7= in the forward hemisphere than in the backward
one, particularly at small x, corresponding to the shift
of the maximum in the -dlStI‘lbuthI‘l To investigate
this effect in more detall we approximate the x distri-
bution by do/dx=A exp(— b+|x|) separately for the forward
(+) and backward (-) hemisphere for various intervals
of pp and x. The slopes decrease with growing Pt in-
terval Without any p cut b 6.2 + 0.1 andb 40.0+0.2.
The ratio of the slopes R=b /b increases when broade-
ning the x -interval and depends only weakly on the

15



transverse momentum. The values of R are close to
1.5 obtained in meson-nucleon interactions. This can
be explained in a multiperipheral model by beam (target)
charge transfer into the central region resulting in
a characteristic shift of the maxima in the y* -distribu-
tions/13/. It is worth noting that the same shift can be
obtained in a simple quark fusion model used for expla-
nation of large p, phenomena in pp -collisions / 16/
The ISR phenomena have been recently interpreted in
a valence quark model /17 assuming the dominance
of the quark-diquark scattering amplitude. This model
suggests a simple explanation at least of the high Py
part of the observed forward-backward asymmetry in
pp interactions as well.

5. Conclusions

The main results of this analysis are summarized as
follows:

(i) Average characteristics of the transverse momen-
tum distribution show similar features as well as those
from pp interactions at incident momenta higher than
100 GeV/c. There is an indication that <p,> in annihi-
lation reactions is essentially higher than in non-anni-
hilation ones.

(ii) The upper limit of the antiproton diffraction
dissociation cross section is (3.68+0.45) mb. This value
can be compared to (2.9% 0.3) mb achieved at 32 GeV/c
incident momentum.

(iii) The c¢.m. rapidity distribution for pions is si-
milar to those achieved at 14.75 and 100 GeV/c incident
momenta but is more narrow than those at 100 GeV/c.

(iv) In the central region we see charge asymmetry.

The asymmetry parameter is 0.15 + 0.01 in the interval
0.00 < x < 0.16.
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AHanA3 HHKMO3HBHEIX pacnpeneneHuit B ﬁp -B3aamonelicTeasX

npr 22,4 TsB/c ; . i;,“

IlppBenen’ aHamM3 MHKMIOSHBHEIX CIEKTPOB NP BaauMoneﬁchnu anrﬂnp0~,~
TOHOB C npoToHamu npH 22,4 TsB/c. Monyuenn: pacnpeneneﬂuﬂ no nonepevnod;

MY HMNY/NbCY, HHBAPDHAHTHLIG CEYSHHS H OUeHeHAa 3apanoBas aCHMMETPHS ' P |

B UeHTpanLHOM obnacth, [Ipo3peneHa Takxke ONeHKA Ceuemus uu¢paxunoanoﬂ
'AHCCOUMANMH.

PaBora Brmmonmena B /laGopaTopud BHICOKHX sneprusi OUAKU. e 4

L3 o
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I The upper limit of the diffraction dissociasti on of

'f}F, kBéos\E.G., Samo jlov V.V., ; E E1 9781
- Takibaev Zh.S. et al, ‘

Slngle—Partlcle Inclusive Spectra of Charged
Partlcles in m: Interactlons at 22, h GeV/c

The inclusive spectra for pp collisions at 22 L GeV/ci*

are investigated. The transverse momentunm dlstrlbutlon

resembles the corresponding one in high energy pp in-

| teractions. The cross section in the .central region

“is 28 + 1 mb. The y* dlstrlbutlons ©0f secondary particles
in the central region indicates a charge asymmetry with.

o the asymmeiry parameter having the value 0.15% 0. 0l.

the beam particle is estimated to be (3.686,15) mb..
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