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HHEBapraHTHLIe CeYeHAA WACTHN B HHKIIO3HBHHIX peaKusxX
PP ~nt+X u Pp-p+X npm 22,4 ['aB/c

B pa6oTe npueeneHb! HHBApUAHTHBIE CEYeHAA AN r*—meaonor u mporo-
goB B PP -p3aumoneficreusix npr 22,4 I'aB/c. CpenHas MHOXeCTBEHHOCTh
z% —meaodoBp ® nporonos pasAm 1,02+0,02 u 0,41 +0,02, coorBercTseHHO,
CHexTpw wacTHI B AHHHTRISALUMOHHBIX KaHANaX ANNPOKCHMEPOBAIUCH C Nomoubid
pPa3HOCTR B Pp - H pp-AaHHbIX. [lonyauBuHecs pacnpenelfleHAS KMEOT Te Xe
ofSmHe uYepThl YTO B HOJHBIe naHEme PP -B3anmonelicTeaf, .

Pa6ora Bunonmesa B J/laSoparopmr BhicokEx amepruft OUfIH.

Mpenpaar OfrennBEeHHOro HHCTHTYTA saepHHIX ucciaenosanui. OJy6ua 1978
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lr_'lvariant Cross Sections for the Inclusive Reactions
PP »r+t+X andpp-~ p+X at 22,4 GeV/c

The irvariant inclusive cross sections for ¥ mesons and pro-
tons from Pp reactions at 22,4 GeV/c are presented. The average
multiplicity for =t meson and proton production is 1.92+0,02 and
041+0.02, respectively. The annihilation spectra have been appro-
ximated using the difference between PP and Pp data, The result-
ing distributions have similar gross features as the total DPp data.

The investigation has been performed at the Laboratory
of High Energies, JINR,
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1. Introduction

Lately great interest has been devoted to inclusive
studies of high and medium energy interactions. How-
ever, many of these investigations have been limited to
a restricted phase space region. In this paper we present
the invariant single particle distributions in the whole
kinematical region for the reactions

1
Pp ot + X, W

Pp > p +X (2)

from bubble chamber ”Ludmila” experiment at 22.4 GeV/c.

In our previous paper we have given the topological
cross sections and multiplicity data ‘1 The inclusive
spectra for positive and negative particles and slow
protons have been also published =

In section II we give a short resume of experimental
details and discuss the method used for the separation
of the proton and »°' inclusive spectra. In section III
we present the invariant inclusive cross sections for
#*s in the variables (x.p%) and (v*.p%) both insingle
and double differential form. The proton spectra are
given as functions of x , y* and p?r . In section IV we
compare our data with the pp data at 24 GeV/c and
try to describe the main features of the annihilation events.
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II. Experimental Procedure

The data presented in this paper have been obtained
in an exposure of the 2m HBC ”Ludmila” to a RF sepa-
rated 22.4 GeV/c antiproton beam at the Serpukhov acce-
lerator. After two independent scans their discrepancies
were resolved in a third scan. The scanning losses were
less than 29, for all charged prong topologies. The events
were measured on semiautomatic devices and processed
through the geometrical reconstruction programs (mass
dependent THRESH or HYDRA geometry). The separation
between positive pions and protons was made using only
the ionization information of a track. Thus we could
distinguish between pions and protons up to a laboratory
momentum of about 1.2 GeV/c. The contamination of
other particles is neglected. Altogether 11095 events were
used in this analysis. For each topology a weight was
calculated to account for the losses during the event
processing.

To remove elastic events, we calculated for all two-
prong reactions the missing energy ¢ as a function
of the scattering angle of charged particles. This dis-
tribution exhibits a narrow peak centered at ¢ =0 cor-
responding to the elastic events sitting on a low almost
flat background of inelastic events. To reduce this back-
ground, we used a compound test on the missing energy,
€l = 80 MeV/c, and on the opening angle a,,
-0.02 < cosa),;, < 0.35, between the secondary particles.
Thus we got a sample of 1836 elastic events (the un-
cetrainty being * 80) out of 4326 two-prong events. The
do/dt  distribution for our elastic sample was fitted
by an exponential, giving the slope -11.22 + 0.34 (GeV/c)'2
which is close to the value -11.7 (GeV/c)'2 extrapolat-
ed from the data in ref.’3/. After normalization to a total
inelastic cross section of 39.1 mb’3.4/ our microbarn
equivalent is equal to 0.296 weighted events/mb.

From simple kinematical considerations we know that
pions in the region A of fig. 1 can be identified. Assum-
ing CP conservation, we get the cms forward-going
positive pion spectrum by reflection of the backward-
going negative particles (7~ ‘s account for about 99%)
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Fig. 1. The Peyrou plot is used for separating © me-
soﬁs. All negat:ivve particles from the backward part are
reflected around p?, -0 to form the forward part of
the inclusive 7' spectrum. In region A the pqm(rlf’s can
be identified by ionization. In region B the weight ¥ (py i
given by eq. (4) in the text, is assigned to the particles
to give »' mesons.

to the forward hemisphere. In region B positive pions
cannot be distinguished from protons. Therefore we 1n-
troduce the following weighting function:

N"(p* .p.)

L (p_l.:___g".f_, (3)
+ 3
NGy

W(p{ Ny

where N7 is the number of positive pions and N the
number of all positive particles transformed to the cms
as pions. Outside the region B this function ca.n be
evaluated. Within errors the function is found to be inde-
pendent of but it depends on pi in the following

way:

0.868 +0.270 x pI* for pz < 0.5 GeV/c .
) = | : (4)
vy 1. for p* > 0.5 GeV/c



This dependence is assumed to be valid also in the region
B. Thus we have now a means to reconstruct all inclusive
spectra for positive pions.

Subtracting the obtained »"~ spectra from the total
spectra of all positive particles, we get the corresponding
proton spectra.

+

II1. Inclusive Distributions

For »* mesons and protons the integrated single
particle inclusive cross sections and average multi-
plicities are given in table 1.

) Table 1
Intergated single particle cross section o =<n >0
and average multiplicity of particle ¢ ' ’

Particle Se (mb) <Nne2
7]‘+ + -+ + :
72.87 = 0.57 1.91 = 0.02
P 15.45 £ 0.57 0.41 * 0.02

In fig. 2 (and fig. 3) the invariant cross section for
772+ s is plotted as a function of x and p% (y* and
Py ) for different intervals of P;. The double diffe-
rential distributions exhibit an increasing backward shift
of the maximum with increasing p; . This effect contri-
butes to the forward-backward asymmetry in the »+ and
7~ momentum distributions .in the cms and has earlier
been studied in terms of the average charge as a function
of p; in the central region. It has been found that the
charge asymmetry increases with p ’TE‘/

The energy behaviour of do/dy * at fixed y* for
n*s can be studied from fig. 4, where the pp data
at 5.7 GeV/c “%’ and at 100 GeV/c /7 are also present-
ed. In contrast to the pp data, where the invariant cross
section for charged pion production at y*=0 rises
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Fig. 2. Invariant cross section as a function of % for
different intervals of py for »*s. The tompost data
points have been obtained by integrating over P . .The
curves are drawn by hand.

from 24 GeV/c to 200 GeV/c by about 40% /8" no

energy variation is seen. The cross sections .for the
central (y*-0) and fragmentation (y,, =0) regions are
given in table 2.

Because of a small number of inclusive protons (see
table 1) we study the proton distributions only in‘sin.gle
differential form. Figure 5 shows the y* distribution
for protons. :

e

3
. . . d
The invariant inclusive cross sections E 1 g for

1y

«+s are given in table 3 for different intervals of P, and
y*
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Fig. 3. Invariant cross section as a functzon of y* for
different intervals of py for nt. The topmost data
points have been obtained by integrating over p.. . The
curves are drawn by hand. T
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The da/dp distributions for »*’s and p 's are
shown in fig. 6 When comparing the =t distribution
with pions from the pp data at 24 GeV/c ', we
see that they are similar in shape. The ratio of

at 22.4 GeV/c to pp » 7 X at 24 GeV/c is shown in
the lower part of fig. 6. This is close to the value 2.08
which is the ratio of the average »~ multiplicities.
Statistical mor{lents aregivenin tabé¢4 wherethe Pp data
at 12 GeV/c and 5.7 GeV/c '~ are also shown. For
nt’s the first twomomentum increase with energy. In the

pp—»N*x
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Fig. 4. Invariant crgss section do/dy* for n*’s. The
data at 100 GeV/c''" and at 5.7 GeV/c '6/ are also
shown. The curves are drawn by hand.

Table 2
Cross sections in mb in the central and fragmentation
regions

Particle ¥ =0 Y1ap =0
wt 26.95 * 0.78 6.97 * 0.37
L 26.95 * 0.78 3.70 ¥ 0.28
P 0.88 *0.62 | 9.03%0.42
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Fig. 5. Invariant cross section do¢’dy* for p’s The curve
is drvawn by hand.

roton case <p>> increases, but “p..> remains constant.
1 | £

The exponential slope for the proton distribution in an
interval of 0.3 (GeV/c)? - p?r < 1.2 (GeV/c)* is
smaller than that for »*’s

The x distribution for ;' production as a function
cof the prong number (see fig. 7) indicates that the main
contribution to the single differential spectra comes from
4- and 6-prong events. Topologies with - 6 prongs have
a maximum at x~0 with an approximately exponential
fall off along both sides of the distribution. Especially
the maximum of two-prong events is shifted to the nega-

+

tive x values suggesting that -* s arefragmentationpro-
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Fig. 6. Invariant cross section da/dp% for «tsand p’s .
The curves are drawn by hand. In the lower part of the

figure, the ratio of do/dp2

iC for DPp-na  at22.4GeV/c
and for Bpon- at 24 GeV/c is plotted. The wius 2 09

is the ratio of the corresponding average multiplicities

ducts from the target particle. This effect is seen also
in the distribution for four-prong events.

In fig.8a the x distribution for protons shows a clear
diffraction peak around x = -0.9. From comparison with
protons from the PP reactions at 12 GeV,/c 719/ and
5.7 GeV/c’ 6/ we can see an increasing importance of

12

) Table 4
Average characteristics of transverse momenta in pp
interactions

Momentum jParticle (PT > <PT2>_) _:D =( <PT2>* <?,>3\l I/
(Gev/c) GeV/c Gev/c* GeV/c
22.4 mt  10.33420.002 | 0.16220.002 | 0.225%0.002
T 0.396%0.003 | 0.207%0.003 { 0.224*0.003
12.0 ¥t Jo.319%0.001
p 0.408%0.004
5.7 nt 0.144%0.004
P 0.175%0.603

The errors are statistical.

the diffraction processes as the energy increases. The
diffraction peak is shifted towards smaller x -values
at higher energy. The diffraction peak is mostly due to
two-prong events (see fig. 8b).

1V. Estimation of the Annihilation Component

In integrated quantities, such as total cross sections,
mean multiplicities and higher multiplicity moments,
annihilation reactions have been shown to be well appro-
ximated by the difference between pp and pp reac-
tions “11/  This motivates a further assumption that dif-
ferential quantities for annihilation reactions can be
also estimated from the difference (pp—pp). One can get
only the total charged pion spectra in a straightforward
way because pp reactions are charge asymmetric and
pp reactions are charge symmetric in the cms. To get
the ~* and »~ distributions separately, one more as-
sumption has been made !/ namely a relative excess of
7' mesons over =~ mesons, or vice versa, in any part
of phase space is independent of that whether the pions
are produced in an annihilation or a non-annihilation

13
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Fig. 7. Invariant cross section as a function of ¥ for
different multiplicities for »*’s. The curves are drawn
by hand.

reaction. The formula for the annihilation invariant in-
clusive cross section can be written as

f(Pp>n)—f(pp-> 7 )

f_—)n'i'. 5
T 1) xf (pp ). (®)

= +
tmarm(pp»"_ )=

This relation has been compared with the true annihila-
tion data at 12 GeV/c, and a very g(/)od’ agreement with
them justifies it at least at this energy’ 27
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Fig. 8. Invariant cross section as gofunction of x for
pPs : (a) for all events, the 12GeV,/c 'Y and 5.7 GeV/c’6’
data have been added; (b) for the topologies 2, 4 and 6.
The curves are drawn by hand.

In fig. 9a the invariant cross section for the diffe-
rence between the charged pion spectra inour data and the
pp data at 24 GeV/c ‘9" is shown as a function of y*
and p . We can see universality in the shape of the in-
variant inclusive pion spectra for the pp and (Pp-pp)
data. With increasing p; the (pp- pp) cross section
becomes more important and at p; ~ 1 GeV/c it
starts to dominate over the pp cross section. In fig. 9b
we show the corresponding »* spectrum as obtained
from eq. (5). The increasing charge asymmetry as a
function of pr is also seen here as expected because
of a stronger effect in Pp than in pp data °

V. Conclusions

Investigating the inclusive spectra of 7' mesons and
protons in PP interactions at 22.4 GeV/c we reached the
following results:

1. The average multiplicity for =
duction is 1.92+0.02 (0.41+0.02).

* meson (proton) pro-
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Fig. 9. Invariant cross section E—;B_ (a) for the diffe-

rence of the total pion productionof Pp »» at22.4 GeV/c
and pp -« at 24 GeV/c '% (backward hemisphere) and

the source data for pp -~ (forward hemisphere); (b) for

the annihilation pions (PP -7*) estimated according to
eq. (5) (see text) for different P, interuvals.

2. In contrast to the pp reaction, the energy varia-
tion of the 1, ‘dy* distribution at yv*-0 for »*' pro-
duction in pp interactions is very small between 5.7 and
100 GeV/c.

3. We observe universality in the shape of the invariant
inclusive spectra for #* mesons in the pp gnd Pp re-
inclusive spectra for 7" mesons in the PP and pp
reactions as well as in the spectra obtained from eq. (5)
which can be a good approximation for the annihilation
distributions.
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