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HssapaaRTHble ce'leHRH 'lacraa B RHKni03RBHbtx peaKUHHX 
Jp-,.++X RPP~P+X npa22,4faB/c 

B palSoTe npnsene&bt HH&apaaHTHble ce'leHRH nnH ,+ -MeaoHOB n npoTo
HOB B IJp -B38KMOIIeiiCTBHSIX npR 22,4 faB/c. CpeiiHHSI MHO)KeCTBeHHOCTb 
rr+ -Me30BOB H npOTOHOB paBHbl 1,92:!:_0,02 K 0,41 :!:_0,02, COOTBeTCTBeHHOo 
CneKTpbl 'ISCTKU a SHHHr&nHUROHHbiX KaHanax annpoKCHM&posanncb c noMOWbK 
pa3HOCTR B pp - B pp-II8HHblX. non}"IHBWH8CSI pacnpeneneHHSI KMeiOT Te )1{8 
ol51UB& 'lepTbi 'ITO H nonHble IISHHble pp -B38HMOIIeliCTBKilo 

PalSoTa BbiDOnReHa B natSopaTOPBB BbiCOKBX 3Heprall OIHIH. 

npenpBHT OlS'Io&llHB&HHOr'O HHCTRTyTB Slll&pHbiX KCCn&llOBBHHA. ny6Ha 1978 

Boos E.G. et al. E1 - 11331 

Invariant Cross Sections for the Inclusive Reactions 
pp~ .. ++X andjjp .. p+X at22.4GeV/c 

The invariant inclusive cross sections for ,+ mesons and pro
tons from pp reactions a.t 22.4 GeV/c are presented. The average 
multiplicity for ,+ meson and proton production is 1.92;t.0.::>2 and 
0.41+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 IJp data. 

The investigation has been performed at the Laboratory 
of High Energies, n~ 
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I. 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->rr++x. 

pp • p +X 
(2) 

from bubble chamber "Ludmila" experiment at 22.4 GeV jc. 
In our previous paper we have given the topological 

cross sections and multiplicity data i 
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 (y *, p ~ ) both in single 
and double differential form. The proton spectra are 
given as functions of x , y* and p~ . In section IV we 
compare our data with the pp data at 24 GeVjc 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 GeVjc 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 2% for all charged prong topologies. The eve.nts 
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 GeVjc. 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 ( .m as a function 
of the scattering angle of charged particles. This dis
tribution exhibits a narrow peak centered at ( m= 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, 
I ( m I ::. 80 MeVjc, and on the opening angle a lab 

-0.02::. cos a!ab 5: 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 
da/dt distribution for our elastic sample was fitted 
by an exponential, giving the slope -11.22 ± 0.34 (GeVjc)-2 

which is close to the value -11.7 (GeVjc)- 2 extrapolat
ed from the data in ref. 131 . After normalization to a total 
inelastic cross section of 39.1 mb /a ,4; our microbarn 
equivalent is equal to 0.296 weighted eventsjmb. 

From simple kinematical considerations we know that 
pions in the region A of jig. 1 can be identified. Assum
ing CP conservation, we get the ems forward-going 
positive pion spectrum by reflection of the backward
going negative particles ( "- 's account for about 99%) 
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Fig. 1. The Peyrou Plot is used for separating me
sons. All negative particles from the backward j>art are 
reflected arou'fd Pt- o to form the forward part of 
the inclusive rr spectrum. In region A the particles can 
be identified by ionization. In region B the weight w(p1·. ). 
given by eq. (4) in the text, is assigned to the particles 
to give rr 1 mesons. 

to the forward hemisphere. In region B positive pwns 
cannot be distinguished from protons. Therefore WP JTJ·· 

traduce the following weighting function: 

Nrr (p t . PT) 
w(p * ,p )• ____ :.._ __ • 

L T N +( p* . p ) 
L T' 

(3) 

where N·' is the number of positive pions and N the 
number of all positive particles transformed to the ems 
as pions. Outside the region B this function can he 
evaluated. Within errors the function is found to be inde
pendent of pT , but it depends on Pt in the following 
way: 

w (p * ) - I 
L 

0.868 J. 0.270 X PI~ 

1. 

for p* < 0.5 GeV/c 
L 

for p * > 0.5 GeVic 
L -

(4) 
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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 n + spectra from the total 

spectra of all positive particles, we get the corresponding 
proton spectra. 

III. Inclusive Distributions 

For rr+ 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 
and average multiplicity of particle c 

Particle 6c (rnb) 

11+ 72.87 :!: 0.57 

p I5.4G ± 0.5!7 

ae = <nc>a inA! 

<nc> 

I. 9I ± 0.02 

0.4I ± 0.02 

In fig. 2 (and fig. 3) the invariant cross section for 
".+ 's is plotted as a function of x and Pi ( y * and 
P2

T ) for different intervals of P T' The double diffe
rential distributions exhibit an increasing backward shift 
of the maximum with increasing PT . This effect contri
butes to the forward-backward asymmetry in the rr+ and 
rr- momentum distributions . in the ems and has earlier 
been studied in terms of the average charge as a function 
of p T in the central region. It has been found that the 
charge asymmetry increases with p '.:' 1 

The energy behaviour of da/dy * at fixed y" for 
rr+ 's can be studied from fig. 4, where the pp data 
at 5.7 GeVjc 16 ' and at 100 GeVjc 171 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 junction of x for 
different intervals of p T for rr+ s . The tompost data 
points have been obtained by integrating over PT. The 
curves are drawn by hand. 

from 24 GeVjc to 200 GeVjc by about 40% 
18

/ , no 
energy variation is seen. The cross sections for the 
central (y *= 0) and fragmentation (y lab"'O) regions are 
given in table 2. 

Because of a small number of inclusive protons (see 
table 1) we study the proton distributions only in single 
differential form. Figure 5 shows the y * distribution 
for protons. 
e 3 

The invariant inclusive cross sections E .A...£ dp for 

rr+'s are given in table 3 for different intervals of P T and 
y* 
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Fig. 3. Invariant cross section as a junction of y * for 
different intervals of P T for rr t- • The topmost data 
points have been obtained by integrating over pT. The 
curves are drawn by hand. 

2 
The d a I dp T distributions for 11 + 's and p 's are 

shown in fig. 6. When comparing the rr + distribution 
with pions from the p p data at 24 GeVjc 191 , we 
see that they are similar in shape. The ratio of 

at 22.4 GeVjc to PP _. 11- X at 24 GeVjc is shown in 
the lower part of fig. 6. This is close to the value 2.08 
which is the ratio of the average rr- multiplicities. 
Statistical moments are given in table_ 4, where the pp data 

/10/ /6/ 
at 12 GeVjc · and 5.7 GeVjc are also shown. For 
11+ 's the first two momentum increase with energy. In the 
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Fig. 4. Invariant c~9~s section da/dy* for 11+'s. The 
data at 100 GeVjc · · and at 5. 7 GeVjc 16! are also 
shown. The curves are drawn by hand. 

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

Particle y* = 0 I .Ylab =O 

1T+ 26.95 ± 0.78 6.97 ± 0.37 .,- 26.95 ± 0.78 3.70 ± 0.28 

p I 0.88 ± 0.62 9.03 ± 0.42 

9 



~---~ 

~ ~p-px 
I 

/0~ 

~ 

.Q 

+ ~ 

~-~ ~ 

I~ 

i 

f I I 
! 0 

r I I ~ 

a,L. 
j 

J ' ' ' -2 -I 0 I . 2 
y 

Fig. 5. Invariant cross section du'cly' for p's The curve 
is drawn by hand. 

proton case < p2 > increases, but -: p T > remains constant. 
The exponential slope for the proton distribution in an 
interval of 0.3 (GeVjc)!? :::- P;. ;:• 1.2 (GeVjc)'-~ is 
smaller than that for "+- 's . 

The x distribution for rr + production as a function 
of 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 T + s are fragmentation pro-
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Fig. 6. Invariant cross section da/dpi for rr+'sand p 's . 
The curves are drawn ~ hand. In the lower part of the 
figure, the ratio of da /dp~- for pp .... rr- at22.4 GeVjc 
and for i>P -+rr- at 24 GeVjc is Plotted. The value 2.08 
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 jig.Ba the x distribution for protons shows a clear 
diffraction peak around x = -0.9. From comparison with 
protons from the PP reactions at 12 GeVjc Ito! and 
5.7 GeVjc / 61 we can see an increasing importance of 
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Table 4 
Average characteristics of transverse momenta in p p 
interactions 

M 
( 

Gmentum Particle (PT) (.y:?.) 
T ') 

GeV/c) GeV/c GeV/c" 

22.4 lr+ 0.33-t:!:0.002 O.I62!Q.002 

p 0.396:!:0.003 0.207:!:0.003 

12.0 'J+ 0.3I9!0.0CI 

p 0. 408:!:0. 004 

5.7 "Jr+ 0.144:!:0.004 

p O.I7s±0.003 

The errors are statistical. 

]) =( <P/).- <?~)j, 
GeV/c 

0.225±o.002 

0.224!0.003 

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 jig. Bb). 

IV. 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 / ll/. 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 ems. To get 
the rr + and rr- distributions separately, one more as
sumption has been made /l2/. namely a relative excess of 
rr+ mesons over rr- 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 
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Fig. 7. Invariant cross section as a junction of x for 
different multiPlicities for IT+'s. The curves are drawn 
by hand. 

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

f (pp ... IT±). 
ann 

f (p p ... IT L -f(R_~~-- X f (pp ... IT± ). (5) 
f(pp ... IT) 

This relation has been compared with the true annihila
tion data at 12 GeVjc, and a very good agreement with 
them justifies it at least at this energ/ 121

. 
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In jig. 9a the invariant cross section for the diffe
rence between the charged pion spectra in our data and the 
pp data at 24 GeVjc 19

' is shown as a function of y" 
and p T' We can see universality in the shape of the in
variant inclusive pion spectra for the pp and (pp- pp) 
data. With increasing p T the (pp- pp) cross section 
becomes more important and at p T - 1 GeV jc it 
starts to dominate over the pp cross section. In fig. 9b 
we show the corresponding IT+ spectrum as obtained 
from eq. (5). The increasing charge asymmetry as a 
function of p T is also seen here as expected because 
of a stronger effect in pp than in pP data 5 '. 

V. Conclusions 

Investigating the inclusive spectra of ITt mesons and 
protons in PP interactions at 22.4 GeVjc we reached the 
following results: 

1. The average multiplicity for IT+ meson (proton) pro
duction is 1.92±0.02 (0.41±0.02). 
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renee of thP total Pion production of PP · 77 at22.4 GeVjc 
and pp .. rr at 24 GeVjc 191 (backward hemisphere) arul 

the source data for PP -.17 (forward hemisPhere); (b) for 

the annihila lion Pions ( P P -+rr +) estimated according to 
eq. (5) (see text) for different PT intervals. 

2. In contrast to the p p reaction, the energy varia
tion of the- <l (T .' dy * distribution at y '- u for r; + pro
duction in p p interactions is very small between 5. 7 and 
100 GeVjc. 

3. We observe universality in the shape ofthe invariant 
inclusive spectra for 17+ mesons in the PP and PP re
inclusive spectra for rr + mesons in the PP and p p 
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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