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AMarno6enH H.C. u np. El - 10776 
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Ha6moneHile CKCHJII!Hra B cpel!lleM B peaKUilHX 77 p -· I rr'' I 'X 
rrpH 5 f38/c 

HeHHBapHaHTHbte pacnpeneneHHH npononLHbtX ( p II ) H nonepe'IHttx ( P-t ) 
HMllYllbCOB B peaKUHHX 17-p ~y +X H 77-p ~17° t X npH 5 f3B/c upeJICTi11llle

Hbi B nepeMeHHLIX CKeilnHHra B cpenne~• .;'= P!l/<!pii,/'H 1) = p~ /< p~ .llccne
nyeTC51 38BUCHMOCTb tjJOpMb! 3THX pacnpGilelleiiHH OT MIIO>KeCTBeHHOCTU BTO
pH'IIIblX 3apH>KeHHblX qacTuu, a TaK>Ke OT ua•IanLHoil 3HeprHu. Ha ocuose 
Cp8BIIe!IH51 C il8llllb!Mfl ilJIH 77+- U 71- -Me30HOB npH 13-300 f38/c l10K!l38HO, 
'ITO q'OpMa pacrrpeneneHHil (l/a)da/d.;'

77
c H(l/a)da/drl

77
o He 3anucuT OT 

3lleprHH, C llOMOIUb!O HHTerpallbllbtX ypaBH8l!HH 1 CBH3LIB8101UHX Cl18KTpht Hpo
ilOJihHbiX If llOnepe'IHb!X HMllYllbCOB 77° -Me30HOB C COOTBeTCTBYIOll!HMII Cf!8KT
p8MH y -KB8HTOB 1 llOKa3aH0 1 'ITO pacupenelleHHH (1/a)da/d.;'yH ( 1/rr)rh/dr/y 
TaK>Ke He 38BHCHT oT 3HeprHu. A11arru3 3Tux pacnpeneneHHil B co6!dTUAX 
38il8HHOH TOITOJIOrHH l10K838J1 1 '!TO UX tj>opMa He 38BHCHT OT MIIO>KCCTBCHI!O
CTH BTOpH'IHbiX 3apmKeHHbtX '18CTUU, ile118CTCH BblBOil 0 TOM

1 
'ITO XapaKTe

pHCTHKH HCcneayeMLIX pacnpeneneHHil cornacyeTCH c npeacKa3ai!H AMH runo
Te3hl CKeilnHHra B cpenHeM. 

Pa6oTa BblllOJIHeHa B Jla6opaTOPHH RllepHbrX npo6rreM Off fHI. 

IlpenpBHT 061oeJl)IHeHHOrO BHCTBTYT& A,llepBWX BCCneJIOB&BBI. ,lly6H& 1977 

Amaglobeli N.S. et al. El - 10776 

The Evidence for Scaling in the Mean in the 

Reactions 77-p -. I yo I +X at 5 GeV /c 
T7 

The noninvariant distributions of longitudinal and 

transverse momenta have been studied in the reactions 
77-p -.y+ X and 77-p-.77°+ X at 5 GeV/c. It has been shown 

that in the variables pL/< pL > and pT/<pT> the shape of 

these distributions does not depend upon the initial 

energy and the multiplicity of secondary charged partic
les. 

The analysis performed shows the extension of the 

validity region of scaling in the mean both for the 

energy range (5-300 GeV) and for the type of particles. 

The investigation has been performed at the 

Laboratory of Nuclear Problems, JINR. 
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I. According to the predictions of the 
scaling in the mean hypothesi~I/one-particle 
inclusive distributions of longitudinal and 
transverse momenta in multi-particle produc
tion reactions should obey the following 
relations: 

1 da 
;-y 

1 da 

a dry 

~) ¢L ( ( == < PL > 

PT ) 
( - - -. cpT 1J - <pT> 

(1) 

(2) 

where the functions ¢L and ¢Tare indepen
dent of the initial energy, the multiplicity 
of secondary particles, and also the type 
of colliding particles. Here and below PL 
and PT are longitudinal and transverse com
ponents of the momentum in c.m.s. 

The check up of relations (1) and (2) in 
the react ions pp ... "- at 13-300 GeV /c /1/ , 
"-P -> "± at 40 GeV /c 121 , pp ... K0 and pp ... A 
at 19 GeV /c /a/ as well as pp ... ~± at 
28.5 GeV /c/4/ confirmed their validity 
the spectra of not leading particles. 

for 
The 
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consequences of the scaling in the mean 
hypothesis as well as the questions of the 
rela~ion of t~is hl;pothesis with t~e earl~er 
scal1n~ relat1ons/' have been cons1dered 1n 
refs.! I. 

In the present paper we consider the 
question of displaying of scaling in the 
mean in the reactions 

77-p -+y +X 

and 

77p -+77°+X 

(3) 

( 4) 

at 5 GeV/c. The experimental data are based 
on statistics including 7940 gamma-quanta 
detected with a JINR one-meter propane 
bubble chamber/7/ • The processing of gamma
quanta events and the analysis of invariant 
differential cross sections of reaction (3) 
have been described earlier~/. 

The basic results of the experimental 
investigation of reaction (4) by the recon
struction of neutral pion kinematic charac
teristics from the corresponding characte
ristics of gamma-quanta pairs have been 
published previously 191 

II. First of all, it is necessary to note 
that if not identical particles collide, the 
spectra da/dpL are asymmetric with respect 
to the pointpL =0. Taking into consideration 
this circumstance the distributions< 1/a)da/dty 
will be considered separately for the back
ward and forward hemispheres. The study of 
the dependence of relations (1) and (2) 
upon the multiplicity of secondary particles 

4 

... 

.... 

requires a preliminary determination of the 
scales, i.e., the average values of longi
tudinal and transverse momenta in the events 
of the given topology. The whole set of va
lues of<IPLI> and<pT> required for further 
investigations of reaction (3) is presented 
in Table 1. 

Table 1 

.., 
Prone .u1tiplicity 0 2 4 all 

~t~o o. 162,1{). 013 O.II7;t0.005 0. II2,t0. 007 0.120;!;0.004 
(IPd),GeV/c 

PL>O 0.254;tO.OI3 0. I49:f:O. 005 O.IW,t0.005 o.I47;t.0.004 

(PT),GeV/c 0.192,tO.Wi 0.178;t0.003 0. 152;t0. 004 0. 172;t0. 002 

Begin with the analysis of longitudinal 
momenta of gamma-quanta. Figures 1 and 2 
show the experimental distributions(l/a)da/df 
for events of the given topology in reac- Y 
tion (3). Both the Figures show a den$e 
grouping of points with respect to some 
common curve. This regularity indicates the 
independence of the shape of the distributi
ons studied upon the multiplicity of charged 
particles. 

Now consider the dependence of (1/a)da/dfy 
distributions upon energy. In view of the 
absence of the corresponding data at other 
energies, the problem cannot be solved by 
direct comparison of distributions. In this 
situation a fact that gamma-quanta from 
reaction (3) are the products of 77° -meson 
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Fig.2. Plot of 
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for events of the 
given topology in 
the reaction~p .... y+X 
at 5 GeV/c. 
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decay* from reaction (4) can be used. The 
spectrum of longitudinal moments of gamma
quanta da I dpL is related by the integral 
equation IIol to a similar spectrum of IT 0 -me
sons. This equation, as is shown below, makes 
it possible to draw a certain conclusion on 
the dependence of the (lla)dald~y distribu
tion upon energy basing on the studies of 
the energy dependence of the ( 11 a )da 1 d~ o 

distribution. There are no data on <1/~)dald~ITo 
distributions at higher energies yet. How
ever, there is considerable information on 
the daldpL spectra whose behaviour reveals 
a number of features: first, as has been 
shown in refs. Ill-! sl , the spectra of longi
tudinal moments of neutral pions daldpL 
in ITp-, Kp- and pp-interactions are similar 
to the spectra of not leading IT+- and IT--me
sons; second, to a good accuracy all these 
spectra are described by the dependence 
Acxp<-BIPLI -Cp~ ). These facts are a suffi-
cient argument ~o use the corresponding 
distributions of charged pions instead of the 
absent <11a)dald~ITo distributions. The data 
shown in Fig. 3 evidence in favour of the 
reasonabality of such a replacement. As is 
seen from the Figure, the distribution 
( 11 a ) d a I d ~ITo in rea c t ion ( 4 ) a t 5 G e V I c 
within errors agrees with the curve describ
ing the corresponding distribution of nega
tive pions in pp -interactions at 
1 3 - 3 00 G e V I c . 

*Under estimates a fraction of gamma-quanta 
from other sources (ry .... yy,l 0 .... A0 y, ... ) does not 
exceed 1%. 
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~I%' 
~0.1 

0.010 1 2~/<Ft.>3 4 5 

Fig . 3 • P 1 o t of <I PLI >/a) da / d p L versus 
at PL > 0 in the reaction rr-p --+rr0 +X at 
The curve represents the results of 
the pp datall/ . 

pL/ <I PL I> 
.) GeV1c. 
fitting 

Reduce, according to the above said plan, 
the integral equation taken from ref./IO/ to 
the form relating the distributions of longi
tudinal momentum of gamma-quanta and neutral 
pions in the representation of scaling in the 
mean variables 

17 

1 da ¢ L (,; o ) d,; 77o 
---=<lpl>f 17 (5) 
a d.; L ' 

Y <lq l>v,; 2 +m 2/<lq 1> 2 
L rr0 L 

w he r e ¢ L ( ,; 77o ) = (1 I a ) d a I d,; 77o , p ( q L ) i s the 
longitudinal component of th~ gamma-quantum 
momentum (a~ -meson), m is~ -meson mass. 
The integration limits depend on ,;Y and are 
as follows: 

8 

I' 
' 

, 
j 

f <,; y >I< I ~I> , "" for ,;y > o 

and 

2 -«>,n,; >/<jqLI> for,; <0, f(,; >=,; <IPLI>-m 1<4.; <lai>>. y y y y y 'L 

In eq. (5) the only parameter depending 
on energy is<jpLj>(here <lqd>can be expressed 
by<IPLI> according to the relation<jqLI>=2<1It]>). 
The calculation of the right-hand side of 
eq. ( 5) with the function ¢~ obtained in 
ref.ll/ for the distribution <l/a)da/d,; 77 -

has shown that increasing<!~!> from 0.150 
up to 0.300 GeV/c leads to the variation 
of the distribution < 1/a)da/d.;y that does 
not exceed 7%. If one neglects the weak 
dependence upon <lpJ> , it will follow from 
e q . ( 5) , that if one of the dis t r i but ions 
does not depend upon energy, the second 
one behaves similarly. 

To determine quantitative characteristics 
of the (1/a)d~ /d.; 

77
o distribution, the 

experimental data shown in Figs. 1 and 2 
were fitted by the right-hand side of eq. (5) 
with the function 

¢ ~ ( ,; 
170 

) = a 
1 

exp ( -a
2 

I ,; 
17

o I - a 
3

,; 17~ ) , (6) 

where ai are free parameters. This parametri
zation is of the same form as for the similar 
distribution of charged pions in refs. /1,2/. 

The values of the parameters aiobtained 
by the fit are presented in Table 2. For the 
sake of comparison Table 2 includes also 
the parameters of (1/a)da/d,; distributions 
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for not leading rr+- and rr--mesons from refs ./1
•

2
/ 

as well as the values of x 2 obtained by fit
ting our data with the help of these parame
ters. 

Table 2 

a~ 02. Cl3 
X/n~ber of 

po~nts 

- 0 
~11o<O Tip -11 0.96,±0.05 0.96j;0.04 0.00- fix. 

54/73 5 GeV/c 
~1ro>O 1.04,±0.03 1.05,±0.02 0.00- fix. 

pp- 'jf-

n-300 GeVjc 0.91,tu.I5 o. 83;tU. 04 0.03,t0.01 1Z7/73 

7fp-1f - ~n <. 0 I.2Qt0.04 I.36j;O.IA -U.07,±0.U1 121/73 
40 GeV/C 

- + ~n>O I.18,t0.04 I. 34;t(J. U5 -u. IJl,tU. ur 
!ilp-+~ 

The data presented in Table 2 permit one 
to make the following conclusions: 1) The 
parameters of the distributions (1/a)da/d~ o 

for the backward and forward hemispheres
77 

coincide with each other within error li
mits. This fact indicates that the use of 
scaling in the mean variables leads to sym
metrization of the longitudinal momenta 
spectrum; 2) The parameters of the distribu
tions (1/aJda/ d~ 77o within two-fold and three
fold errors coincide with the parameters of 
the distributions (1/a)da/d~ for rr+_ and 
rr- -mesons at higher energies. This coinci

dence due to the above-said considerations 
evidences in favour of the energy-indepen-

10 
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1 

dence of the distribution (l/a)da/d~ 77o and 
consequently of the independence of the 
distributions (1/a)da/d~y upon energy. 

III. Now we proceed to the analysis of 
transverse momenta spectrum of gamma-quanta. 
Figure 4 shows the experimental distributions 
(1/a)da/d1]y for reaction (3). It is seen 
that in the whole range of variation 
11y=pT/<pT>, the data for various topologies 

within errors coincide. This shows the in
dependence of the shape of distributions 
under study upon the multiplicity of charged 
particles. 

1.0~r--d--ri-.--1 -r-1 -,,--.-, -----,~ 

., 1fp-f+X 5Gev/c 
o 0 prongs 

o.n-

"'lot" -o-o 
&:-!'0 v 

0.01 

.f A 2 -u-

' tz : ~il"-
,1 
't 

I fir L 

1 
0.001 - 1 

0 1 2 3 4 5 6 
~~<~> 

Fig. 4. Plot of (<pT>/a)da/dpT versus pT/<p > 
f 

. . h 1 or events of the g1ven topology 1n t e 
reaction rr-p -.y+ X at 5 GeV /c. 
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Consider the dependence of these distri
butions upon energy. The absence of the cor
responding information at other energies 
makes us use the same way of consideration 
as for the distributions of longitudinal 
momenta. Proceeding from the integral equa
tion/JO/ relating the spectra of transverse 
momenta of gamma-quanta and rr0 -mesons it is 
possible to obtain an integral equation for 
the corresponding distributions in the re
presentation of scaling in the mean variables. 
The quantities <pT>y and <pT>rra are included 
in this equation as parameters. The weak de
pendence of<pT> upon energy leads to the 
fact that the energy-independent distribu
tion (1/a)da/d~"a will produce the energy
independent distribution (1/a)da/d~ .Toes
timate energy dependence of the diStribution 
(1 /a)da I d~ "a on the basis of the same 
facts as for longitudinal momentum distri
butions it is possible to use the corres
ponding distributions of charged pions. 

Figure 5 shows the experimental distribu
tion (1/a)da/d~rra for reaction (4) as com
pared with the curve d~scribing the analogous 
distributions of negative pions in pp-inter
actions at 13-300 GeV/c. The coincidence of 
experimental data with the curve ( x 2 I the 
number of points = 2.8/14) shows the inde
pendence of the distribution (1/a)da/d~ a 
upon energy and hence the independence upon 
energy of the distributions (1/a)da/d~ . 

y 

IV. In conclusion let us summarize the 
basic results of this investigation. 

1. The regularity which agrees with the 
predictions of the scaling in the mean 
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'101~ 
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3 

Fig. 5. Plot of (<pT>/a)da/dpT versusp.1/<pT> 
i n t he r e a c t i on rr- p -. rr0 + X a t 5 G e V / c . The 
curve represents the result of fitting the 
pp data/ 11. 

hypothesis observed in the spectra of lon
gitudinal and transverse momenta ofrr0 -mesons 
and gamma-quanta. 

2. The analysis performed shows the exten
sion of the validity region of scaling in 
the mean both for the energy range 
(5-300 GeV) and for the type of particles. 
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