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AccouuarHsHaH MHo~ecrseHHOCTb s peaKUHH "-p~"0+X 
npu 5 faBle 

npeACTasneHbl 3KCnepHMeHranbHble llllHHble 0 38BHCHMOCTH IICCOUHB­

THBHOA MHO~eCTDeHHOCTil 3BpH~eHHblX 'HICTHU OT KDanpara HeLlOCTlllOU!efl 

MaCCbl B peaKUHH "-P~:r 0+ X npu 5 faBle. Pacnpeae,leHHH "o -Me3oHOB 

!lOCCTBHODneHbl H3 COOTBeTCTBYIOU!HX pacnpeneneHHi! y -KBllHTOB H3 

peaKUHH "- p ~y +X 0 B CTBTHCTHKy BKillO'IeHo 7940 y -KBilHTOBo noKa-

3aHo, 'ITO B flOBeaeHHH 8CCOUHBTHBHOi! MHO~ecrseHHOCTH npu 3Hepf'HH 

5 faB HB61llOABIOTCH 38KOHOMepHOCTH, o6napy~eHHble paHee npu 6onee 
Bb!COKHX 3Hepf'HHX, 

Pa6ora BbinOnHeua B Jla6oparopHH HJlepHblX npo6neM 011.fll1. 

npenpRHT 061oellHHeuuoro HHCTHTyTa liJlepHbiX uccnenoaauuA. lly6ua 1978 

Amaglobeli N.S. et al. El • 1153·1-
Associated 'VIultiplicity in the Reaction "-P ... " 0 +X 
at 5 GeV/c 

The results of investigation of the associated charged particle 
multiplicity as a function of the missing mass squared in the re.~c­
tion "- p ->"0

+ X at 5 GeV/c are presented. The " 0 -meson distribu­
tions are reconstructed from the corresponding y -quanta distribu­
tions in the reaction "-p ->y + X 0 The statistics includes 7910 
y -quanta. The regularities found earlier at higher energies are 
observed in the behaviour of associated multiplicity at 5 GeV. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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A number of experimental and theoretical paperl 1
-

51 

have been devoted to the analysis of associated multi­
plicity that is charged particle multiplicity of the system 
X produced in the inclusive reaction 

a+b->C+X. (1) 

The dependence of parameters of associated multiplicity 
distribution (average multiplicity <n>. dispersion 
D2-<n 2 >-<n> 2 , normalized moments Ck -<nk>/<n>k 
and so on) on incident particle energy and kinematical 
characteristics t of the particle c are the object of 
investigation. By definition the probability of associated 
production of n charged particles is * 

P (g)-(da /dt)/ I (da /dt), 
n n n n 

where d a /dt is a t distribution for events with 
n charged particles in the X system. Here t denotes 
usual variables like x ,.2 P[J vfs, p T , M i and so on, 
where Pt and p Tare longitudinal and transverse momen­
ta of the particle c in c.m.s., M~ is the effective mass 
squared of the system X 0 

Experimental data on associated multiplicity in the 
inclusive reactions with the production of rr ± ,K0

- and 
l{o -mesons, slow protons and A -hyperons are ob­
tained in the rr ± P -interactions at 5-205 GeVjc 16 -

111 

--*-H~;~-;~d-b;i~;~~;-;i;plicity we omit the dependence 
on s (the c.m.s. total energy squared). 
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in K ± p -interactions at 5-32 GeVjc 112- 141 and in pp­
interactions at 19-405 GeVjc115

- 17: Data on the multipli­
city of charged particles associated with 17° -meson 
exist at ISR energy only 1181 . 

In the present paper the results of the investigation 
of the M; dependence of associated charged particle 
multiplicity in the reaction 

17-P-+77°+ X 
(2) 

at 5 GeVjc are presented. A comparison with the charac­
teristics of total charged particle multiplicity distribution 
in the reaction 

17 -p ... X (3) 

at s"' M~ is made. The distribution parameters for reac­
tion (3) at momenta S 5 GeVjc were calculated from the 
topological cross sections presented in compilation119/. 

The inclusive distributions of reaction (2) were recon­
structed from the corresponding distributions of the reac­
tion 

77-P .... Y+ X (4) 

on the basis of the method described in ref/20~ The recon­
struction procedure is considered in the Appendix. 

For the analysis we used 0-, 2- ,4- and 6-prong 
events with gamma-quanta detected with a JINR one-meter 
propane bubble chamber /211. The statistics includes 
7940 gamma-quanta. The processing of events with gam­
ma-quanta and results of the former investigations have 
been published elsewhere (see, for example, ref/221). 

The experimental investigation of the average asso­
ciative multiplicity in the K ± p -interactions at 5-
32 GeVjc 112 •131 has shown a change in the rate of in­
crease of <n CMi)> with Mi about the value Mi"'s/2 
In the region M,i <.;. s /2 the values of <n(Mi>> are ~lose to 
the values of < n (s) > at s = Mi. In the region Mx ~ s/2 
the growth of < n (M i) > with M i is more rapid than at 
smaller Mi and noticeably exceeds the increase rate of 
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<n(s)> with s. As has been noted 1131, such a break in 
the M~ dependence of < n(M ~> becomes less visible 
with decreasing incident energy. From the relation 

Mi=s+m~-2y'Sylsx 2 14+P 2 +m2, 
T c 

where me is mass of the inclusive particle c, and from 
the limitation of <pT> it follows that the transition from 
the small values of M~ to large ones corresponds to 
the transition of particle c from the fragmentation re­
gion (I xI "'1) to the central region <lx I "'0). Thus a break 
in the behaviour of <n(M i)> can point out the difference 
in the production mechanisms of associated particles in 
these regions 1 121. 

Figure 1 shows the experimental values of <n(Mf)> 
and <n(s )> for reactions (2) and (3) and also average as­
sociated multiplicity for the reaction 

17- p .... 17 - +X (5) 

at 5 GeVjc16 ~ It is seen that <n(Mi )> is an increasing 
function of M i which coincides within errors with < n( s)> 
and with the average multiplicitl associated with the 17-­

meson. In the whole range of M x no statistically signi­
ficant change in the increase rate of <n(M_i )> with Mi 
is observed. Our data are well described by the function 

<n(Mi)>= a+ b ln Mi , 

predicted by the models of multiperipheral type 111 . As 
a result of approximation a= 0.43i'O.l0, b = 1.07 ±0.06 
was obtained at the value x2 . ·/number of points = 1.6/8. 

rnm 

As is pointed out in ref/ 1S1 the change of production 
mechanism is displayed more visibly in the behaviour of 
the function · 

G(M~) = _1_ ~ (<n (M 2 )>- < n(s)>) 
ain dMx X 

than in the dependence of <n(Mi )> on Mi. A distingui­
shing feature of this function is the existence of the mini­
mum whose position is the same as that of the break in 
the M~ dependence of < n (M 2x )> . 
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5 GeVjc, Ll - the s dependence of <n(s )>for the re­
action rr- p ... X . 

Figure 2 shows the function G (M i) obtained in our 
experiment. As an example, G(M~) for the reaction K+p_. 
... JC 0 +X at 8.2 GeVjc 1131 is given. A clear minimum at 
Mi-=-7 Gev\s seen in our data.The shift of this minimum 
towards larger M ~(in comparison with the expected M ~ :: 
= 5 GeV2) seems to be due to a small width of the 

central region at our energy. 

The multiplicity correlations between charged partic­
les in the system X, produced in the association with 
inclusive particle c , are determined by means of the 
correlation moment 

f cc ( 2 
2 -<n n-1)>-<n> . 

6 

The e~per~mental investigation of the M~ dependence of 
the f~c (M x) in the reaction PP-> P slow + X at 
102-405 GeVjc 115! has shown that behaviour of f ~c(Mi) 
is similar to that of r cc (s) in the reaction pp ... X at 
s = M~ 2 

. . M 2 cc 2 
Fzgure 3 shows x dependence of the f 2 (M x ) 

for reactions (2) and (5) and also s dependence of the 
f 2c (s) for reaction (3). The correlation moments for 
reaction (5)were calculated from the approximating func­
tions for the dispersion D 2(M i) and < n (M i)> from 
refs 16 •71 . Our data in the region Mi;:::, 7 GeV 2within 
errors coincide with correlation moments in reaction (5). 
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Fig. 2. The f!!nctiD;,n S3(M i) versus Mi for 
the reaction rr ~ ->rr +X at 5 GeVjc. The solid curve 
represents G (M x) for the reaction K + p ... K o + X 
at 8.2 GeV jc. 
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and with f ~c ( s ). The negative values of f ~c indicate 
the presence of correlations connected with the conser­
vation laws. The increase of f ~c (M i) in the region of 
smaller M i reflects mainly an influence of the thresh­
old effects. The correlation moments in reactions (3) and 
(5) weakly depend on M~ and are close to value -1. 

In a general case the values of multi~licity distribu­
tion parameters at minimal values of M ~ or s are de­
termined by the reaction channels having· the 
smallest production threshold. It follows that 
for reaction rr- P .... X. and in our case f~c .... 0 
at small s or Mi. For the reaction rr-p .... rr- +X this 
limit is -1. As is seen from fig. 3, the approach of f~c 
to zero is slower than in the f ~c (M_i) case. It is worth 
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to note that the spectra dan I dM i used in the con-
struction of f ~c (M ~) are obtained as a result of the 
approximation and are smooth functions. On the other 
hand, in the region of small s the behaviour of a nCs) 
is more complicated as a result of the production of reso­
nances in intermediate states. This could cause a diffe­
rence between f 2c (Mi) and f~c(s) in the region of 
small M~ and s . 

The generalization of the KNO-scaling for associated 
multiplicity gives the following relation 

2 2 2 
<n(s ,M x )>Pn (s,M x>·¢(s ,M x, z) --- 'P (z), (6) 
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where z,.,n/<n(s ,MJ )>. Data in p p -interactions at 
102-405 GeVjc 123 and in "-p -interactions at 5 and 
40 GeVjc 171 show approximated validity of the KNO-sca­
ling for associated multiplicity. 

Figure 4 presents ¢ (M i, z ) distributions for a set 
of values Mi obtained in our experiment. It is seen 
that experimental points in the z region under considera­
tion are grouped near to some common curve. This beha­
viour agrees with weak M2x dependence of the distri­
butions ¢ (M2x, z). 

It is well known that asymptotical relation (6) is equi­
valent to the independence of normalized moments 

JTp-Jt+X, 5 GeV/c 

.... 
3 t T 

6 I t CJ 
c.J2 ,~ c2 • 

+ .,--- • . . ). • • 
1 

2 4 6 
2 2 

M x. GeV 
Fig. 5. The normalif:ed associative 

C 2 and C 3 versus Mi for the reaction 
at 5 GeVjc. 
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8 10 

moments 
rr-p ->77°+X 

C( 2 2 k 2 k 
k s ,Mx) -< n(s ,Mx) >I< n(s ,Mx) > 

upon s and Mi. The approach to the asymptotics is dis­
played more visible in the behaviour of moments ck than 
in the behaviour of distributions ¢ ( s , M~, z ). Figure 5 
presents the M i dependence of moments c

2 
and c

3 
for 

reaction (2). In the whole region of Mi both moments are 

a monotonously decreasing functions of Mi. This indi­
cates that asymptotical behaviour of distributions ¢ (M~x·z) 
at our energy has not been reached. 

In conclusion let us summarize the basic results of 
this paper. 

1. The M~ dependence of the parameters of asso­
ciative multiplicity has been analysed in the reaction 
"- p -+77°+X at 5 GeVjc. The behaviour of the parame­
ters of associative multiplicity shows the regularities 
observed earlier at higher energies. 

2. Data about dependence of associated charged par­
ticle multiplicity on kinematical characteristics of in­
clusive rr 0 -meson at energies below 1500 GeV have 
been obtained for the first time. 

APPENDIX 

According to our estimates 99% of y -quanta produced 
in the reaction 

rr-p -+ y +X (1) 

at 5 GeVjc are decay products of "0 -mesons from reac­
tion 

"- P-+77°+X. (2) 

This makes it possible to use an integral equation 1201 

which relates energy spectrum of gamma-quanta with 
that of rro -mesons. By means of the relation 

2 2 {S M - S+ m -2 s E * X c c ' 
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where m c and E*c are mass and energy of the inclusive 
particle in c.m.s .• one can obtain from this integral equa­
tion another one for the missing mass squared distribu­
tions. As a result, we obtain 

dM 2 

da2 "' -h- f ~ -~-' (3) 
d Mx vs . dMx v; w 2 _ m 2 

y 7T 0 0 

where uu .. (s +m~ -M~)/(2ys) , m
0 

is mass of rr 0
-

meson. The lower inte/ration limit 1s determined as 
a minimal value of Mx17 in reaction (2). The higher one 
depends on M~ and has the form 

2 2 2 m0 ¢ ( M X ) "' M X (1--~ ). 
Y Y s-Mxy 

It is possible to express the distribution d a/ ctM2 in 
an analytical form Xrr 

da - f( 2 
dM!rr ~ MX,ai)' 

where ai are free parameters. The values of parame­
ters are determined by fitting the right-hand side of 
eq. (3) to experimental distributions of y -quanta. 
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