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AccounaTHBHAA MHOXECTBEHHOCTL B peakuuu 7~ p-nr°+X
npu 5 I'sB/c

Mpencraenenst skcnepuMmeHTannHble nanHsie o 38BUCKMOCTHK accolna-
THBHOR MHOXECTBEHHOCTH 3a8PAKEHHLIX YA4CTHL OT KBallpara Henocrawouwei
Macchl B peakunu 7 P+7°+X  npu 5 I'sB/c. Pacnpeneienna n° ~Me30HOB
BOCCTAHOBNEHL! #3 COOTBETCTBYOWHX PACNpels/eHHR y —KBaHTOB H3
peaxudn r p-y +X. B CTardCTHKy BKA4eHO T840 y-ksauros. [Moka-
3ali0, UTO B NOBelleHHH ACCOUHATHBHON MHOXEC FBeHHOCTH NpH 3Hepruu

5 I'sB naGnionawrca 3akoHomepHoCTH, oGHapyxeHHble paHee npu Gomree
BLICOKHX 3Heprufx.

Pa6ora Brinonueuna s JlaGopaTopun snepHuix npo6nem OMUSM,

IpenpuutT O6benRHEHHOr 0 HHCTHTYTa fAepHBIX HCCllenobaKi, lly6m; 1978
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Associated Multiplicity in the Reaction n p +s°+X
at 5 GeVfc

The results of investigation of the associated charged particle
multiplicity as a function of the missing mass squared in the reac-
tion »~p-+r®+X at 5 GeVfc are presented. The 7° -meson distribu-
tions are reconstructed from the corresponding Yy -quanta distribu-
tions in the reaction 7 " P-y+ X. The statistics includes 7940

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 papers/l's/

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 sc + X. 1)

The dependence of parameters of associated multiplicity
distribution (average multiplicity <n>, dispersion
D?=<n?>-<n>? | normalized moments C, =<n¥>/<n>k
and so on) on incident particle energy and kinematical
characteristics ¢ of the particle ¢ are the object of
investigation. By definition the probability of associated
production of n charged particles is *

P (£)=Wdo /d&)/ % (do /dg),

where dan /d¢ isa ¢ distribution for events with
n charged particles in the X system. Here ¢ denotes
usual variables like x=2pf/V§, p,, M§ and so on,
where p¥ and ppare longitudinal and transverse momen-
ta of the particle ¢ in c.m.s., Mi is the effective mass
squared of the system X.

Experimental data on associated multiplicity in the
inclusive reactions with the production of 7+ | K°- and
K° -mesons, slow protons and A -hyperons are ob-

tained in the »¥ p -interactions at 5-205 GeV/c /6=,

Here and below for simplicity we omit the dependence
on s (the c.m.s. total energy squared).



in K*p interactions at 5- 32 GeV/c/12 =14/ and in pp-
interactions at 19-405 GeV/c ~177 Data on the multipli-
city of charged particles assomated with 7°-meson
exist at ISR energy only’ 18/

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

“pa+7°+ X
T PpomT+ (2)

at 5 GeV/c are presented. A comparison with the charac-
teristics of total charged particle multiplicity distribution
in the reaction

‘ rr_p—»X (3)

at S= M2x is made. The distribution parameters for reac-
tion (3) at momenta < 5 GeV/c were calculated from the
topological cross sections presented in compilation’!9/ .
The inclusive distributions of reaction (2) were recon-
structed from the corresponding distributions of the reac-
tion

rr_p » Y+ X (4)

on the basis of the method described in ref.”?%/ 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/21/ The statistics includes
7940 gamma-quanta. The processing of events with gam-
ma-quanta and results of the former 1nvest1gat10ns have
been published elsewhere (see, for example, ref.” )

The experimental investigation of the average asso-
ciative multlpllclty in the K*p -interactions at 5-

32 GeV/c 712,13/ has shown a change in the rate of 1n-
crease of <n(M §)> with Mx about the value szs /2 .
In the region M,% <s/2 the values of <n(M )> are close to
the values of <n(S)> at s=M%. In the region M% >s/2
the growth of <n(M x)> with M is more rapid than at
smaller M3 and noticeably exceeds the increase rate of

4

<n(s)> with s. As has been noted "%/, such a break in
the M dependence of <n(M %> becomes less visible
with decreas1ng incident energy From the relation

M§=s+m —-2y/sVsx? /4+p +m

where m, is mass of the 1nc1us1ve particle ¢, and from
the llmltatlon of <pp> 1t follows that the trans1t10n from
the small values of M to large ones corresponds to
the transition of partlcle ¢ from the fragmentation re-
gion (|x{=1) to the central region (x| ~ 0).Thus a break
in the behaviour of <n(M%)> can point out the difference

in the production mechanisms of associated particles in
these regions/1?/.

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

T poam +X (5)
at 5 GeV/c It is seen that <n(Mx )> is an increasing
function of M% which coincides within errors with <n(s)>
and with the average mult1p11c12y associated with the » -
meson. In the whole range of M no statlstlcally s1gn1—
ficant change in the increase rate of <n(MX >  with M
is observed. Our data are well described by the functlon '

<n(Mx)>=a+blnM2

predicted by the models of multiperipheral type /17 . As
a result of approximation a= 0.434.10, b = 1.07+0.06
was obtained at the value xfnin ‘/number of points =1.6/8.

As is pointed out in ref.”13/ the change of production
mechanism is displayed more visibly in the behaviour of
the function

G(M2)-—. —%-(<n M2 2> -<n(s)>)

ln
than in the dependence of <n(MX )>> on MX 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% ).
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Figure 2 shows the function G(Mi) obtained in our
exgeriment. As an example, G(M %) for the reaction K*p.
» K°+X at 8.2 GeV/c 13/ is given. A clear minimum at

Mi:’? GeVgis seen in our data.The shift of this minimum
towards larger Mi(in comparison with the expected Mi =
=5 GeVz) 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 ¢, are determined by means of the
correlation moment

f2°c =<n (n—1)>-<n>2 .

The e_x_perimental investigation of the sz dependence of
the t$° (Mz) in the reaction pp-+pgow + X at

102- 405 GeV/c 15/ has shown that behaviour of fgc(M)%)
is sirgilar to that of fgc (s) in the reaction pp-X at

s =M X-

Figure 3 shows Mm% dependence of the fg° (Mi)

for reactions (2) and (5) and also s dependence of the
f$¢ (s) for reaction (3). The correlation moments for
reaction (5)were calculated from the approximating func-
tions for the dispersion D*M%) and <p(M%)> from

refs 57/, Our data in the region M%> 7 GeV*?within
errors coincide with correlation moments in reaction (5).
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Fig. 2. The function G(M i) versus M§( for

the reaction = R »7°+X at 5 GeV/c. The solid curve
represents GM%) for the reaction K'p-K°+X

at 8.2 GeV/c.
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M%X or s: e -forthe reaction n- pan + X at
5 GeV/c, o -forthe reaction n—p - »— +X at
5 GeV/c, A -forthe reaction = p -»X.
and with f§°(s). The negative values of f indicate
the presence of correlations connected with the conser-
vation laws. The increase of f ;c(M2 in the region of

smaller MX reflects mainly an influence of the thresh-

old effects. The correlation moments in reactions (3) and

5) weakly depend on sz and are close to value -1.
In a general case the values of multlphclty distribu-

tion parameters at minimal values of M% X or s are de-

termined by the reaction channels having the

smallest production threshold. It follows that

for reaction 7 P~ X and in our case f3°-0

at small 8 or M . For the reaction 7 p 7~ +X this

limit is -1. As 1s seen from ﬁg 3, the approach of f°c

to zero is slower than in the f§ (MX case. It is worth

to note that the spectra do, /dMX used in the con-
struction of f3°(M x) are obtamed as a result of the
approxunatlon and are smooth functions. On the other
hand, in the region of small s the behaviour of o (s)

is more complicated as a result of the production of reso-
nances in 1ntermedxate states. This could cause a diffe-
rence between f 3° (M ) and f;°(s) in the region of
small M2X and s.

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

<n(s M3 PP, GM2)=(s M, 2) — ¥ (z), (6)
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Fig. 4. Plot of <n(MX)> t) versus z-n/<n(M§)>
in the reac on 7=p » 7o+ X at 5 GeV/c for the set
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where z=n/<n(s, M% Data in pp -interactions at
102- 405 GeV/c/23 and in 7~ p -interactions at 5 and
40 GeV/c’7 show approximated validity of the KNO-sca-
ling for associated mult1p11c1ty

Figure 4 presents ¢ (M%,2z) distributions for a set
of values My obtained in our experiment. It is seen
that experimental points in the zregion under considera-
tion are grouped near to some common curve. This beha-
viour agrees with weak M dependence of the distri-
butions ¢ (M%,2).

It is well known that asymptotical relation (6) is equi-
valent to the independence of normalized moments
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Fzg 5. The normalzzed associative moments
and Cs versus MX for the reaction =~ p -7°+X
at 5 GeV/c.
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2 2
G, (s,Mg) =< n(s,My )k >/< n(s,Mi)>k

upon s and M;% The approach to the asymptotics is dis-
played more visible in the behaviour of moments Cy than
in the behav1our of distributions ¢ (s, MX, z). Figure 5
presents the M dependence of moments C and C, for
reaction (2). In the whole region of MX both moments are

a monotonously decreasing functions of M%- This indi-
cates that asymptotical behaviour of distributions ¢ (M,2)
at our energy has not been reached.

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

1. The sz dependence of the parameters of asso-
ciative multiplicity has been analysed in the reaction
7~ p -7°+X at 5 GeV/c. 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 ~° -meson at energies below 1500 GeV have
been obtained for the first time.

APPENDIX

According to our estimates 999 of y -quanta produced
in the reaction

7 p »y+X 1)

at 5 GeV/c are decay products of 7° -mesons from reac-
tion '

77_ p nd TT°+ X . (2)
This makes it possible to use an integral equation 20/

which relates energy spectrum of gamma-quanta with
that of 7° -mesons. By means of the relation

M2=sim® -2Vs EX |

1



where m_ and E* 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

2
do dMx,

do 1
<= ) e 3)
My, & aM

Xr Vad -me
where o) = (s +m5-M2)/@V§) , m_  is mass of #° -
meson. The lower intezgration limit 1s determined as

a minimal value of M%, in reaction (2). The higher one

depends on sz and has the form
2
2 2 mo
M =M 1~ 1 .
FMy, )= My = )

It is possible to express the distribution do/dM2X in
an analytical form i

d 2
__.‘12._- f(My ,a,),
dMXn

where a; 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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