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EarronH 6,B, 11 np, El · l2ll7 
Hccnenoaanl!e accouHaTHBHoii Mno•ecraennocrH a peaKUHH 
pp- p (Mel\.1.)+ X npH 22,4 faBle 

B pa6ore HCCnenyeTCSI noaenenHe accouHaTHBHOii Mno•ecraennocnt 
K8K 1\>yHKUHII HellOCT8101Ueii M8CCbl K HlleHT11¢lHUHpOB8HHOMY npOTOHy B peaK
llHH pp -p(~t8;IJl·) +X npl! 22,4 faBle, noK838H p831111'1Hblli xapaKrep 
JIOBelleHI!SI 8CCOUII8TIIBH0ll MHO)!{eCTBeHHOCTH llllS! !l11¢lp8KUIIOI!Hb!X (M 2/s < 0,1) 
H nenu¢>paKU!!OHHbtX co6Hrl!ii. B paMKax nayxKoMnonenrnoii Monenu ia'le-;;r
aenno 06bSICHeHO JIOBeneHtie OTHOllleiiiiSI < n(M ~) >/D K8K ¢lyHKUIIH M i 

npH HCJIOI1b30B8HIIII M8ClUT86HOH nepeMeHHOii 

z' ~ (n -1-a)/(<n(MX
2
)>-a), a~ -1,04 

ch · 
nnR acex aaaqenl!ii Mi 6btn rr':ny'leH ananor CKeiinHnra KNO a CHCTeMe X , 
OrMeqaercSI rrono611e peaKUIIII pp- p(Mei\J1) +X H pp- p(Me/IJJ.) +X. 

Pa6ora Bblllonnena a !Ia6opaTOpH11 Bb!COKHX anepr11l! OH f!H. 

npenpHliT 06beAHHeHHOrO IIHCTHTyTa S!AepHbiX HCCI1eAOB8HHH, lly6Ha 1979 

Batyunya B, V, et aL El · 12117 
An Investigation of Associative Multiplicity in the 
Reaction pp- p(slow)+X at 22.4 GeV/c 

The associative multiplicity as a function of the missing 
mass squared to the identified proton in the reaction pp- p (slow) +X 
at 22.4 GeV/c is studied, A different behaviour of the associative 
multiplicity for diffraction (M; /s::;O.l) and nondiffraction events is 
observed, TheM~ dependence of the ratio <n(Mi)>/D is quali
tatively explained on the basis of the two-component model, 

An analogue of K.t'\10 scaling in the system X is obtained 
for all values of M~ with the help of the scaling variable 

z' =(ncb -1-a)/(<n(Mi)>-a). a~ -1.04, 

A similar behaviour of the reactions pp- p(slow) +X and 

pp--. p(slow)+X is pointed out. 

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

Preprint of the Joint lnsti tute for Nuclear Research. Dubna 1979 

1. The associative characteristics of recoil system X to 
identified particle c in the reaction aN- c +X have been 
extensively studied for various particles a and ell/, 

In this paper we study the reaction 

PP- p (slow)+ X (1) 

at 22.4 GeVjc. About 21000 inelastic events were used in this 
analysis. Protons with a laboratory momentum of :s 1.5 GeVjc 
were identified by ionization thus yielding about 5 600 events of 
the type (1). The questions concerning the separation of elastic 
events, the corrections for losses of inelastic 2-prong events 
with slow recoil protons, etc., have been analyzed in ref. 12./. 

2. The average charged multiplicity of system X is defined 
through the topological (inclusive) differential cross sections 
dan/dMi(da/dM~) of reaction (1), 

2 2 2 
<n(M )> = l:(n-l)da

0
/dM 1 /da/dMx 

X n 
(2) 

2 
as a function of the missing mass squared Mx to the identified 

2 2 proton. In fig. 1 we compare the Mxls dependence of<n(M~>both 
for the reaction (1) and the reaction pp-. p(slow)+X at 
19 GeVjc 191. We have fitted our data points by the logarithmic 
expression 

2 2 2 <n(Mx)> =a+ b~n(Mx/M0 ), M0 = 1 GeV
2

, (3) 

in an interval of 4::;Mi:s 22 GeV 2 and by the power law 

<l(Mi)> = al + bl vM2x (4) 
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Fig. 1. The average charged multiPlicity < n (M2 
)> of system 

X as a junction of Mi Is for the reactions X p p--. p (slow)+ X 
(22.4 GeVjc) and pp- p(slow) +X (19 GeVjc)/91. 

in the diffraction region ( Mi < 4 GeVl, as suggested by multi
peripheral models (see, e.g., ref. / 3/ ) and by the fragmentation 
model "NOVA", incorporating cluster production 141, respecti
vely. The fitted parameters are shown in table 1 together with 
similar parameters for the reaction p p -+ p (slow) + X. 

3. In fig. 2we show theM~ -dependence of the ratio<n(M 2)>/D, 
X where 

2 2 2 2 1/2 
D = (<n (Mx)>-<n(Mx)>) • (5) 

A clear dip structure seen for 2 ::; M~ ::; 4 GeV2 can be ex
plained, e.g., due to overlapping of two different mechanisms 

4 

Table 1 

The parameters in eqs. (3), (4) and corresponding 

X2 /ND-pp(102-405) /B/ , pp(36) /lO/. 

Recction 
"\: 2/'ID Clemen tum a b al bl 

(Ge'l c 

i5P (22.4) 0.69±o.II 0.94±o.05 7.8/7 o.63±o.09 0.6I±o.06 

PP (36) o.78±o.45 o.85±o.rs !.4/5 0.66±o.IB 0.55±o.I3 

pp (!02- -0.55±o.39 !.3~-0.09 - 0.7I±o.I7 0.72±o.07 
405) 

:t 2/I'D 

5/2 

0.3/I 

in the diffraction region. In such a two-component model/S/ the 

dispersion can be written in the form 

D = (f31 D~ + f32 o; + f31 f3I(<nl (M~ )>- < n2 (M~) >)2)1/2' (6) 

lOt p P- P ( SLOIN) + X 

~~I 
Q \ 
~ l I I l 
~ 20 11 
v H 

15~ I 
m t~ w ro ~~~ 

Fig. 2. The M~ -dependence of the ratio < n (M~) >I D . 
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where the probabilities {3i of the two processes satisfy the 
normalization condition {3 1 + ~= 1. The diffraction mechanism 
(D=D1) dominates at Mi - 1 GeV

2 and the nondiffraction mecha
nism is responsible for Mi > 4 GeV

2 
(D=D2 ). while in the 

intermediate region the "interference" term in (6) increases 
the dispersion thus yielding the observed dip structure. 

4. We analyse also the possibility of an analogue of KNO
scaling for the system X 161. In table 2 we show the normalized 
moments cq = < nq (Mi)>l< n (Mi)>q • It is seen that c values are 
different in the diffraction (Mi Is::; 0.09) and nondihraction re
gions. From this it follows that the usual KNO-scaling for the 
system X is not valid, i.e., the function 

2 I 2 
2 <n(Mx)> daN dMx 

'II ( z, M ) : (7) 
X dal dM~ 

Table 2 

The normalized associative moments for various intervals of 

M21s· pp(~5)161 
1( 

~8 c3 c4 
Reaction 

c2 momentum 
(GeV/c) 

0. - I.4I ! 0.02 2. 7I ! 0.!6 6.55 ! 0.85 pP (22.4) 
0.09 !.40! 0.04 2.58 ± 0.20 5.5! ! 0.82 pp (36) 

I.-4! ± 0.03 2.54 ± O.I7 5.54 ± 0.69 pp (205) 

!.26 ± 0.02 !.85 ! 0.09 3.!8 ± 0.44 PP (22.4) 
0•09 - I.25 + 0.05 I.OO ± O.I9 2.90 ± 0.60 pp (36) 
0.!8 I.22 :t 0.02 I. 7I ± 0.06 2.66 ± O.I8 pp (205) 

I.23 ! 0.02 !.72 ± 0.08 2.7I ± 0.!8 pp (22.4) 
0•18 - !.23 ! 0.04 I.?I ± O.I5 2.63 ± 0.43 pp (36) 
0.30 !.23 ± 0.02 !.77 :t 0.07 2.87 ! 0.20 pp (205) 

!.23 ± 0.02 !.75 ± 0.04 2.76! 0.!2 jip (22.4) 

0.30 - !.27 ± 0.05 !.86 ± 0.!7 3.02 ± 0.56 pp (36) 
0.39 !.23 ! 0.02 I. 73 ± 0.06 2.70 ± 0.!8 pp (205) 

0.39 - I.23 ± 0.02 !.74 ± 0.04 2.74! 0.!3 l5P (22.4) 

0.50 I.24 ± 0.04 !.76! O.I5 2.73 ± 0.47 pp (36) 

-
6 

f 
I 

' I 

essentially depends on M~ . To ~et rid of the M~ dependence, 
we introduce the scaling variable 7 I 

z' = (nch-1-a)l(<n(M~)>-a). (8) 

The parameter a = -1.04 in (8) is determined from the condition 

[ 
2 2 

(<n(MX)>-a)ID]d = [(<n(MX)>-a)ID]nd. (9) 

where the l.h.s. (r.h.s.) have been calculated for 0 <M~<4 GeV2 

(4 < M~ < 22 GeVl. The corresponding normalized distribution 
'II (z ') is shown in fig. 3 for 0 < Mi < 22 GeV

2
; The solid curve 

is the result of the fit: 

'II (z ') = (0.05±0.01) exp[ (7. 78±0.59)ll'- (4.17 ±0.58) z .2 + (0.13 ±0.18)z'
3
](10) 

with x2 IND = 26/ID. 

5. CONCLUSIONS 

The following results have been obtained in a study of the 
associative multiplicities in the reaction (1). 

(i) We observe striking similarity between the reactions 
pp--. p (slow)+ X and pp- p (slow)+ X for comparable energies 
in an interval of 0 < M~/ s < 0.5. This fact is illustrated by the 
< n (M2 ) > distribution in fig. 1 and the corresponding parameters 

X 

in table 1. Besides, in the diffraction region Mi Is< 0.09 the 
< n (M~)> distribution is clearly independent of incident momen-
tum (see the parameters a

1 
, b

1 
in table 1). · 

(ii) The M~ dependence of the ratio < n (M~ ):o>l D is qualita
tively explained on the basis of the two-component model. 

(iii) An analogue of KNO-scaling in the system X is obtained 
for all values of M i with the help of the scaling variable 

z' = (nch- 1- a)l(<n(M~)- a), a= -1.04. 
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• 4<M: <8 G~V2 

a B<M: <13G~V2 

• 13<M!<17GeV2 

x 17<M:<22G~V2 

1o'l I I I '.!a 6 
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(<n(MX) >- a)da
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I dMX 

2 
da I dMx 

Fig. 3. The distribution 'I' (z ') 

z' = (nch-1-a)l(<n(M~)>-a), a = -1.04 

in an interval of 0 < Mi < 22 GeV
2 

• The solid curve is defined 
in eq. (10). 
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