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HeKOTOpbte acneKTbi· nonyaaKni03HBHbiX peaKIIHl!: B qeTbipexny'leBbiX 
·saaHMOAefiCTBHRX npH 5 faB/c 

B pa6oTe aayqeHbi 'aeJtOTOpbte !f>eaoMeaonoraqecKae acneKTbi nonyaHKnro-
3HBHbiX peaKIIHfi npH 5 faB/c 

77'"': p-> 77 ± + 3 aap. 'laCTHllbi· + X0 

.. p 0 + · 2 3ap. 'laCTHllbl + X 0 

.... ~++ + 2 aap. 'laCTHllbi + X 0 

-+ p + 3 aa·p. 'laCTHllbi + X 0
• 

Hayqeao pacnpeneneaae 6hlCTpoT, noseneaae auaapaaaTaofi if!YHKUHH 
F ~ , ABYX'IaCTH'IHbie KOppenmma no 6biCTpoTe. · · . 

Coo&QeHMe ~~8eHHOro MHCTKTyTa ~ep~x MCC~e~OBHHMA 
,izy6Ha, 1974 

Lebedev R.M., Glagolev V.V., Cotorobai F., El • 7923 
Besliu C. et al. 

Some A~pects of Semi~nclusive Reactions in 
Four-Prong 77-p Interactions at 5 GeV/c 

In this paper we present some phenomenological 
aspects of the following semi-inclusive reactions at 
5 GeV/c: 

+ 
77 P .... 77 - + 3 charged particles +X 0 

I 
'i p 

.... p
0 + 2 charged particles +X 0 I' 

.... ~++ + 2 charged particles +X 0 I 
.... P + 3 charged particles +X 0 \ 

The rapidity distribution, the behaviour ~f the I I 
function Fs and two-particle rapidity correlations have · 
been studied. 

CoDUDDDieations of the Joint Institute for Nuelear Reeeareh. 
Dubna, 1974 
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Last years inclusive and sembinclusive reactions were 
·intensively studied. Qu~te a number of papers c.oncerning 
inclusive reactions have been published to date whereas 
the information on semi-inclusive reactions in the litera­
ture is insufficient /I •2 / • In this paper we present 
some phenomenological aspectS of the following semi;..in­
clusive reactions 

TT ± . +X 0 + 3 charged particles. 

17-p -+ 
Po +Xo+2-"-

, 

~+++xo+2 
, , 

p + xo '+3 
, , 

( X 0 are any neutral particles) . 
It is interesting to study, in addition to general distri­

butions, some dynamic characteristics of this type reac-
tions. · · 

Here we present the results obtained in an analysis 
of about 15 thousand four-prong events without strange 
particles; The semi-inclusive distributions for particles 
and resonances are presented :i.n the first part of this 
paper. In .the second part we ·present some data on two­
particle rapidity ·correlations. Table 1 shows the ·.used 
variables and their distributions. 
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1. Semi-Inclusive Distributions 

The rapidity distributions for positively andnegatively 
charged pions and for protons are shown in fig. 1. These 

·distributions are similar for pio1;1s. The maxima .. of 
distributions for negatively charged pions andprotonsare 
shifted in opposite directions· with respect to that. for. 
positively charged pions. · . ·· ·. 

, Figure 2 presents the invariantfunction F
8 

(x, p J, s) for 
the same particles integrated· over ~ll the values of the 
trans.verse momentum. squared .. For negatively charged 
pions one can observe a marked asymmetry in the region . 
I xI :: 0.7 + 1. A large asymmetry is observed for protons 

·as well. This effect is probably due to the presence of. 
the pion and proton that have the properties of leading · 
particles among secondary particles. 

It is con·vEmient to observe the diffraction effect if the 
invariant function F ~ is analysed in different interval~ ·. 
of the transverse ·momentum. squared.· One can see from 
figs. 3 and 4 tha.t for negatively chargedpions and protons 
the leading effect becomes maximum for the least values 
of the transverse momentum squared <Pi"" o+0.06 GeV 2Jc2) 
and disappears at p 1 ~ 0 .. 39 G~V jc 2. For posi. 1ely 
. charged pions (fig. 5) the dependence of the function F s on 
the transverse momentum . squared is not observed. Such 
a behaviour can be explained by the production of negati­
vely charged pions and protons in the diffraction process /I I. 
A similar result has been obtained in the inclusive reac­
tions "-p -+ "- +anything at 16 GeV /c 131 and 21 GeV /4~ 

Figure 6 and 7 show the ·semi;. inclusive distributions 
we plot for the· p0 

· ·and ~++ resonances. One can • note 
that the distributions for negatively charged ·pions and 
p 0 -mesons as well as for protons and ~++are correspon:-: 
dingly similar. .. · 

A study of the behaviour of semi-inclusive distribu­
tions· for the missing mass is an additionai source ·of in­
formation .. Figures 8 and 9 present the reduced rapiditY 
and function F

8 
for the missing mass X 0

• The rapidity 
distributions for protons (fig. 1) do not differ significantly 
from ·those for X o (fig. 8) whereas a sharp asymmetry 

.·4 

I 
j 
I 
' I 

'1 
:1 

l 
l-
1 

.... 'l 

is observed in the distribution of the invariant function 
Fs for protons (fig. 2), and. F

8 
for X 0 (fig. 9) is 

practically symmetric. In addition, the function F ·for . s 
the missing mass X0 does not depend markedly on cuts in 
the transverse momentum squared. This property is pro­
bably due to the nondiffractive production of X 0 

• Inves­
tigating the influence of the missing mass on the distri- · 
butions for single particles, we have plotted them for the 
following three intervals of the missing mass: (0 + 0.5; 
0.5 +.1.1; 1 + 1.5) -GeV (figs. 10-15). The distribution for 
the invariant function of the proton shows that the diffrac­
ti ve character of the interaction disappears with increasing 
the missing mass. 

2. Two-Particle Rapidity Correlations 

A study of two-particle rapidity distributions and the 
behaviour of the correlation function C(:h ,y. ) asafunc­
tion of rapidities gives new data on the inleraction dy­
namics. One of the important problems is to obtain infor­
mation on the cluster production in the processes of par­
ticle generation. Figures. 16 and 17 present two-particle 
rapidity distributions for different pairs of particles. 
These curves are similar to the Gaussian distribution. 
Similar results have been obtained at higher energies 
in "-p interactions at 18 and 40 GeV jc. One can see 

2 ... ,: •. 
from fig. 17 that a a is more··narrow for 

ay.ay: 
1 l 

"+ p pairs with the effective masses inside the ~++ re­
sonance region than for the same "+p pairs without 
effective mass cut. This is an evidence of the production 
of "+p clusters which agrees with a strong produc- · 
tion of the ~ ++ resonance observed in the effective mass 
spectrum of "+p pairs/51. Onecanarriveatasimilar 
conclusion studying the correlation function C(y1 ,y 2 ) 

c ( , ) = 1.. a 2a - .L .iliz_ .iliz_ • 
yl y 2 a ay

1 
ay

2 
· a2 ay I ay

2 
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This function takes a completely different form depending : · 
on the. fact whether it is calculated .for all 17'+17- and·. 
rr+p pairs or only for the pairs with the effective masses 
COrres~nding tO the 'p 0 and L\ ++ reSOnanCeS (figS~ 18, 
19).· . .•. . . . . 

·The behaviour of the correlation function for the events: 
generated by· the Monte'-Carlo method makes it possible: · 
to · consider the effect observed in -th~ experiment to be 
mainly related to the p 0 and L\ ++ production: It is pos- · 
sible that such a behaviour of the' correlation function 
enables somebody . to detect the presence ·of resonances. 
under unfavourable background conditions in effective 
mass distributions. 

The authors are grateful to their colleagues from th.e 
Institute of High Energy Physics in Berlin for their help 
in this work and also to ·Prof~ K.Lanius for useful dis­
cussions. 
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Table 1 

'JL ~APlDlTY 
'.h =! l09 ( P: +f;)ftPt-E~} 
p: LONGITUDINAL MOH£HTUH}. 

x C.H.S 

E, . ENERGY . 

REDUCED 
~L = (':(-"J:)/{'J~-"f'.) 

-~ 
RAPIDITY 

'Y~ . R~PCDITY FOR ;TAPGET 

'!I~ 8£AM 

NVARtANT 
FUNCTION Fs = ~~ az%~iax ' 

Fs OF -
X :.t= 2 PdfS 

5- SQU~RED TOTAL ENERGY 
p

1
- TRAN~YERS MOMENTUM. 

CCH!IIEUTIOfl C(!II~J) :.!.. a -I (CI6)(M. ). 

~~ FONCTION 
·.' 6t ay(a~i --~ ay.__ ayi 

6._ -TOTAL S.I. CROSS:.. SECTION . 
~ I 

,_ 

7. 



~ 

1fp-:~:}+Jch+x· at 5 ~ 

-r-
2. 

---$+ 

-·-··P 

~ f. 
"'\A 

~ 
~ .s 

I 

I 
. t:OB ~ 

I 

Fig. 1. Rapidity distributions for 17+ , 17- and p • 

8 

.I 
') 

.l 
I 

t -

Jip-~!}•Jc.h.*x· at ~ c ' 

... 
:..._ .15 
~. 

:9'-' -1f! .{ 
~ .. 

.OS 

-as 

-1i-

---· r;• 

- -· p 

I: ..... ~ .•· ... _rJ 
. \:. 

I ! i 

r~ •• ,, ~ r; 

I 1 '- -\ 

r! r! ~, 

r. 

Q 

'-. ~ .. 
• , ti . . . .. ., .. ,_, 

.... '~1. ... 
'-"'\.~.,.'\ .. .... 

+f,_ .X 
J; 

Fig. 2. Distributions of the invariant function .F8 versus 
x for all values of the transverse momentum squared for 
17+ , 17- and p • ' · . ·· . · · · 

9 



• 

1f'p -1r +3 ch.,. x· at Sli!!!. c 

.. 
I 

.03 

~ .02 
--.;... .. 
~ .01 

-1. -:5 o. 

-P.&·=a+.o6 (~~;et 
-----P:=.39f 1.02 {w~lcf 

ilriT 
~ 

' I 
I .... 
' I 
' ., 
' •• 
li. .. 
' ' ..... 

+.5 +1. :t 

Fig. 3. Distributions of the invariant function ·F
8 

versus 
x for "- -mesons in two intervals of lhe transverse 

momentum squared. 

10 

,,, 

~ 

~ 

JTp-P +3ch +x· at 5 ~" 

.05 

.0~ 1 2 fl =0.+.06(Gtv/d 

P}=:39 -r 1.02 (Gev/~)' 
.03·· 

"t 

~ .0 . - r• 

*-
I 

rJ 
I 

~ .Of 
I 

lrJ 

Jl 
I' i" 
I 
I 

rJ 
I ' +i: z,· 

~1. ;..5 o •. +.5 _., 

Fig. 4. Distributions of the invariant function F8 versu·s 
x ·,for protons in two intervals of the transverse momentum 
squared. · · · ;; 

II 



.,, 

.OS 

.0/t 

.0. 

~ 

§:: .02 
........ 

~ 
~ .01 

-1. 

• 

:Jrp -1f+-t-j cit ·x· at 5 Gw c 

'l 

f{1=l! T-.06i;w!ct 

({'=.36 .;- 1.02 {Wv/c'l 

J
,r ~\ 

r , L~ 

-.5 0. +.S •t. % 

Fig. 5. Distributions of the invariant function F
8 

versus 
x for .. "+ -mesons in two intervals of the transverse 
momentum squared . 

12 

·Fig. 6 a). Rapidity distributions for p o and l!J. ++ 

) 

) 

13 



I 

I 

!. 

'l_ 

... 
~ 

~ .Olt 
a 
... 
~ 
0 

~ .03 
~ s .r 
4 .02 

~ 
tJ: ;ot 

-i 

# 

1rp-:: .. j+2ch+x· at' 5 .(iu . c 

n 
r~ I 
I I 
I :, 

l'h 
I I 
I I 

I 
I 
I 
I 

l 
I 
I 
I ... , 

-.5 

, 
"1 

I 
L'1 

L'L1 

I 

--,p• 
----d++ 

'l.r"'l-r 
0. +.S +f .I 

Fig. 6b). Distribution of the invariant function F ver-
sus x for p 0 and ~++ s 

14 

i 

l 

.I 
.. ~ 

,\' 

\ 

l 
·l_ 

I 
I 
: 

';" 

r ~\I ...._ 
'ol~ e~ 

1..1!" 

-i 

Jlp -::. }+2ch•x· at stp . 

o. 

;=~:+} fi'-.o+-.06f;wlcf 
==~.:{++} fta.f8+.39{Grv/c' 

+.S +{, X 

Fig. 7. Distributions of the invariant function Fs versus 
x for p 0 

. and ~ ++ in two intervals .of the ~ransverse 
momentum squared. 

15 



:> 
···: 

# 

·.,._. 

l 
:Jrp- x· +Itch at 5 tip 

r -

.5 

k 

.3 

--
11~ .2. 

-
l 

~ 
~--· .I 

-.~2 o . 103 l 

. ': 

Fig. 8. Rapidity distribution for the missi~g mass X0 
• _ 

16 . 

... 
it. 
~ 

--L&.tt 

.as-

.o3 

-t 

1/"p -x·+'tcla 

• o 

atS.fF 

-JNTECUTEI OVER All f'! 
....... P:·o. +.o, c~t 
---- P,'=. f8+.39(~f 

+f • .:t 

Fig. 9. Distributions of the invariant function F5 versus 
x for the missing mass in different intervals of the 
transverse momentum squared. 



. ~ ~ .. 

~ .. ; 

# 

tip - Ji--r 3ch .,. x· at s <ip 

.6 

s 

.4 

.3 

-ll~ ·2 
....._, ,..,. 
~ 
10 

"' . f 

-.'t2 

- Mx·=o+ .5 (li~ 
··:····_ M.x•=.5+f. (G,j 
----Mx-=i+LS(Grv) ~.06 

rw 

:on 
I I 

rJ I 

:· : 
I I 
I I 
I L 

rJ 1 
!I- I 
I I 
I Ji 
l,.r.l ' 
: l!'Ll 

1! .,. I f. I" 
~. 1.11 

rJ ' 0 ~--rr· - ~ v ~~~-~ 
- .. 

.o 

.05 

.011 

I 
~ .. 
~ ~.OJ 

~ 
+ 
c::S 
II 

~ r·~ ... 
0 -';.- I 

.01 

L03 ~ 

Fig. 10. Rapidity distribution for various intervals of the 
missing m~ss for rr-,. 

";.. 

~ 
~ 
tr 

~ .{}If 
II) 

l 
b 
2-- .03 ..... 
~ 
'-

'l' ' ,....... 
~1\J 
'-' .02 

l~ 
- 4."' .01 

-1. 

Jip...:.:Jr+3ch ~x· at 5~ 

r 
ns-1 

f1 lj : 
I I I L 
I LJ 1 
I I 
I I 

-MJ(·=o~.sr~,J 

········Mx•=S+t (Gev} 

----Mx•= 1.-Tf.5~,) 

I 

rJ 
I 

I 
I ., I 

rJ 
I 
I 

tl 
rt' 
I' 

rJ 
I 
I 

rJ 
I 
I 
I 

r·l 
I 
I 

r• 
I 
I 

J 

I 
I 
I 
I 

~>• Ll 
.... ,L, : 

0. 

~ I ! .. ,. 
'··; I 

:..: ~I.· 
~ '11 
: I 
: .. 1 ,I 

!, t, 
L?'t I 
!.., 

I 

!"f-. 

·~,· 

1. .X 

Fig. 11. Distributions of the invariantfunction F
8 

··versus 
x for rr- -mesons in different intervals of the missing 
mass. 

:19 



I 

.3 

- .2 
~ -:9"-
~ .1 -u 

-:42 

• 

... . . 
Jf"p -11 +Jch+X• at 5 'F 

0. 

- M"·=0.+.5 (Gtv) 

....... Mx• =.5+f. (Gev) 

---- Mx•=f.+f.5 (Gev} 

1.03 

~ 

-:!. 
10 ... · 
d • . 
><· 
~ ... 

0 
....... 

.Oil 

.03 

.02 

.01 

?. 

Fig. 12. Rapidity distribution for rr +-mesons in various. 
intervals of the missing mass. 

20 

:-­
a:' 

:::t 
oq; 

« 
~ .oz 
a 

m 
2i 
~ 
~ .::::. ,. 
i 
~~ 
-~ 

-f. 

1lp~1f ... +Jch. +x· at" s~ 

-Hx-=0+.5(Gn) 

·······Mx•=.5+f.(G.v) 

----Mx-•1. +1.5 (~ 

">" 
! 
In 

+ 
Q 
• 
\c 
~ 

!. 

:r 

• 

.OIIZ 

I 

1-.oot 

Fig. 13. Distributions of the invariant function F
8 
versus 

x for . + in different intervals of the missing mass. 
1T . 

21 



.2 

t .li 
~~ 
"l:f. 

-.~2 

• 

1ip - p + 3 ch + x· at 5 ~ 

: 
l 
: 
: 

L. 

- Mx•=O+S (Gev) 

••··••• Mx•=.SH.(wv) 

----: Mx•=t. + LS(Gev) 

N I i .. 

0. !03 

~ 

" e. l-.07 
"'! 
~ 
~ kOS" 
>< 
~ 
... 
~ ~.03 

.Of 
J 

. ~ 

.. 
Fig; · 14. Rapidity distributions for protons in different 
intervals of the missing mass. 

"22 

.r' 
Q.:' 

-.l 

~ 
3i 
~ .02 

~ 
~ 
~ 
~ ........:.. 

"i' -t.ot 
-~~ 

LL"" 

-:f 

ffp ~p +J clz +x• at 5~ 

I 
. : 

·~ 

}~ 
! ~ 

-MM=0+.5 {lifv) 

·······MM=.5+1.(Gn-) 

---- MM= 1..+1.5(G~ 

! L : , ! 
! 

I : .. ,_, i 

l""'"! 1 : 

0. . t . .I . 

Fig. 15. Distributions of the invariant function F s versus 
X for pr9tons in different intervals of the missin~:mass. 

23' 



• 

CORRELATIONS fOR '11-Yi at S fd!! c 

a) 

-· 
........ ··;..._ "1.\ 

l ,..+ \ \ :.-• \ ... 
:,:,' \ '\ . ' · .. , \,. ...... 

:_ \ .. ·. 
3. 

-3. 0. 

+ csr; rl 
• ,,.,rJ 
• rr.n•J 
o (P, 11•) 

{. 

~· c) 

l\~ 
::-~·,.~·1 

,.·:. 

l!/i 
:o ' 

.. ~ 
~IQ 

.01 

t 
t 
If ;,, 

.3. Yr 1- -3. 
d) 

.t 

.01 

3. Y,t -3. 

a) ':h •-2.7 
I) Yc•-.3 
c) Yi •.3 

u) 'lu•l.7 

~.3. 

... ~ 

0. 

i.'\ 
'\ 
'\ . I 
~ \ : \. ., 

: I 
:I 

ll 
" •• :: 

l Y.~ 

Fig. 16. Two-particle rapidity distributions at 5. GeV jc. 

24 

a) 

. CORRELATIONS 'ic + '4 · a't 5 tip • I 

-3. 

'\3 

"~~I~ 
E~~1 ....._ 

" ' 01) I. \ .. ~ 

B) 

.... -..... 
,r ' 

........... ~"" 
I \ 

,' \ ,• \ 

/ ... , 
·,f I \ / \ 

I \ 
I I 

I I I 
I 
I 
I 
I 
I 
I 
I 

/ \ I \. 

I ' I I 

Of 
l \ 
I ~ 
I \ 
I I 
I \ 
I - I 
I \ 
I \ ' ' 

1 ..:3. 

. •.-:--- (P. 1f+) 
0 - (P,,.-+)JNSI])f 4++ 

!1l Yp•-.3 
,.~,·.3 

l ~· 

Fig. 17. Two-particle rapidity distributions at 5 GeV ;c. 

25 



~ 
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Fig. 18. Correlation function C(y 
77
-, y77+ ) at 5 GeV jc. 

For y77- the mean values of intervals are indicated 
(0.6 in width). 
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Fig. 19. Correlation function ~(Yp•Y77+) •.· at 5 GeVjc. 
For Y P. the mean values of intervals are indicated 
(0.6 in Width). 
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