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I. 	 INTRODUCTION 

Re.cently the hadron jets produced in hard and soft pl" 
in 	hadron-hadron. interactions have extc!Osivcly l1(>('n stU/H,ld. 

The results are compared w,i th anll1og..,us datH for r.' n- (llIuilli 
lation and de~fl inelat.tic SCl'ltrerinp, of \ClPI:OrlS 011 nllal _.. 1- 
This is due to the fact that the hlldrol)izatinl1 of ijulld 

gluons in e' e- annihililt..ion as wel \. as i.n mtJl!l) nut! 110'1)1 

ter action!l with nucleons 111'(' sf,ud i(~d 
rl~atllrC'5 ' Illd <IiI 

w,;!.! 1 t!1lllllgh. :llld til II:!, com
parisons allow one to cstahlisl! {"(1111!11111l 

in the! hadrons formal:'lon mechnninm 
actions. 

The '>tudy of Il:IdrulI 
nucleus intc;n:a,:l1nnll is 

jl'l" p' ·'."I,) 
nrc'tli 

f'rIJJjltll'nl 
by tit 

(01' 
the s,tudy of l.I"'~ l. imil.; iJIH 
the nuclei lIre ('ll1)'rll('l(!ri~cd

'	 / ., - (II I'ture .rUTlGl"Ion - .wlI,ch Iii 
~on fi gu rn I: i (ttl in !IU 

Tlli) quurk hlItJrolli7.;,tion [rom the multiquark configurations 
ill IIllclci. iR nat:ilrnl1y expected to l ead also t o had ron j et pro
UIlc,ti Oil. 

'fhl' separation of Iluch jets a nd the c ompar ison of t heir pro
p~rties with those o f the hadron jets for different types of 
intero1ctfons. can give informa t ion on the par t icular features 
of, the quark hadroniza tion mechanism i n nuclei. 

The resulls of compar ison of ~he hadr on jet proper t ies in 
soft: "-P ~ amI cumulative 17- C-inter.Jctions at 40 GeV/c wit h the' 
da ta on e"r e- lInnihilation and 1/(;;)p~(ll 1 i sions are given in thi 6 

paper . The experimen tal data have been oblnlllcd using a 2m nro
pane bubble chamber exposed 
the Serpukhov acceler<ttor. 
o f 14000 IT~ P and R791 IJ-C (:VC'lIt 

to il belllll pf 110 (;\?V It' IT-

The work 11 

i ~ dellcribed in det::t i) ill )lUPi 

2 . 	 ANALYSIS OF TIlE HADRON JET BEHAVIOUR 
IN Tt- P INTERACTIONS AT P = 4 0 GeV Ic 

2. I . Comparison of the Hadron Jet Characteristics 
in 71 p Interac tions wj th tl1e e' e- Annibi larion Data 

The analysis of the jet behaviour of secondary particles 
i s performed in the Tt-Pc.m.s. by means of known variables, 
"sphericity" (S) and "thrust" (T) . 

.. 	 P 2 
~ I 

3 I i 

S = - min - - .,.-;-;- (I ) 


2 ~ P~ 


~ IPI I. I 	 (2)
J 1 

T max---- 
~ IPj I ' 
J 

where Pl. <lnu P are t he t ransverse and longitud i nal momenta
I1

of secondary parti c les re l a tive to the jet axis ' IO· 11 ~D iffrac
tion evel1lS we r e excluded f rom the a naly s i s "'. 

FiAure 1 pr esent s the e nergy dependence of t he ave r a ge va
l u e s of t he va riable 'S in the c . m. s . f or e' e - i n terac t i on s 
wi th n • ..: 4 I U -1.5iThe s ame figur e s hows an ave r age va l ue o f ' s 
f o r Tt p intera ctions ( E e .lIl .s. ' \ s - 8 . 7 CeV ) wi t h a nd wi thout 
t he ac count o f t he d i f fr a c ti on events . 

The var iabl e ' S · fo r 17- P int e r a ctions is i n good ap, r eeITlen t 
with t he existing ener gy d e pendence of <' S · f o r e' e- i n te r ac
tions ' 14 ' 

< s> '1;;1 0 ~4., _ 

0.4 ~ 0 o 'n-p 40 GtVl 0)., ·ig.1 . Dependenrc of averagE" 
• l"p 40 G.\V< l)• values of spheY'icit y /' S on 

ener'gy 7:n the c ' e- e.m.s . ; 1\ -, 
Q~ 

~ • y Pflum collab'''J"Y'ation , 0 - TASSO 
co llaboY'ation; • ~ 0 - (wcr'aye 
values of spheY"I:city in 71 p Q2 

TI'P. 40 G.vf< i nterncl-ions at 10 GeV/r; a ) foT' 
't 

f i a Zl evellts; b) after' excluding 
0.1 ~ Hff~>action p1"ocesses.

6 10 14 18 22 

.r..v 

A dif f erence for Tt - P and p'\,- interact i ons is observed in je t 
ax i s orientation rel~live to the primary direc tion o f col l iding 
particles. The distribullons of events ove r I cos (J I.where f) is 

* The event I..:as considered to be a d iff raction one if. at 
least, one c harged secondary particle has liF >0.8 ( xr ~ 2~ I /"';s). 
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Fig .2 . The Icos6 1distributions 
of events whel'e () is the angle 
bet:ween -the je-t axis (the axis 
was de f i ned r elative to the 
var1:able "thrust") and t he di
rection of coll i ding particles 
for eo{ e- annihila t 1:on at E""l , ~ 
= 9.4 Ge V and for 17- p i nter
ac tions without diffraction 

mponent. The dashed l ine 2 
shows the cb / d 1 (;OS 0 1= 1 ; ('.o s U 
dependence . 

Fig . 4 . Dependpnce of average 
values of t he transverse and 
longitudinaL I'/omentum of se
condary pill,ticles relat?:ve -to 
t~e_jet axis on energy in the 
e e c .m. s . ., 0 - PLUTO col 
l.abomtion, 'f , V - TASSO colZ.a
boration ; A - nverage values 
of t he] long1>tudinal momentum 
ol secondary paY'tia l es f01' 
1x F I ',0 . 1 ": .1 , arid _' ~ I '~alues , 
('orrespond1,ng 1;0 TI p 1,nter'ac
tions at 40 GeV!c m'e shown 
by an arro', '; 1\ and .. corres
po'd to average values of <PII ' 
for 1x ), 1 ,0 . 1 obtained without 
r/r0 with the diffraation pro-

SeS . 
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the angle between the j et axis (the axis wa s defined by the va
riabl e "thrust") and the primary direction for both types of 
interactions, are presented in fig.2. The j et axis in 17 p in
teractions is oriented mainly at small anr-Ies to the direction 
of colliding particles ("0. '" 19 . 1+0.1) . This is just defined 
by the charac ter of the soft coll isions . 

Figure 3 illustrates the dependence of the average multi 
plicity of charged sec ondary pflrticles «ncb'» on the total ener
gy in t he c.m.s. [or e'c- annihilation/ 12/ ,The arrow shows the 
value of <.n t'I1' · for rr-p interacLions . The values o f ( 'neh> are 
similar for bot h types of collisions, 

The comparison of the average momentum charac t eristics of 
secondary par l icles rela t ive to t he j e t axis is also of great 
interest . The average pion momenta <P.1 'and <P1l >in e ' e- inter
ac t ions relative to the jet axis are presented 1.n f igure 4 '9 121 

for variable energies in the c .m.s . The same fi gure gives s i 
~i l ar data for" p collisions at 40 CcV / c after exclud ing diff 
ractio n processes. They are in agreement with t he data for 
e1e- annihilalion at equal energies in the c,m.s. 

Thus i t Ciln be coneluded tha t the forma tion of two hadron 
j ets , collimated in the direction of motion of colliding par 
ticles in their c.m.s . , is observed in 17 P interac tions at 
40 GeV/e. The cOllside red characteris tics of thes e j ets are 
similar to a nalogou s data for e~e- annihi l ation. 

2 . 2 . I nclusive Characteristics of Particles in Jels 

[t is of interest to compare the one-particle inclusive 
d is tr i butions of ~harned secondary partic les relative to the 
jet axis with analogous data for e e annihilation. 

• Fi gures 5 and 6 present t he distributions of 17 I mesons [or 
the fo rward hemisphere and of 77- mesons for the backward hemi
sphere over the variable ll: r ~ 21'1 1/v'scalculated relative to 
the jet axis. They nr e compared with analoRous distribuLions 
for (,'e-annihilation at an energy of 7.4 GeV in t he c .m.s.'16-17 ' 
As is seen [ rom the figures, in the forward h emisphere the 
dis t ributions f or bOlh types of interactions practicall y co in
cide whereas in the bachlard hemis phere t hey are in a greement 
on ly in t he region x r ' -0 .2 . Such a d i[[erence i s likel y to 
be due to t he fact that the diquark fra f,men t ation ( xr <0) in 
17-P interactions differs trom the quark fr agmenta tion (xF' -> 0 ). 

To analyse differences of quark a nd diquark f r agmentat i on s 
i nto pi on s , i t i s of interes t LCl compare the data on 17- p in
t erac t ions wit h da t a on deep inelastic v l ~) p s ca t ter ing. 
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2.3. Quark a nd Di qua r k Fragm~n tation 

F igure 6 pre s en ts t he s i mp lest d iagr a ms o f 17 fl , I(P)p i n ter 
actions a nd e'e'- annih i l at i o n · 18 , Hl' . 

In a f i r s t approxima t i on, o ne ca n assume t hat for 17-P int e r 
actions partic l e s are ma inly produced duc t o t he fr agmen tat ion 
of no n i n terac tin g u or d quarks at xl" ~ a. 1 a nd du e t o the f ra g 
mentati o n o f (UlI) or (ud ) d iqu a r ks at x r ., -a. I. For xl'" ~ 0 . 1 
the contri but ion f r om quark-qu a rk interact ions i n hadro n-hadron 
c o l li sions is as s umed t o be smal l '18 ' . 

Compa ri ng the quark and diquark f r a gme n tation s for di ffer e nt 
pr ocesse s , we c an apply the fragment ati on O( x F) a nd inv a r iant 
F( x l") funct i ons: 

D( XF)= __l_~ (3)N dx., , 
ev 

1 da 2 E * F( x F) = -- JE -,- dP d N 
x l" , ro(Y. r ' 

O" ev d p .1. Nev 17 P * dX F x F -'1m ax
6 (4 ) 

* *where x = PII IPmax , Ney i s t he number of events, N i s t he num
ber o f {ar ti c l es in the se ev ent s, p " , E* are the momen t um a nd 
ener gy o f the cons idered hadron in the c.m.s. 

Compa ring the diagrams o f t he 77-P a nd '/ lv ) P i nteraction s 
( f i g.5a, b) and as suming t hat the Jigh t quarks u and d interact 
wit h t h e s ame probabili t y, the fo ll owing rel a t i on s ca n b e wril 
t e n f or t he fragmen tation fu n c tion s (formula (3» )* 

77 -
t 1 17 

-
,. 1 11 -

I 

DlT- p ( X,' ) "' T D " p (x. ) I- 2 i:>pp ( x.) I'm xf _ 0 .1 . ( 5) 

t • • 
77 - 1 77 2 " 

D - (x r ) = -r D ( x.) • 3" D- (x F ) for x :: -O .l. (6) 
IT P : II I' " P r 

The same ~elations s hould also b e va lid for the inva r i a nt f unc
tions F" (x F ) ( formu la (4 ). 

To compare t h e KN mes on and i\ hyp e ron character i s tics in 
, --. . h' I . . 1 d(l

17 P a n d A C l n terac t ions , t e lnc US l ve cross sec tI ons - 
. Ii d XE 
can be a pp l l ed, where t he Lorent z-f ac t or ' .' 

! 18 .20 ' * * (i ~ PJ .' E* <lJld x E . ~ 2E* ! ,I s 

a ) Qu ark fr a g me ntati o n into" mes ons 

Fi gure 7 p r e sents 017- ( xF) at xF ' Ofor 17-P and F(;;)p int e. r a c
tions (fo rmu l a (6») normali ze d to the rep,ion x l" _'0. I. As is 
s een , the d istributions obtained agree well with one another 
exclud ing the region xF' ;:. a. 15 in whi c h the contribu ti on from 
i nt e r ac t i n g qu ,Hks in 77- P int e r acti o n s i s substant ia l (fi g . 6 a ) . 

App r o xima ting th e fragme ntat i on funct ion s by the expres s i o n : 

0
17 

( x ) = A f'XP (- 13 I xr I ) (7 )
F 

we o b t a i n t ha t th e v al ues of the paramete r s A and 13 ar c a ppro
ximatelyequ al fo r bo t h p r oc e s se s Ct a bl e I). % 

The r e is a nood agr eement for the i nvar i a n t funct ions F77 ( xF' ) 
. - -. • 1 18 1 1n the r ange xr _ 0. 15 for I( p and '/ (V) P 1nteraCtlon s .In quark
pa rton mod e l s ~ 1. 22 ' the F" ( x d distributions c a n be approxima 

* _ The charpe-con juga t e relat i o n s for quark fr agmen ta tions 
77 17 - 17- "+ .

D- ( x ) - D ( X) , 0 - ( x ) '" D (x )are t aken Into account. 
II F u F' u f u F' 
** Fo r KN mesons t he value I X1"I 2:. 0.1 c orre spond to x E 2: 0 .1 5, 

but for 1\ hyperons xE .:.: a. 3 at 40 r.eV Ic for ave rage v alues 
of <P > . 

.1. 

7 



u: d ~It.... Fi g . 6 . 	 Sc':eme of 17 - P (a J, v(v) p

"""r-' . ~ <:l (b J and e e- intel'aetions (c J. 

,..... I;.II:.A _ 

< "~l{~< ~ ry uu • ..~ 

Q) 

-, 
J--{" 	 to 

u (d. ) t'fA • y(~ )p-r; xd (1l) .L.. ••_-, ~o ~ f""I" 
<>;.>0) o '-p-f;x(40c..I<) 

o. 
"" (ud) P 

~ 

~ • 	 6) 	 iO' 1-

--,.. to~~ ~~.., t 
o~~ -..-~.\.Y .$ + , "l.~ 

Qe'~ 
~ 

f6'~ 
Hi 



~,•."" 	 \!7 ~4 
Fi g . ? 	 Fpagmentation fUne t i ons : 
• _ 1 	 17 - 1 r:...+ _ 17 ~ ~ ii'l 1 1 1 12 0 v p + 	 2' 0 I' P ,0 017 P a 	 ~ ~ ~ ~ w 
fo r XF > 0, 	 ~ 

10 

o rpl? -6,7 c.' 


!J. e-'--(S=14 G" 


~ ~ ~ 
~• $1 A 
~ ?r~ 

F . 8 	 h 1 do d ' 'b .1-g . 	 . T e Ii - .- 1-st r1- ut 1-on ~~ 
~ . d XE 

f op 	K N me son8 ppodueed i n the t j jfOT'lXU'd hemisphere; ~ - f or 
17 " p interactions ( -IS = 
= 8. 7 GeV), 6. - f or e+ e- an
nihilation (is = 14 Ge V). qa o,~ 0,6 0,8 

:r, =2 E' /~ 

t ed by 	 t he f unction 

17 
+ 

F -( x )= A (1- lx F I)n 	 (8 )r 

where A and n are free parameters (table 2). It is s een from 
table 2 t ha t the value s of n exp are approximate ly equal f or 17-P 
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a nd v(i:.)p interactions , a nd t hey do no t contrad i ct the theore 
. 	 1 2 1 221 t lcal l y expe c ted va l ues of n ' ,

T 

b) 	Qu a r k fr agmen t a t io n i nto st r a n ge KN 
and A p art i cl e s 

7'>3 K ~' -mesons ( K~' 71 ' r. -) a nd 3 45 ,\ - h yperons ( A -> P TT - ) have 
b een used fo r t he analys is ' 2~,24/ .F igu re 8 presents t he -~ dd: 

E 
functio n versus for neutr al KN 'llesons produ ced i n 71-P interx E 
ac t ion s in the forward hem i sphere. A s imilar d i str i but ion of KN 
meso n s f or e' e- i n teractions at \ / 8 = 14 GeV ' 25' (the distr i bu 
tion s are normalized to one a no t her i n the ran8e 0. 15 .s x E :S. O. 5) 

. . h TI 1 ~ d' . b ' f I KN1 S 	 glven t ere . 1e 1J dx, l strl utlons 0 neutra me sons 
prod uced in t he quark [ra~entat ion reg ion in 71- p interactions 
are seen to ha ve the same c ha r ac t er as in e·~ c o l li sions. 

For xE; _. 0 . 15 t he ...1. -~ d~ distribution can be approxima t ed by 
the dependence: fl E 

1 do . (9)7l CfX'E A f1XP (- 13 I xE 

Thi s y ie l ds B = 10 + 1 (ta b l e 3) which is a pprox i mate l y equal to 
that f or ~ 'e- a nni hIlat ion ( B "- 8) ' 26' . 

Fo r t h e quark- parton model s of hadron- had ron c o ll i s ions it 
i s of i nterest to define As -. ' ilK , ! . ;Which d e t e n nj ned th en TT 
re l ation of strange a nd nonstra nge quark pickup probabil i ty 
f rom the sea . Thi s valu e is As = 0 . 18+0 . 02 fo r xE = 0.270.5 
which is in agreemen t with the data for c ' e- ann ih ilation ( A~ '" 
.. 0. 17) ' 18,~ (j , 2 7 ' 

'J'rzble ;i 

Va lues of parame ter n 

Par ticl es Forward xl!/N Bac kward x2 IN 

KN 	- mesons, 10+1 0 .5 9 + 1 0.7J 
71 - p.40 GeV /c 

A -hyperons, 
71-p.40 GeV /c 8+3 0.6 3.6+0.4 0.4 

A-hyperons, 
TT- p,16 GeV/c 10 +1 0.8 4 .4 +0.3 0.87 

KN -me sons a nd 
A - hyperon s e + e - - 8 

10 

t+ ? 

+ytA* t
I'T,tft. 

f t 

, 9 Th 1 du d' 'bu'F7-g .. e -- -d-- I,S t r 7- t7-ons
f3 XE 

for /\ hyperons, Pl'oriuced 1:n 
the f 02"WO.rd hemispher e; 0, x 
17 - P 7:ntp.7Y1(' i ions nt vS"= R.?,
and 5. 56 CeV; I\, - foT' e e all 
nihi la t7:on (\18 = ,) ,) Ge VJ.-" 

E 

~~ 
~fc, . 	 9 h da F l g. presents t e -- - d--

A xE 
distributions of "-hyperons 
[ or TT - P i nteract ions in th e fo r 
ward hem ispher e at 40 GeV/c and 
16 GeV/e a nd fo r e 'e col l ision s 

0.01. ' " II at \ 5 = 33 GeV ( t he d istr ibu 
0.5 o,s D.? 

t ions are norma l ized ov e r t he 
:x:~ . ~f." Jf! r ange 0. 3 ', xE ,, 0 . 6) · l!7.~ · . 

Ta b le 3 shows the resu l ts of approximat i on of the s e dis t ri bu 
tions by e q.( 9 ) i n t11e range x E .:0.3 ( 71 - p, 4~ (;eV/c ), xE ~ 0,45 
( 71p .1.6 GeV/c) and xE .:.:O .1 ( e ' e -,. 33 GeV / c ) . 

As is seen , the slope s of the ~ £:E di s tribut ions fo r t he 
quark fr agmenta tion in t o A par t i cle s ov e r t h e r an ge xF" O. J 

f o r hadron-had r on a nd e l 
p- c o 11 i s i ons are the same . Fo r x~; ~ 

.:.: 0 . )"0 . 45 (x F' ::0. 1) the neviat i on of t he dist ributi ons f r om 
the ob tained expon ential dep e nd e nce ( 10 ) for 71-P ev ents ( P = 

= 40 GeV/c and 16 Ge V/c) is l ike l y to be due to t he i n f luence 
of the quark -quark intera ct ions i n the c e n t ral r eH i on . 

For the quark-par t on mod e ls it is o f i nt e r es t to d e t ermine 
t he rati o A,y -' II/\" / ' nK ·fo r qua r k fragmentatio n proces s es. 
A r e lat i v e J lckup probabilit y of d i qu arks from the sea i s c ha
r a c t erized by t his rat i o . The mul tip l i c i t y o f K N me s on s ove r 
t he range 0. 3 ~ x~ : 0.6 ( in t he f orward h em i spher e ) f or 71 - P 
in teractio n s at p = I~ O GeV/c is equal to / n N , = 0.026~0.04. 

K 
Assuming that ·, n K·' = /nKNiwe ob t a in /\q q= 0. 14+0 . 03 for the 
quark f ragmenta tio n. 

c) Diquar k frag me n lati o n f o r TT - mes o ns 

_To analyse the d iqlJ ark fr agmenta t ion in 71-P i n terac t ions , the 
DTT (xF' )d istrihutions o f 71- mesons for the x~ / 0 region a re c om
pared with similar I ( I )P dat a (6) (f ig.IO) /1. '.As i s seen. t h ere 
i s a r,ood ap,reement, [ or t he except ion o f t he r egion IXFI ~O . 15 , 
where the c o ntribution fr om quark-quark i n t erac tion s f o r 71-P 

;0. For 71-P interactions at p= 16 GeV / c .:::.0 . 45 correspondsxE 
to IX '0.1.

f 
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is singificant. The approximation of t he On ( xl' O)function by 
tb>_ 	 dependence (7) yields the values of t he parame l ers A and 
13 I"hich, co incide \~ithin err(lrs, for bO!Jl processes ( lab l e I ) . 

F nThe resull o[ approximation o[ the (KF "0) distribution 
by tlte dependence (8) is given i n table 2 ' IS ". The values of !l LX" 

are appr oximdcely e qual [or 17-[1 and 1 (')p interaccions and do 
not contradict the expected values. 

Dn F 
n

It is also inleresling to note that the p'r) and (X f ) 

[unctions are broader in th~ reeinn of quark (raf~lentation (th~ 
slopes arc sma l ler) than in Lhe rep.:ion of J i qllark o ne . 

From the data presented one can conc l ude that the d iffercnct' 
of xf" spectra in tile backward hemisphere in the c.m . s. for n " p 
interartlon!; anll e r>- alll1ihi l alion is dlJE to the difference in 
the (x F)d i!'llri butio!ls of s~cC1ndary pa l tic Jes produced in qU;lrk 
and diquark fragmentation . 

d) 	 D i quark f ragmentat i on i nto KN mesons 
and '\ hyperons 

figures 11 <lnd 12 pr~<;el1t the l.. ~ d iSLribut ions DC KN 
A dxl:. 

mesons and ,\ hyperorls producell ill .,-p interac tion$ in lhe back
\~i'! rd hcmi sphere at P "'" 110 and 16 GeV / c.: 28'. 

The figures also show similAr d is t rihutions [or I' e internc
tinns at \ s:o 14 and 33 CeV '27 :Io additioll, t he l~J 

fl d XE 
.1istribu tions ofKN mcc;ons and \ llyperol1:-i in pp-in t eract i ons 
at p= 205 amI tiDS CeV / c · ~l,:!O are: also shown [o r one hemisphere 
in the region xb"U,l. 

From the da t a presented the following conclusions can be 
drawn : 

I . Hithln the e:q1erimenLal errors, the sl'aling beIJaviour or 
the 1. -..E~" fllll; rioll i s oh:;ervl.'cl Cur KN meSons and \ -hyperons 

(~ dxc.. .. _ . 
produced 1n lll~ dHluark fragmcntatlon rep,lon for r. p and pp 1n
teraction from 16 to tiOS CeV. 

UU2 . 	 The.l. d distrihutions of KN OlLsons, produced i n the d i 
{-3 xE 

quark fra);111enLati(1o in hildl~on--hadnl1l inllracL inns for O,15_xy,....: O.li. 
\~i thi.o tilt! errors ( 30::) . are of the same character as the d i s 
t ributions o[ KN mesons i n e "e-collisions. 

daApproximalin o the ~ u d i str ibutions by l lie dependence (9 ),", (I x
E 

at 	 0.15 for KN -mesons and at xI:, ..:. O. J f or "I-part i clesxE 
produced i n rr p collisions, we get BKN= 9~ 1 and \'= 3 . 6+ 0 .4 
(tahle 3) , For the distribution s o[ KJ'; -mcl'ons and \-hyperons 
i n (' e-annihi l ation 13=8 '2U', 

It should be noted t hat the multiplicity of neutral KN -m~
sons, proJuced in the diquark fragmt!lltatiun region for ,, -p in
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t) 

E 
• v (\1 ) p - t"; ~ 
o l"-p - Ir;X (40"-'1<) 

.6 

~~ 	 " 
.-1zl "l 	 ~ * 

~ 

fJ-i1:- l1 
~ 

k 

t 
~ 1 

fj' 
-1.0 -qs -0.6 "0,4 ·0.2 0 

Fia . 1] . The l.. ~ distr1:bu t imls 
L N fj dXE 

f oT' K -mesons pr>odueed in the 
baclaJaY'd hernispheT'e; 0 - f oT' 
n- p interactions (v1f=- 8 . 7 GeV); 

- foY' e L e- annihilation (is=
=- 14 GeV); A , • - foT' pp in t eT' 
actions at vS=- 27 . 6 and 19. 7 Ge 

. h 1 du .:; ' 'b .Ft.g . 12. '1' e - -d- f ,,,stn ut1,.ons 
(1 xE 

faY' A- flw,eY'ons , pl"oduced in 
the backlJal"d hemispheY'e ; 0 , 

x - f oY' n-p "interact-ions at 
jS=- 8 . 7" and 5 . 56 GeV; A - [m' 
pp interactions (/S=- 27 . 6 Ge V); 
t.. - for e+e- annihi~ation 
( \is=- JJ GeV) . 

Fi a . 10 . Fragmentation fUnct ions: 
1 17 - 2 n 

• - - D • -- D - 0 - D "3 v p 3 vI>' n p 

f or XF < 0 , 

o ~p{J. 8,7 G.v 
() e;e-f!' i4 G. v 
A PP{$ • <7,5 C.V 
• ppiS ' t9,? c.v 

~ ~.~. 
~ ...0 

E 9 ~ ~ 
~ 
~Ia., + ~t~ 
~ t ! 

I 
OOi I ~" _1 - 05 0,1 

" ' X l · ?.E"/~ 

+{.
9 

~ 

E *~ . 
~ ~~1~.u. t ~ n~ v+~ ~ ~p. 

o "-p Y!' . 6.?<; . v 
III r p V! ;;. 5,56 c.. v 

0,1 i?- • pp « . n,H .v 
A e·~fi · ~ t> . ... 

o o.z o.~ 0,6 0,8 

xl' ZE"'/-a 
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t e ra c tions ( nKN > = 0 . 03 9~O . 03 a t 0.2 :.. x F. S 0. 5 ) is smA ll e r 
tha n the mul tipl ici t y of the ir pr oducti on i n the qua r k fragmen
tation re g ion . The mul tiplicit y o f \ hyperons, produced in 
t he d iqu~rk [ragment ar- ion region i s -lpprox i matc l y 4 t imes as 
large as t ha t for the qu a rk frngmen t d ti on (i n t he r eg i on 
0.3:. '<E' 0.6) . 

The va lue o f,\s 11 K , !In' -0. 1701' IT P i nt e ractions in the 
backwa rd h em i sph('re at P = 40 GeV (fo r the t1iquark fr a gmenta
t ion) lR ' 

:2 .11. Av e r l1p;e Cha r ge 0 f Had ron Jet s 

lr, to n f irst a ppruximation. one neg l e c ts the diffe rence 
be t we en II and d quarks int e ract i on s ( f i g.6 a ) and a ssumes that 
valency qlla rk s (dj~u a rks)fragmenti z ~ ind e pend en tly , the n in 
the addl~ive quark mod e 1 :1! ' the ave rage charRe of jets, emitted 
forward in the c.m.s., is 

0 ' = -
1 

- 0 ( 
-
II) " -

1 
- 0 ( d l ' 0 0.5 . 	 ( 10) 

1";2 2 S 

Fo r particleiets, emitted b<lckward in t he c.m. s. , 

1 2 	 5 
<0" - - 0 ( uu ) , - Q ( tlll) S 6 "" O.S:l , 	 ( I I ) 

B 3 :3 

,.her7"Os is the av7rage charge o f <;e::,., 'h~arks w?ic h make a . frag
mentlng quark and d l quark colou r less :3:'!,. ,~ .In thiS ca se a d 1 qu a r k 
i s assumed to f r agmentize into a baryon. To select h~dron jets, 
wh i ch have quan tum numbers of f ragmenting qua r k (diquark ) wit h 
larp,e probabi li t y, it wou l d be wor t hwh i l e to define G· depet l 
ding on x ~I x F 1. \Jhere summation is performed over a l l clwrged 
part i cles in th~ jet, excl uding the cent'ra l region ( Xr j : .:. 0.1) . 

Figure 13 presen ts the average charp,e o f je t s depe nding on 
x va l ue s for t he f orward and hack\yard h emi spheres. The c ha r ge 
has been def ined i n the followin g way: <.(;. ~ ~ ( N, - N_ ) ' N e\ ' 

where N+- and N_ i s the number of pos itive and negative par 
tic les in t he jet, N is the number o f events wi t h 11, 4e v 
mu l tiplicity. In the same f igure f o r comparison value s are given 
f o r a l l charged second l y par ticles. As is seen from the f igu r e. t he 
charge o f j ets em i tted forwa r d at x ..:: 0.5 does no t con t rad ic t 
t h e expected v alue of < 0'> = -0 . 5. For jets emitled bac kward the 
value o f <0> a pproac hes the expected on e in t he region x::: 0. 8 
i f hadr o ns wit h I XF I .::: 0 . 1 a re excluded. 
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2 .5 . Multiplici t y Corre l atio n s Between Par ticl es 
Emit t ed to the Forwa r d and Ba ckward Hemi s phe r e s 
i n the c .m .s. 

The s tud y o f mult ipl i c i t y c or re l at i ons between pa r tic le s, 
emi t t ed f orward a nd backwa r d i n the c.m. s. c an give interesting 
i n formation on lon g-range co r re l a t i ons in soft hadron-hadro n 
co ll ision s . 

Figure 14 shows the av e r age mul t iplicities o f par ticles 
<nF >« ns » i n one hemisphere versus the mu lt ip lic i t i es of par 
ti c l es nB( n!-.) i n the other hemi sphere. As is s een, ther e ar e 
s ome c or re l a t i ons between mult i p l ic i ties of pa rt icl e s emi tted 
forward a nd backward in t h e c. m.s. Pr e s e n ted he re are s i mi l ar 
re su l t s s e para t e l y f or part ic les produ ced i n bo t h central ( lx F I~ 
:: 0 . 1) a nd fr a gmen t a t i on ( l x F I >o. l ) r eg ion s. It is seen that 
the pr oduc t i on of fa st parti c les in the oppos ite hem isph eres 
is no t c orrelated wi th each other. but subst a nt i al correlati 
on s a r e observed f or slow par ticles. Similar r esu l ts have been 
obtained for K- p and pp in t e r a c tions / 34, 35 / • 

Tabl e 4 present s the results o f app r ox imat ion of ob ta i ned 
depend ence s by the linear f unction: 

< nF(B) > a t bn B( F) 	 ( 12 ) 

where a and b a re f ree par ameters. 

Table 4 

Experimenta l va lue. s o f pa r ameters a, b i n the formula (J 2) 

2 
a t' 2. 97 +0.03 b j .. 0.07 +0.0 1 x / N= 10 , 5 / 10 

aB 2. 46+0.03 bB = 0 .06+0.01 x 
2 

I N= 4. 5 / 10 

The corre l ations under study are described by the mod e l ba 
sed on s chemes of dual topologica l un itar i zat ion ' 36.37 .' i n Hhl c h 
t hey a r e due t o t he over l ap o f partic l e s from the d e cays of two 
clus t er s emitted i n the oppos i te d i rect ions. 

I t i s expe r i mentall y s h own'3S 1 t hat t he obtained corre l a ti on s 
are defined by slo w ClxFI ~ 0.1) pa r t i cl es of opposi te charge 
which is connec t ed with the we l l -known s hort-r ange correla 
t io ns o f the s e pa r t ic l e s . The d ecay s o f sl ow ( in th e c.m.s . ) r e 
sonances can b e the sou rce of th is c o rre l atio ns. Fast par ticl es 

lx, 	I > 0.1) are produ c ed i ndepe:1.j e ntl y . 

16 

Theil" data sbow that the fragmentation of quarks and di 

quarks i n meson-nucleon i n t eractions occurs independent l y. 


Thus. the wltolc analysis g i ven above indica t es that the mecha
nism of quark and di quark hadronizat i on ill ~ p, ~(~)p interac
tions and el' - nnnihilatio n 'is lliliversal. 

3. 	M.JALYSTS OF THF HADRON JET BEllAVIOUK 

IN " C INTER-\CTIClNS AT P = 40 rpV Ie 


Figure 15 prcsenlt; a po~;;ible dHlhram of h;'lurol1 jEt fragt'1un
tative I'r"c.llJcti"fI in Clln1ll"'lL i. V'~, Tl ' C inlrt'tlClll'l\S . Unl i ke Llw 
diagram of II P inl.~l'i1ct i. cllls (fir,.6a), tlw production .,E secon
d ary p;ll"ticle jets in til!.' back\~3rd hemisphere in the (.m. 
(fragrnrntat Lon rer,ioll oC tarr.e t nucleus) ill cumulative TI C 
i nt e r actions can he cCln:<idered as a resul t of quark and di'll1ark 
fragmt!f1lalinn frllnl mullirluark st"lLes of carbDn nuclei. 

mesc~ (1~) t lullinuc l eon n C i ll tcract:ions 
1"1 til the total charge of sec<m
dary particles Q = +1,+2.+3,+4

1rC CUlTluIQI,~ 
were s~lccLed f or dn~lysis. 

For c3cll group of mullinu~l~-

6 
on interact ions wi t h ch,upe C 
Lite Ilnu1:vsis \Vas performed in 

F i:7. J 5. ,)(;h;JJ~le "J' 1"lJ)1".l:i : '!: !J", Lite c.m.s. ('[ incident 1: -mr
1:."1 t er\,ct ions. SOli anu Lile cOl'rcllpolld i np, lIumher 

of j IItp.nlr;tin!~ t1ucl(~(l(l" "1'" . ' :\'1' 
The enerp,v of colllsi011 is clef 1ned hy tIll' formula 

21 /I !I1- - F. T'Ee 	 111 ,,3 ( 13)N 

~\lilh DIN t hl. nuc l eon mElSS ann Ii.: t lh (,lleq~y of incident rim!. 
The cumulative events were selecleu Iising tile variilhle l! ' r,' 

E 	 - PII j 
(I II)(II 

tnN 

\"here E, alld £'1 1 arc the ene r gy and Jongi.tudiflal momentum o[ se
condary part i cl~s in the lab. system. Ikcorc1ing to thl! esulh
l"ished selecLion criteria ,1 1 : an event was assumed to be cumu
l a tiv e if H rr' me ClJ)lI \~itl l fJ j 0.6 (.r a proton with {II ": I 
was n:gis~erecl 'in it. 1l00~evcr. the hadroni7ation of <]uo1rks from 
mu l tLCjuilrk nuclear sUltes can occur SCI tlmt nnne of the par
ticles has tht;! va]u£> of (11 olltside till? kinemiltical li mi t o[ 
pion-nucleon cCllljsiCln wherel1S tlw..S\l1I1 "r al l /{j i n a j et , 
produced in 'luilrk hadr<lnizatinll. i f! Luger than I: 

o \" fi I 1.0 • 	 ( 15) 
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Thus, cumulat ive proc esses were se l ec t ed according t o the c ondi 
tion (15) . A group of partic l es, emit t ed bac kward in the C.m.s . 
of (D - I~)interaction s and sa ti sfying the cond ition (15 ), was 
a s sumed to be a cumu l ative jet. The number of cumulative events 
thus selecl~ was 2419 and their fr ac t ion o f all D C i n terac 
tions -1 8~. 

3 .1. Jet Producl i on 

The jet particle production 
d i ed using the variabl e S . 

Fig . 16. Depe1/dence oj" averag 
va.mes of spher-ieUv <S > 
for )}(U'1:( I!W types o j' b1terrW
t1:0lW ,JH e1lfJl'(71/ '/:/1 the ? m.D .; 
V J 0 - JC)}' e'l ~ - mmihilatiol1; 
[01' hadron J ets emitted fOr'/,}m'cl 

Q, 

(aJ alld baeklJalVT (h ) 1:/1 ~he c . m. R. 

or cwnlilatiile (e ) '7./111 1l01!CUmll-

Zat i pe (A) ,,- C 'interaeHrms . 

in Tt-C int e ractions has been stu

~ 
,,> 

., ,::"1 irii ";.--, in: . ! 
(l!ti-

IlJ 

... \ 
it 

1 l 
'. I t' ~ A~, t ~ , 

, ! 1.. 1 .....
I l 1.. .1 l 

Q , II ft JII e _ 
 o " XI 1'1 Xl: 

E ... , . 

FiRure 16 s hows average va l ue s o f <S > versu s Er, m, s~or t he 
s econd a r y part icl e jets colI i mat ed toward s a pr imary p io n and 
i n a n oppo s ile d i r ect ion in cumulative Cf30 ' 1 .0) and noncumu
lative (f3o ~ 1.0) even t s_ The parti cles wi t h IXr l~ 2Pil /E c , Jn, s~ O , fi . 
a re a s signed to j ets. As i s s e en from the figure, the va l ue 0 

< S> for both je ts in cumulat i ve in teract i on s ag r ee s wi t h the 
e' e- data ' 12,1 :1, !;,'a t equ a l ene r g i es in t he c.m.s. Fo r no ncumula
tive events one can s ee. a disap,r pement wi th s i milar data on e ' 
interac tions fo r th t;! hadron j et s prod uc ed i n the f r agme n tat ion 
region o f targe t nuc l e u s. Therefo r e one can s ay tha t t he r e i s 
a no ther mecha ni sm of their production. Fi gur e 3 presen t s the 
average mu l t i p lic it y dependence Of charRed particles in e e an
nihi l at ion on e nerr,y in the c.m.s.' ! ;! ' .Averap,e va lue s of < n, > 
for cumu lative events ,...ith f30 ?,1.0 ver su s eneq~y in the c .m. s. 
a re shown in t he s ame fi gure. It i s s een that t he <n.>multi!,li 
c i ty i n c umulative processes grows wi th inc reasinp. v-t and coi n
c ides wi t h i n the exper imental e r r ors wi th the <n ,> value for 
~' e- i n teractions at equal energies. 

3.2. Charac t e r istics o f Charged Part i c l es in J et s 

Figure 17 shows the transverse mome n tum squared di stribu ti ons 
of charged par t i cles r elat ive t o th e j et axis i n cumul ative ,,-C 
interactions wi th Q= +1 a nd in eie-annihilation. These dN:~2 
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~ ]0 GeV (bac kWtzr'd hemisphel'e); 
x - the same distribution of 

p1:ons 1:n e I e- interactions 
E = 7.4 GeV. l _e ,m ,s, ~ - 1'1. 

distribut i o ns are s i mil ar f or bo th t ypes o f t he int eractions 
considered. 

Comparison o f t he x F di stributions of secondary part ic les 
i n the f orwa r d and backwa rd h emisnbere s i n t he c . m.s. of cumu
lative D-C interac t i ons wit h e4 e-d ata s hows t ha t there is a good 
agreement in the f orward hemi s phere, whereas t hey d iffer in 
t he backward '19 ' . 

This dif ference can be due t o var i a t i ons o f i n i t ia l states 
o( illlcrrl(' 1 ing objects whj c h l ead t o var i ous c omposit i ons o f 
secomlnry p"rl i(' ] (>s in the fin al s ta te a nd to distinctions in 
their ph.lllt> !;P,'1('(' distribution s (ana l ogous t o t he d ifference 
of quark rind rI iqllllrk fraRmentation (§2 ». Therefore it wou l d 
be morl' ,' pn l'L I To ('omparl' identical systems of second ary par
tic l es in I IH' I ill;! I !.rCt t c 'in this case the meson subsys t em) 
i n their r."" /1 ;1111". \~III I Ihi !> "irn the events wi t h t wo id en t i 
f ied prot Oil!. 1.11'1" '1 1'11'1' 11'" from rumu l ative Tt-C i nterac t ions 
with Q = ~ I. 1ii" PIOI tliH' W('T(' l'xrlud('c\ from t he a na l ys i s. Th e 
ener gy of ti ' l' .1'1II, li ll ili g ml'l,on uubsystem, < ~».equals to 10 Ge V. 
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F i gure 18 i llustrates the xi = 2PS/M di st r ibution of char gedo 
p i on , where pS i s the total momen t um of pions in their rest 
frame. It i s s een t hat t h i s d istribution c o inc ides within the 
experimenta l error s wi t h a similar distribution of pions in 
e1e-	 annihila tion. 

3.3. 	0ua rk and Diquark Fragment a t i on 
in to Strange Par t i cles 

550 Ks meson ( K~ ... rrl. rr - ) a nd 294 A hyp e r ons ( t\ -, Pil) were u sed 
for ana l y s i s '4 1.' 

a ) Fragmen t a tion o f qu arks i n t o s tra ng e par licl e s 
. 1 do 

F ~gure s 19 dnd 20 present t he ff QX;:; functi on v e rsus f orx E 
KN mesons a nd /\ - hype rons produced En cumu la t. ive proc es s e s i n 
th e fo rward hemisphere i n the c . m.s. of rr-v c o llision s . Simi n 
lar d istribut i ons for neutra l st r ange par ticle s i n rr -p and 
e+ e- i n ter act ions are given i n t he s ame figu r es '26,27 :,The d is 
tr ibu t ions of KN me sons and /\ hyperon s in e ! e- and rr -p i n ter
action s are norma l ized so that the s qu are of the cons i d e r ed re- ' 
gion may be s i milar to the one in rr- C interac t ions. Fr omxE 
the di gures one can see that, the depend e nce o f the func tion 
1 dO' 	 N /\ ' . 
-/~ '-dx on for K me s ons and hyperons in cumulat ~ve rr Cx EE: 
rr-p and e' e - int erac tions is similar wi t hin the exper i mental er
ro r s. The approxi ma t i on of these d is t r i bu t ion s by the d epen
d enc e ( 9) for cumu l a t ive rr'- C in t e r ac t ions yie l ds BKN = 9~2 
and 13/\ = 13+4 ( t ab] e 3) . From t he table i t is seen that they 
coincide t\lirh in the experimental er r o rs, with s imilar v a lues 
for rr-p and e' e- interactions . 

b ) Di q u ark f ragmen ta t io n into str ange p a r t icles 

To compare the properties of KN me so ns and /\ hyperons pro-
duced in t he t a rget-nucl eus f ragmentation region in cumu lative 
processes wit h the rr- p and ele- data, we have sel ec t ed a subsys 
tem consist i ng o f meso ns a nd one baryon ';19 ' . Then the produc t ion 
o f /\ hyperons and KN -mC:'lons in the backward hemisphere in 
t he rest frame of the sel ected subsystem can be con sidered as 
a resul t of t he fragmentation of Uti , ud and dd d i quarks from 
multiquark states of the carbon nu c l eus. The energy of t h e se
l ec t ed subsystem of secondary pa r ticles, < Mo >.was ~ 1 2.3 GeV. 

Figures 21 and 22 show the ;3 d~~ f unct i on versu s x~ for KN 

mesons and /\ hyperons produced in the target nuc l eu s f ragmen
t ation rCRi on f or cumu lat ive rr- C interac tions with Q = +1, +2. 
Here xS 

- 2ES/M and ES is t he e nergy of par t icles i n the restE o 
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t ion for K N -mesons produaed t7:0n for A - hyperons, produced

in the fOY'UXlpd hemisphere in i n the fOPWard hemisph.ere i 

t he a.m.s , of awrrulative rr_ C (e ) the a.m.s. of cumulative rr- C( _ ) 
( V S = 16. 3 Ge V) , rr- p ( 0 ) (·is= 16 . 3 GeV), rr-pCo) 
(~= 8.7 GeV) and e+e- inter(v~= 8.7 GeV) and e+e - inter
acti ons CA) (..[S = 14 GeV). ctions ( !\ ) (vs-= 33 GeV). 

frame of su b s y s tem Mo .As is seen f rom the figures, th e present ed 
1 dll . . b ' 	 . 1 ' h S . f - ~ d l s trl utl0ns for s t r a nge par t lc es in t e x E region or(3 dx 
cumul~t ive rr- C , rr-p , and e+e-inter act i ons are i n agreement with
in t he experimental errors. The va l ue s o f paramet e r s BK and SA 
e~ual to 8+4 and 5.2+0. 7 ob t a i n ed by approximating t hese di st r i 
butions by-the dependence ( 9) a f,ree , wi thin t he experiment al er 
rors. wi lh the rr-p da ta . For A hype r on s prod uced in the region 
of quark frnr. me n tation i n rr- p a nd cumu l at ive rr - C in t eractions t he 
value o j piI"llml" l'r B is sma ller than tha t f or e+ e- ann i h ilation . 

The [l11 i lly,ti<; !H'rfnrmed mean s tha t quark and diquark fragmen 
ta t ion in Lit " IIII' 1-1011 ~ ,1nc! strange part i c l es in cumulative i n t e r 
act ions Oil I i ",il l 1111 1'II'i :mel i. n s o ft hadron collisions is similar. 
Quark frar,lIll'l1l " i lito tile same part icle s i n these in t erac t ionsil) l) 

i s simi] ar Lit ,III' lilli' iT I l1'lJ - annihilat i on. 
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actions. 	 ti(ms . 

4. 	 DESCRIPTI ON OF HADRON J ET PROPERTI ES 

IN RELATIVE 4-VELOCITY SPACE 


Traditional analysis of t he j e t be haviour of seco nd ar y par
ticles usin g var i abl e s " s pheric ity", " rhru s t" and othe r is usu 
ally perf ormed in the C. m.S . of int eract i n8 par tic l e s. These 
v ar iabl e s are not Loren t z i nva r i an t, their va l ues depend stronp, 
l yon t he frame system, wh i c h i s connect ed with t he physics of 
a proc e ss . I n each i ndividual case it is d i f f icul t to defi ne 
the c.m.s. in had ron-nucleus and nucl eus-nucl eus in teraction s. 

Thus, to analy se the behaviour of pa rt icl e j e t s, it is ne 

cessar y to use a re lat iv is ti c - i nvariant d e fi n i t i on of hadr on 

j e t s . As a relat i vist ic invariant va r i ab le , one ca n use the 

square of rela t ive 4-ve l ocitie s of two particl e s ~ i-th and 

k- th ) / 42! 

Pi 2P k
b ik ---) 	 ( I 6)

mj mk 
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Here Pi • Pk a r e 4-momenta of i - th and k-th part icl e s and m j , 

are t heir mas ses of inclus i ve proces sesmk 


I' IJ 'l-2 '... : 17) 


I ndic es i and k may refer both to col liding obj ec ts (1, 11) a nd 

to secondary par t icl e s 1, 2 and so on . 
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Surmnation is performed over all particles from the selected 
group of particles. It is proposed t n analyse the distribution 
of partic l es in jets by the variable: 

2 
b k 	 . -. (V - Uk) • (19) 

Figure 23 shO\~s the distribution of " mesons in 17- P inter
actions for jets produced in the fragmentation regions of an 
incident 17- meson and of a proton. The particles with IXF I ~ 0.1 
are assigned to a jet. One can see from the fi. gure, that ' both 
obtained distributions coincide, within the errors, i.e., quark 
and diquark fragmentation into pions is similar i n the relative 
four velocity. 

Figure 24 shows the bk d i stributions of 17- me s ons in the 
jets produced in the region of targe t Eravnentation for " "p , 
17- C interactions at 40 GeV/c and for pp -in t eracti.ons at P = 
= 205 GeV/c (the data have been obtained using 1) hydrogen bubble 
chamber at the Argonne Laboratory). 

Table 5 

Average values of the variable ~ for " mesons 

Region o f 
TT -p TT -C ppjet 	production 

Bean 
frap,mentation 4.21+0.03 4. 19+0.04 4.5+0. I 

Target 
fragmt'ntal ion 11. 06+0 . 04 t'1.36+0.0l. 4.5+0.1 

One can seC! that the bk disLributions of 'IT mesons in the 
considered jets are the same within the experimental errors . 
Average values of the variable for different types of inbk 
teractions are given in tabl e 5 . It is seen that these values 
are small <~ > < 5 and they depend within 10i. neither on the 
type of interaction nor on t he primary energy of collision over 
the energy ran ge under study. 

Thus, i t looks more promising in the future to u se relati 
vistic invariant hlk variables [ o r s tudies of proper t ies o f 
hndron j ets produced i n nuclear interactions . 

The au thor s are gra t eful to the staff of the 2m Pr opane 
Bubble Chamber Collaboration f or their help in the work and 
useful d iscussions. 
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