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The t raditional analyai s of thc jet behavi our o f secondary par

t ic le s with t he aid of varieb l e s " a pheri c i ty". "t r us t " and others 

dea l s with r e l ativistic noni nv a r i ant quan t iti es and the J et characte

ri s t.ics d e pen d no t on ly on the fr ame of refen :nce . but also on the 

pro pert i es of c ol liding par tic l eo. A n ew me t ho d of des c ri bing multi 

ple par ticle production processes , which employs on l y Loren t z i nv a ri

ant qu an tities, h as been suggested in papers /1/ dev o t ed to the s tudy 

of rela t ivis tic nuclear c olli s i ons. 

The aim ot" the pre sent pap e r i s to r epor t results of Lhe analy

s i s of jet production by the new me thOd in vari olls p I'''cenr:f'n (0 ~, 

;;-p, ii-C ,/)C . p JD.and p pl in a wi de e nc r gYnj!. · ,c- {ro: ., i i f, 20~ ljI'V . 1I1e 
mai n r esu lt of th is analy s i s is the dis cove ry of ttle fuct that t he 

f o ur -dimensional j e t s (i re UIl ive rs a l . 

I n the t nv ariant me t ho d of analys i n g mu lt i ple particle produc 

t ion, t he p r o ce sscs 
, +H -:I!r:!.-t3-;. (1) 

are c onside r ed in a space t he po i nt s of wlu.ch al e t he four-ve loci t ies 

itc = I~)" or t.he fo ur- momen t a Pi of t he particles divldlJd by 

t heir mffsses fYI, • The po s i live i nvariant quant i ties havl.ng the mean

ing of t he sq uar~ d di s tances in t hi s spaee 

~K =- ( it l - it ,,-l '=2 [(u(U,,) - i J . (2) 

where L J<. :: I ii 1 2 3 .... li.re basic vari ab l e s desc ribing the rela
, - ~-I') ~ 

t ive particles motion. 

The idea of the introduction of th e variab l es ~~ consis ts in 

t ha t in t he cross secti ons of t he processes (1) the fol lowIng statis

t i ca l regulari ty i s rea l ized: in de fi ni te domai ns of these vari ah l ee 

( see below ) the/~K distri bu t i on s decrease mon otonou s l y and r a t her 

rapidly wi th increas i ng !.Ie. . This fact r e flecte the qUQ1'k funda



men tal property - asymptot ic f reedom, t hat is, vanishing of i n ter

a c t i ons at smal l dis tance s or a t /' ''''' <>f>We divide the whole se t of<" 
pa r t icl es i nto gr oups: t he fi~8 t group comprises ft1~ 	 part icles, the 


u' :<. 

s econd one !1~!I particl es and consi de r the case when cu.fi= - (l~ ~J...~ 
here 1,1" is the midd l e point i n t he group' cf... , Vp the one in t he 

gro up p . In other ~ords , (If/I/,,, ) v(t.(: i'lVp ) i but 

( (J/ 'V i" ') ~ ( I ~/ VA ) ~ ( ~I", l~... ) - c-. ~ • The s,: t of ff1"1 partic l es is des

cribed i. n t erms of the variab l es Jt<"'t ,(LI " /I/jl ); i,'} und the set of 

(Y'f' part ic l es in terms of the varfables J lpJ' ) \ Uf f,/~ ). !:PJ } • 
Here yI", VrS 

Nl». = [LI,.... ~~) and Nfl = (II;"!,,) ' 
0) 

~ '. andy' are azimuthal Bnglea, (II(~ II/Jl ) a nd ( ~lfrtJ...... ) a t {V-.A· i.?, ) ... ..c> 
, J 	 '" J J3 p7Jf

trans f orm to t he li ,ll;ht co no variableo y · ... : tf"'-tl':and 	 X - =U. , - iJJ ~ , 
• I, J J~ 

r espe c tively . 

Usin g thi s noLation, it 10 pt,)oel ble lo fO ....lul,I!atc ttle corre] s t ion 

depleti on principle BS a en.1'u1 property 01 the lnvw:lanl Iliotri bu

t i ona describi ng multip l e pnrlicle product jon. 

.. J /J ~I l'. ,,tv. (1// ~fv;; \ . ; (~~) _., (~J ) (tl rtJo7\ ') ... J J 
~!I ~~ 

.~J-; '" j ("" ~-" j -.Pt V - f' "\ 
II '., &. I ' ) . '/' . - 'J.Jto)' ) t J "J' 

(4) 
This pr i n cipl e is analogous to t he correla t i on de plet ion principle 

suggested by Dogo 1 uliov In B ts ti s tical phys i cs . Acco r ding to our con

c epts, t he jet i:.. u pelLicular case of t he facto rizati on (4 ) . We 

de termi ne the jet ax1a lill u u1ngl c four-ve c tor V that ie ex t ract 

ed .from -the condiUon of w.inlmum of the quanti t y 

2..f,~=- L'( V -t(l<-t · (S) 
t< "

The summati on is perf~rmcd ov~r the particles be l onging to a s epara

ted group of pa.l'ticles. The quantlty {5 ) is minim a l for 
;:c tlK.

V:= {(;0( t'~ 	 (0) 
f-

Aa investigation in the fIeld of relativistic nuclear physicB shows, 

tne transition of hadron interactions to t.he qllark-g luon level s ets 

in rather early 12/ : for 

t~,,-:J.:') , 	 (7) 

Hence, t.he jete #ere expected to be s eparated a lready for 

(UrV)v(u;;v) ....J.5 and the wi dth of the f our-dimensional jets to be 

equal to about the same value. 

The study of jet production in soft hadron c o llisions baa shown 

2 

that in t hese processes it is obs erved t he produc tiOll of t wo je t s , 

emitt ed in t he forward and backward hem ispheres in t he cen t er- of-ma8s 

s ys tem, t he characteristics of whi.ch de pend on t he type 01 Q fragment 

i ng system ( quark or Qi quar k) a nd t he eo ll ~si on enercy I J,4 /. Howeve~ 
8.S i a shown be l ow, t h e di1Te r encc i n t he je t characteris t i c s is dl.< €: 

to a relatiVistic noninvari ant approach. In the present paper the se

l e c tion of the part ic l es be longing to the j e ts is made by means of ,.
r e l a t ivistic ~nval~an t vari a b l es 

1-("(11 ,-Xf< =- {lit -NrJ'? (v. 1 ;- l? :n, ,,' - - - -)
111; 	 where IV" ={.,-II.;- l! _ 

or 
Xl -:: I!!J- (-U 

t 
/'v/l~) :? ( l-: t ~ C 2 ) where \..';- 'fi 

• 
~ 111;: -	 [III ,iii! 

FOI' the case of n ue lear collisi ons t he aLom] c lOSS6 uni t ll1u = 931 M(, V 

i s DUbetJ tuted f or m[. As t he c r itenoIl 01' t he parti c le oelcc t .i.on 

with respect to Xp and ~ 't- becomes 100re st r ic t , we seject Bucll had

r on jets that carry away an ever- qrowing fr &c t ion of the four-momen

t um o f pri mary bedrons . The hadrons tha t can not be attributed t o one 

or Pllo ther je t are in the range X~_,,;0. 2 and .L't:~ 0.2. They make up 

less than l ?O of the secondary par tic le!) and t heir ori gin j 8 due to 

hard proccaseG. In the r ange .xi:);} 0.1 and X - ~ 0.1 t he fracti ont 
of such hadrons i ncreases up to 2% . lVi thi n the ac c uracy of t lH' ,-,xpe

r imen ~a l da t a in quae Hen, good c ha r scteri s ti C6 of t he fragmen t ation 

region for the prO j ectile are X't' /f 0. 1 and .:rt ~ 0. 1, !lnd f or the 

taxget axe X' t" ~ 0. 1 and X~) ~ 0.1. 

The presen~ study was performed on the: basis of a Sil t. 01 experi

mental datI!. on hadr-on - baclron and hadron-nuclE' ua co llisions of various 

tYPl'6 i n an ~nereY range from 6 t o 205 GeV. Approx] mate l y 220 t ho u

sand events were analysed. The da La on 40 GeVI c . 71-/) and ,;--C col

l1oiollO and 2?4 GeV/c P-P CO lll s i ona were obtained wi t il the aid of 

e 200 cm propane and a 200 cm hydrogen ("l1u tiJrila") bubble chambers 

i rradl aied by il - and j; belllIlB at the Se r pukhov accelerator. The 

data on 10 GeV e (tjrlp ) and p Tu co ll i s ions were obtained by 

irradiating t.he 200 em propane bubble chamber with Ta plat eo inside 

its working '/o lume at t he Syncbrophaso l,ron. The data on 205 GeV/e 

• A more general metho!1 of jet separation is to f ind correlated par

ticle groupe in the "'1< sPRee/1 1 w~th corre l ation radi ue <i,,>-J. Thia 
is e!lpeciaJ l y jmportan l for t he scpara tioll of multi-Jet even t s. 

:\ 
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i'P (;oll i l;.i u!1G uIld 'J ; / :J.I1d 12 Ge Vlc / 'p co11ioions lYere obtained 

',<,1 til the a id of tJH~ "( 6 CUI hydrucen c luunber ( Fl1AL ) und t he 81 and 

20l) c.n h.vuro c e n clla;nbe r ::; (0 (,;HN ) . The experimen Lc.l det ai Is are descri b 

ed iT! 1'.,, '0 . IS - l 1 I. j)iJ t IS o Ul!unur y t l.ip eb c on t a in i n g i n formation about 

L1e k1 n!:lfIut i e a l par aHlUt ", , u () f ,- VI· tlts had been used . 

i"~g . l give " the e/C.. di sL ributions 

." ,7"- IO()OOnli for 40 GeV/c ,7"/-) a nd 

,,-(' collisions a nd 205 GeV/c ;J? 
.. tL. ' lI.e'" 
• IT, itQc;..vI. c ul li sions in the r egion oi fragtllen
.. " "(h.. 'Vk 

.. t'f .... O·lr""'l. 
 ttl Lion o f targe ts (J./ , c: ) for X t :?0.1~~' "l f' 
,I('tuttl_ r, 'u_III A: .. "nd _( ) ~ (). 1 and pro j e c tiles U; -; j _? ) 

\ 

If! f. ~ V'( 


r "',I I., • ; o r ~~ , ) 0.1 and Xc~' 0 • 1. In fi g . 2 

' /(l I~ i ve the same di s tri buti ons for 
~, 
\ 

!, 
:'.-' . 4 I~ , ' I/ / c I?F collisi.ons and I'or 

10 Ge '/ Ie ,7"-p and )-;-C' collisions inlit 
till'! t "ri ~c t l'r:...gmentat i on r eg.l on at 

~', 1- 0.2 and '~p ~ 0.2., 
In order to obtain the jet cha 

rac te r .i3tics und er identical experif t10 

:!l ental condi tions in vari ou s proces 

s cs i.d e nti fled protons wit h Ps; O. il 
, ., (, e Vlc:. were excluded from the consi 

'" "I ' ~. 
dp.rat i. oll, and the one3 wi th P> 0 . 8 

Fig .l. 'rhe II<. u 1:;;l ,- i IJ I1Liurl ':e" I c were taken to b e j7 r me sons . 

of /I loeoo nu Hl J C tu r ' ll In th e targ et f r al-\l!lentatlon re Gion, 

the frobJllent ... t ion o r 011lH' c ;). une 01' an admixture of no n i den

fere nt pro j ac t il cs li l'led ~rotons WhlCh af f e c t the o b

(X';' ?0.1 , ,Y. "t ·~ 0 .1) l.lIU 

targets ( ..rt ~ 0 .1, Xp S. U.l). 

• !5p ·l1c.c,.w..
• np ,,0 ,,'-'c~ ! .,;'".. · nc -LO r.,V,\

10" . 
0\ 

.. 
+ ~ Fig .2. The !~ distributionI(l" !I 

of )7- me sons in j etst 
for the fragmentation 

tI of ctlf%erent targets 
lIJ'~1_.,---:-_~.....,:--::;;--:-, (Xt :? 0 . 2 , x.p~ u .2).o 12 16 20 £K 
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taining of the j e t axis . the <.: ~~ : alues for i' mesons can be 

o verestimat e d by about 10; • • 

It can be seen f rom the fi g ures t ha t in tIle considered energy 

range 22 ;=205 Ge"l/c t he obtained distri b u t i. ons are identical and inde

pendent of n e i ther the type of EI fragmenti ng hadron (/, , /' ' /)-, C ), 
nor the energy. Tabl s 1 gives the average <(?/<..( Ij-);> v a l ues for i 'j , 
f::;P , ,-;-p and II-C collisi ons in an ene r gy range; . 7 : 20) (;e Vl c . 

Also they are identi cal for P :~. 22.4 Ge V/c . 

Ta ble 1 

<: b , values f or Ii - mesonsk
 

P I Fragmenta ,'i'yp e of < bk >lab , ti un region co 11 i6 i on 

20 ) GeVl c x ~ 0 . 2 t pp 5.0 ~ u . 4 
x , 0.2p, 

- p40 Ge V /c 4 .7 ~ 0 .1 x p ~ 0.2 ;1 

4 .e :: 0 .1 ;7 c-S°.2x t 
- 5 . 0 ! 0 .1 

x ~ 0.2 
II p 

t II -C40 GeVlc J . O ! 0 .1 

;'1 - e (.l{) 1) J. 7 :!: 0 .1 xp~ 0.2 

pp 4. bL ! u. UU22 . 4 GeV/ c 
_. 

pp 4.08 ~ 0 .U4 12 Ge Vlc x ?,. 0.2t 
p(C H ) +pTH1() GeVl c 2 . tl~U. l

3 b xp~ 0 .2 -pp 3. b '( ! 0.U 25 .7 GeV/c 

These resul ts imply that t he fra~:nentation of quark a a nd di 

quarks in the t.1<.. variab les has a univer s al character an d i s inde

pendent of the energy in contrast to the traditional noni nv a riant 

appro a ch . From the same data it follows that the carbon n uc leus does 

not affect the j et formation, whi ch gives evidence of t he f (jc t that 

the quark hadronization proceeds outside the nucleus • 

A noti ce able decrease of the <I!,c..(i;-» values of l ower ener

gies ( 5.7 and 12 GeV) is likely due to a considerable in1'luence of the 

phase volum e boundary and an impo rtant contribution of ;J/~ annihila

tion processes that have a multijet character. 

Of a special int erest is the study of c umulative jets, that is, 

the jets produced out of quarks whi ch are knock ed o ut from the multi 

!) 
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qua r k con:fit;uratiolJs ar13ing j.n t he nuc l ei. S uc h even ts are f ormally 
t~ ·l v en by 

. 	 -: ' 2 ' / 0 L\· JX = 2 'li.=';; .L / I.· "'!" l~-. 
f , " e I " (8) 

The summati on j a performed over a ll t lie pion e en teri ng the jet 

( X"L"3 0 . 2, ,{P. ::: 0 . 2 ). Fr om th e data o bt ained i n Buch a way, (Table 1) 

.i L f o ll owa Lil<lL t lH' chE<ructerlstl cs of t he c Ultulative j ets a r e clos e 

Lo th e on e s whi c h are due Lo the f r agmentati on of ordin ary hadrons . 

A sjnd lal ' Malyala or t ht' P",- distri b ution s was al s o made f or 
eLhe st l "'

f1
lS /(,~J an~ J\ particles fr om COllisior:.~ of ~~ioU9 t~s. 

The average < e..... (I:.\J.>/11111 <.. f',.. (A)? VulueD 1'or /1 / ) , II C and P? 
c ol li si ons at /) = 40 und 22 . 4 GeV/e are presented in To ul e 2. In 

TalJle 2. < bk > vulu('s for KO me s ons 

P l-'lugjnenla- Type 01'lab <.. bk ;>tiull rl'l;.jon "ol li sion 

xp 1 0 .1 p 1.7~ l' 0 .07" 


;;- - C X l ~ 0 .1 1.7!.0.140 Gcv/" 
-Xt,~ O. l / . P 1 .48! 0 . 013 

x -.... \J .1 j-; - C 1 .b!:U.1p'/-- .. 

22 . 4 GcY/c Xl ~ 0 .2 
pp 1.)2 ! O.Ob 

X <. (J . 2 
p -....- - ._ 

<.. bk > v alUl·g lor.ii par ti cl!!!) 
-

jll'a~~n£ II tal'lab Type of < bk >t i Oil r·,: Ii,J 011 cOllis~ on 

-.:tp ~ () . 1 I I P 1.1.:!:O.1 

Xl ~ 0. 1 /i -C 1.'J 	: U. 2 40 (~f>V/, 

Xl'? 0 .1 fi 1.1 ) ! 0.1)7" 
xp ~ 0. 1 ;;-G 1 .21 	 ~ O.Ou 

X t ? O • .! 
-22.4 GeV/r; pp 0 . 9·\ :! 0.05 

I xp ~ 0.2 

(, 

the conside r ed energy range the <.. t,,- > value s fo r K. ~ Ilnd j \. 
parti cles, i n j us t the s ame way a s 1'01' pions, a re seen t o be il1de pel1

dent of nei the r t he t ype of a f r agme n t ing s ystem <p, /.' ) /:; C ), 
nor the pruoary col l i s i on energy . However, i t s ho ul d be emp~asize d 

that the aver age <fl< > \' a l ues for strange parLic les are smal l er than 

t he ODes f or pions by about a facto r of 3 ;. 4 . 

I I I conc lusion. we have sl; ud~ed t he s ing l e-p!:lr t l e l e d is t ri iJu tions 

of hadrons ( //.1: J\ , K.~ i n j e ts i n the f our-vo l o c l ty 6[1Uce . A 

to tal o f 220 t h6usand events ob t a.i. ned wi t h t bEe ai o. 01' v uri OLl S det('c 

t ors and acce le rato rs in the inc ident parti cle moment um r ange from 

b to 205 GeVlc hav e been used to show t hat t he f our-dimer.si on a l j e t 

c hara c t c l'i sti c s ha ve a universal charac t er. 'fhey are independen t of 

n e ither t he ty pe of fragmen ti ng parti c l e.d il- . I'~ /» n ucled , 

n or the primary hadron moment um (for p.; 22 Ge l'/c ) . The d i lTf1nnc~ 
betwe en t he propert i es 01 t he un iversal l'cur-dimcnsl ona l jetu aml tlk 

jets obtained by trad i ti onal metho d s h as been found t o be esuen t l a l. 

Th e i nde pen denc e of t he jet charac t e ri s ti c s o f the f ragmen tlll& s ys Lem 

p roperti e s ( eeeenci a lly f or nuc l ear c ollisions) g i v e s e vidence tho t 

the t'~ distributi ons are due to t he vac uum prop e rt i es, the Qe D pa r 

ticular f eature s a t l arge distanc es. The QCD i nterpretati on of these 

d istri but i ons can g i V B new uni v e r aa l parame ters o f s t r on g j ntersc t i 

on the ory. 

We a.re pleased to t h ank the Co lla borationa of the 200 CU! propane 

and the 200 cm hydrog en ( " h Lli1l;tj la 'l) bubble cham be r f o r use of experi 

men ta l ma t erial and u s eful disc ussi ons. The a uthors a r e also gratsfu l 

t o t he CERN-Pra ha , Amet erdwm-Hel s i nki-Liv e r pool-Stokh o lIo and Argonnc 

-Inonrea l-Toronto Co l l a borati ons f o r u.se of thei r DST on 5.7 and 

12 Ge Y/ c f P and 205 GeY/c pp c o l liS i ons . 
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liaJI,!J.HH A .11. 11 Ap . EI-85-675 
tje T blp E'X H e p Hh l€ C T p yU - Y HiHl c p CaJlbHbi e x a paKTe pHC THKH 

l1 tW)f(e C T B e H lloro p OlKAe H HfI 'W.C TIfU 

H a oe Ho n e HOBOr"O o fTTJ e .o.en €HHfI CTp y l"! KaK KnBCTepoB R '1C T blpe X-

1-1 e p HO M npO, 'TPdH CTB\! LKo p o eTei"1 n pOB ep,e H m r B a plfaHTllh lll a HaJIH 3 

~1I 1 0)f{eCTBeHHhrx rrp 0 l\eec:oR n p l1 CTonKHO B e HffH pp ,rr - p,rr- C, pp ,pC 
If pTa B OUnnC T It "Htepf'H l l 01' 6 A O 20 5 r 3 B. D OK a 9 a Ho . 'I TO x a p aK 

l~pUC rllKIi l.fC Thlpl'XMe p lIlIlX CTpyi"1 Y H Hl:lep CaJl b Hbl , T. e , tie ga B II C H l' II If 

01' CBOHC T B CTaJ'IKIIBalOlllllXCR ' l a CT H l(, H H OT 3 11epr l1 H C 'I'OJIK IIOBe m fH . 

Pa 5 0T<1 BblllOJ1lle ll 3 B Jla50paTo p liH B blC O KI1X :Hl e prl1 fl OPlH"H . 

npenpHHT 06~e~HeHHoro HHCTHTYTa R~epHYX Hccne~OBaHHA. nyOHa 1985 
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Baldin A. M. et al . EI - 8S-675 
Four-Dimensional J e ts as Universal Charact eristic s 
o f Multipl e Particle Production 

A new defini t ion of the jets as c l as ters in the f ou r-ve l o
c ity spac e has been used to make an invariant ana l y~is of mul 
tiple particle production processes in pp, pp, l1-P , rr - C , pC, 
and pTa collisions at energies from 6 to 205 GeV . Tl hns been 
observed that the characteristics o f four-d i mensi on.1! j e ts a re 
unive rs al, i. e ., indepe ndent of neithe r t he pr ()pprl i ps , nor 
the e ner gy of co lliding particles. 

The inve s t i gation ha s bepn performed a t t he Lahn r~ t o ry 

o f Hi gh Energy, JINR. 
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