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Interactions of ,e GeV/c negative pions with hydrogeu, 
deuterium and carbon nuclei were studied with 5m streamer 
chamber placed in magnetic field (RISK spectrometerl1,2/). 

The trigger electronics aeiected the events with at ieast 
one charged particie with transverse momentum higher than 
preset threshold (;e1.0 GeV/c) and polar angle between 120 

and 220 (850- 1200 in pion-nucleon center of mass sy~tem) 
covered by the multi-wire proportional chamber telescope 
(fig. 1). More detailed description of the spectrometer and 
trigger can be found elsewhere/3,4/. 

Following preliminary results are based on the geo­
metrical re~ruction (determination of' the momenta and 
production angl~9 \ o~ the charged secondaries) of 1407 2H_ 
-events, 862 2n-events and 2325 12e-events w1th transverse 
momentum of tr1ggerpart1cle h1gh~r than 1 GeV/c. 

The charged particle multipl1cit1es of atud1ed eventa 
are h1gher than thoae of the normal ~without tr1gger) 
inelast1c ones (table I). On tbe other hand, the ~ract1on 

of total momentum carr1ed by the neutrai aecondariea in 
st~died eventa does not depend on target nucle1 and 1a 
equal to 0.40 t 0.01. Th1s value 1a close to the neutral 
part1cIe inelast1c1ty in normal ~-p and JI:-O interact10ns/5,6{ 

wbich 1s 0.36 ~ 0.01. The average rapidit1es of the secondary 
part1cles are lower and widtbs of rapid1ty distr1but10ns are 
narrower than corresponding values for normal events (table 11). 
In table III the average transverse momenta o~ cha.rged : 
secondaries assoc1ated to the h1gh PT trigger pa~ticle are 
shown, One can aee that for all targets the average trans­
v~rse moment~ o~ aecondaries w1tb charge oppos1te to the 
tr1gger part1cle 1e one is greater than in the case o~ like 
charges. Th1s 1s more prono.unced for Jt'-p and jt-d interactions, 
for jt-C interact10ns the difference in the transverse 'rnomenta 
decreases andin,r~ interact1ona/~/ the d1fference disappeara 
at all. At the same t1me, average transverse momenta of the 
secondar1es with the same charge as one o~ the trigger part1cle 
are cIose to the val~es obtained for normal ~--nucleus 
interact10ns. 
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Tabie I.	 Average m~tiplicities of negative 
charged particles 

7T -n	 sr -O"'-p 
~T>1.0 GeV/c all/5/ PT)1.0 ~eV/c alI/5/ pp>1.0 GeV/c all/6/from Si d 

'.4ótO.08 2.81tU.u2 4.0210.09 3!04±U.03 4.13±O.06 3.16~0.03 

Table 11. Mean rapidities <y~of charged particles· 

1(­ jT'+ 

11' -p 

.fi' -d 

f( -O 

1'T> 1.0 GeV/c 

PT> 1.0 GeV/c 

PT> 1.0 GeV/c 

&11/6/ 

<YLob> 

2.3'1±0.O2 

2.}4±O!O2 

2.U1:1::0.01 

2.46tO.01 

6 y 

1.04 

1.04 

1.10 

1.?5 

.( YLQb> 

2. 16'tO.02 

2.11tO.03 

1.6,5*0!01 

2.05t O.! 0 1 

cS y 

O!95 

1.00 

1.06 

1.45 

Table 111.	 Hean transvers. mo.enta of charged particles 
associated to the trigger particle w1th 

PT> 1.0 GeV/c 

"nOrlUJ."/5,61nu.cleus Ptr> 1.u GeV/c 

tr1gger :JT+ ~ 1(+ 11' 

+ o.379tu.OO7 O.'81~.006 
H O.~U.oo2 0.~720.002 

O~419to.U12 O.359tO.011 

O.~u.0U8 u.~.oo7+ 
D	 . O.362tO.OO8 O.~O.OO6 

O.404t~!01' 0.~O.012 \11" -n .:. interact1on8) 

+ O.!365tO.004 O.,54tO.OO4 
O O.~8~o.o05 O~~~!Oo5 O!3?8tU.uv1 O.3~O.oo1 

+ O~36OtO.oo3 u~~2tO.OO4
Pt/" -- ­

0.36410.005 O~29~~OO? 
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The transverse moment~ distributions of associated 
charged socondaries can be reasonably fitted in the region 
PT> 0.4 GeV/c to the exponentia.l behaviour dN/dPT f"V 

~ e-B.PT (table IV). The slopes B abtained for negative 
charged particles are syatematically higher than those 
obtained for positive charged ones,and they tend to increase 
with atomic weight. Th1s is in agreement with behaviour 
af the me~ transverse momenta of the associated particles, 
averaged over both signs of trigger particle's charge. 
On the other aide the slopes of the exponents fitted to the 
high-momentum (PT> 1.4 GeV/c) part of trigger particleB 
PT-spectra have an oP1'oaité tendency, they decreas6 trom 
hydrogen to lead. 

In the azimutha.l plane (perpendicular to the beam. 
direction) the associated particles are produced ma1nly 
in the direction oppos1te to the trigger particle's one 
(fig. 2) and th1s effect ia more pronounced for associated 
particles with higher\trahsverse moment'a (1'T>U.!b GeV/c). 
The asymmetry for the carbon target is smaller than for 
the bydrogen and deuterium ones. The asymmetry .increases 
for "qwasi-free" lnteractions on carbon (the net charge 
of eVent : U orO: -1) but also in thia case it is Iower 
than the asymmetry in ~-1' and ~-d events. Corresponding 
values of the asymmetry coefficients 

~> :K~2j - N~< ~~2~Â~>m"2+N{<Y2 

(cf> - the azillluthaJ. angle between associated and trigger 
particles) are shown in tabIe V. There is cited also 
the reault obtained for ~-1' evante at 4U GeV/c in the 
propane bubble chamber, with at least one Charged aecondar,y 
of transverse .oment~ higher than u.tl GeV/c. No diacrepaneies 
are seen between ·the bubble chamber data and ours 
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if one takesinto account the different kinematical regions 
of trigger particles and the contamination of "quasi-free 
.1(-.p" events on carbon in p.ropane , 

Tabie IV.	 Slopes B of transverse moment~
 

distribu.tions l dN/dPT'" e-B.PT)
 

"triggerlt 

);1T> 0.4 GeV/c PT> 1.4 GeV/c 

nu.cle\ol,s	 charge B B--_._--­ --~---
+ 3.49%0.14 

H	 4. 23±0.32 I 
3.?7±0.14 

+ j.62±0.21 
D 4.13±0.39
 

3.71%0.17
 

+ 3.8%O~02 
C 4.01:1:0.13
 

4.o1±0.09
 

/3/ + 3.79±0.17
 
Pb 3.20±0.24
 

3.94±O.13
 

Table v.	 Asymmetry coefficients A of azimu.thal 
angle distribu.tlons for associated 
particles 

~-p/jl/ 
nucleus H D o 0Q=O,-1 propane 

ali partleles u.291U.02 u.27tO.02 0.17tO.U1 0.21&0.01 0.24:t0.01 

p > 0.6 GeV/o
t&r aS80eiated 0.bb±0.03 0.6410.04 O.~tO.02 
part1eles 
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Fig.2.	 Dis~ributiona of associated particies in azimuthal angle 
between them and triggering particle (aver-aged over the 
signs of associated and trigger particle'8 charge): 

a - event with riet charge c 0,-1, aaaociated PT> 
0.6 GeV/c, b - eventa wit~ net charge c 0,-1 
(dashed line - alI ,0.6·i ° 1 1. 3 4 5 °.8 

eventa in fJf -C in~ I.a O.6~ 71"p 
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Fig.3. Mean net oharge of as-, 
sooiated particles versus ra­
pidity in laboratorJ frame 
(rapidity of o.m.s. a 2.2) 
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The azim~thal distrib~tions ot associated particles '"" I.I\ ~ ­-o'"" C'- - "'"'.::t '"" :J'\ o o or o oofor yartic~ar n~clear target do not deyend within the 
tIO o o oostatiatical err-oz-a.on the sign of either trigger or associated · · · O · · · 
.~'1 co +I+1 ~l ";1 ~~ :oC'­ \.O .p 't"" ~ C\I

•:oparticle's charges. Therefore in figo 2 the net distrib~tions --t ..-­
for both charges of trigger and associated particles are 1! ~ e 

~ 

o · o · --o 

• 

.-
o· o · o 

:j Q) --'i', a .p 1o -+ -+ '+ '+demonstrated. Nevertheless the mean net charge of the .~ I:l 1
N .~ \;

associated particles in events is not uniformly distrib~ted 
,I; as

P:. + -I.I\ -S - -Õ '"" " coU\ 
~ 

.p o ~ o o 
eoand depends on the partic~lar ra~idity interval and on 

" 'H
o orf 

.~'d o · o· ...o· o · o· o· III ,~ ~ +......the sign of trigger particle's charge. In figo 3 the OI .pli) ~ :--. co13..~ as r<'\· o· 
~ 

· I.D

o· co
o·.::t ::t.­dependence of mean charge of associated secondaries on ~J} o o o 

--' --' 

• 
--' --'--' --'their rapidity is shown. une can see that the charge Pt.p 

co I:l I I1 1 + 
Q)

of trigger ~article is comyensated mainly in the central -a ~ ,...... ......li) Q) ...... ........o I.I\ " o.drapidity region \y~~1 ~ 3). 'H 1 .. '"" .. t'- .. ..:J'\..­ o'H o ,~ 

~ 'd eo o o o." · o· o · · · ·ri +1 +1+1 +1 +I 

2t r-<\~ :J'\ I.DIn table VI, it is shown, how the mean charge a .~ .p ..r-<\ ~ :--. C\I 

o ooof associated particies is di6trib~ted with respect to e .......
 · o· 
~ 

· · · o o· 
,J'H .p --' 

,~the direction of trigger yarticie in different rapidity III 
'O -+ -+ -1 + 1 -+1 

intervals. The mean charges of associated secondaries -i o ...... ...... ......\:; 
o 
Q) a 

~ -'8 '"" c- U\ "..
'H 'r"8o · o·+'prod~ced in the central rayidi,~y region 1I,6 i = Y - YTRIa!<1) ,~ 

.p 
eo o o 

o
o." 
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o· 

-ritowards the trigger particl.e in azimu.th t<~» and aWBJ ~ f;? · B· 
~~~ 

.p :ofrom it t<~,A,"» and the mean charges in the beam t~y > 1) : ~ ~ ~ ~ ~-
o oo o o o · and target tAy< -1) fragmentation regions t<QBEAM> e.nd · 

~ ~ --' --' --' 
+• 

--' 
I -1 -1 1 

<.".rJ.RG"reayectively) are preaented and also the mean charge o ~ ,...... ...... ...... ......o tD 
li)in the Ittrigger jetlt < ~JET"= ~RIG+ <: ~> ~~IG- charge 

.~ 

eo ..o ..N 't"" U\ ..o -C\I -(/] tIO ..o1 o 
orf .­of trigger j!article) and the aum of the mean charges ai -::)eo o o o·oo · · · 'H .p orf +I..in the "anti-trigger jetlt and in the beam fragmentation o 
~ 

-
~ ~~~ . o r-<\ r-<\o 

region < Q,A,W> + <QBEAJl> aré calc~ated. It is remarkable, li) .p 
.p 

~ 
eo o o oo· o 

~ t!
· · \D· 

,J ,J--' --'that the d1fference exists in behavio~ ot the mean charge ~ P. + + • + -1 
o
+ 
· 

~ ~ E-i I 
diatrib~tions in the events withopposite charges of trigger o 

o ~ ~ t; ........
 ......""'.p .p 1 ~ I.I\ 'f\ " I.I\ '"" U\ 

· :>· 
:-­particles. The absol~te val~e of the mean charge in the li) --' o 

.. o 
':> 

.. 
o.- o 

o ::> o+
I:l P:. 

Cl tIO ::>· obeam fragmentation region is m~ch higher tor the interactions o· · 
orf -f4~ -I 11 ..~ ~ ~~ with positive charged trigger than tor the interactions .pli) § p:. 

1t ~ C\I :o· II :> o· ::>·::> ::> ::> 
--' 

with negativa charged one. In addition, the meafi charge 
~ <3 · · 

,J --'--' --'H I1 1 -1 I +of the Ittrigger jetlt < "'rJET) in the events with positive :> 

; 1\AQ)trigger ia approximàtely eq'-l8.l to <Q,A,W>+ <QBEA..M". At the ,1 -I " 
I\~ ~" same time, in the events with negative trigger ~ ~~ is 1 ~ 
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Il:l 

.. cYr E-t ~ crcf et O­
markedJ.y greater than the swn of the mean charges in 'Vv v 
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I 
the "anti-trigger jet" and in the beam fragmentation 
región. Qne cOuld try to understand this fact in the simp­
lified framework of a hard co~lision of the independent 
valence q~ks from the interacting hadrons. The positive 
charged trigger hadron is produyed basically in the 
fragmentation of the positive charged quark or diq~ark 

from nu.c1eon, hence the mean charge in the "trigger jet" 
is between 2/3 • 1 and due to the bard scattering one 
of the pion valence quarks will fragment as the "anti ­
-trigger jet" and sacond remains in the beam fragmentation 
region, therefore the su.m of the mean charges in these 
two regions will be close to -1. The mean charge in the 
"trigger jet" with the negative trigger particle is 
determined by the 'charges of fragmentating ~ or d valence 
quarks from the incident :n---.!Ieson, so the mean charge 
will be c10se to '-1/2 and tho awm of the charges of 
recoi1ing quark (or diquark) frem target and spectator 
quark from prejecti1e wil1 be c10se to zero. In the ~-n 

interactions, the difference between the mean charges 
in the events with positive and negativa triggor partic1es 
would be greater tb.an in the ,11:"-p interactions and that 
is seen indeed in the experimental ~ta. Although such 
simple model is in agreement with ge~eral characteristics 
of the data, the predicted absolute valu.es diifer from 
the experimental anes, at least fo~ the interactions with 
negative trigger. The mean charge in the beam fragmantation 
region for these events 1s predicted by Su.ch s1mple model • 
to be between -1/2 • -1/3, but the exp0rimental va!ues are 
close to zero. The ,mean negative oharge in the tltrigger 
jet" ia correspondingly higher than the predicted one. 
~robab17; these diacrepancies are due to the ass~ption 

of independent interactÚll «md frtlgJHntation of qu.arks and 
couJ.d disappear in more raui.tic .sodel. te.g. Wnd model). 

In addition to the eTente, in _bich the b1.gh transverse 
ao..ntum charged partiola _as prodaoed promptly ~t the 
interaotlcapoint, the spectroaeter also se1ected the eventa 
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accompanied by aneutral strange particle of the transverse 
momentum higher than O.~ GeV/c which produced via its de~ay 

at least one triggering secondar,y partic~e ~vO-trigger). 

In the sample of ~ 3000 events ta part of the total statistics 
of 3t'-p, .:Ir-d and m:-O interactions)" about se events with 
VO-tr1gger were found. It was revealed in the analysis of 
the effective mass distr1butions for triggeriDg VO-particles, 
that marked part of them t "'" 30%, without taking into accounb 
the trigger acceptance, losses caused by t~e ineff1ciency 
of registration and identific~tion ambiguity) is due to 

J\o-hyperon decay. It seems to show~ that one cannot neg1ect 
the contribution.o~ the target nuc1eon diquark scattering 
in the study of underly1ng mechanism responsible for the 
high transverse momentwm pa~icle production in the central 
rapidity region at 40 GeV incident pion energy. 

The presented results do not exc1ude a remarkab1e 
contribution of hard scattering to the pion-nuc1eon interactions 
atr the energy of some tens GeV. On the other side, they lead 
to the ass~ption that the multiple-scattering mechanism 
eontributes to the nuclear production of the high transverse 
momentum particles. The last conclusion i5 favoured by the 
indicationsthat with increasing n~ber o~ nuc1eons in the 
target nuc1eus, the slopes of the transverse momentum spectra 
~or trigger particles and the azimuthal corre1ation between 
trigger partic1e and associated ones, both decrease, whereas 
the number of identi~ied, ~ocked-out irom nuc1eus, protons 
and non-compensated positive charge, both increase/ql • 

We would like to thank V.I. Moroz and staff members of JINR 
measu.rement division for help with f11m and data procoss1ng and 
B.Z. Kopeliovich fcrfruitfull discussion on th. data 
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