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Interactions of 38 GeV/c negative pions with hydrogen, 
deuterium and carbon nuc!ei were studied with 5m streamer 
chamber p!aced in magnetic fie!d (RISK spectrometerl1 •21). 
The trigger e!ectronics se~ected the events with at !east 
one charged partic!e with transverse momentum higher than 
preset thresho!d (~1.0 GeV/c) and polar angle between 12° 
and 22° (85°- 120° in pion-nuc!eon center of mass system) 
covered by the multi-wire proportional chamber te!escope 
(fig. 1). MOre detaiied description of the spectrometer and 
trigger can be found elsewhere/3,41. 

~o!!owing pre!iminary resuits are based on the geo
metrical reaxmtruction (determination of the momenta and 
prod11ction angles; of the charged secondaries) of 1407 2a
-events, 862 'i>-events and 2325 12c:-events with transverse 
moment11m of trigger partic!e higher than 1 GeV/c. 

The charged partic!e mUltip!icities of studied events 
are hi~her than those of the norma! twithout trigger) 
ine!astic ones (tab~e I). On the other hand, the fraction 
of total moment11m carried by the neutral secondaries in 
studied events does not depend on target nuclei and is 
equal to o.4o ~ 0.01. This value is ciose to the neutral 
particle inelasticity in normal :n:-p and ..l"-0 interactions/5,6{ 
which is 0!36 t 0.01. The average rapidities of the secondar7 
partic!es are !ower and widths of rapidity distrib11tions are 
narrower than corresponding values for norma! events (table II). 
In table III the average transverse momenta of charged · 
secondaries associated to the nlgh pT trigger particle are 
shown. one can see that for all targets the average trans
verse moment11m of secondaries with charge opposite to the 
trigger partic!e's one is greater than in the case of like 
charges. This is more prono.unced for ~-P and J'Cd interactions, 
for $t-C interactions the difference in the transverse momenta 
decreases andin,rlb interactions/~/ the difference disappears 
at all. ~t the same time, average transverse momenta of the 
secondaries with the same charge as one of the trigger particle 
are elope to the Values obtained for normal ~--n11clel1S 
interactions. 
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Table I. 

1(-p 

Average muiti~iicities o~ negative 
charged particles 

n' -D. st -c 

.PT>1.o GeV/c ail/51 p~1.0 GeV/c 
~ II ,.,-d au/5/ p~1.o lleV/c all/b/ 

3.46:!:0.08 2.~1tu.u2 4.02±0.09 3.~U.03 4.13:tQ.06 3.16*0.03 

Table II. Mean rapidi ties < 1~0~ charged particles 

~- sr+ 

<.7Lob > dl. < YLOb> c$l. 
1(-p ~> 1.0 GeV/c 2.3~0.02 1.04 2.1bt0.02 0.95 

j'( -d pT> 1.0 GeV/c 2.~~02 1.04 2.11*0.03 1.00 

.PJr> 1.0 lleV/c 2.01*0.01 1.10 1.6,560~01 1.06 
tr -c 

aJ.l/67 2.46:!:0.01 1.75 2.o5tu!o1 1.45 

Table III. Mean tranaverse ao .. nta o~ charged particles 
associated to the trigger particle with 
pT) 1.0 GeV/c 

"no~"75,b/ nw.cielo&S ~> 1.u GeV/c 

tril515er Jr+ ,.,- n-+ 1'(-

+ o.37~u.OO? 0.381*0.006 
B o.384Su.uo2 u.367*0.002 

0~419*u.u12 0.,5~0.011 

+ 0. 3644:U .uuB u. 38W:O. oo'l 
D o. 3621:0.008 0.~.006 

o.404-J:~.ou 0.348:!;0.012 \1T' -n :.. interactio~W) 

+ 0.365iO.()Oit. o.3~.CJOII. 
c o.37B*u.uu1 o.,~.oo1 

0.~~.005 0~·~.005 

,_~,, + 0~~-003 u!302*0.~ 

o.~.uu5 0~29311:0!007 
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The transverse moment~ distributions of associated 
charged socondaries can be reasonably fitted in the region 
.liT> u.4 GeV/c to the ex.~:~onentiai behaviour dN/dpT .v 

~ e-B.PT (table IV). The slopes B obtained for negative 
charged particles are systematically higher than those 
obtained ~or positive charged ones.and they tend to increase 
with atomic weight. This is in agreement with behaviour 
of the mean transverse momenta o~ the associated particles, 
averaged over both signs o~ trigger particle's charge. 
On the other side the slopes of the exponents fitted to the 
high-momentWI. {pT > 1.4 GeV /c) part o~ trigger .~:~article's 
pT-spectra have an OJ.IJ.IOSite tendency, they decrease from 
~drogen to lead. 

In the azia .. thal plane (perpendicular to the beam 
direction) the associated particles are prodwced mainly 
in the direction opposite to the trigger particle's one 
(fig. 2) and this ef~ect is more pronounced for associated 
particles with higher transverse mom.ent"a (.PT:> U~b GeV/c). 
The as;y11111etr;y ~or the carbon target is smaller than for 
the bydrogen and deuteriua ones, The asymmetry increases 
~v• -q~l-iree~ iu~erac~~ons on caroon 4,.cne nee charge 
o~ event = o or = -1) bu.t also in this case it is lower 
than the asy11111etr;y in 3t-.., and ~-d events. Corresponding 
valu.es of the as,y-etr;y coefiicients 

N~*> ~~2~ - Nt*< !)'~2~ .A. :; I > !li' 2 + Nl < 31' 2 

( cj> - the aziau.tbal angle between associated and trigger 
~articles) are shown in table v. There is cited also 
the resu.lt obtained ~or~-_., events at 4U GeV/c in the 
propane bw.bble chamber, with at least one charged second&r,y 
o~ tranaverse aomentw.a higher than u.~ GeV/c. No discrepancies 
are seen between the bubble chaaber data and ours 

Fig.1. Eltperiaenta.!. set-up. 
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if one takesinto accoYnt the different kinematical regions 
of trigger particles and the contamination of "quasi-free 
3(-.P" events on carbon in pro~e. 

Table IV. Slopes B of transverse moment~ 
distrib ... tions l dN/dpT"' e-B.PT) 

11T> o.4 <ieV/c 

n ... cle..s charge ------- . + __________ B____ B 

H 3·49t0.14 
3.??t0.14 4·2}l0.32 

D + j.62t0.21 
3-71*0.17 4·13*0.39 

c + 3.84&0.02 
a.a?±o.no 4.01*0.13 

Pb

/a/ + 3 M _, 
·7~0.1? 

3.94±0.13 3.20t0.24 

Table v. Asymmetry coefficients A of azim...thal 
angle distrib ... tions for associated 
particles 

nucleus H D c CQ=0,-1 
~-Il71 
propane 

all particles u.2Ytu.o2 o.27to.u2 u.1?tu.o1 0.21*0.01 o.24t0.01 

p > O.b GeV/c 
fir associated o.bb±o.o3 o.64to.04 o.~tu.u2 
particbs 
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Fig.2. Distributions of associated particles in azimuthal angle 

between them and triggering particle laveraged over the 
signs of associated and trigger particle's charge): 

a- event with net charge= 0,-1, associated PT> 
0,6 GeV/c, b - events with net charge = o,-1 
(dashed line - all 
: ..... :::.-t:: !:-... ~ -~ .. '"~ 

teractions). 

Pig.3. Mean net charge of as-, 
sooiated particles versus ra
pidity in laborator7 trame 
(rapidity of o.m.s. • 2.2) 
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The azim~thal distrib~tions of associated particles 
for ~artic~ar n~clear target do not de~end within the 
statistical errors.on the sign of either trigger or associated 
particle's charges. Therefore in fig. 2 the net distrib~tions 
for both charges of trigger and associated particles are 
demonstrated. Nevertheless the mean net charge of the 
associated particles in events is not uniformly distrib~ted 

and depends on the partic~ar ra.l'idity interval and on 
the sign of trigger particle's charge. In fig. 3 the 
dependence of mean charge of associated secondaries on 
their rapidity is shown. une can see that the charge 
of trigger ~ticle is com~ensated maini;y in the central 
rapidity region ~y~~1 ~ 3). 

In table VI, it is shown, how the mean charge 
of associated particles is distributed with respect to 
the direction of trigger ~icle in different rapidity 
intervais. The mean charges of associated secondaries 
_prod~ced in the central ra~idi.ty region w~ i =; y - y TRIGI< 1) 
towards the trigger particle in azim .. th l<Qq.,>) and away 
from it l<~.A.w>) and the mean charges in the beu lAY> 1) 
and target l6y< -1) fragmentation regions l<QBEAII> arid 

<.~>res~ectivel;y) are presented and also the mean charge 
in the "trigger jet"< ~JET>= ~Riu+ < ~,.. t~u- charge 
of trigger ~article) and the swa of the mean charges 
in the "anti-trigger jet" and in the beam fragmentation 
region< Q.lw>+ <QBE.UI> are calc~ated. It is remarkable, 
that the difference exists in behavio..r of the mean charge 
diatrib~tions in the events with opposite charges of trigger 
particles. The absol~te val~e of the mean charge in the 
beam fragmentation region is ~ch higher for the interactions 
with ~ositive charged trigger than for the interactions 
with negative charged one. In addition, the mean charge 
of the "trigger jet" <"'rJET) in the events with positive 
trigger is approximately eq~ to <Q.lyj>+ <QBEAJi• .A.t the 
same time, in the events with negative trigger < ~~ is 
markedly greater than the s~ of the mean charges in 
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the "anti-trigger jet" and in the beam fragmentation 
region. one could try to understand this fact in the simp
lified framework of a hard collision of the independent 
valence quarks from the interacting hadrons. The positive 
charged trigger hadron is produced basically in the 
fragmentation of the positive charged q~ark or diq~rk 
from n~cleon, hence the mean charge in the "trigger jet" 
is between 2/3 • 1 and due to the hard scattering one 
of the pion valence quarks will fragment as the "anti
-trigger jet" and second remains in the beam fragmentation 
region, therefore the sum of the aean 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 ~harges of fragaentating ~ or d valence 
quarks from the incident ~--aeson, so the mean charge 
will be close to -1/2 and the s~ of the charges of 
recoiling quark tor diquark) from target and spectator 
quark from projectile will be close to zero. In the ~-n 
interactions, the difference between the aean charges 
in the events with positive and negative trigger particles 
woW.d be greater than in the ~-p interactions and that 
is seen indeed in the experiiiLental data • .Uthough s~ch 
simple aodel is in agreement with general characteristics 
of the data, the predicted absolute val~es differ from 
the experimental ones, at least for the interactions with 
negative trigger. The mean charge in the beam fragaentation 
region for these events is predicted b~ s~ch simple aodel 
to be between -1/2 • -1/3, but the experimental Tal11es are 
close to zero. The aean negatiTe charge in the "trigger 
~et" is correspondingly higher than the predicted one. 
.tToDably; these discrepancies are ®e to the asst.ID.ption 
of independent interact:lm and fmgMntation of quarks and 

covl.d disappear in more re&liatic aodel. te.g. !mld model). 

In addition to the eTents, in which the high transyerse 
aoMntua charged particle wu produced proaptly e.t the 
interactmpoint, the spectroMter also selected the events 

8 

accompanied by a neutral strange particle of the transverse 
momentum higher than o.~ GeV/c which produced via its decay 
at least one triggering secondar,y particle \V0-trigger). 
In the sample of ~ }UOU events ta part of the total statistics 
of 3\'-p, ~-d and :rc-c interactions) about t:SO events with 
V0 -trigger were found. It was revealed in the analysis of 
the effective mass distributions for triggering yO-particles, 
that marked part of them t n. 30',$, without taking into account 
the trigger acceptance, losses ca~ed by the inefficiency 
of registration and identification ambiguity) is due to 

J\0 -hyperon decay. It seems to show; that one cannot neglect 
the contribution of the target nucleon diquark scattering 
in the stu~ of underlying mechanism responsible for the 
high transverse momentum particle production in the central 
rapidity region at 40 GeV incident pion energy. 

The presented results do not ezcl11de a remarkable 
contribution of hard scattering to the pion-nucleon interactions 
at the energy of some tens GeV. on the other side, they lead 
to the assumption that the mvJ.tipl.e-scattering mechanisa 
contributes to the nuclear production of the high transverse 
momentum particles. The l.ast concl~ion is favoured by the 
indicatiozs that with increasing number of nucleons in the 
target nucle~, the slopes of the transverse momentum spectra 
tor trigger particles and the azimuthal correlation between 
trigger particle and associated ones, both decrease, whereas 
the number of identified, knocked-out from n~cleus, protons 
and non-compensated positive charge, both increase/If/. 

we wou.ld like to thank V.I. Moroz and staff members of JINR 
measurement division tor help with film and data processing and 
B.Z. Kopeliovich fcrfruitfull discussion on the data 
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CneKTPW 3aPR*eHHWX 4aCTI1~ B nrp-, n-d- H n-C-a3aHMOAe~CTB11RX 
np11 )8 f38/C B Co6WT11RX C PO*AeHHeM aApOHa C 6onbWHM 
nonepe4HWM 11MnYflbCOM 

El-87-398 

C noM~b~ cneKTpOMeTpa PHCK /5 M CTPHMepHaR KaMepa, noMe~eHHaR a MarHHT
HOe-none/_~3Y4anHCb yrnoawe 11 HMTlyflbCHWe pacnpeAeneHHR BTOpH4HWX 3apR*eHHWX 
4aCTI1~ B n p-, n-d- H n-C-B3aHMOAe~CTBHRX C o6pa30BaHHeM no MeHbWe~ Mepe OAHO~ 
4aCTH~W /TpHrrepHo~/ c nonepe4HWM HMnynbcOM pT awwe 1 f38/c, awneTa~e~ noA 
yrnoM 90° B c.~.M. TlHOH-HYKnOH. B 3neMeHTapHOM aKTe ;n-p, n-d H KBa3HHYKnOH
Hwe C06WTHR Ha yrnepOAe/ npoRBflR~TCR HeKOTOpwe xapaKTepHCTHKI1 "*eCTKOr011 co
YAapeHHR aApOHHWX COCTaBnR~X! BT0pH4HWe 4aCTH~W 06HaPY*HBa~T TeHAeH~11~ aw
neTaTb a nonyc~epy npoTHaonono*HY~ HanpaaneHH~ TpHrrepHo~ 4aCTH~w. co cpeAHHM 
3apRAOM, KO~neHCHpy~HM 3apRA 3TO~ 4aCTI1~W. 3TH 3~KTW YCHflHBa~TCR C yaenH-
4eHHeM nonepe4Horo HMnynbca a·ropH4HWX 4aCTH~. BMecTe c TeM, yMeHbWeHHe HaKno
Ha pT-pacnpeAeneHH~ 11 acHMMeTPHH a3HMyTanbHWX yrnoawx pacnpeAeneHH~ Ha RApax, 
conpOBO*Aa~HeCR yaenH4eHHeM HeKOMTleHCHpOBaHHOro nonO*HTeflbHOrO 3apRAa co6w
THR B ~enOM 11 411Cfla 11AeHTI1~~11pOBaHHWX npOTOHOB, CBHAeTeflbCTByeT 0 3aMeTHO~ 
p0fll1 BHYTPHRAepHWX nepepacceRHI1~ HaneTa~~ero aApOHa B MeXaHH3Me 06pa30BaHHR 
4aCTH~ 6onbworo nonepe4HOro HMnynbca. He6onbwaR ·AOnR TpHrrepHwx 4aCTH~ B03HH
KaeT 113 pacnaAa BTOpi14HWX He~TpanbHWX CTpaHHWX 4aCTI1~ ·c 6onbW11M nonepe4HWM 11M 
nynbCOM, cpeAH KOTOpWX HMeeTCR 3Ha4HTeflbHaR AOflR A0-rHnepOHOB. 3TO no-BHAHMO
My, yKa3wBaeT Ha B03MO*HW~ BKnaA OT pacCeRHHWX AHKBapKOB MHWeHH B PO*AeH1111 
4acTH~ 6onbworo nonepe4HOro HMnynbca. 

Pa6oTa awnonHeHa a fla6opaTOPI111 RAepHwx npo6neM OHRH. 

OpenpHHT 06-..eAHIU!HHoro HHCTHT)'TB R.llepHbiX Hccne.o.osundi. ,ny6Ha 1987 

Boos E.G. et al. 

Charged Particle Spectra in n-p , n-d and n-c Interactions 
at 38.GeV/c with Single-Particle High PT Trigger 

El-87-393 

Angular and momentum distributions of charged secondaries from 38 GeV/c 
n-p, n-d and niC Interactions triqgered on at least one particle with pT ~ 
~ 1 GeV/c at an 90° nN·c.m.s. angle have been investinated with the spectro
meter RISK (a streamer chamber placed into a magnet). Transversal momentum 
spectra of secondaries in the 0.4-2.4 GeV/c pT-range including trl~gerlnq 
particles are quite well fitted with the exponential function for all nuclei 
studied and for particles of different charges. The azimuthal angle distribu
tion of secondaries (an angle relative to the pT of the triggering particle) 
for both trigger- I ike and trigger-unlike charges Is anisotropic, preferring 
the direction away from the triggering particle. The mean charge distribution 
of associated particles is discussed. A small fraction of triggering partic
les is due to neutral. strange particle decays. Many A0-hyperons were detected 
among those neutral strange triggers. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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