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Interactions of 38 GeV/c negative pions with hydrogen,
deuterium and carbon nuciei were studied with 5m streamer
chamber placed in magnetic fieid (RISK Spectrometer/1’2/).

The trigger electronics seiected the events with at Least
one charged particie with transverse momentum higher than
preset threshold (& 1.0 GeV/c) and polar angle between 12°
and 22° (85°- 120° in plon-nucleon center of mass system)
covered by the multi-wire proportional chamber telescope
(fig. 1). More detalled description of the spectrometer and
trigger can be found elsewhere/3’4/

Following preiiminary results are based on the geo-
metrical recmstruction (determination of the momenta and
production angles: of the cherged secondaries) of 1407 2g-
-aevents, 862 2D-events and 2325 1zc-events with transverse
momentum of trigger particie higher than 1 GeV/c.

The charged particle multipiicities of studied events
are higher than those of the normal (without trigger)
inelastic ones (tabie I). On the other hand, the fraction
of total momentum carried by the neutral secondaries in
gtudied events does not depend on target nucleil and is
equal to 0,40 T 0,01. This value is close to the neutral
particle inelasticity in normal Jt"p and &X°C 1nteractiona/5’6{
which is 0,36 £ 0,01. The average rapidities of the secondary
particles are lower and widths of rapidity distributions are
narrower than corresponding values for normal events (table II).
In table III the average transverse momenta of cherged -
secondarlies associated to the high Pp trigger particle are
shown. One can see that for all targets the average trans-
verse momentum of secondaries with charge opposite to the
trigger particle's one is greater than in the case of like
charges. This is more pronuunced for X p and St”d interactions,
for S C interactions the difference in the transverse momenta
decreases andiny pb interactiona’jl the difference disappears
at all. At the seme time, average transverse momenta of the
gecondaries with the same charge as one of the trigger particle
are clgge to the values obtained for normal &K -nucleus
interactions,
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Teble I. Average multipticities of negative
charged particles

e

I “n e

pp>1.0 Gev/c  an/3/ PRAQ U/ 01 /5/ p>a.0 Gevse  a11/®/

3.46%0,08 2.81t0.02 4.02%0,09 3,0440.03 4.13t0,06 3.16%0,03

Table II., Mean rapidities < y,.»0o0f charged particles

m- L g
<JYiob > Sy <Jian> Sy
T p Pp> 1.0 GeV/c  2.39%0.02 1.04 2.1610,02 0.95
mTa Pp> 1.0 GeV/c  2.3420.02 1,08 2.1120.03 1e00
#p> 1.0 GeV/c  2,0140.01 1.10 1.6540,01 1.06
I =c 7 . i
a:l.ljE 2.46%0.01 1675 2,0520,01 1445
Table III. Mean transverse momenta of charged particles
associated to the trigger particle with
Pp> 1.0 GeV/c
nucleus Pp> 1.v GoV/c "normei®’/? '6{
trigger 0T * - Rl — o
+ 00379*0.(”? 0-381*-0.0%
H 0.38420.002 0.36720.002
- 0,419*0.012 0.35920.011
+ 0.36440,008 U, 38440,007
D 0.362£0.008 0. 3A4£0.006
. =  0.40410.013 0.348%0.012 (¥ "n ~ interactions)
+  0.365%0.004 0.354%0,004
c - - 0,378t0,001 0.354%0,001
- 0.38920.005 O+344%0,005
n/5/ + 0).56&0.005 0950230.00‘
- 0.564*0.005 0_029*0’“”

The transverse momentum distributions of associated
charged socondaries can be reasonably fitted in the region
pT>054 GeV/c to the exponential behaviour dN/de ~
~ e 2*PT (table IV). The slopes B obtained for negative
charged particles are systematically higher than those
obtained for positive charged ones.and they tend to increase
with atomic weight., This is in agreement with behaviour
of the mean transverse momenta of the associated particles,
averaged over both signs of trigger particie‘'s charge.

On the other side the slopes of the exponents fitted to the
high-momentum (pp> 1.4 GeV/c) part of trigger particles
pT—spectra have an opposite tendency, they decrease from
hydrogen to lead.

In the azimuthal plane (perpendicular to the beam
direction) the associated particles are produced mainly
in the direction opposite to the trigger particle's one
(fig. 2) and this effect is more pronounced for assoclated
particies with higher transverse momenta (pT>u,b GeV/c).
The asymmetry for the carbon target is smaller then for
the hydrogen and deuterium ones. The asymmetry increases
Lfor “yuusi-Liree” luveractions on c&roon (the net charge
of event = 0 or = -1) but also in this case it is lower
than the asymmetry in I p and X d events. Corresponding
values of the asymmetry coefficients

L o N(P>F2) - Nd< X2
- ?> + N(P<

(¢ - the azimuthal angle between associated and trigger

particles) are shown in table V. There is cited also

the result obitained for X' p events at 40 GeV/c in the

propane bubble chamber, with at least one charged secondary

of trensverse momentum higher than v.8 GeV/c. No discrepancies

are seen between the bubble chamber data and y ours

Fig.1. BExperimental set-up.



if one takesinto account the different kinematical regions
of trigger particles and the contamination of "quasi-free
X "p" events on carbon in propane.

Table IV. Slopes B of transverse momentum I
distributions ( dN/dpy~ e 2+Pr)

. "trigger"
pp> 0.4 GeT/c Pp> 1.4 GeV/c
nucleus charge B B
+ 3.49*0.14
5 4,25%0,32
- 3.77£0. 14
+ 5.6210.21 y
> 4,1340.39
- 3.71%0.17
. + 3.8440,02
c 4,010,113
- 4_o%k0 oo
/2l . 3,79£0.17
Po 3.20£0.24
- 3.94%0.13

Table V. Asymmetry coefficients A of azimuthal
angle distributions for associated
particles

777

nucleus H D Cc quo ,~1 propane

all particles U.29t0.02 0.2740,02 0U,1720.01 0.21%0,01 0.24£0.01

gp2 V-6 GeV/c
Or associsted 0.6610.03 0.64%0.04 0.45%0,02
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The azimuthal distributions of assocliated particles
for particular nuclear target do not depend within the
statistical errors.on the sign of elther trigger or associated
particle's charges. Therefore in fig. 2 the net distributions
for both charges of trigger and assocliated particles are
demonstrated. Nevertheless the mean net charge of the
associated particles in events 18 not uniformly distributed
and depends on the particular rapidity intervei and on
the sign of trigger particle’s charge. In fig. 3 the
dependence of mean charge of assoclated secondaries on
their rapidity is shown. Une can see that the charge
of trigger particle is compensated mainly in the central
rapidity region (yud"1 + 3).

In table VI, it is shown, how the mean charge
of associated particles is distributed with respect to
the direction of trigger particle in different rapidity
intervais. The mean charges of assoclated secondaries
produced in the central rapidity region (lay =y - ymd< 1)
towards the trigger particie in azimuth (€Qng») and away
from it (<Q“>) and the mean charges in the beam (ay> 1)
and target (ay< -1) fragmentation regions (<QBEAM> andd
<QT‘BG>reSpectiveLy) are presented and also the mean charge
in the "trigger jet"<QI. JET = QTRIG"'<QTI> (Q'.ERIG' charge
of trigger particle) and the sum of the mean charges
in the "anti-trigger jet"™ and in the beam fragmentation
region'<Q">+ <QBEAM> are calculated. It is remarksble,
that the difference exists in behaviour of the mean charge
distributions in the events with opposite charges of trigger
particles. The absolute value of the mean charge in the
beam fregmentation region is much higher for the interactlons
with positive charged trigger than for the interactions
with negative charged one. In addition, the mean charge
of the "trigger aet".<quET> in the events with positive
trigger is approximitely equal to <Qgt ‘QEEAH?' At the
same time, in the events with negative trigger « QTJET> is
markedly greater than the sum of the mean charges in

Table VI. Mean net charge of associated jarticies from two hemispheres of azimuthai

angle (toward to trigger and away from it) in different rapidity intervals
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=(0.2620.05) +(V.43520.12)

{Qy
~ Ay > 14Qpgyy> —(0.58£0.05)

«(Ue162011) (U720 U4) ~(0,1820,05)

-(0.4720,07)
ay < =14Qpupe> -(0.10£0.05) +(0.0720.05) =(0.0320.05) +(V.0940.07) -(0.1020.04) +0.14+0.04)

-‘0.0‘&0.01)

s ——

-(V.85%20,06)

=(0.7620.,10) +(V.68L0.05)

{Qug> + <Qpguy” -(U.85%0.07) +(0.39£0.12) =(0.8720.11) +(0.23%0,19) =-(0.,88%20.08) +(0+25£0.09)

~(0.69%0.10) +(0,60£0.00)
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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 colilsion of the independent
valence quarks from the interacting hadrons. The positive
charged trigger hadron is produced basically in the
fregmentation of the positive charged quark or diquark
from nucleon, hence the mean charge in the "trigger jet"
is between 2/3 ¢ 1 and due to the hard scattering ome

of the plon valence quarks will fragment as the "anti-
-trigger jet" and second remains in the beam fragmentation
region, therefore the sum of the mean charges in these

two regions will be close to -1, The mean charge in the
"trigger jet" with the negative trigger perticle is
determined by the charges of fragmentating u or 4 valence
quarks from the incident Jv -meson, so the mean charge
will be close to -1/2 and the sum of the charges of
recolling quark (or diquark) from target and spectator
quark from projectile will be close to zero. In the x™n
interactions, the difference between the mean charges

in the events with positive and negative tiiggor particles
would be greater than in the " p interactions and that

is seen indeed in the experimental data. Although such
simple model is in agreement with general characteristics
of the data, the predicted absolute vaiues differ from

the experimental ones, at least for the interactions with
negative trigger. The mean charge in the beam fragmentation
region for these events is predicted by such simple model
to be between =1/2 ¢+ =1/3, but the experimental values are
close to zero., The mean negative charge in the “trigger
Jet" is correspondingly higher than the predicted one,
Frobably; these discrepancies are due to the assumption
of independent interactim and fregmentation of quarks and
could disappear in more realistic model (e.g. Iuand model).

In addition to the events, in which the high transverse
momsntum charged particle was produced promptly at the
interactim point, the spectrometer aiso selected the events

accompanied by a neutral strange particle of the transverse
momentum higher thaen 0.8 GeV/c which produced via its decay
at least one triggering secondary particle gVD-trigger).

In the sample of ~ 3000 events (a part of the total statistics
of ¥ p, & d and It C interactions) about BU events with
VO-trigger were found. It was revealed in the analysis of
the effective meass distributions for triggering Vo-particles,
that marked part of them (~ 3U%, without taking into account
the trigger acceptance, losses caused by the inefficiency

of registration and identification ambiguity) is due to
1\°—hyperon decay. It seems to show, that one cannot neglect
the contribution of the target nucleon diguark scattering

in the study of underlying mechanism responsible for the
high transverse momentum particle production in the centrali
rapidity region at 40 GeV incident pion energy.

The presented results do not exclude 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 multiple-scattering mechanism
contributes to the nuclesr production of the high transverse
momentum particles. The last conclusion is favoured by the
indicatiors that with increasing number of nucieons in the
target nucieus, the slopes of the transverse momentum spectra
for trigger particles and the azimuthal correiation between
trigger particlie and associated ones, both decrease, whereas
the number of identified, kmocked-out from nucleus, protons
and non~compensated positive charge, both 1ncrease/q’.

We would like to thank V.I. Moroz and steaff members of JINR
measurement division for help with film and date processing and
B.2., Kopeliovich farfruitfull discussion on the data
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Booc 3.. u Ap. E1-87-398
CnexkTpw 3apAmeHHwMX 4HacTuy 8 M p-, N"d- u N~ C-s3aumopelicTBUAX

npu 38 MIB/c 8 cobuTUAX ¢ powaeHMem appoHa c Gonbwmm

nonepeYHsM UMY NbCoM

€ nomouwbw cnexktpomeTpa PUCK /5 M cTpumepHas kamepa, nomeﬁeunan B MarHuT-
Hoe none/ u3yuanucCb yrnoBbe W WMMNYNbCHHE PAcNPEAENEHMA BTOPMUHMX 3 aPAMEHHMX
vactuy BN p-, N"d- u N"C-B3aumopencTBMAX c OBpasoBaHMeM NO MeHbWeEH Mepe OAHON
vacTuuw /TpurrepHoi/ ¢ nonepeuyHsM UMNyNbcom p, Buwe 1 [3B/c, swnertanwein nop
yrnom 90° B c.4.M. NUOH-HyKNOH. B anemeHTapHOM akte /M"p, N~d U KBa3UHYKNOH-
Hoe coBWTUA Ha yrnepope/ NPOABNANTCA HEKOTOPHE XapaKTepucTuku ''mecTroro'’ co-
YA3APEHUA ARPOHHHX COCTABAADUMX: BTOPUUHHE UYACTUUN OOGHApywuBaOT TEHAEHUWIO Bu-
netaTtb 8 nonycjepy NPOTMBONONOWHYO HaANPaBAEHWID TPUIFTEPHON YBCTUUH, CO CPEeAHWUM
33pAAOM, KOMNEHCUMPYIOWWM 3apAA ITONW YACTHUM. ITM IPPEeKTH YCHMAMBAOTCA C yBeau=
yeHueM NONEepeyHOro WMNYNbCa BTOPUUHHX 4YacTMY. BmecTe ¢ Tem, ymeHbweHue Hakno-
Ha po-PacnpeaeneHnii u acuMMeTPUW a3UMy TanbHHX Yy rnosuX pacnpepenennit Ha agpax,
CONPOBONARANUMUECH YyBENUMUEHMEM HeKOMNEHCUPOBAHHOIO NOAOWWTENbHOrO 3apAfa cobu-
TUA B UENOM M YUCNA UAEHTUPMUMPOBAHHHX NPOTOHOB, CBMAETENLCTBYET O 3aMeTHOM
PONKU BHY TPMAAREPHHX NEPEPACCEAHUN HaneTaowero appoHa B MexaHuame o6pa3oBaHMA
vacTuy Gonbworo nonepeyHoro umnynbca. HeGonbwan A0NA TPUIrTrepHHX YacTUy BO3HWU-
KaeT M3 pacnaga BTOPUUHHX HEHTPaNbHuX CTPAHHHX 4YacTuy ¢ GonbwMM NONEpeuHHM nM]
NYNbCOM, CPeAM KOTOPHX WMEETCA 3HAuMTENbHas AonA AC-runepoHoB. 3TO NO-BUAUMO-
My, YKa3uwBaeT Ha BO3IMOWHWM BKMAaR OT PacCeAHHHX AWKBAPKOB MUWEHW B PONAEHUU
vacTuy GonbWwOro NONEpPeYHOro MMNynbca.

Pabota swnonHeHa 8 flaGopatopun AAepHHX NpoGnem OUAK.

IMpenpuut O6benuHEHHOrO HHCTHTYTA ANGPHEIX Hccnenosandi. Jy6ua 1987
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Charged Particle Spectra in np, nd and n C Interactions
at 38 GeV/c with Single-Particle High P, Trigger

Angular and momentum distributions of charged secondaries from 38 GeV/c
np, 74 and wC Interactlons triggered on at least one particle with Pr 2
> 1 GeV/c at an 90° nN c.m.s. angle have been investigated 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 p_ -range including triggering
particles are quite well fitted with the exponential function for all nuclei
studied and for particles of different charges. The azimuthal angle dlstribu-
tion of secondarles (an angle relative to the pT of the trlggering particle)
for both trigger-like and trigger-unlike charges is anisotropic, preferring
the direction away from the triggering particle. The mean charge distributlion
of associated particles is discussed. A small fraction of triggering partic-
les is due to neutral strange particle decays. Many A®-hyperons were detected
among those neutral strange triggers.

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

Preprint of the Joint Institute for Nuclear R h. Dubna 1987




