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Interactions of 38 GeV/c negative pions with hydrogen,
deuterium and carbon nuclei were studied with 5m streamer
chamber placed in magnetic fietd (RISK épectrometer/q’z/),

The trigger electronics setiected the events with at least
one charged particle with transverse momentum higher than
preset threshold (& 1.0 GeV/c) and polar angle between 12°
and 22° (850— 120° in pion-nucleon center of mass system)
covered by the multi-wire proportional chamber telescope
(fig. 1). More detailed description of the spectrometer and
trigger can be found elsewhere/B’u/.

Following preliminary resutts are based on the geo-
metrical reomstruction (determination of the momenta and
production angles : of the charged secondaries) of 1407 g~
-events, 862 2D-events and 2325 C-events with transverse
momentum of trigger ‘particle higher than 1 GeV/c.

The charged particle multiplicities of studied events
are higher than those of the normai (without trigger)
inelastic ones (tabie I). On the other hand, the fraction
of total momentum carried by the neutral secondaries in
studied events does not depend on target nuclei and is
equal to U,40 * 0.01. This value is close to the neutral
particle inelasticity in normal I p and &X°C interactions/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 charged
secondaries 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 particlie's one is greater than in the case of like
charges. This is more pronounced for & p and N~ d interactions,
for SC interactions the difference in the transverse momenta
decreases andinx pb interactions’>/ the aifference disappears
at eall., At the same time, average transverse momenta of the
seconderies with the same charge as one of the trigger particle
are close to the values obtained for normal & -nucleus
interactions,
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Table I. Average multiplicities of negative
charged particles

TP ' IJT "n e

o140 GeV/e  aw/?/  BRA.Q.8SV/C  413/5/  p5q.0 gevse  a11/®/

3.46%0.08 2.81t0.02 4.02%0,09 3,04%0.03 4.13%0,06 3.16%0,03

Table II. Mean rapidities < y.oof charged particles
- gt

<Viab > S v <‘th:L-;> i-y
TP pp> 1.0 GeV/c  2.39%0.02  1.04  2.16%0.02 0,95
f 2 S Pp> 1.0 GeV/c  2.34t0,02 1.04 2.11%0.03 1.00
PT>'1'° GeV/c  2.01%0.01 1.10 1.65%0,01 1.06

T =c 5
a11/%/ 2.4620.01  1.75  2.05£0,01  1.45
Table ITI. Mean transvers¢ momenta of charged particles
associated to the trigger particle with
Pp> 1.0 GeV/¢c
nucleus Pp> 100 GeV/c "nornnl"/556?
trigger gT + Jr -~ T+ g
+ 0037%‘)0(”7 0.381*0.0%
H 0.384420,.002 0.36720.002

- 0.,41980.U12  0.359%0.011

+ 0.36420,0U8 V. 38440.007
D - 0.362£0,008 0. 344%0, 006
. - 0.40%4£0,013 0.348£0.012 (7 "n - interactions)

+  0.365£0,004 0.354£0,004

- 0.589£0.005 0s349%£0,005
/3/ + 0336(”0-003 U,BO?*O‘UO“

™ _

= 0.36420.005 0,29340,007

0.378£0,001  0.35420,001

The transverse momentum distributions of associated
charged socondaries can be reasonably fitted in the region
pT>(L4-GeV/c to the exponentisal behaviour dN/de ~
~ e BPT (table IV). The slopes B obtained for negative
charged particles are systematically higher than those .
obtained for positive charged ones.and they tend to lncrease
with atomic weight. This is in agreement with behaviour
of the megan transverse momenta of the assoclated particles,
averaged over both signs of trigger particle‘s charge.

On the other side the slopes of the exponents fitted to the
high-momentum (nT>-1.4 GeV/c) part of trigger particles
pT—spactra 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 associated
particles with higher\traﬁsverso momenta (Mr>lhb GeV/c).
The asymmetry for the carbon target is smaller than for
the hydrogen and deuterium ones. The asymmetry increases
for "quasi-free" interactions on carbon (the net charge
of event = U or = —-1) but also in this case it is lower
than the asymmetry in I p and ¢ 4 events. Corresponding
values of the asymmetry coefficients

A= M(@>/2) - NP< X2
= > + N(@<

(CP - the azimuthal angle between associated and trigger
particles) are shown in table V. There is cited also

the result obtained for & p events at 40 GeV/c in the
propane bubble chamber, with at least one charged secondary

of transverse momentum higher than v.8 GeV/c. No discrepancies
are seen between the bubble chamber data and y ours

MWPC

Fig.1. Experimental set-up.
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Tabie IV. Slopes B of transverse momentum
distributions ( d.N/de've'B‘PT) 00
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! . "trigger" 02
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nucleus charge B B -
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H 4,2%%0,32 | | TFig.2. Distributions of associated particles in azimuthal angle
- 3.77£0. 14 between them and triggering particle (averaged over the
+ 5.624£0,21 . signs of associated and trigger particle's charge):
? - 3.7120.17 #.13%0.39 a - event with net charge = 0,-1, associlated PT>
0,6 GeV/c, b - events with net charge = 0,-1
c + 3.84+0,02 4.01%0.13 (dashed line - all . gt 01 234 56401423456
- 4.,07£0.09 events indl "C ins !5&05 e TRIG+
/3/ + 3 79:0 17 . teractions). ‘ v ::
b 3.200.24 -
- 3.9420.13
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Table V. Asymmetry coefficients A of azimuthal (7]
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The azimuthal distributions of associated particles
for particular nuclear target do not depend within the
statistical errorson the sign of either trigger or associated "
particle's charges. Therefore in fig. 2 the net distributions .i
for both charges of trigger and associated particles are P
demonstrated. Nevertheless the mean net charge of the v
associated particles in events is not uniformly distributed !
and depends on the particular rapidity 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 particle is compensated mainly in the central
rapidity region (yuév1 + 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 associated secondaries
produced in the central rapidity region (jay =y - yTRIGl<1) ,
towards the trigger particlie in azimuth (<QTW>) and away
from it (<QAw>) and the mean charges in the beam (ay > 1)
and target (ay< -1) fragmentation regions “QBEAM;' and :
<QT‘BG>respectiveiy) are presented and also the mean charge
in the "‘trigger jet" <Q‘I‘JE’1‘>= Q’I‘RIG"' <qw> (QTRIG- charge
of trigger particle) and the sum of the mean charges
in the "anti-trigger jet" and in the beam fragmentation
region < Q>+ <Qpppy> aré calculated. It is remarkable,
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 fragmentation region is much higher for the interactions
with positive charged trigger then for the interactions
with negative charged one. In addition, the meah charge
of the "trigger jet" <Qp pp? in the events with positive

trigger is approximédtely equal to <qAW>+ <QBEAM7' At the ‘n
same time, in the events with negative trigger < QTJET> is WJ
merkedly greater than the sum of the mean charges in ﬂ'

&

Table VI. Mean net charge of associated particLes from two hemispheres of azimuthal

angle (toward to trigger and away from it) in different rapidity intervals
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~(0.2520,05) +(V.43£0.12)

LQuy
< ay > V1<QBEAM> -(0.58£0,05)

=(VeA/t0,04) =(0,18£0.05)

~(0e1620,11)

~(0.47%0,07)

=(0.0440,01)

-(0.10%0.04) +(0.1410,04)

+(V.68%0,05)

-(0.,08%20,05) +(0.09%0,07)

+(0.07%0.05)
-(0.69%0.10)

a3 < =1<4Qnpupa” =(0.10£0.03)

—(U.85£0.06)

-(0,76%0.10)

~(0.8720,11) +(0.23%0,19)

+(0.60t0.00)

{Qpgpp> +(0.8120,05)

-(0.8810,08) +(0.,25%0.09)

dQuy” + <Qggay” —(U.B580.07)  +(0.3920.12)
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the "anti-trigger Jjet" 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 quark or diguark
from nucleon, hence the mean charge in the "trigger jet"
is between 2/3 4+ 1 and due to the hard scattering one

of the pion valence quarks will fragment as the "anti-
~trigger jet" and second remeins 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 particle is
deteramined by the -charges of fragmentating u or 4 valence
quarks from the incident J¢ -meson, &0 the mean charge
will be close to ~1/2 and the sum of the charges of
recoiling quark (or diquark) from target and spectator
quark from projectile will be close to zero. In the & n
interactions, the difference between the mean charges

in the events with positive and negative trigger particles
would be greater than in the N 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 values differ from

the experimental ones, at least for the interactions with
negative trigger. The mean charge in the beam fragmentation
reglon for these events is predicted by such simple model )
to be between -1/2 ¢+ ~1/3, but the exporimental values are
close to gzero. The mean negative charge in the “trigger
Jet" is correspondingly higher then the predictéd one,
rrobably; these discrepencies sre due to the assumption

of independent interacticm and fragmentation of quarks and
could disappear in more realistic model (e.g., Iund model),

In addition to the events, in which the high transverse
momentum charged particle wae produced promptly at the
intereotion point, the spectrometer also selected the events

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

In the sample of ~ 3000 events (a part of the total statistics
of ¥ p, & d and I C interactions) about BU events with
Vo-trigger were found, It was revealed in the analysis of
the effective mass distributions for triggering V°—particles,
that marked part of them ( ~ 30%, without taking into account
the trigger acceptance, losses caused by the inefficiency

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

in the study 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 exclude a remarkable
contribution of hard scattering to the pion-nucleon interactions
at the energy of some tens GeV. Un the other side, they lead
to the assumption that the multiple-scattering mechanism
contributes to the nuclear production of the high transverse
momentum particles. The last conclusion is favoured by the
indications that with increasing number of nucleons in the
target nucleus, the slopes of the tramnsverse momentum spectra
for trigger particles and the azimuthal correlation between
trigger particle and assoclated ones, both decrease, whereas
the number of identified, knocked-out from nucleus, protons
and non-compensated positive charge, both increase/Q/.

We would like to thank V,I. Moroz and steff members of JINR
measurement division for help with film and data processing and
B.Z. Kopeliovich farfruitfull discussion on the data
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