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1. INTRODUCTION

Investigations of pion production characteristiecs in had-
ron-nucleus collisions, depending on the nuclear matter layer
thickness involved in the interaction process, provide infor-
mation on projectile energy dissipation in its passage through
the target nucleus’/!/. Nuclear matter excitation and particle’
ejection take place as a result of incident particle energy
deposition. To investigate the properties of the excited ob-
jects, which are the sources of secondary particles, a sui-
table reference frame should be used. The rest frame of par-
ticle sources would be the best one if such a frame generally
exists. This problem is clearly seen when evaluating the
space—~time characteristics of the emission process by means
of the two-particle correlation method ’#:3/ | The dependence
of the size of the pion emission volume on the reference
frame velocity was observed experimentally/4/. A strong
dependence of inclusive pion distributions on their emission
angles in the laboratory system can be taken as another
exémple/5’. The influence of the particle source velocity
seems to be involved here as well’%/. ]

The elimination of the dependence of secondary particle
characteristics on the source velocity could, on the one hand,
yield information on the local nuclear matter excitation and, '
on the other, allow one to evaluate the stopping power of the
target nucleus. Looking for the dependence of the secondary
particle characteristics on the involved nuclear matter layer
thickness seems to be a suitable method for this purpose.

In the present paper we investigate the process of inci-
dent particle energy dissipation inside the target nucleus
by analysing neutral pion distributions as a function of the
number of fast protons emitted. This number is commonly used
as a characteristic of impact parameter and is related to
the involved nuclear matter layer thickness’?/.

The method of data analysis used here is similar to the
approach proposed by T.Siemiarczuk twenty years ago /8/ for
n—Xe collisions at 9 GeV/c and by J.Bartke et al. for
nucleus-nucleus reactions at 4.2 GeV/c per nucleon’/% .

2. EXPERIMENT

The collisions of 3.5 GeV/c negatively charged -pions with
xenon nuclei (Z = 54, <A> = 131.3) were investigated on pho-'
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tographs from the 180 litre xenon bubble chamber irradiated
at ITEP, Moscow. The dimensions of the chamber were 103x44x
x40 cm®. The interactions of beam particles were recorded in
a central regijon of 40x10x10 cm$. The chamber operated with-
out a magnetic field, The events of pPrimary pion collisions
with the xenon nuclei were selected independently of the
number of secondary charged particles and negaton-positron
pairs produced by gamma—quanta outgoing from the interaction
point.

The tracks of lengths larger than about § mm are detectable
in the chamber with an approximately constant efficiency of
nearly 1007. A kinetic energy of 22 MeV for protons and about
10 MeV for charged Pions corresponds to this track length,
The positive pions stopping within the chamber are identified
by the characteristic track sequence left by the charged se-
condaries emérging in the decay process. All the tracks left
by the particies stopping inside the chamber without visible
interaction or decay are accepted to be proton tracks. The
fraction of negative pion tracks in such a sample is estimated
to be no more than 2%. The protons of momenta between 200 and
600 MeV/c are recorded with a full efficiency while some of
faster protens leave the chamber without stopping. The cor-
responding loss should not exceed 4% as indicated by the ex-
trapolation of the proton momentum spectrum.

Secondary neutral pions of any kinetic energy, including
zero, are recorded and identified by the tracks of negaton-
positron conversion pairs and electron-photon showers created
by gamma quanta. (The dimensions of the chamber in radiation
length units are 26x11x10). The gamma quantum energies are
determined from the total track length of conversion negatons
ans positrons. The mean accuracies in determining gamma quan-
tum energy and emission angle are 17% and 1.2 degrees, respec-
tively. The detection efficiency of gamma quanta is higher
than 90%, and it does not depend essentially on the energies
and multiplicities of gammas .

It has been found that neutral pions are the main source of
the observed gammas: the decays 7°+2y and others are only
a few per cent. In the sample of events with N),>2, indivi-
dual 7° and 5° ‘mesons were identified by searching for such
a combination of gamma quantum pairs, in each event separa-
tely, for which the effective masses are the nearest to the
masses of #° and n° mesons. For the identified #° mesons the
energy correction of corresponding gamma quanta was made on
condition that the effective mass m,, coincides with the
mass of 7° meson. The mean accuracies in determining »° energy
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and angle (after gamma quantum energy correction) are 9.3%
and 1.9 degrees, respectively.

3. RAPIDITY AND ANGULAR DISTRIBUTIONS OF NEUTRAL- PIONS

| Later on we use the number of identif%ed protons, Ny, as

a measure of nuclear matter involvement in the interaction
Progizz;e | presents the »° rapidity distributions ig tbe.-
laboratory system for various classes 9f proton multiplici
ties. All the distributions are normalized to one. The ver-
tical dotted lines denoted by arrows (Y1ab » Yoms) Show thg
positions of the values of y for the laboratory system'gn

for the frame of incident pion-target nuc%e?n, respectlvely:
All the distributions are approximately 81m}13r gnd symmetri-
cal in form, but their location on the y axis shifts to smal-

i T T L — ler values with increasing Np:
E%t - : Yems (nn) The dispersion of the y distri-
‘ ~ 3.56eV/e

butions decreases as well.
Figure 2 shows a quantita-
tive picture of these dependen-
ces. The empty circles and
bars in Fig.2a denote the
mean and median values of vy,
respectively. Both values are
generally the same for the same
numbers N, what corresponds to
symmetrical distribution shapes.
The values of y for the smallest
and greatest Np are close to
the above defined values of
Yoms and Yy, » Tespectively. Th§
first case 1s related to quasi-
elementary reactions with peri-

Fig.1. Rapidity distribqtions
ofgneutral ptons for different
numbers of emitted protons N, .

pheral nucleons; the second one corresgondg to central colli-
sions with nearly isotropic pion emission 1q't§e IaboraForY
system. The events having intermediate ve19c1t1es-of emlttlgg
systems lie between them. Apart from the f1r§t point for N,=0,
the change of <y> with increasing Np has a linear character.



] Fig.2. Dependence of the neut-
‘ral pion distribution para-
[meters on the number of pro*
tons emitted. <y ,o> - mean
value. o(ygo) = dispersion of
the rapidity distribution.

The bars in Fig.2a show the
positions of median rapidity
values.
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The slope coefficient
Ay/AN = -0.081 + 0.003

can be gsed as a measure of xenon nucleus stbpping power. The
dispersion o(ypo) decreases slightly with increasing N, as
shown in Fig.2b, ’

The changes of angular distributions with the increase of
Np are s@own in Fig.3. The first column presents the »° angu-
lar qlstrlbutions in the laboratory system. For small proton
multiplicities a sharp peak is seen in the forward direction;
for Np > 8 the distribution becomes flat. The second column ’
shows the distributions of the same pions but in the »™=N___,
For N, = O the distribution is nearly isotropic (Note thatcms
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we cannot take invisible neutrons into account and a small
part of protons remains unidentified).A sharp peak in the
backward direction is seen for the greatest N, numbers. The
third column presents the angular distributions in the frames
moving in the laboratory system with velocities depending on
the number of emitted protons. These distributions will be
discussed in the next section.

4, SYSTEM OF SYMMETRIC PION EMISSION

The observed regularities in the #»° characteristics are
consistent with the assumption of pion emission from the sys-
tems moving in the laboratory with velocities depending on
the number of emitted protons or, in other words, on the in-

. volved nuclear matter layer thickness. Taking this assumption

as a working hypothesis, the energies and longitudinal compo-
nents of pion momenta were transformed to the systems (sym)”
moving in the laboratory with velocities depending on N, and
defined as/9/:

B,0N,) = tanh [y, NI,

where‘yMOJp) is a median value of y as a function of Np.

The results of transformation are presented 'in the third
column of Fig.3 and in the following figures.

Equal pion numbers in the forward and backward directions
seen in Fig.3 (column marked "sym") are the result of imposed
transformation conditions. Both the degree of symmetry and
isotropy reflect physical properties of the pion emission pro-
cess. All the distributions were approximated by a symmetrical
function of the form:

dN/dcosf =c*(1l +axC0820).

The results of approximation are shown in Fig.3 by the
continuous lines. All fits give reasonable values of y? what
reflects a satisfactory degree of symmetry. The anisotropy
coefficient ¢ reaches its greatest values for the distribu-
tions of the smalest numbers N, i.e. for quasi-elementary
reactions. For the greatest numbers N_, i.e. for central col-
lisions, the angular distribution corresponds to nearly iso-—
tropic pion emission. The values of the coefficient ¢ for
the smallest and greatest numbers N are

a(Np =0, 1) =0.68 + 0.12 and  a(N, »7) = 0.30 £ 0.22. "



Fig.4 illustrates a symmetry test of the rapidity distri-
bution in the (sym) system. Two parts of thg fonard and back-
ward y distributions are superimposed on this figure for com-
parison. Both parts have practically the same'sha?e.

A test for incident pion momentum dissapation 1nto‘paralle1
and perpendicular components of neutral pion momen%a is pre-
sented in Fig.5. The mean longitudinal ﬂ°,@omenta in the (sym)
system and the transversal ones as a function of proton num-—
ber are presented in this figure. Both components decrea§e .
with increasing Ny, but the absolute values of P)l are dis—
tinctly greater tgan P, for small numbers of emitted protons.
The difference disappears for the highest numbers Nj showing
that in the case of central collisions the momenta of secon—
dary pions are approximately uniformly distributed.

— ¥ig.4. Distribution of the
e | absolute values of neutral
0T ch — _F pton rapidity in the sym-
A |  metrical system. F — forward,
“00 B — backward hemisphere.
300} :
200 4 03 [T T T Y y T
%‘u’ ={O - <|pui>
100y b GeV/e s lo-244p)
‘ 0.2 '¢ [¢] $ o 7
0 \ A 1 6 20 24 ¢ ¢ o 8 8 5
0 04 08 121 | : Iy )
19 A
01} 9 -
Fig.5. Mean transversal and Np>8
transformed longitudinal mo= b oL ; . ‘ . }

menta of neutral pions.dgpen— 0o 2 4 6 8§ 10
ding on proton multiplictity.

5. CONCLUSIONS

In the performed data analysis the system (sym) was uged
in which neutral pion distributions have similar properties
independently of the target nucleus involYement in the in-
teraction process. It seems to us that this approach can be
used to separate the local source parameters from the global
characteristics of secondary particles. .

*  TFor small proton numbers we have observed the charactgrls—
tic properties of elementary reactions in the angular plon
distributions. The pion energy degradation, seen through the
dependence of mean rapidity values on Np, is followed by
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increasing the degree of isotropy observed in the angular and
momentum distributions. The characteristic features of pion
emission from the system resting in the lahoratory have been
observed in the case of central pion-nucleus collisions.
Therefore, the xenon nucleus appears to be able to completely
stop the incident pion at 3.5 GeV/c. The events, where the
incident pion was absorbed in the xenon nucleus without pion
production, were identified in our earlier paper /19/., The mean
number of emitted protons in such events is more than two
times greater than in other inelastic collisionms.

Finally, we would like to note that the method of data
analysis applied here is of a general nature and is not relat-
ed to some particular reaction mechanism. So, the observed
tendencies can be explained in the frame of the approach/s/,
where '"#°-mesons are produced in a single act of interaction
of an incident pion with an aggregate of nucleons". It is
possible, however, that a more complex process leads to the
same final experimental results 71112/ It has been shown’?’
that the symmetry effect of the 7 -meson rapidity distribu-
tions in nucleus-nucleus collisions, similar to those ob-
served here, can be naturally explained in the frame of the
additive quark model’!%/ .

Thus, the mass of an "aggregate of nucleons" or the "num-
ber of interacting nucleons'" related to the "number of woun-
ded quarks" can be found from the symmetry properties of pions
in a given reference frame. The mass of the effective target
involved in the formation of pion sources, M,, can be evalua-
ted from the relation/14/:

B =Py /(EBipe+ M),

where E, . and P are the energy and momentum of the inci-
dent pion and B8 is the velocity of the symmetrical system.

The values of M; obtained from this relation as a function
of emitted proton numbers are given in the Table. The corres-
ponding values of mean rapidity <y> and velocity B are also
given here. The kind of dependence of these values on the num-
ber of emitted protons shows that the process of energy loss
and dissipation has a monotonous character and is directly
related to the nuclear matter layer thickness involved in the
interaction. The system of symmetric pion emission seems to
be suitable as a reference frame for hadron-nucleus and nu-
cleus—nucleus data analysis.

The authors are grateful to V.G.Grishin, L.M.Shcheglova and
A.N.Solomin for useful discussions and comments.
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Table

Values of mean n° rapidity <y>, velocity B and effec—
tive target mass Mgy as a funcetion of proton number N,

Np <y> /3 M., GeV

0 0.95 + 0.02 0.74 + 0.01 1.2 £ 0.1

1 0.78 %+ 0.02 0.85 + 0.02 1.9 + 0.1

2 0.62 + 0.083 0.55 + 0.02 2.8+ 0.2

3 0.58 + 0.03 0.52 + 0.02 3.2 + 0.3

4q 0.45 + 0.03 0.42 + 0.03 4.8 + 0.5

5 0.43 + 0.03 0.40 + 0.03 5.1 (+0.8, -0.5)
] 0.30 £ 0.04 0.29 + 0.04 8.6 (+2.4, -1.4)
7 0.30 + 0.05 0.29 + 0.05 8.6 (+2.4, -1.4)
8 0.20 + 0.08 0.20 + 0.08 13.8 (+7.7, -3.86)
>8 0.05 + 0.086 0.05 + 0.06 66. (+85 -40.)
> 0 0.62 t 0.01 0.55 + 0.01 2.8 + 0.1
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