


1. INTRODUCTION

In interpreting - results of the H.Geiger and E.Marsden ex-
‘periments’/!’/, E.Rutherford has introduced’?2?’ the method for in-
vestigation of the structure and properties of the matter by
means of the particle beams directed on matter layers. Its im-
portance is not diminished today. It was used in R. Hofstad-
ter’s experiments - for investigations of structures of atomic
nuclei and nucleons by means of electron beams’3/,in works of
J.I.Friedman, H.W.Kendall, R.E.Taylor - for investigations of
the quark-parton structure of the nucleon using high energy
electrons’*’5/, and - in our experiments - for investigations
of intranuclear matter properties by means of high energy had-
rons/®-1%/ falling on slabs’/'1’12/ of intranuclear matter.

Really, massive target nuclei may be used as disc-shaped
slabs and spherical objects of intranuclear matter in high
energy nuclear collisions’/!1:!2/, This statement is based on
the data on hadron passages through atomic nuclei’®’., On the.
other hand, a numerous sample of collision events of definite
monoenergetic hadrons with definite target nucleus may be trea-
ted as the interaction of monoenergetic beam of hadrons with
a set of intranuclear matter slabs with different thicknes-
ses/'2/; it is convenient to express the thicknesses in
nucleons/S units, S = wD? = 10 fm®, D, is the strong interac-
tion range which is as large approximately as the nucleon dia-
meter D,. The thickness of the intranuclear matter layer in-
volved in a collision depends on the collision impact parame-
ter - on the distance b of the incident hadron course from the
center of the target nucleus.

Obviously, the sample of the numerous hadron-nucleus colli-
sions is equivalent to the collision of spatially homogeneous
beam of hadrons with the set of slabs of intranuclear matter;
in other words, the density of the beam hadrons at any distan-
ce from the beam axis is identical.

In fact, in any collision the target nucleus is destroyed,
but in any of it identical hadronic part1c1e collides with
identical target nucleus.

In such a sample of collisions of hadrons with nuclei the
thicknesses of the intranuclear matter slabs are determined
by the impact parameters in the hadron-nucleus collision’/12/,
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For any thickness A, expressed in nucleons{S, definite impact
parameter b = b(A) corresponds to a spherical ta?get nucleus.
In a numerous sample of collisions of monoenergetic hadrons
.with spatially unpolarized nuclei the target nucleus may be-
treated as a spherical object. )

In this work, the method of the hadron-nucleus impact para-
meter determination is proposed and the accuracy of the deter-
mination is discussed.

2. TOPIC

The topic is: 1. How is it possible to determine the thick-
ness of the intranuclear matter layer involved in any of had-
ron-nucleus collisions? 2. How can one single out a subsamplg,
from a numerous sample of hadron-nucleus collision events, 1in
which incident hadron collides with the intranuclear matter
slab with definite thickness?

As a physical basis for the operation principle of the me-
thod the newly observed’®’!®/ nuclear process - the hadron pas-
sage through layers of intranuclear matter, will be employed.
This process may be regarded as a nuclear analogue of the well-
known electromagnetic process - of the passage’of charged par-
ticle through layers of materials. :

3. HADRONS PASSAGE THROUGH LAYERS
OF INTRANUCLEAR MATTER

At energies above the pion production thresholdt the colli-
sions of hadrons with massive atomic nuclei give rise to a
great variety of phenomena: the nucleon emission from the t?r-
get nucleus, particle generation, nuclear fragment evaporat%on
are the most frequently occurring and observed. The expressive
and rather complicated picture of the hadron-nucleus 00}11“
sions can be recognized in detail in some total experiments
only - when all the collision reaction products are recorded
and identified. Now it is possible to investigate the hadroq-
nucleus collision processes under the conditions desired - it
can be realized by means of heavy liquid bubble chambers, nuc-
lear emulsions and 4w geometry electronic devices.

Such well nigh on the total experiments were performed by
means of the 26 and 180 litre xenon bubble chambers exposed
to beams of electrically charget pions with moment? 2.34, 3.5,
5, 9 GeV/c from the accelerators of the Joint Institute f?r
Nuclear Research at Dubna and of the Institute of Theoretical
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and Experimental Physics in Moscow. In the chambers almost all
protons emitted from target nuclei and produced particles,
including neutral pions with kinetic energies equal to 0 or
larger than 0, are detected and recorded effectively enough -
with efficiency near to 1007.

In analysing photographs of the pion-xenon collisions re-
gistered in the chambers, two general classes of collision
events may be naturally distinguished: I. The class in which
particles, mainly pions, are produced and in some of events
nucleons are emitted; we call them particle-producing colli-
sions. II. The class of events-without .particle production -~
in such events single- hadron of the same kind as the projecti-
le was ejected, the nucleons are emitted and nuclear fragments
evaporated from the target . nucleus. At lower energies - lower
than about 4 GeV - in some percentage of the pion-xenon nuc-
leus collisions the incident hadron is absorbed inside the tar-
get nucleus; the absorptions are accompanied by the emission
of nucleons from the target nucleus. ' R

More accurate analysis of the two classes I and II of events
allows one to state that the passage of hadrons through layers
of intranuclear matter is observed’!3‘!*’, The hadron passage
is a nuclear process which may be treated as an analogy of the
well-known electromagnetic process - of the passage of electri-
cally charged particle through layers of materials. The hadron
passage through intranuclear matter is accompanied by the emis-
sion of nucleons from the target nucleus; the emitted nucleons -
are with kinetic energies from about 20:400 MeV, and are known
as the g-track leaving particles if in photonﬁclear emﬁlsions.

The characteristics of the emitted nucleons are the same in
both the two classes of events I and II. Energy and angular
spectra are independent of the momentum and identity of the
hadronic projectile, at momenta above a few GeV/c. The spectra
do not depend either on the multiplicity of the emitted nuc-
leons or ‘on the multiplicity of the produced particles - of
the produced pions. '

But, the multiplicity of the emitted nucleons n, depends on

‘the intranuclear matter layer thickness covered by the hadron.

The hadron passage is fundamental one, on the background of
it the particle production process occurs. ' '

4. RELATIONS BETWEENVTHE HADRON-NUCLEUS COLLISION
IMPACT ‘PARAMETER AND THE INTENSITY OF THE NUCLEON
EMISSION

In a target nucleus treated as a spherical object of intra-
nuclear matter with a radius R, the impact parameter b values
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are from b = 0 to b = R + D,, where the strong interaction ran-
ge is as large as the nucleon diameter D, and so:

o $b<B, (1)
where B = R + D,. In such a spherical nucleus, to any value
of the impact parameter b in fm a definite tickness A = A(b)

in nucleons/S of the intranuclear matter layer, which the in-.
coming hadron has to cover, corresponds’?2’.

The values of A(b) at various b, for different nuclei (A, Z)
are given in our previous work’ll’. For the 2¢, nuclei b va-
lues are up to 6 fm, the A(b) = 6 nucl/S at b = 0 fm and A(b)=
= 1 nucl/S at b = 3.43 fm; for !'*1Xe,, nuclei b values are up
to.b = 9.5 fm, the A(b) = 18 nucl/S at b = 0 fm and A(b) =

1 nucl/S at b = 7 fm; for 23%U,, nuclei b values are up to
= 11 fm, the A(b) = 23 nucl/S at b = 0 fm and A(b)=1 nucl/S
at b =9.5 fm. :
For any hadronic projectile, the relation between the num-
ber n, of the emitted nucleons and the thickness A nucl/S
covered by the projectile exists:

A

= A-S(1 - e A t), (2)

where S = nDﬁ = 10.3 fmz, A, = %— nucl/S, o, the total cross

Tt t
section for the hadron-nucleon collisions; A, is measurable
quantity’/®/. Formula (2) was tested experimentally’?/'*’/ for
various hadron-nucleus collisions at energies up to about
3500 GeV, for the incident protons.

In relation (2), the number nP‘,of the emitted nucleons,
or E?e nucleon emission intensity, is determlned experlmental—
1yl /

It;can be concluded, for the case when all the emitted nuc-
leons are registered, that the thickness A in nucl/S of the
intranuclear matter layer  involved in the hadron-nucleus col-
lision is a measurable quantity - it is determined simply from
the relation (2); the impact parameter b()A) can be determined
from relations between A and b given in our previous work’/?!!’.

But, in most experiments not all of the emitted nucleons
are registered - only the proton component is observed direct-
ly. Moreover, we have stated experimentally’!*/ that the simp-

does not hold for the amount of protons

e ati =
le relation np AN

n in relation to the namber ng of nucleons emitted in the
collision’/13/1%/; the number n_ of the protons among the num-
ber‘nN of the emitted nucleons in a collision event fluctua-
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% ng. It has been shown.

) to meet any time n

tes, and in average n, is equal to

protons among
/.

that the probability P(n
n, emitted nucleons is given by the formula’!

N
P(ny) = (%) p™(1 - p)™ (3)
p
where p = %

And so, the relatlon between n and the A(n_) nucl/S is
not simple. It holds with an approximation only; for a given
number n , of the emitted protons in a collision event we can
accept with about 80%Z probability that.in fact nl)t 1 protons

are emitted or, in other words, %(np + 1) nucleons.

It can be concluded, therefore, that in about 80%Z of the
hadron-nucleus collision events the thickness of the intranuc-
lear matter layer involved in the reaction may be determined
from the relation

A

£isa-ett, (29

n =
P

where A is in nucl/S; in these 807 of events the accurary of
the thickness determination is about *1 nucleon/S. But, it is
not possible to single out the events in which the number ny

of the emitted nucleons is determined with such accuracy, they
are contained in the total sample of events. In the rest of
the events, in about 207 of the events, the number of the emit-
ted nucleons, or of the emitted protons fluctuates according

to the binomial law (3).

It can be concluded, therefore, that in a first approxima-
tion, when the multiplicity‘n of the emitted protons is used
for determination of the intranuclear matter layer -thickness
involved in the collisions, the information obtained is true
only for about 80% of events in the rest of the events the in-
formation is wrong; moreover we do not know which of the events

are determined wrongly.

5. CONCLUSIONS AND REMARKS

It can be stated, therefore: in order to determine correct-
ly the thickness of the intranuclear matter layer involved in



a hadron-nucleus collision, the number of the emitted nuc-
leons n, should be determined as correctly as possible; from
the relation (2) the thickness A(nN) in nucl/S may be obtained.
To any of the thickness A(ny) for a given target nucleus (A,Z)
the impact parameter b(A) corresponds.

From the data on the numbers of the emitted protons, it is
not possible to determine the thickness A of the intranuclear
matter layer involved in any of the hadron-nucleus collision. = !
From the data on the multiplicity n, distribution N(n_) of the
emitted protons, the distribution N A[np]) of the thilkness
of ‘the intranuclear matter layers involved in the hadron-nuc-
leus collisions may be obtained only; at any n_ of the .distri-
bution N(n_) in only about 80% of events the multiplicity of
the emitteg nucleons ny may be determined from the relation

ng = % np ,- with the accuracy of about #1.
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; Cprra.anKH 3 u J:!.p.y,‘, e .
;‘OnpeneneHHe napameTpa CTOHKHOBeHHﬂ
B” anpoH-ﬂnepHHx BsaHMoneHCTBHHX

g

. PaccmanuBamTCH npo6neMM~tl;'KaKuM oGpasoM'MomHo onpe—-'
‘5nenurb Tonmuﬁy ‘cnos BHyTpuﬂnepHou MaTepuu, BOBneKaeMOH g
B nm60e ‘U3 anpon-uyxnonﬂmx CTOHKHOBEHHHQ 2. Kakum 06pa30M
‘jmomHo anenuTb, ‘M3 4HCIIeHHOTO Haﬁopa.anpon—ﬂnepﬂmx CTONK=-
fHOBeHHH, eHbmHu Ha60p coﬁmruu c onpeneneHHmm napameTpOMf
,;CTOHKHOBeHHHQ COOTHomeHue Memny uucnom ucnymeuﬂmx nyno-

‘1 .HOB B CTOHKHOBeHHH H Tonmunou crnos BHyTpHﬂnepHou MaTepuH,
: 1B0BnequHoH B 'CTONKHOBEeHHe npenocTaBnaeT BosmomHOCTb pe—

‘tfmeﬂuﬂ cmopmynuposaﬂnmx Bmme npoﬁneM A A : S

Pa60Ta anonHeHa B ﬂaﬁopaTopuu BMLOKHX SHepPHH OMﬂH

:1Strugalsk1 Z et al
: yImpact ‘Parameter Determ1nat1qn
|ins Hadron Nucleus Coll1s1onSVL

aThe top1cs in this. paper are 1 How 1s‘1t poss1ble to 5
fdeterm1ne the th1ckness of the-intranuclear. matter layer.
~involved in’ any ‘of .a hadron- nucleus ‘collision? 2.How can
'gone s1ng1e out ‘a” subsample, from a numerous ~sample of had~
iron nucleus. collls1on ‘events, in- wh1ch incident. hadron
3coll1des ‘with the" intranuclear matter ‘'slab with’ def1n1te, ,
;th1ckness7 Relat1on between: the namber of the nucleons” | -
‘emitted in: the coll1s1on and: the thlckness of the 1ntra-"~-*”
‘nuclear matter layer 1nvolved in it prOV1des a poss1b111-’
’ty of solv1ng the top1cs in quest1ons, S A S

‘The 1nvest1gat1on has been’performed_at the Laboratory
of” ngh Energles, JINR = S -




