


‘1. INTRODUCTION

R In many problems, met in exper1menta1 high energy nuclear"“
- physics and .in astrophysics, one should obtain the matter den-:
sity in spherlcally symmetric-objects from a- known radial dis~"
 tr1but1on of the matter layer thicknesses at:various. distances -
“% from the diameter of the objects: In other words " from the o

‘known: d1str1but1on of -the thicknesses A(b) of. an object at va-:

rious 1mpact parameters b, the radial ‘distribution’ p(r) of ‘the ' .
" matter density should be obtained. In our works, the problem

' “appeared directly in the studies of the matter density distri-":
'~ -butions ‘in atomic ‘nuclei by means of high energy hadronic’ pro-is‘ck
Slm11ar problems may be met in‘high energy astro- By

jectiles’}’ .

d phys1cs and cosm1c ray physics, and in ‘astronomy.:
In nuclear: phys1cs and "astrophysics the task is: being set
in a’ "following manner: to.find out the radial: d1str1but1on

‘. of. the matter: den51ty or radiation density 1n51de a spher1ca1-'
7" “ly symmetric.object from a known .distribution’ of the matter - .0
- layer thicknesses inside this obJect The thickness of the mat—~:j_
ter  layers inside the: object, covered by’a probe, may be deter-d‘

‘mined exper1menta11y; as the probe a prOJect11e part1c1e (in

high energy nuclear physics) or a.beam of rad1at1on (1n h1gh T

‘energy astrophys1cs) may be employed.

The method, applied. usually so far in such cases. 1s.v1 Some;ii

dhypothet1ca1 dens1ty radial d1str1but1on is accepted for the-
‘object under’ study, . on "the basis: of a known propertles of the

- object .(some exponential or Gaussian, for example); 2. The: d1s4“d"°’
" tribution is fitted: to corresponding experlmental data. We . ;

E would like to have some method in wh1ch not ~any assumptlons -
on ‘the density distribution are used. ; :
The method presented here: does not use any assumpt1ons on:

a character of the dlstr1but10n wanted. The. only assumption” qs
“that: the distribution is-in an object of the spherical symmet-

ry, and the initial conditions’ are:. the. dens1ty p at the hax1-
mum size of the objectd - = ro is p(ro) 0 and. d is’ g1ven
. for the obJect under study. = :: o
“-The.. subJect in-this paper. is to descr1be the method and
to test it, and to estimate 1ts accuracy.
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2. THE METHOD

Let us assume that the thicknesses {S;, S,, ..., Sk,..., n}
of a radially symmetrlc object at the distances {rl, rz,...,

veesEpseesy Tpl from its cen-
ter are known from an experi-
ment, see, for example, fig.l.
The thicknesses may be.expres-
sed in mass units per the squa-
re of the length unit (g/cm?,
nucleons/cm? etc, for example);
the radii {r;, i = 1,2,...,n}
may be in length units. The
series of the auxiliary con-
centric spheres - with the ra-
dii r;, i = 1,2,...,n - may be
drawn, as it is shown in fig.1,
- where the series of the lar-

| gest circles are presented on
Fig.1. The auxiliary scheme for deri- the plane with the center of
vation of formula (1). the spheres.

It is evident that the length of the section ry.j x on the

thickness S, is as large as rﬁv - rﬁ{, because vr%_, - r? =
= /(rz - x2) - (rk - x2) = /y2__- yZ . Then, the radial den-

sity p(r ), which should be ascrlbed fo a radius r, is expres-
sed by the recurrent formula:
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If the radius of the spherical object r, is large enough,’
a desired accuracy of the radial distribution p(r) estimation
may be achieved at large values of n.
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3. THE EXAMPLES OF AN APPLICATION

3.1. The Testing of the Method

Let us analyse two given radial distributions: f,(r)=eT?
and f,(r) = e inside spherical objects 1 and 2. The radius
ro of the first object is accepted to be r,; = 5; and of the
second one, ry, = 50. For both of the two spheres integrals

+ o

_f fi(/x? + r2 )dx (2)
i=1,2

Si,n (rnp) =

were calculated numerically, for the radius sections Ar = 0.1.
From the thicknesses S, and S,, distributions inside the
objects 1 and 2, corresponding radial distributions f,(r) and
f,(r)iwere obtained, using the above. described method. Results
of the confrontation of the corresponding distributions assu-
med are presented in fig.2; agreement well enough is seen evi-
dently. ; ‘

Then, the method described above provides correct transfor-
mation of the thicknesses distribution inside a spherically
symmetric object into radial density distribution inside t?is
object. The method can be applied for the radial density dis-
* tribution estimation on the basis of the known thicknesses

: ' distribution inside a spherical-
f“% SR L L ly symmetric object, therefore.
For example, an unknown radial
distribution p(r) of the matter
density d in g/cm® may be obtai-
ned from the known distribution
N(A) of the thicknesses A(r)
in g/cm?, in the spherically
symmetric object with the radius
1 Ty

Fig.2. Testing of the method. Solid
lines - the known distributions e " and
e " T , correspondingly; ® and ™ the
distributions obtained by the methed.
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3.2. The Determination of the Intranuclear
Matter Density Radial Distribution Inside
Atomic Nuclei; a Formulation of the Problem

In the work 'Matter Density Distribution in Atomic Nuclei
as Illuminated by High Energy Hadrons', important experimen-~
tal facts are stressed out’?’:

1. The spatially unpolarized atomic nucleus for the hadronic
probes falling randomly on it is a spherical object of intra-
nuclear matter, it can be characterized as a target by its ma-
ximum thickness, mean thickness, and the thickness at a given
impact parameter.

2. The number ny of the nucleons emitted in any hadron-nucleus
collision event, at an incident hadron kinetic energy high
enough - higher than a few GeV, provides the information about
the thickness A, in nucleons/S, of the intranuclear matter
layer covered by the projectile hadron in the target nucleus;
S £ 10.3 fm?.

3. The multiplicity ny distribution N(ny) of the nucleons
emitted in a numerous sample of hadron-nucleus collisions of

a definite hadrons with a definite nucleus is in fact the dis-
tribution W(A) of the thicknesses A in nucleons/S of the sphe-
rical target nucleus thicknesses at various distances from

its center or, at various impact parameters b.

4. Relations can be written between the multiplicity np dis-
tribution N(n, ) of the proton emitted from the target nucleus
and the intranuclear matter layer thickness A in protons/S
distribution W(X).

In other words, from experiments the data on W(A) may be
obtained for any of the atomic nuclei, in hadron-nucleus high
energy collisions. But, from the W()) distributions the intra-
nuclear matter density radial distribution p(r) can be evalua-
ted simply, by means of the method proposed and described
above.

4. CONCLUSIONS

Method is proposed for a transformation from the known dis-
tribution of the thicknesses of a matter layers in a radially
symmetric object into an unknown radial distribution of the
matter density in this object.

This simple method is worked out adequately for experimen-
tal conditions - usually, in probing a structural properties
of an object by appropriate energetic probes, one obtains the



information about the thicknesses of the object at various
distances of the projectile course from the center of the
object - at various impact parameters. In a sample of events
of the probings, numerous enough, the distribution N(}X) of
the thicknesses A of the object under study is obtained; the
thicknesses may be expressed in the mass unit per em?, for
example. The total sample of the events may be treated as the
collision of the beam of the projectiles with an object; if
the object is spatially unpolarized, the sample may be treated
as the collision of the beam of probes with the spherically
symmetric object.

The method may be applied in solving many physical and
astrophysical problems. We can recognize simply this case as
similar to that concerning the hadron~nucleus collisions, we
have in section 3.2 written about.
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';d21e11nska M. et a1.>’> : o
‘:Relatlons between the Matter Den51ty i
‘and Layer' Thlckness Radial Dlstrlbutlons

r'gfor High - Energy Nuclear Phys1cs and
: :Astrophy51cs Use

?_,on radial distribution of the matter layer thicknesses ‘to
| 'unknown radial.distribution of the matter density inside

|- spherically: symmetric obJects. Approprlate formulas and
.testing of them are presented ‘An- application of the me- |

in- Spherlcally Symmetrlc ObJects.’

‘It is shown how 1t is p0551b1e to transform known data .

thod: for the, radial distribution of the. matter ‘density:
1n51de ‘a target nucleus is dlSCUSSEd as an example.v~

"~ The 1nvestlgat10n has been performed at the Laboratory
of ngh Energles, JINR
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