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1, IFTRODUCTION

For better insight into the processes of depth-dose distribu-
tion it is necessary to realize in detail the energy distri-
butions of primary and secondary charged particles fluxes in
the irradiated matter, As a rule, these distributions are de-~
termined theoretically, e.g. by solving of Boltzman transport
equation or Monte-Carlo calculation., As regards the experi-—
mental data is hardly availlable since the existing methods

are only adequate in the case of heavy particles, have a limi-
ted range of validity and a low resolution. For this reason

it is hard to verify in detail the accuracy of the calcula-
tions and to obtain the independent information. It is sug-
gested to obtain the energy distribution of particles on the
intensity and angular distribution of ferenkov radiation
which is emitted from the small radiator inserted into the ir-
radiated matter at the point of interest. It should be noted
that the well known methods in high-encrgy physics based on
the use of Cerenkov radiation allow to determine only the
average velocity of fast charged particles for the monodirec-—
tional beam (1,2).

2, DESCRITTION OF HiE LETEOD

A fairly thin plane-parallel Cerenkov radiator d thick is as-
sumed to be located in the irradiated matter, Its position
will be characterized by means of coordinate Z,Cartesian ,
coordinate system X'Y'2 is introduced so that the plane X¥
is coincided with the front surface of the radiator and the

0 Z-axis is the normal to that surface. The direction of
charged particles motion is given by polar and azinuthal ang-
les U, and Yo and the sense of photon emission is given by
anglesf O and Yp . The distribution of particles on the
front surface of radiator is assumed to be ipdependent of co-
ordinates X'Y' and is given by function { (2=0,p,%,%),
whereg& ~is the velocity of the particles in units of speed
of 1ight .

The number of photons emitted with frequency V in the inter-
val AY per unit length traversed by a particle of charge z"e
is given by (3)

A - 27 2 82 (1- 1futge)

where J.=T%7 ~ is the fine structure constant;

(1)

N - is the absolute index of refraction.

This expression assumes that the medium is non-despersive,
that is, the index of refraction is assumed to be constant
over the frequency interval AV of emitted light. Then the
number of photons emitted in the given direction within the
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boundaries of the radiator is determined by the expression:
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where Pmar— 1s bhe maximum velocily of particles;pe=cos®

-~ i85 the angle of photon emission with respect to the
particle motion direction, The occurence of Dirac delta func-
tion reflects the fact that the particles emit the photons
only at the strictly definite angle ® , which is given by
expression:

0=~ arccos (ga,v\)-4 ,
(3).
Equation (2) has been derived on the assumption that the va-
riation of distribution function within the boundaries of
the radiator can be neglected.
For the calculation of dose distribution it is essential to
know the energy distribution at the points of interest.
Therefore we have confined ourselves to its obtaining, al-
though the angular distribution of particles can be also
found from the angular distribution and the value of Ceren-
kov flux, Integrating the expression (2) over all directions
of photon emission we obtain the integral relation, which
connects the total flux of ferenkov radiation and the velo-
city distribution of particles

B
N(n2) - A§ (1-1hge) § (2-0) e "

where
a1 T
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The expression (4) is the Volterra integral equation of first
kind, where N (v ,Z ) is the measured experimental value.
The solution to this equation is

f(if:O, ga) = 5‘: [Sacih-]\/(m“ Z>+wff!§-2 /\/G"uz):l

where n': A

% .
In the choice of the solution procedure it must be born in
mind that the equation (4) is not well posed as with the
most nuclear spectrometry problems,.
The obtaining of the value M (W ,Z ) resolves itself into
the variation of v (e.g., ba replacement of radiator) and
the shift of the radiator inside of irradiated matter. It
should be noted that the integral equation (4) and its so-

(5)
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lution (5) are correct also in the case, when the size of ra-—
diator is equal or greater than the lateral dimensions of ir-
radiated region.

With the monodirectional particle beam of known direction of

motion, the simple relation is obbtained from expression (2),

connecting the angular distribution of Cerenkov radiation and
the velocity distribution of particlegs, If the normal to the

surface of Cerenkov,radiator is coincided with the direction

of particle motion, i.e,.

§(2'=O.F.vp| ‘99) = 6(@8('\79)8(“%)
&(%:f‘_ji7> = T_(E\l’&)_‘i a. A/(h,Z"t?g‘upg)

A (?%- '4) o

where T (n ,f&g is a coefficient which takes into account the
dependence of Cerenkov radiation flux emerged from the radia-
tor on the angle of incidence on the boundary between the ra-
diator and medium, Pe = coa Uy

then

3. THE FIELD OF APPLICATION

As it was noted above, with the given function § (2 ,? ), the
dose formation process can be investigated in more detail.,
With electron or positron radiation (including secondary
particles) the production threshold of ferenkov radiation is
reasonably low (e.g., for the medium with w+2:2,4 it is

about 60~+50 KeV), This method allows for the energy distribu-
tions to be determined and the functional to be calculated
from them over a wide range of energy. In the case of heavy
charged particles these possibilities become somewhat fewer
due to the more complicabted interpretation of the results
because of the secondary charged particle generation and the
more high production thresholds of Cerenkov radiation,

This method is especially convenient for the high energy and
intensive fluxes, This fact allows it to be used for the ac~
celerator beam dosimetry, spectrometry and monitoring.
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