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ABSTRACT
The main purpose of the present work is to

investigate by computer simulations the potentialities
of a novel approach we developed recently [1] for
non-destructive single-sided gamma-ray probing and
tomography of dense optically-opaque media. The
approach is based on LIDAR principle, that is, time-
to-range resolved detection of the backscattering-due
radiative returns from the probed object irradiated
by pulsed gamma-photon beams. It allows one to
determine the internal distribution of the linear
attenuation and Compton-backscattering coefficients
and as a final result - the internal distribution, the
kind and the mass density of different ingredients.

The accuracy is studied in the determination, in
this way, of the material content and location of
different ingredients within the investigated objects.
The image-reconstruction error as a function of the
depths of sensing is first investigated in a pure form

BLOCK-SCHEME 
OF THE LIDAR-TYPE SINGLE-SIDED 

GAMMA-RAY TOMOGRAPHY  APPROACH
( GRAYDAR )

SINGLE-SCATTERING 
RETURN-SIGNAL EQUATION

We consider a monostatic pulsed sensing system
emitting narrow pulsed beam of gamma photons of
energy Ef and detecting the Compton backward
scattered gamma photons of energy Eb at each
moment t after the pulse emission.

The mean number of signal gamma-photon counts
NT(Eb, t, Dt) accumulated during the period T per
one resolution cell is

d - experimental constant
q0 - mean sensing photon flux
Dt (Dz) - temporal (spatial) sampling interval
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depths of sensing is first investigated in a pure form
in the case of homogeneous objects. Then the more
complicated case of multifragment objects is
considered in depth and detail. The general
conclusion is that the approach concerned allows one
to reliably establish the presence and the disposition
of different ingredients and flaws without noticeable
influence of masking effects.

Dt (Dz) - temporal (spatial) sampling interval
(z) - receiving efficiency of the experimental setup
(z) - Compton backscattering coefficient
(z)= f(z) + b(z) - two-way extinction index

--- d - pulse return-signal equation
--- single-scattering

EXTINCTION AND BACKSCATTERING COEFFICIENTS 
IN HOMOGENEOUS MATERIAL LAYERS

Alternating homogeneous regions (Di=[zi-1, zi] ) of different ingredients with 
lengths li=zi -zi-1 along the line of sight
i=const, i=const,  i=1,2,…

TOMOGRAPHIC  IMAGE OF AN ALUMINIUM SAMPLE
CONTAINING Fe ENCLOSURE AND AIR CAVITIES
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PARAMETERS USED IN THE COMPUTER SIMULATIONS

The statistical signal (photon count) fluctuations are simulated on the basis of the assumption that they have Poissonian statistics.

Dz = 1 mm;  z0 = 25 cm; Ef = 511 KeV; Eb = 170,33 KeV; (z) =1

The angle divergence of the incident photon beam = 1o. 

Activity of the radionuclide employed = 300 mCi   the mean sensing photon flux q0= 1.68x106 s-1

Data acquisition and processing systemPMT

The estimates of the statistical error in the determination of the 
extinction coefficient for a homogeneous object of aluminium.   

q0T= 1.68x109

Depth [mm]          5        10         20        30       40       50      100        150       200
d2r [m-1]            1.55     0.76     0.45      0.4     0.39    0.42     1.02      3.34        12
dlr [m-1]             2.77     0.58     0.22      0.15   0.11    0.09     0.07      0.07      0.07

q0T= 1.68x109

(a)Recovered distribution (1, circles), along the line of sight, of the 
extinction coefficient within homogeneous layer of aluminium compared 
with the true one (1, solid line).  The mean return-signal profile (2, solid 
curve) and a simulated realization of it (2, asterisks) are also presented. 

(b)Relative deviation (squares) and theoretically evaluated  root-mean-
square error (solid curve), in the determination of the extinction coefficient.

(a)                                                                    (b)

Model (a) and recovered (b) 2D distributions of the extinction  coefficient. 
The level bar is in units of m-1. 

(c)                                                                           (d)

The 2D return-signal image (c) and one line-of-sight return-signal profile (d). 
The level bar is in photon counts.
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