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1. INTRODUCTION 

A tomogram is a slice image of the inner structure of a 3D 
object in its cross section (slice) without destruction of the 
object. On the tomogram we can see the density of electrons or 
atomic nuclei, the elastic mechanical properties of the body, the 
anatomic or biochemical parameters as well as the velocity vector 
distribution of the liquid in the given part of the heterogeneous 
object. The principle of the reconstructed tomography is used 
also to obtain the plane image of the plane object through the 
2D array of the raysums measured at different positions and ori
entation of the summing lines in the plane of the image. 

In this paper it will be shown that there is at least four 
regions which are common both for the reconstructed tomography 
and for mesooptical microscopes which we use now for the observa
tion of the straight-line objects arbitrarily or definitely 
oriented in space. The principle of the reconstructed tomography 
and the properties of the sinogram are explained at first. Then 
the Fourier-Microscope for automatic measurement of the orienta
tions of the straight-line particle tracks going from a common 
vertex, Meaooptical Fourier-Transform Microscope for straight-line 
particle tracks running at small angles with respect to the median 
plane of the nuclear emulsion, as well as the Mesooptical Condensor 
for the fast search for the particle tracks parallel to the optical 
axis of the microscope are described. The analysis of the output 
signals of the above microscopes is given, and the relationship 
between the output array and the sinogram which is indeed the 
distinctive feature of the reconstructed tomography is traoed. 
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It is noted tbe use ot principles, taken from tbe reconstructed 
tomography, in mesooptics is very productive as this ensures 
very high repidity of the mesooptical system in searching for 
and measuring the.straight-line objects in 3D space. 

2. SINOGRAM 

The basic diagram of the illumination of the pointlike 
object to get the raysums as intermediate data in the reconstruc
ted tomography is shown in Fig. 1. If the pointlike object is at 
distance p from the rotation axis, then tbe array of tbe ray-
sums for this object is described by tbe sinusoid ("sinogram") 
on the (p, в )-plane 

g(p,6 ) = psln(9-e.), (1) 

where S is the angle whicb defines tbe position of tbe vec
tor (5 (p , 6 ) of the pointlike object with respect to the direc
tion of tbe light rays, and 8, is tbe angle 6 , from 
which we begin the registration of tbe raysums. So reconstruct 
the position of the pointlike object In tbe (p,8 ) plane it is 
sufficient to determine tbe amplitude of sinogram (1) and the 
position of the extremum of tbe raysums Q (P , 8 ) as a function 
ol tbe angle 6 . If the body consists of several pointlike 
object [l] , in the (p,9) plana we have the same number of 
sinograms (1) with different p and в . These parameters of 
the sinograms are found by the computer. The reconstructed image 
of the object in the given tomographical slice can be produced 
from these data. 

A more general scheme of the raysum registration can be 
imagined, if the pointlike object rotate in the starting plane 
with regard to the different axes with different angular fre
quencies. In this case there is a superposition of sinograms with 
different periods (Pig. 2). 
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Pig. 1. The basic diagram of raysum formation in the 
reconstructed tomography for a point-like object and 
its sinogram. 

Fig. 2. Sinograms of two point-like objects which rotate with 
different angular velocities. 

Fig. 3. She basic diagram of the 
Fourier-Uicroscope for measurement 
of the orientation angles of the par
ticle tracks going from a common ver
tex: 1 - source of the colllmating 
light beam, 2 - Fourier-Transform 
lens, 3 - rotating table, 4 - driver 
and control system of rotating table, 
5 - nuclear emulsion layer, 6 - scan
ning system of Fourier-Transform of 
straight-line particle track, 7 - me
mory blook. 

Let us consider the structure of the intermediate data at 
the output of the Fourier-Microscope for the measurement of the 
orientation angles of the straight-line particle tracks going 
from a common vertex. The basic diagram of this microscope is 
shown In Fig. 3 Гг]. The nuclear emulsion layer in this device 
Is placed at an angle with the optical axis of the Fourler-
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Microscope, e.g. 45°, and attached to the rotating table in such 
a way that the vertex of the nuclear interaction ("star") coin
cides with the point where the optical axes of the microscope 
and the rotating table intersect. In the course of the measurement 
the nuclear emulsion Is rotating by 360° around its axis with 
angular increment 4tp . 

In the plane of the spatial frequencies, where the crossover 
of the convergent beam of the light lies, the Fourier-Transform 
of the straight-line particle track is produced. Hote that the 
Fourier-Transform of the straight-line particle track, which 
goes perpendicular to the optical axis of the microscope, has 
the form of a narrow straight streap crossing the optical axis 
of the Fourier-Microscope. However, if the straight-line particle 
track makes an angle which differs from 90° with optical axis of 
the Fourier-Microscope, then its Fourier-Transform is bent, but 
in such a way, that the tangent to the curve at point CJ X •=• ̂ y = 0 
retains its initial orientation Г3.4] (Fig. 4), namely it coincides 
with the Fourier-Transform of the particle track which makes 
an angle of 90° with the axis of the Fourier-Microscope. An 
example of the event consisting of two particle tracks 1 and 2 
going from the common vertex as well as corresponding sinograms 
in the (<p,6 ) plane are shown in fig. 5 [2]. She amplitude and 
the phase of each sinogram in the plane ( <f, в ) are unambiguously 
determined by the orientation angles of each particle track in 
space. The more is the angle of the particle track with the 
rotating axis of the rotating table, the more is the amplitude of 
the corresponding sinogram. The sinogram phase is the position 
of the rotating table of the Fourier-Iticroscope when the angle 
between particle track projection on the plane which is perpen
dicular to the optical axis of the Fourier-Microscope, and the 
rotating axis of the rotating table of the Fourier-Microscope 
attains its maximum value. The reading of the sinograms in the 
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case of a complex event consist ing of many par t i c l e tracks i s 
accomplished during only one t o t a l revolution of the rotat ing 
table . 

Fig. 4 . Fourier-Transform of two s t r a i g h t - l i n e objects forming 

"^ a cross: one of the s t r a i g h t - l i n e object i s t i l t e d 

with respect to the opt ical ax is at the angle of 90° , 

and the second one at the angle of 90° 
' 7 . 1 y 

Vjv 

ei, 

Fig. 5. The simulated event consisting of two particle tracks 
with a common vertex (above) and two corresponding 
sinograms observed in the Fourier-Microscope (see 
Fig. 3) (below). 

3. MESOOPTICAL FOURIER-THAHSFOKM MICROSCOPE (ЮТЫ) 

A tomogram which can be obtained with the help of the MFTM 
has its distinctive features Г 5]. Firstly, the MFTM sees only the 
rectangular objects which produce a small angle with the normal 

Fig. 6. The baeio diagram of the Hesooptical 
Fourler-Transf01m Microscope (MPTH): 1 -
colllmating light beam, 2 - Fourier-Trans
form lens, 3 - two particle tracks in the 
nuclear emulsion, 4 - mesooptical mirror 
with ring response, 5 - mesooptical Images 
of two particle tracks. 



to tbe tomographical slice as «ell as a small dip angle with the 
horizontal plane going perpendicular to the optical axis of the 
1CFT1I. Secondly, the initial information which is used to recon
struct the MFT1I-tomogram, consists of two meeooptieal images. 
Finally, tbe data which we display on the HFJEH-tomogram are 
vector fields unlike the data of most traditional tomograms, 
which correspond to tbe scalar fields. 

The basic diagram of the ПРОЗ! based on the Fourier-Optics 
and Hesooptical principle of image formation is given in Fig. 6 
6,7]. Tba object under study with the searched for straight-line 
objects is illuminated by the convergent beam of light. The 
Fourier-Transform of the straight-line objects whioh are In the 
field of view of the HFTll is produced near tbe mesooptloal mirror 
with a ring response. She light diffracted by each straight-line 
object is transformed by this mesooptical mirror into two meso-
optical images which are. within the focal ring and extended along 
tbe direction parallel to the object itself (Fig. 7). In order to 
"see" only the objects which.are almost perpendicular to the 
given plane of the HSTH tomogram, it is sufficient to read out 
the mesooptical images over the small part.of the focal ring, for 
example, near two mesooptical images A* of the object A. The re
lationship between the position of two mesooptical images in the 
frame of the fooal ring and four geometrical parameters of the 
straight-line object displayed on the UFTH tomogram was described 
in detail In Г 5]• These four geometrical parameters are Z-coordl-
nate, Z-coordlnate, e ^ - and 6z-angles (Fig. 8). So receive the 
information for the reconstruction of the vector HFOI tomogram, 
the volume to be tested la scanned along the lines which are 
perpendicular to the average orientation of the particle tracks, 
and the depth scanning is absent. Four parameters I, Z, в_„ and 
e z, which define 1) point (Z,Z) on the HPTH tomogram and 2) vec
tor 6 (©jj, 6 Z) at this point, can be found without any inverse 

6 



Pig. 7. The relative configuration of the field of view of 
the MFTJI, of the focal ring and of the mesooptical 
images of three particle tracks. 

Pig. 8. The structure of the ИРТИ-tomogram, which contains four 
parameters of the particle track: Z- and Z-coordinates 
of the particle track the components of the vector 
бС&д,, e z) at point (I, Z) of the MFTM-tomogram. 

transformations which are typical of the traditional reconstruct
ed tomography. 

The HPTU as a specialized tomographics! device offers high 
rapidity, suited well for the selective observation of the micro
scopic straight-line objects with width of 0.5-1 p. m and does not 
require the scanning operation along the Z-coordinate although 
the value of Z-coordinate of the particle track is estimated by 
the HFOS in the fized position of the М М М with respect to the 
object. 

The IIFT1I has found the application in high energy elementary 
particle physics for selective observation of the particle tracks 
in the form of the chain of silver grains, diameter 0.5 |xm, in 
the nuclear emulsion |5j» The resolution along the Z-coordinate 
is 4(1 ш and the resolution. In 6-„-angle is 0, 5 and in 6„-angla 



is 7, The total number of the resolution elements only in one 
photoplate with dimensions 200x100x0.2 mm is 1.7«10 1 0 which is 
equivalent to 2.6-105 tomograms with 256x256 pixels [б]. The 
MFTM is also capable of accomplishing other operations [в]. 

4. MESOOPTICAb COHDENSQR 

Л microscope I 7I designed for searching for particle tracks 
parallel to the optical axis of the microscope contains a me so-
optical condensor (Fig. Э). A collimated beam of light goes 
through the mesooptical cylindrical lens 3 and produces an illu
minated area in the form of a low "fence" inside the nuclear emul
sion layer 7. The generating line of the mesooptical lens 3 has 
the form of a polygon with many elements which are the tangents to 
the generating line of the cylindrical lens and the length of 
each element Д at the distance x to the symmetry plane of the 
mesooptical lens is defined by the relation 

Д =h-?— , (2) 
where h is the thickness of the nuclear emulsion layer and L 
is the distance between the mesooptical cylindrical lens and the 
nuclear emulsion. To suppress the longitudinal modulation of the 
light Intensity Inside the nuclear emulsion . To suppress the 
longitudinal modulation of the light Intensity Inside the nuclear 
emulsion the value of L oust be chosen very large, generally 
I» ? 1 0 0 mm. 

The scattering light In the microscope Г 7J Is recorded by 
the photomultiplyer which produces the signal only for the alter
nating component of the scattering light. The Interference picture 
from only one pair of the plane beams of light whose wave vectors 
produce the angle в is shown in Fig. 10. When the nuclear emul
sion layer containing the "vertical" particle tracks moves with 
respect to the region where two plane waves interface,each ver-
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Pig. 9. The basic diagram of tbe microscope with a cylindrical 
condenser: 1 - source of the collimating light beam, 

"^ 2 - central stop, 3 - mesooptical cylindrical mirror, 
4 - nuclear emulsion, 5 - objective, 6 - pbotonultiplier. 

i 
Fig.10. The Interference picture formed by two restricted plane 

waves of light, the wave vectors of which form the 
angle 6. I"«> 

J?ig. 11. The alternating component of - « Д М 
the photocurrent for two restricted 
plane light beams (above) and the dis
criminated signal which enters the 
memory block (below). 

Pig.12. The view of the narrow 
Vet., illuminated region inside the 

volume of the nuclear emulsion layer. 
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tical particle track subsequently falls Inside the maxima of the 
interference picture. It is important that the length of the 
particle track over which it is illuminated by the alternating 
component of the interference picture is initially equal to zero, 
then goes to the maximum value and finally decreases to zero. The 
alternating component of the photocurrent has the form of a paling 
of many peaks (Fig. 11). As the level of amplitude discrimination 
increases, the number ol registered peaks decreases. 

Very many pairs of the plane waves, ~ 500, are produced in 
the microscope I 7J« These plane waves which are mutually crossed 
in the region of the nuclear emulsion produce the illuminated 
region over the full thickness of the nuclear emulsion layer 
(Fig. 12). The 1D apertures of the mesooptical condensor are shown 
in Fig. 13 for various relative dimensions of the central stop 
2 of the raesooptical cylindrical condensor J (see fig. 9). The 
distributions of the light intensity In the illuminated region 
(see Fig. 12) for various b/a ratios are presented In Fig. 14. 
We see that the intensity of the side lobes of the interference 
picture decreases with increasing number of the plane waves 
which take part in the production of the interference picture. 
In the real design of the microscope Г7] the width of the central 
maximum is equal to 0.3 {f ш for the discrimination level I Q = 
0.5 1

mB-r' ?bis is about 20 times smaller than in the traditional 
optical microscope. 

The particle tracks which form the large angle with the 
optical axis of the microscope I 7| cross the strong illuminated 
region over the length which Is far smaller than the thickness 
of the nuclear emulsion layer. As the illuminated part of the 
particle track is in the central maximum during a long period 
of time, the alternating component of the photocurrent signal 
decreases additionally (Fig. 15). Owing to this the photocurrent 
signal of the particle tracks which are not parallel to the optical 
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Pig.13. The ID aperture of the meaoop-
tical cylindrical oondenaor with а к 
central atop of different relatlre di
mensions: b/a • 0.9; 0.75; 0.50; 0.25 
and b/a • 0 (from top to bottom). 

a) 

LiiiiibiLi o* 

M M ! ] H | 

rpi 
di i_ 

11 [ 4 1 1 ' ' ' ' i ! j 1! 1 
* i . i ' 

A .5 

..L...^,.-^iii'L 

b) 

; i ij! 

c) 

пЛ| , 1л„ 

d) 

о) 

Fig.14. She illuminated region produced by aeane of the meeoop-
t i c a l cylindrical condeneor and surrounded by the side 
lobes for different b/a. 

a^is of the microscope, will decrease as the illuminated part of 
the part ic le track squared, i l l th is induoea тегу high select ivi ty 
of tbe mioroscope with a masooptioal cylindrical condenser in 
searching for the vert ical par t ic le tracks. Sierefore we can in-
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crease the length of the illuminated region from 1 mm to 5*10 m 
Thus we get very useful conditions for using the tomographlcal 
search algorithm for vertical particle tracks. 

Pig.15. The central maximum and the side lobes of the illumi
nating region inside the nuclear emulsion layer of depth 
h and the particle tracks of different orientation: 

1 and 2 - vertical particle tracks, 3 - tilted particle 
track which is not recorded by the microscope with the 
mesooptical cylindrical condenser. The dark broad band in 
the bootom of the figure corresponds to the illuminating 

"^ region in the traditional optical microscope. 

II10-

4/ 
> 

Fig.16. The orientation of the summing lines along the "un-axis 
during the registration of the raysums In the reconstruct
ed tomography for one aspect (above) and the position of 
the illuminated region in the form of a narrow "fenee" 
with respect to the nuclear emulsion during the search for 
the vertical particle track perpendicular to the figure 
at point (X Q. Y Q ) in two different scanning runs 
(below). 
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For this purpose the nuclear emulsion layer with vertical 
particle tracks is scanned by the microscope I 7J with the meso-
optical cylindrical condensor along the X-axis at two different 
orientation of the illuminated region with respect to the Z-azis. 
In the case when these orientation angles are equal to +45 during 
the first scanning and to -45° during the second scanning along 
the X-axis (Pig. 16), the X and Y Q coordinates of the vertical 
track are determined by the relations 

Х.=4-{ХГХ2>' 
I (3) 

Y.=y(X rX 2), J 
where X.j and Xg a r e t n s coordinates of the nuclear emulsion 
layer with respect to the optical axis ot the microscope at the 
time moments when the particle track to be searched for falls 
in the illuminating region. 

Generally the surface density of the vertical particle tracks 
is very small and there is no more than one vertical particle 
track in the scanned part of the nuclear emuleion. In the case 
when the surface density of the vertical particle tracks ic high, 
the number of different orientations of the illuminated region 
with respect to the X-axis must increase to 2N, where H is the 
number of the vertical particle tracks in the field of view of 
the microscope. 

5. ONE MORE SINOGRAM 

As shown in I 9If the meeooptical images of the particle 
tracks which have a common vertex lie on the sinogram for the 
left as well as for the right mesooptical images of the straight-
line particle track. Ibis rule can be used in the MFTM only for 
the particle tracks which have a small dip angle with the median 
plane of the nuclear emulsion, as the mesooptical images for 
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very steep particle tracks cannot be produced at all. Ibis 
condition is well fulfilled In practice in high energy physics. 
Therefore the sinogram criterion which was found in I 9 I can be 
effectively used for the search for the vertex of the nuclear 
interactions which are either outside the field of view of the 
UFTII or in the adjacent nuclear emulsion layers. 

6. CONCiUSION 

It was shown that some characteristics of the mesooptical 
microscope show tomographical features which lead to a new fast 
scanning algorithms and to data displaying during the search 
for the particle tracks in the nuclear research emulsion. 
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Сороко Л.м. Д П - в Э ^ в 
Мезооптический микроскол как томографическое устройстао 

Показано, что существует по крайней мере четыре области, которые являют
ся общими для меаооптических микроскопоа, с одной стороны, и для реконструк
тивной томографии, с другой. Томографические саойстаа имеет следующие ха
рактеристики мезоолтических микроскопоа: 1/ структура выходных данных об 
ориентации и положении • пространстве прямолинейных объектов, идущих под 
малыми углами относительно перпендикуляра к заданной томографической плоско
сти; 2/ появление двухмерного фурье-обраэа прямолинейного объекта при 
вращении указанного объекта относительно фиксированной оси • пространстве; 
3/ алгоритм сканирования объема ядерной фотоэмульсии ленточным пучком све
та в меэсоптическом микроскопе для поиска прямых следов частиц, идущих парал
лельно Оптической оси микроскопа, и, наконец, k/ тот факт, что меэооптиче-
ские изображения прямых следов частиц в ядерной фотоэмульсии с общей верши
ной лежат на синограмме. 

Работа выполнена в Лаборатории ядерных проблем ОИЛИ. 

Препринт Объединенного института ядерных исследований. Дубна 1988 

Soroko L.M. DU-B-S-S'te 
Mesooptlcal Microscope as a Tomographlcal Device 

It Is shown that there are at least four regions which are common for 
the mesooptlcal microscopes, on the one hand, and for the reconstructed 
tomography, on the other hand. The following characteristics of the mesoop
tlcal microscope show the tomographlcal properties: 1) the structure of the 
output data concerning the orientation and the position In space of the 
Stralpht-lIns objects going at small angles with the perpendicular to the 
qb«\ tomographic plane, 2) the behaviour of the two-dlmenslona) Fourler-
Trtnsform Of the Straight-A\he object. \t\ the «дотм of the rotatlotv of thVs 
<»t>i«« with respect to the specified axis In space, 3) the scanning a)gom 

rlthm of the nuclear emuUNon мв\\жл Vj \!s*. \w«.v\V«, \\V»\*»t*A тъ^\ед\ 
\TV the mesooptfcaf microscope for searching for particle tracks going pa
re) )e) to the opt^caN ю Л * от Vh* W w o w a v * . « * i *\«*\Vt, 'Л t** fact 
th.»\ the wesooptfcaf tmaqes of the straight-line particle tracks with a 
common vertex )n the nuc)e»r emuHNon \\ь oh \V* tAxwytm. 

Л\\* VhtMtV^ttton ha* been performed at the Laboratory of Nuclear Prob
lems, JINK. 

Viqntnt ol \h« lota* lnttifeiU tot NucVui Rewuch. Dubn* 1999 
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