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1. INTRODUCTION

The Mesooptical Fourier Transform Microstope (MFIM) is a
specialized device the purpose of which is to observe selecti-
vely straight lime particle tracks in a track nuclear emulsion
layer. In the previous papers /!~ 10/ the idea of the MFTM 71/,
the principle of operation /2-4/  the first experimental set-—
“up’/%’ and the first experimental results /8’ , the analysis
of the optical system and some new experiments with the impro-—
ved set-up /7/, the processing algorithms of the signals from
the MFTM 78.9/ | and the imaging properties of the MFTM/10/are
described.

In this paper we treat theoretically the basic parameters
of the MFTM. In § 2 the accuracy of measurements and the speed
of operation of the MFTM are discussed. The effect of a limit-
ed number of silver grains in the straight line particle track
on the output signals of the MFIM is investigated in § 3. In
§ 4 the signal-to-noise ratio, the resolution and the depth
of focus problem are treated.

2. THE ACCURACY OF MEASUREMENTS AND THE SPEED OF OPERATION
OF THE MFTM

As has been shown in”7* 1%/ the segment of the straight line
particle track which is in the field of view of the MFTM is
transformed by the MFTM into two output signals in the exit
plane of the MFTM. These signals appear on the opposite sides
of the focal ring and on the straight line which is perpendi-
cular to the direction of the measured particle track. Each
output signal has a nearly oval form. Its length in the radial
direction equals

Ap = May, (1)

where A is the wave length of light, and 2ay is the total anm-
gular aperture of the mesooptical imaging system. The length
of the output signal in the angular direction Afgy equals ’/10/
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Alg = MD, (2)

where M is the linear magnification of the mesooptical imaging
system and D is the diameter of the field of view of the MFIM.

The locus of the output signals is a narrow focal ring of
the mean radius R and width MD. The distance between the cen-
tre of the output signal and the focal circle of the radius R
is equal to the displacement of the particle track with res-
pect to the centre of the field of view of the MFTM.

The information displayed in the focal ring of the MFTM can
be read out by a proper photoelectric system with light sen-
sitive elements of the sizes Ap and Aly The position of
the measured particle track in the radial direction can be es-
timated with the accuracy Ap while the angular accuracy Af§
is equal to /10/

A = Aby/7R. . . (3)

In the experimental set—up of the MFTM described in/8/ R =
= 80 mm, D = 600 pm, M =1, A= 0,633 um, and a y ~1/8, Thus
the accuracy of measurement in the MFTM is gigﬁ9 by Ap &5 um
and A9 = 8' and enables us to find the events /% with high
confidence.

Now let us estimate the speed of operation of the MFTM.
Comparing the full area of the focal ring equal to 2rRDM with
the area of one readout element we get the total number of
information elements

27 RDM DM .
N, = N ‘N, = 7 = 2 y (4)
Ap-AZ@ Ap- A8

where N, and Ny are the numbers of information elements in p
and 0 - directions respectively. For the experimental set—-up
of the MFTM mentioned above we have N, = 120,Ny =3000 and
5 P !
thus N, = 3,6°10°,
Let us suppose that the output signals are detected by a
charge coupled device (CCD) matrix with the number of sensiti-

ve elements 200x300 and with movies frequency of 25 frames/sec.

Leaving the problem of gathering the output signals over the
focal ring unsettled and taking into account that in the MFTM
there is no need in deep scanning we can estimate the total
readout time for the given field of view as 1 sec. This speed
of operation is considerably higher than that of the traditi-
onal optical microscope equipped with a computerized image
analyser/11/ | to say nothing of manual searching.

2 .

Finally,it is worth noting that conditions of some physical
experiments permit us to read out the output signals over the
angular range which is smaller than 360°. For example in the
neutrino experiments conducted at the accelerator FNAL (USA)
particle tracks of relativistie ionization are lying inside a
+15° angular interval. Similar experiments carried out at the
‘synchrotron of the Institute of High Emergy Physies (USSR),
have given an angular interval of +45°, In these cases the
readout time needed for the METM is proportionally reduced.

3. THE EFFECT OF THE LIMITED NUMBER OF SILVER GRAINS
IN THE PARTICLE TRACK ON THE OUTPUT SIGNAL

The influence of the grain structure of the straight line
particle tracks on the output signals of the MFTM has been
treated in/2/ . By computer modelling it has been shown that
existence of gaps in the particle track gives rise to the ad-
ditional diffraction components outside the main diffraction
picture and to a background spread over a number of angular
elements. It has also been shown that for a particle track
consisting of 30 silver grains over 100 pm length the signal-
to-noise ratio is 20:1. These results have been supplemented
by investigations presented here.

To explain the struéture of the output signals in the case
of a straight line particle track consisting of a limited num-
ber of dot-like silver grains, we refer to Figs. 1-3. As has
been shown in/1%/, a dot-like input object forms a circle in
the exit plane of the MFTM. -This output signal formed by a
single silver grain is shown rather roughly in Fig. 1. Since
the MFTM is a space—invariant optical system/ﬁo/, the output
images of two silver grains separated by a distance of [ give
two circles the centres of which are separated by a distance
of M{ (Fig. 2). The output signals given by four silver grains
are shown in Fig. 3. The pair of output signals appear at the
area of intersection of the circles, while other parts of cir-
cles give a comparatively low background spread over the who-
le foeal ring.

To get some quantitative estimations of the light intensity
distributions in the Fourier plane (Xy,Y, ) of the MFTM/7.10
for a particle track directed along the axis Oy, and comnsis-
ting of different numbers of silver grains n we have perform-
ed computer modelling. As has been shown in/7/ , this light
intensity distribution has a quast 1D-character with very weak
dependence on the xg-coordinate. The light intensity distri-
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Fig. 1. 3D-plot of 2D-light
intensity distribution at

the exit plane of the MFTM
for an object with only one

Fig. 2. 3D-plot of 2D-light
intensity distribution at
the exit plane of the MFTM
for an object of two sil-

silver grain. n ver grains.

Fig. 3. 3D-plot of 2D-light
intensity distribution at
the exit plane of the MFTM
for a particle track of four
silver grains.

bution along the y,-axis,however,strongly depends on the num-
ber of silver grains.Some typical examples are presented in
Figs.4-6.In Fig.4-a the field of view of the MFTM with only
two silver grains is shown.The picture of the light intensity

distribution is shown in Fig.4-b and the exact distribution of

light intensity is presented in Fig. 4-c. The analogous pic-
tures for a particle track with n = 22 and n = 100 are given
in Figs. 5 and 6.

As has been shown in/7:10/ | the light diffracted by a gray
particle track directed along the ¥; —axis is concentrated in
the Fourier plane along the Xy -axis within the |y, [ <Ad;,/D
wide main diffraction maximum where d;o is the distance bet-
ween the input and the Fourier planes‘?h’. The energy of
light within this region has been calculated for different
numbers 6f silver grains and for various statistical realiza-
tions of silver grain distributions in the particle track.
The results of calculations have shown that the energy of
light concentrated within the area of the main maximum hardly
depends on realization of the silver grain distribution, and
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Fig. 5 a, b, c¢. The same
pietures as in Fig, 4 a,b,c,
but for a particle track
with 22 stilver grains.

Fig. 4. .a) The object plane
(x1.,yy) with two silver
grains. b) The picture of the
light intensity distribution
for this object in the Fourier
plane (x5.,y5) of the MFTM.

e¢) The curve of the light in-
tensity distribution versus y,
at %9 = 0. ‘

Iy,)

Fig. 6 a, b, c. The same
ptetures as in Fig.4 a,b,c,
but for a gray particle track
as an obgect.




the dependence on the number of graims can be simply approxi-
mated by the following formula:

I,(n) n
= L} n S ND» (5)
I.(n) Np

where I; is the total energy of light, I, is th? patt.of this
energy which is lying within the area of the main maximum
fyo | <Adyg /D » Npis the number of silver grains for which
the partic%e track can be considered as a gray one. F9r n =
=Np the correct ratio I,/I, = 0,903 instead of 1,0 given by
Eq. (5). This difference shows the approximation error of Eq.

(5).

4, SIGNAL-TO-NOISE RATIO, RESOLUTION AND DEPTH OF FOCUS
IN MFMYT

Let us treat the signal-to-noise ratio in the MFTM. The
light intensity diffracted by one silver grain is proportional
to aﬁ , where a, 1s the diameter of the silver grain. Neglec-
ting the proportionality factor of the order of unity the to-
tal intensity of light I, diffracted by n silver grains can
be simply written as

I,(n) = na’ . (6)

As two output signals of the MFTM are formed by the lighF ener—
gy concentrated in the main maximum each of the output signals
has the intensitylg equal to

p . Lo _ aLim) n?af e
S 2 2N, 2Ny

Now let us suppose that the background formed by silver
grains is randomly distributed over the nuclear emulsion layer
and that the only source of the fluctuation of this background
is the Poisson-noise. Let Ny be the number of background sil-
ver grains inside the field of view of the MFIM. The total in-
tensity of this background_uniformly distributed over the fo-
cal ring is equal to Np.2a, . Therefore the background inten-
sity of light fallen into ome element of the readout photoelec-
tric device Iy is

4+

6
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I,= N,a
B
B 27 RDM

(8)
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Taking into account Eqs. 7, 8, 3, 4 and the fact that D =

=8, Np we can obtain the following expression for the signal-
to-noise ratio of the MFIM:

g L "nzaoa‘/zR (9)
I NpAD

From Eq. (9) we can see that when the radius of the focal
circle R increases or the number of silver grains in the par-
ticle track get greater, the signal-to-noise ratio proportio-
nally increases. When the diameter of the field of view D in—
creases, the signal-to-noise ratio decreases proportionally
to 1/D, as the number of silver grains n in the particle track
increases linearly; while that of the noise silver grains Np,
quadratically, so the relation n®/Nj remains constant.

As an example we can refer to the MFTM described in’/5/ .
Its parameters are given in §2. For particle tracks with ty—
pical parameters n = 20 silver grains over 100 ym and 2, =1yum
we get for the signal-to~noise ratio the following relation:

Ig /1y = 107 /Ny (10)

From Eq. (9) we can also derive the fundamental conclusion.
In typical conditions of nuclear emulsion searching the sig-
nal from the straight line particle track of relativistic io-
nization with 2, <1um and small n can be registered by meso-
optical system having angular aperture ay << 1, This is rath-
er paradoxal in terms of traditional optics, but it follows
directly from the imaging properties of the MFTM. This con-
clusion is of very high importance for the solution of the
depth of focus problem. As is well known, the depth of focus
is proportional to (2% )® and in the case of ay = 1/8 the
depth of focus reaches 200-300um that is the thickness of the
nuclear emulsion used in the scientific program "Neutrino
detector" /12/

The authors wish to thank S.A.Bunjatov for his continuous
interest and support and Yu.A.Batusov for useful discussions
of this paper. '
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OcHOBHBIE TapaMeTph Mes30OonTHUYeCcKOoro &ypbe—Mnxpocxona
oJsi AgepHoH POTOSMYNBCHH

[JaH TeopeTHYeCKHil aHallM3 OCHOBHLIX ITapaMeéTpOB Me3001I-—
THUecKOoro bypre—MuKpockoma /MOM/ nnm agmepHol ®0T03M§nbcﬁnﬁ
quuogTb u3MepeHuss, paspemeHHe, OTHOWeHHe curHana xﬁmyﬁy,
rny6uria poKkyca u OweicrpopmeiicTBue MOM. IlpusemeHb npéﬂMyﬁéCT*
Ba MOM Hapn. TpagULIUMOHHEIM ONTHYECKHM MHKDPOCKOIIOM.

PaBoTa BbmoOiHeHa B JlaGopaTopHu simepHBIX mnpobjeM OMsiH: |

Coo6niénne ObbeuHeHHOTo HHCTHTY a AnepHEIX HecnedoBanmii. Jy6ua 1987
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~ Basic Paramétérs of the Méesodptical Fourier

Transform Microscope for Nuclear Research
Emilsion

Thé'basic paraméters of the Mesooptical Fourier Trans—:
form M}croscope (MFTM) for nuclear research ermulsién, na-
xmgly;lthe accuracy of measurements, the resolution, the'
gmgnal*toTﬂoise ratig, the deépth of focus and the speed
‘of operatidn aré treatéd theoretically. The 'advantages ﬁf”
thgtgiTM over the traditional optical microscope are pre-
sented. !
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