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1.	 INTRODUCTION 

The Mesooptical Fourier Transform Microscope {MFTM) is a 
specialized ~vice the purpose of which is to observe ~electi
vely straight line particle tracks in a track nuclear emulsion 
layer. In the previous papers ·/1- lO! the idea of the MFTM ·/td , 

the principIe of operation /2-4/, the first experimental set 
up 15:/ and ·the first experimental results 16 I , the analysis 
of the optical system and some new experiments with the impro
ved S€t-up /71, the processing algorithms of the signals from 
the MFTM "8,9/ , and the imaging proper t i-es o f the MFTM /10/ are 
described. 

In ·thís pape r 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
€d number of silver grains in the straight line partlcle track 
on -the output signal.s of the MFTM is investígated in § 3. In 
§ 4 the signal-to-noise ratio, .the resolution and tbe depth 
of focus, probletft are treated. 

2~	 THEACCURACY OF MEASUREMENTS AND THE SPEED OF OPERATION 
OF THE MFTM 

As has been shown in/7.1GI the segment of the straight line 
parti-cletrack "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 andon the straight line which is perpendi
cular to the direction of -the measured partícle track. Each 
output sígnal has a nearly oval formo Its length in the radial 
direction equals /10/ 

!!J.p = À/aYz'	 (1) 

wbere À is the wave length of 1 í.ght, and 2 a IIz is the total an
gular aperture of the mesooptical imaging system. The length 
of the output signal in the angular _~.;~ction n. P. e equals /10/ 

t 1~1ICJlbtjt'Ui~i\ Ii:HCl'myT 
a ~Jl~lJB~n: c:tC~ej.\ORfltm! 1 
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~Ee = MO,	 (2) 

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

The locus of the output signals is a narrow focal ring of 
the mean radius R and width r,ID. 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 f i e l.d of view of the MFTM. 

The information displayed in the focal ring of the MFTM can 
be read out by a proper photoelecEric system with light sen
sitive elements of the sizes ~p and ~Ee • The position of 
the measured particle track in the radial direction can be es
timated with the accuracy ~p while the angular accuracy ó.e 
is equ~l to /10/ 

~e	 = ~Ee / tr R • (3) 

In the experimental set-up of the MFTM described in/5 / R = 
~O nun, D = 600 11m, M = I, À c 0,633 um, and a ~ • 1/8. Thus 

the accuracy of measurement in the MFTM is givÃ~ by ó.p a5 11m 
and ~ e ;; 8' and enab.les us to find the events 91 wi th high 
confidence. 

Now let us estimate the speed of operation of tho MFTM. 
Comparing the full area of the focal ring equal to 211 RDM with 
the area of one readout element we get the total number of 
information elements 

21TROM 20M
N N ·N 

t p e	 (4)
~p'	 ~Ee ~p·~e 

where Np and Ne are the numbers of information elements in p 
and e - direçtions respectively. For the experimental set-up 
of the MFTM mentioned above we have Np ::: 120, NO::: 3000 and 
thus Nt ::: 3,6· 10 5. . 

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 c~n estimate the total 
readout time for the given fie~d of view as 1 seco 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. 

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 aecelerator FNAL (USA) 
particle tracks of relativistic ionization are ,lying inside a 
+lSo angular intervalo Similar experiments carrÍed out at the 
synchrotron of the Institute of High Energy Physics (USSR), 
have given an angular interval of +450 • In these cases the 
readout time needed for the MFT~1 is proportionally reduced. 

3.	 THE EFFECT OF THE LIMITED NUMBER OF SILVER GRAINS
 
IN THE PARTICLE TRACK ON THE OUT~UT SIGNAL
 

The influence of the grain structure of the straight line 
particle tracks oq 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 o f 30 silver grains over 100 llm' 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 ~ limited num~ 

ber of dot-like silver grains, we refer to Figs. }-3. As has 
been shown in/10/ , 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 /l 0/, the output 
images of two silver grains separated by a distance of E give 
two circles the centres of which are separated by a distance 
of ME (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 part~ of cir 
cles give a comparatively low background spread over the who
le focal ring. 

To get some quantitative estirnations of the light intensity 
distributions in the Fourier plane (x'2' y 2 ) of the MFTM /7 ,10/ 
for a particle track directed a l.ong the ax i s OYl and consis
ting of different numbers of silver grains n we nave perform
ed computer modelling. As has been shown Ín /7/ , this light 
intensity distribution has a quasi ID-character with very weak 
dependence on the x2-coordinate. The light in;ensity distri 
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Fig. 1. 3D-pl6t of 2D-light 
intensity distribution at 
the exit plane of the MFTM 
for an object with only one 
ei.lver qrccin, Jll 

l 
I 
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Fig. 2. 3D-plot of 2D-light 
intensity distribution at 
the exit plane of the MFTM 
for an object of tuJo sil
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 Y2-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 distributio~ 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 h ,10/ , the light diffracted by a gray 
particle track directed along the Y1 -axis is concentrated in 
the Fourier plane along the 'x 2 -axis within the IY21 <Àd 12/0 
wide main diffraction maximum where d1? is the·distance bet
ween the input and the Fourier planes!7/ . The energy of 
light within this region has' been calculated for different 
numbers of silver grains and for various statistical realiza
tions of silver graip 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 

l(y )
2

II 
~ c) 

Yi 

b)a)
Y, r 

I(y,) 

c) 

~ 

~II 
Fig. 5 a, b, c. The sameIII 
pictures as in Fig. 4 a,b,c,

j« ~ but fo~ a particle track 
with 22 silver grains. 

Fig. 4. ,aJ The object plane 
(x 1 ' Y1) with tiao ei lve» 
grains. bJ The picture of the 
light intensity distribution 
for this object in the Fourier 
plane (x2' Y2) of the MFTM. 

cJ The curve of the light in
tensity distribution versus Y2 
at x2 = o. ' 

Y, a) b)
Yz 1 

I(y,) 

c) 

Yz 

Fig. 6 a, b, c. The same 
pictures as in Fig.4 a,b,c, 
but for a gray particle track 
as an object. 
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the dependence on the number of grains ~an be simply approxi
mate4 by the f~llowing formula: 

I(}(nl 
n In 'S N D • (5)
 

r t (n ) N D
 

where I t s the total energy of light, lo is the par.t of thisí r 
energy which is lying within the area of tne main maximum
 
rY2 I < ,\ di ~ /D ~ ND is. the number of silver grains for which !
 
the patticle track can be considered as a gray one. For n =
 
=No- the correct ratio 1 0 / 1 t = 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 MFMT
 

Let us treat the signal-to-noise ratio in the MFTM. The Ilight intensity diffracted by one silver grain is proportional <I 

, ~to a; , wnere ao is the diameter of the silver grain. Neglec
ting the proportionality factor of the order of unity the to

!ttal intensity of light I t diffracted by n silver grains can 
be simply written as 

1t (n ) = n ao 
2 

.	 (6) 

As two output signals of the MFTM are formed by the light ener
gy concentrated in the main maximum each of the output signals 
has the intensity I s equal to 

n2a 2
lo uI t< n ) o

I s == -2~ 
2N D 2N D 

Now let us. suppose that the background foormed by 

. 

(7) 

silver I1 
grains is randomly dístributed over the nucleà~ emulsion layer 

liand that the only source of the fluctuation of tbis background 
is the Poisson-noise. Let NB be the number o f background sil 

f f ver grains inside the field of view of the ~WTM. The total in
tensity of thís backgrourid uniformly distributed over the fo lI! 

I'
cal ring Ís equal to NB • a~ • Therefore the background inten i! 
sity of light fallen into one element of the readout photoelec

;1tric device I B is l ~ 

6 

2	 /). e() /). P 
IB == NB ao (8)

217RDM 

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

=ao·Nn we can obtain the following expressioh for the signal
to-noise ratio of the MFTM: 

I s 17n 
2 

aoaY2R 
(9)

I NBÀDB 

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 I/D, as the number of silver grains n in the particle track 
increases linearly; while that of the noise silver grains N

B
, 

quadratically, so the relat ion n 2 IN B remains cons tant. 
As an example we can refer to the MFTM described in/5/ • 

Its parame~ers are given in §2. For particle tracks with ty
pica1 parameters n = 20 si lver grains over 100 Ilrn and ao :::: 1 /J.rn 
we get for the signal-to-noise ratio the following relation: 

I S IIB ::: 10 
7 
/N B •	 (10) 

From Eq. (9) we can also derivé the fundamental conclusion. 
In typical conditions of nuclear emulsion searching the sig
n?l from the straight line particle track of relativistic io
nization with ao < lJlrn and small n can be registered by meso
optical system having angular aperture aY2 «I. 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 f ocus 
is proportional to (a Y2 ) -2 and in the case of a Y2 = 1/8 the 
depth of focus reaches 200-300llrn that is the thickness of the 
nuclear emulsion used in the scientific program "Neutrino 
detector" h 2/ • 

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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BeH~e n. , CO~OKO n.M. E~3-87-3~7 

àe,HOBHbIe napaMeTpbI Me300nTl-l'tIeCKOrO <1JYPbe-MHKpOCI}Orra 
AnH HAepHO~ WOTo 9Myn bcHH 

Ilaa TeOpeTH'qecKHH aHaJIH3 OCHOBHblX napaaé-rpoa M~3bon
THqeCKOrO ~YPhe-MHKpOCKona /M~M/ AnH HAepHOH ~OTo3MynbCHH' 

" TOqHOCTb H3MepeHHH, pa3pemeHHe, OTHomeHHe CHrHana K ,m~MY, 

rny6Hl-Ia tporcyc a H 6bICTpop;eUCTBHe M<I>M. TIpHB''eAeHbI rri:H~HMy~ecT

Ba M~M HaA· Tp~H~HOHHWM OnTHqeCKHM MHKpOCKbrrOM. 

Pa'GoTa BblIIOnHeHa B JIa60pàTOPHH HAepHbIX rrpo õrteja 0l151I1. h 

Cot>6meHHe OÕ'be,nHHeHHóro HHcTHTyta H,nepHbIxHCCJle.ItoBalU{H. ..uYõHà1987 

.,' 

Ben'cze Gy.t. ,'Soroko L'.M. 1:13-87-387 
B'as'i~ Paramétérs o f the MêsoQptical Four í'e r 
Ttan9fçrm M:LcroGcope for Nuclear Research 
Emulsion "I

I~~ )'1 

The bas í.c p ar-ame t a r s of t he' 'M~s'0opt'ical Fourier Trans-' 
f'o rrà Microscope (Mf'rM) f o);' nuc1e (;}.r, .research emu l s-i ón, na-: 

~ ,mely~ Ehe ac~~r~cY of me~surements, the resolution, the 
~i-gnat..:..t'o-n'oise r àt i.ó , t he dep t'h o f focus aríd tihe speed, 

~'of op~ràtidn ar~ treaiêd theo~~tic~lly. the ~dv~ntages of 
'rhe MFTM over t he tradi tional op'ti.cal mí.cro scope are p r e-: 

sentéd. 

The .í.nves t i.gàt í.on -lias, beeh cperf rmed ai the Làborato ryó 
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