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INTRODUCTION 

Owing to an excellent spatial resolution the t-r ad i t i.ona.I 
nuclear emulsion technique remains untill recently the most po
werful, convenient and sometimes the only conceivable particle 
detector, particularly in the experiments ~~th particies of 
very short lifetime (lCr1S -:- 10-16 s ) 111. 'I'yp i ca l Ly ; a nuclear 
emulsion particle detector has a form of t-he solid b·loc"k:.of vo
lume up to 50 liters composed of many 0.6 mm thick pellicles. 
The dimensions of each pellicle are 100 mm x 200 mm .. Going 
through·this emulsion block charge particles leave their tracks 
in the form of straight linoR consisting of small silver gra
ins 0.5 -:- I ILm in size with linear density of grains for relati 
vistic particles of the order of 20 -:- 30 pro 100 /lm. 

The experimental setup is usually equipped with differ~~t 

external particle detectors and a spectrometer by mean~ o~ 

which the location of a nuclear event in the nuclear emulsion 
block can be es t imated wi th spat ial uncertainties of 2 -:- 3 mm., 

3As the volume to be examined is still of the order of 0.1 cm , 

the 6 -:- 8 emulsion layers of the post processed thickness 0.2 mm 
must be looked through to find the predicted event. To distin
guish the dots of the particle track of the dimension 0.5 -:
-:- I /lm, a very high geometrical magnification is needed to 
find these tracks. As the depth-of-focus of the optical micro
scope is of the order of 3 -:- 5 /lm, each emulsion layer must be 
subdivided into 50 separate images to be investigated. The spe
ed of the manual search is of the otder of l.cm2 per day and 
the probability of success is not more than 30%. 

Several attempts have been made to automatize the search 
nnd ll' ~ecrease the time needed by increasing the probability 
of: RUCCORH nnd hy Au¥ing observers from hard and tiresome work. 
Tho mORt nnt:urnl wny iH to digi.tize the image produced by the 
opt.:iC'f11. mlc:ronropot to oupply the microscope table with motors 
nnd pnn l r lnn ('tlt~lH1tlrll 111\(1 10 connect; overy thing to a computer. 
Sur l: uqu l pmout. WIlI1 hull I In til f'f'nrnnl' Inhnrntories, e.g. the 
TCANH (rnlnrllrtlvn C:01l1pUIPI4 I\rlfd~lllc1 MllnnuTC'mont System) in the 
T.nwrC\lll'l1 !\llr1(lllc'Y J,11!ll)rl'~IlJY I~I 11Iltl III t hn monnur i ng centre 
or r hn NlIHl1yn Un l vu ru II y l) • 'l'IWtHt tlppllrtllll" nT(1 Aui table for 
nWlltl\lrlng rn t ho r 111111 l l nd l nu I Ill! ISVI1IlIr:t. '{'!IIi t l mo roquired 

-~.2 r- I" ., 

to find an· event was reduced by using an external emulsion 
sandwich in the E-531 experiment in the Fermi National Accele
rator Laboratory 13/. An equipment called CAnIM (Computer Aided 
Digitized Microscope) was built in CERN /41 to make the search 
easier by giving an artificial picture of tracks' predicted by 
the external detectors. This picture could be compared with 
the real image. Making decisions, however, remains ,the opera
tor's task. 

Despite considerable progress achieved by these systems 
they have two basic disadvantages due to the fact that the pri 
mary objects of observation are the dots which form the par
ticle track: 1) a very complicated computation process or ope
rator's decision is needed to decide whether the dots form 
a real particle track or not; 2) the depth-of-focus problem 
remains unsolved. 

To find a solution to these problems the key element of 
the equipment, namely the optical microscope, had to be chan
ged. A, few years ago a completely new idea called Mesooptical 
Fourier-Transform Microscope (MFTM) was put forward 151 • This 
microscope sees only straight particle tracks of the.width 
comparable with the light wave length and spreads out all par
ticle tracks according to their o~ientations with the speed 
of light. The depth scanning i.n "the MFTM is completely wi th
drawn. Meanwhile the information about the Z-coordinate of 
the particle track is not lost in th~ NFTM. Actually, in this 
new device two mesooptical images are produced at two diffe
rent camera angles. All these advantages have been achieved 
experimentally by introducing in the MFTM the mesooptical imag
ing unit instead of the traditional optical objective and by 
the fundamental changing of the object illumination system. 

After several ·years of investigations on the development 
of the MFTM a computer controlled slstem of observation with 
MFTM as the main unit was built / 6 - 1 I • Some theoretical and 
experimental works on mesooptics and mesooptical microscopes 
were carried out during thi s period 113-22.24 - 29/ • 

In this paper we describe the Mesooptical Fourier Transform 
Microscope (MFTM) and the computer controlled system with the 
MFTM as the main ~nit for the fast search for particle tracks 
in nuclear emulsion. Some results of the early experimental 
tests of the system are presented and discussed. It is shown 
that the angular· r.esolution of the MFTM is equal to 1 angular 
minute and the measurement time is equal to 30 ms. As all ope
rations in the MFTM are going on without any depth scanning 
and without any Z-control our searching system works at l~ast 
two orders of magnitude faster than any known system with a 
traditional optical microscope. 
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THE PRINCIPLE OF THE MFTM 

The schematic optical dia gram of the MFTM is gi ven in 
fi~. 1 10- 91 . The convergent beam of light pr oduced by the 
Fourier lens ] illuminat e s the nucl ear emu l s i on layer 2. The 
crossover of this convergent beam of light is in the vicinity 
of the mesooptical mirror with the ring r esponse 3. The term 
mesooptic was introduced in 1 2~1 . The ima ging element is 
called a mesooptical on e i f in the fr ame of ge ome t r i ca l op
tics approximation the point in the obj ec t s pac e i s trans for

Fi g. l. The schemat i c optical diagram 
of the ne eoopt.i cal: Four i er Transform ~ 
Microscope (MFTM) : 1 - Fourier 
Transform lens ~ 2 - nuclear emu lsion 
l ayer ~ 3 - mesoopt i ca l mirr or wi t h 
ring response ~ 4 - two particle 
tracks (A and B) whi ch cros s each 
other within t he f i eld of view of 
MFTM; AL and AR - meeooptrical: 
images of t he particle t rack A ~ BL 
and BR - mesooptical images of the 
particle track B. 

Fig . 2. Par t of the f ocal circ l e produ
ced by t he meeoopt ica l: mirror iai t h 
r i ng r es pons e with point l i ght source 
placed in the fi rst f ocus of t he el
l i pee , 

4 

med i n to a straight or curved line of f i n i te dim ensions in 
the ima ge space. In a general cas e the n-dimen sio,nal object 
is t r an s f ormed into an (n .!- 1 }- or (n + 2 ) -dimensional 
ima ge 191 

Each s t r a ight particle track produce s a f a r f i e Ld d i f f rac-: 
t ion pattern in the form of a bright strai ght line strip of 
width e qua l to the diameter of the convergent beam crossover. 
The ·undi f f r ac t ed light goes through the central hol e in the 
mesooptical mirror 3. The axial s ymmetrical mesooptical mir
ror 3 ha s an e l l i p t i ca l radial profil e. The fir st common 
f oc us of t he s e ellipses is on the optical a xis wh i le the se
cond f ocuses of the e l l i ps e s form a foca l circle. The f r ag
ment o f the focal circle produced by t he mesooptical mirror 3 
which was illuminated by a point li ght source is shown in 
f i g .2 . The width of this focal c i r c l e is equa l to ].5 /l,rn, 
whereas the diffraction limit ed width is 1.4 /lrn / 1 1/ • 

The problem, of the depth focus is solved in the MFTM with 
out lo ss of th e radial resolution in the meridional c r oss II 
s ection of the MFTM. The profil e of the mesooptical mirror 3 ..I
ha s th e form of a pol ygon with many e l emen t s , the l en gth of 
which i s equa l to 100 /lrn that is of the order o f the depth 
o f t he nuclear emuls i on layer, correct ed by the r efraction, oJ 
th e li ght. 

Each particl e track consisting of dark points on the 
br i gh t illuminated field is transformed by th e HFTM into tWQ 
br igh t illuminated mesooptical ima ges on t he s emidark back
gr ound : the left one ' ( L ) and the ri ght one (R). The s t r a i gh t 
line conn ecting two mesooptical ima ges of t he g i ven particle 
tra ck i s perpendicular to the direction of thi s track. Two 
particle tracks, A and B, which cros s each other w i t h i n a ., 
fi e l d of vi ew of the MFTM, are trans f ormed into two pairs of 
mesooptical images, A L and AR for A. a nd BLand BR f or 
B , whi ch li e in completely different parts of the f oca l 
c i r c le . This "automatic" spreading o f the me sooptical images 
o f the particle tracks in accordance with their orientations 
i s t~e main f ea t u r e of the MF'rM. The locus of all mesooptical 
ima ge s forms a ring of width D and of av erage radius Ro 
(fi g . 3), where D is the diameter o f the f ie l d of view of the 
MFTM 1 1?! and Ro is the radius of th e fo cal circle. 

Each particle track which goe s parallel to the median 
plane of the nuclear emulsion layer is determin ed by three 
coordinates: the orientation angl e e, the di stance Po from 
the optical axis and by its Z-co9rdinat e with Z =0 in the 
median plane of the nuclear emulsion layer ( fi g.4). As is 
seen f r om this fi gure, we have 
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THE PRINCIPLE OF THE MFTM 

The schematic optical diagram of the MFTM is g i ven in 
fi~. 1 /6-9/ . The convergent beam of light produced by th e 
Fou~iar lens 1 illuminates the nucl ear emu l s i on layer 2 . The 
crOR8ovar of this convergent beam of light i s in the vicinity 
of tho mC800ptical mirror with the ring response 3. The term 
mOBooptic was introduced in / 20 / • The ima ging element is 
callod a mesooptical on e if in the frame of geometrical op
tics approximation th e point in the obj ect space is transfor

Pig.l. The schemat i c optical diagpam 
of the Mesoop tica Z Foupiep Tpans f oPm ~ 

Microscope (MFTM) : 1 - Fouriep 
TransfoPm Zens ~ 2 - nucZea p emuZsion 
layep~ 3 - mesoopticaZ mippop with 
ring pespons e ~ 4 - two papticZe 
tpac ks (A and B) whi ch cposs each 
othep wi t hi n t he f i eZd of view of 
MFTM; AL and AR - meeooptica l: 
images of the part.ic l.e trrack. A ~ BL 
and BR - mesooptica Z images of t he 
par t.ic l.e t.r ack B • 

I ', 

Fig . 2. Papt of the f ocal cipcle ppodu
ced by the mes oopt i ca l mippop wUh 
pi ng pespons e with point l ight soupce 
placed in the f ips t fo cus of the el
l.ipee , 
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med into a straight or curved line of finite dimensions in 
the ima ge space. In a general case the n-dimensi~nal object 
is t r an s f ormed into an (n -t 1)- o r. (n + 2 )-dimensional 
ima ge / 9/ . 

Each straight particle track produces a far field diffr~c
tion pattern in the form of a bright strai ght line strip of 
width equaI to the diameter of the conve r gen t beam crossover. 
The .undi f f r ac t ed light goes through the central hole in the 
mesoopti cal mirror 3. The axial symmetrical mesooptical mir
ror 3 has an . elliptical radial profile. The first common 
fo cus of these ellipses is on the optical axis while the se
cond focuses of the ellipses form a focal circle. The fra g
ment of the focal circle produced by the meso optical mirror 3 
which was illuminated by a point light source is shown in 
fi g. 2. The width of this f ocal circle' is equal to 1.5 IL·rn, 
whereas the d·iffraction limited width -i s 1.4 urn / 11 / . 

The problem. of the depth focus is solved in the MFTM with
out loss of the radial resolution in the meridional cross ~ i 
s ection of the MFTM. The profile of the mesooptical mirror 3 
has the f<;>rm of a polygon with many elements, the length of 
which is equal to 100 ILrn that is of the order of the depth 
of the nuclear emulsion layer, cor r ec t ed by the refraction. oJ 
the light. 

Each particle track consisting of dark points on the 
bri ght illuminated field is transformed by the MFTM into two 
bri ght illuminated mesooptical images on the semidark back
ground: the left one ' (L) and the right one (R). The straight 
line connec t i ng two mesooptical images of the g i ven particle 
track is perpendicular to the direction of this track. Two 
particle tracks, A and B, whi ch cross each other within a _ 
fi eld o f vi ew of the MFTM, are t r ans fo rmed into two pairs of ' 
mesoopti cal images, AL and A R for A, and BL andB R for 
B , which lie in completely different parts of the focal 
c i r c l e . This "automatic" spreading of the mesooptical images 
of the particle tracks in accordance with their orientations 
is t~e main feature of the MFTM. The locus of all mesooptical 
images forms a ring of width 0 and of average radius Ro 
(fig.3), where 0 is the diameter of the field of view of the 
MFTM / 17/ and Ro is the radius of the focal circle. 

Each parti cle track which goes parallel to the median 
plane of the nuclear emulsion layer is determined by three 
coordinates: the orientation angle e, the distance Po from 
the optical axis and by its Z-coordinate with Z =0 in the 
median plane of the nuclear emul~ion layer (fig.4). As is 
seen from this figure, we have 
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Fig. 3. The coordinate systems 
for input and output signals of 
the MFTM: a) polar coordinate 
system (r , () ) which defines 
the position of the particle 
track within the field of view; I 

b) coordinate system ({),Pl,P2J 
which defines the position of 
the two mesooptical images (L 
and R) at the output of the 
MFTM. 

Fig. 4. The cross section of the 
nuclear emulsion layer of the 
thickness h by the plane per
pend£cular to the straight tine 
partri.el:e track with Po and Zo 

as coordinates of the particle 
track in this cross section; 
a 1/2 is the angle- betiaeen 
the central ray of the diffrac
ted light and the optical axis 
of the MFTM. 

1 Pi +_PL, 
ZO ="2 sin al/

2 

( I) 

1 PC_'p"'~_. 
Po = 2" ~os a1/2 

where P 1 and P2 are the "v i s Ib Ie" distances from the centre 
of the fields of view for the left and right mesooptical 
images /17/ ,and a 1/2 is the angle between the central ray 
of the diffracted light and the optical axis of the MFTM. The 
deep angle 0 which the particle track forms relative to the 
median planezof the nuclear emulsion layer can be measured by 
the MFTM as well. 

@ @ 

Fig. 5. The sagittal cross sec
tion of the nuclear emulsion 
layer with particle track AB 
which lies in the median plane 
of the nuclea~ emulsion layer. 
The end points of this track 
"produce two focal circles of 
the same radius of curvature 
R. 

Fig.6. The view of two focal 
circles of the particle track 
ioi. th end points A and B. The 
cross points are on the line 
which is perpendicular to 
track AB. ........ 

~ 

AR 

(-L '''L ,'-'It fR 

Fig.? The'sagittal cross sec
tion of the nuclear emulsion
layer with particle track AB 
with {)z fO. The radii of two 
focal circles ar.e different: 
R A f R B· 
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Fig.B. The vie~ of t~o fo

cal circles of the partic

le track sho~n in fig.?
 
The cross points are on
 
the line which does not
 
cross the optical axis of
 
the MFTM.
 

AR 

Fig. 9. The focal ring of the 
MFTM and the posi tion of t7lJO 
mesooptical .imaqee of the 
particle track with deep 
angle () 10. z 

To understand the influence of the deep angle () on the 
position of the mesooptical images of a given partIcle track 
let us consider the end points of this particle track (fig.5). 
Each poin~ produces its own focal circle, and the cross
points of two focal circles are on the line which goes thro
ugh the optical axis -of MFTM (fig. 6). If the particle t r ack 
forms a deep angle 8z with the median plane of the nuclear 
emulsion (f i g .:7). the Tadii of two focal circles of two end 
points will be different. Due to this the line which connects 
two mesooptical images -of the given .part i c l e track does not 
go through the optical axis of the MFTM (fig.8). However, it 
goes parallel to the line, on which there are the mesooptical 
images of the particle track with the same {}xy and with 
8z =0 (fig.9). The deep angle 8 is determined by the 
angle ¢. z 

Thus all four parameters which define the position of the 
particle track in space (e , p , z , 8 ) can be estima

xy 0 0 Z 

's 

ted by the MFTM without any displacement of the object and 
without the stage of receiving the information about indivi
dual silver grains of the particle track. The absence of ,any 
depth scanning, both mechanical and electronical, is the se
cond main feature of the MFTM. 

. 113 - 20 I •The theory of the MFTM was treated In ref. '. As IS 
shown in ref. 1141 , the convolution kernel of the MFTM is 
the spatial derivative of the Dirac delta plus (or minus) 
function: 

d
h(p) = --o+(p),


dp
 

with (2) 

p0+ (p ) ~- s; p ) + ---
2 i2 ~p , 

where o( p ) is the Dirac delta function and P indicates 
that the convolution integral is taken in the s~nce of the 
Cauchy principal value / 231 • Relation (2) was corroborated 
experimentally' in ref./ 241 , where it was shown that the 
mesooptical system with the ring responce does indeed accomp
lish the spatial differentiation along the radial coordinate. 
Due to this the large dark disk is transformed by the MFTM 
into two concentric fine focal circles the width of which is 
determined by the numerical aperture of the mesooptical mir
ror with the ring responce. 

REAL CONSTRUCTION OF THE HFTM 

As is seen from fig. 1, two mesooptical images of the 
straight line particle track are produced within the nuclear 
emulsion layer. This is of course a drawback of such configu
ration. There are also two additional problems which must be 
solved prior to reading out the information about the positi
ons of the mesooptical images: 1) there are no picture detec
tors with a spatial resolution of' the order of 1 ~m; 2) two 
mesooptical images are separated by a very large distance. In 
,the real construction of the MFTM both these problems are 
solved in the optical interface with two arms, one for the 
left mesooptical image and the other for the right mesoopti
cal image .. This two-arm optical interface gives an optical 
magnification along the r~dial coordinate and ~uts together 
two mesooptical images within the frame of one CCD matrix/ 25! 
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Fig. 10. The meridional 
cross section of the two
arm optical interface of 
the MFTM: 1 - nuc l ear 
emulsion layer, 2 - meso
optical mirror with ring 
response, 3 - rotating 
platform, 4 - plane mir
rors, 5 - corner mirror, 
8 - view of the CCD mat
rix. 

3 

Fig.11. The top view of the two-arm 
optical interface of the MFTM: 4 
plane miprors, 5 - corner mirror, 6 
negative cylindrical lens, ? - plane 
mirrors, 8 - CCD matrix. 

Fig.12. Sagittal view of the two-arm 
optical interface of the MFTM: 2 
mesooptical mirror with ring response, 
3 - rotating platform of the optical 
interface, 5 - corner mirror, 6 - ne
gative cylindrical lens, 7 - plane 
mirrorsj 8 - CCD matrix. 

This two-arm optical interface as is seen in the meridi
onal cross section of the MFTM is shown in fig.IO. The top 
and sagittal views of this unit are given in fig.ll and 
fig.12. The light diffracted on the straight line particle 
track in the nuclear emulsion layer I going perpendicular to 
the plane of fig.IO is concentrated into a very thin strip in 
the vicinity of the mesooptical mirror 2, practically in the 
plane of fig.10. All other parts of the mesooptical mirror 
remain dark. One part of the diffracted light is reflected by 
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the mesooptical mirror 2 to the left and the other one to the 
right. These two components of the diffracted light are ref
lected successfully from the plane mirrors 4, corner mirror 5 
and go through the common negative cylindrical lens 6. The 
last plane mirrors 7 direct these two components of the dif
fracted light onto one CCD matrix 8. The operator sees two 
bright spots on the dark of the TV-screen, whenever a particle 

.j track is in the field of view of the MFTM. In one possible 
configuration chosen in our construction the left mesooptical 
image is at the top of the screen and has the coordinates x\v' 
Y¥v ' whereas the right mesooptical image is at the bottom of 
the screen and has the coord ina t e s x~v ' Y~v . Thus we can 
s t a t i ca l Iv estimate four coordinates of two mesooptical images 
of a given particle track. 

If the particle track crosses the optical axis of the MFTM, 
two spots on the TV-screen are at points with x ¥v = x ~v =0 
(fig.13). Two spots produce antisymmetrical configuration with 
x~v + x~v =0 if the particle track is at some nonzero dis

tance from the optical axis. In both cases the particle track 
is in the median plane of the nuclear emulsion layer. Two 
spots of the particle track which has the orientation angle 
oxy 10 relative to the orientation of the two-arm optical 

interface move up, if 0 x > 0, and move down, if Oxy < O. 
If the particle track is ~t the bottom of the nuclear emulsion 
layer. its mesooptical spots are on the right side of the TV
screen and~ finally, two spots which belong to the particle 
track with depth inclination angle Oz 10, are closer to each 
othet, if ez > 0, and more widely separated, if (}z .< O. The 
general view of the two-arm optical interface of the MFTM is 
shown in fig.14. 

No~ we may list the operations which are carried out in the 
MFTM simultaneously without any consumption of time: 

1) selection of straight line particle tracks in nuclear 
emuLs i on , the width of a track being no more than 3 7'5 p.m, 
all other ~ider objects are partially or completely suppressed 
in intensity; 

2) reading out 3D information about the position of the 
straight line particle track in space, including its Z-coor
dinate without any scanning operations; 

3) selection of straight line particle tracks in accordance 
with orientation angle 0xy and deep angle ez ; 

4) well interpreted stereoscopic display of geometrical 
data in the compressed digital form; 

5) amelioration of th~ signal-to-noise ratio only for 
straight line particle tracks . 

11 
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11 " Fig .13 . The be haviour of t he 
two mesooptical images on t he 
TV-screen in som8 t ypical si
tuations : 1 - nuclear emulsion 
la yer , 2 - f i e ld of view, x,y 
coordinates of the point s on 
t he nuc l ear emulsion layer , 
x TV, Y TV - coordinat es of 

the points on the TV- screen, 
the position of the par t i c l e 
track is determined by f our 
coordinates : x TR' YTR ' 

() xy , () z • 
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Besides these operations the following problems can be 
solved by· using the above-mentioned compressed digital data 
and the mesooptical Moire-like effect which offers additional 
scopes of the MFTM / 26/ : 

I) measurement of the scattering angles in the "kink" or 
"fook" events / 261 ; 

2) estimation of the position of the vertex of the event 
in the field of view of the MFTM / 27/ and even outs'ide/ 17 , 28 1 ; 

3) estimation of the curvature radius of the quasistraight 
particle tracks / 2 91 ; 

4) estimation of the small decay length of the short-lived 
particle / 261 • 

THE COMPUTER CONTROLLED MFTM 

The aim of the computer controlled MFTM is to find the 
particle tr~ck according to the predetermined values of an g
les () xy and () z within the g i v en restricted regions in 
several (5 7 10) nuc l ea r emulsion layers. The functional scheme 
of the computer controlled MFTM is shown in fig. IS. The li ght 

II 

source I is a 5 mW He -Ne la s e r . The lens 2 with focal 
length r = 400 mm accomplishes 2D spat ial Fourier Transfor
mat ion 0"£ the particle track . As shown in ref. / 15/ , the 
grain structure of the straight line particle track does not 
alter the intensity of the main diffraction maximum and only 
gen t ly changes. the int ensity of side-lobes. As all particle 
tracks with the same ()I.y but with different ()z lie in the 
same vertical plane, we can supplement the illumination sys
tem with a positive cylindrical lens 4, which increases the 
density of light and the signal-to-noise ratio as well. The 
lens holder 5 can be rotated together with the rotating plat

l 
form 12 of the two-arm optical interface. The field of view 
is about 0.7 mm along the particle track .a nd about SO /lID ac
ross it. The negative cylindrical lens 10 magnifies the width 
of the mesooptical ima ges from 2 /lID to SO 7200 /lID. Two me
sooptical images of a particle track are picked up by one 
common CCD matrix II . A 232xl44 element CCD matrix with di-: 
mensions of one pixel 21x27 /lID was used. 

The X- Y stage 7 is equipped with DC motors and Moire
type position encoders with 2.5 /lID steps, The platform t2 
o f the two-arm optical interface is rotated by a DC motor, 

Fig. 14. The photo of the t wo-arm optical interface of the 
MFTM wi t h negative cylindrical lens in t he centre of t he 
phot o and CCD matr ix to the left . 

its position is controlled by a 4000 step rotating encoder. 
The electronical part of the equipment is shown in fi g.16. 

The whole s ysteln is controlled and the output data are col
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Fig . 15. The func tional scheme Fig .16 . The e l ect r onica l part
 
of the computer controlled of the computer controlled
 
MFTM: 1 - laser ~ 2 - Fourier MFTM: 1 - standard TV eet,
 
Transfonn lens ~ J - plane 2 - eep TV camera ~ J - perso

m irror s~ 4 - positive cylindnal computer IBM-pe/A T~ 4 

r i cal lens ~ 5 - rot at i ng lens branch termina tor ~ ' 5 - crate
 
holder ~ 6 - nuclear emulsion controller 'A l ~ 6 - branch
 
layer~ 7 - motor i zed drive r personal computer inFig .l? General view of the comput er contr olled MFTM (JINR~
 

stage equipped wi t h position terfac e ~ ? - direct current Dubna) .
 

encoders ~ 8 - mesooptical mot or s X ~ Y ~ 8 - motor
 
• mir ror wi th ring res pons e~ driver double bl ock X-V ~ 

9 - plane mirrors~ 10 - nega9 - position encoders X ~ Y ~ EXPERIMENTAL CONDITIONS 
tive. cylindr i cal lens~ 11  10 - counter s X ~ Y ~ 11 
eeD TV-c am era~ 12 - rotating mot or driver ~ 12 - TV inter The nuclear emuls ion layer to be examined is put into X- Y 
platform of the two-arm opti f ace. stage. The stage moves to the starting point of the area to 

be examined. The rotating platform of the two-arm optical incal interface . 
terface and the illuminating cylindrical lens holder are set 
to the given angle 8 xy • Then the whole area is scanned 
along the lines separated approximately by a distance of 
about half s i ze of the field of vi ew. The scanning lines are

lected by an IBM PC AT type personal compu t e r . The PC is c on perpendicular to the direction of the particle track to be
nected to the equipment through a one~crate CAMAC system searched for. After each step of this scanning the X- Y
which consists of different blocks: counters, motor drivers stage stops and the PC tries to read the TV picture. If there
and a TV-block. The count e r s 10 are connected to the position is no picture and there is no particle track s a t the given
en coders of the X- Y stage and o f the rotating platform and angular interval 8° - 80 < 8 < 0 ° + 80 , where 280 
count the absolute movements of all these stages . The motor • xy xy xy xy xy xy 

LS the accepted angular range of the whole s ystem, the stage
drivers 11 make the stages move smoothly at different speed. moves to the ne xt stop. If any picture exists, then the posi
The TV block 12 consists of a comparator which produced a bi  tions of the stage X 0' Yo a nd the TV picture in the com
nary picture of the mesooptical images given by the CCD mat pressed digital form are recorded in the PC. After finishin g
rix and conv~rts this picture into a compressed digital form. the scanning along many scanning lines over the whole area we
The level of the compa r i s on can be changed by the co~puter. can turn the rotating platform and the cylindrical lens hol
The gener a l view of the whole computer controlled MFTM is 

der to the next angular interval and repeat the scanning. At
shown in photo 17. 
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t he end o f thi s scanning proce ss the whol e nece s s ary in forma
ti on is s to re d in t he me~or y of the PC . 

The eva l uation of the r ecorded da t a cons is t s of two inde- ' 
pend ent steps. At the fir s t st ep th e exa c t TV co or d i na tes 

L L R R f f hx TV • YTV ' x TV , Y TV 0 the mas s cent r es a te s po t s 
a re f oun d in each picture r ecorded. Then usi ng t he ea l i b r a 
tion da t a fo r fo ur coor d i na t es x , z, 8xy a nd 8z .a n d the 
r ecorded X -- Y a nd an gle data fo ur coord i na tes o f t he pa r t ic 
l e t r ack r e gistered a t th e gi v en X- V position of t he s tage 
ar e f ound. 

In f ig . 18 t op ri gh t a re the in it ia l mes ooptical i mages of 

Ty;V 

~ 
® TRRR ~ 

Fi g.1 B. Me sooptical signal s on the TV- screen and the exp la
nat ory key (very bot tom). 
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EXPERIMENTAL RESULTS 

The par t of th e nu clear emulsion whi ch was exami ned by the 
co mputer con tro l led MFTM is shown in fig.19. The particle 
tracks were produ c ed by strong ionizing neon nuclei accelera 

, t ed by the J I NR s ynch rophaso t r on up t o the impul s e of 
4 .5 GeV/~ pe r nucleon. An a r ea 6x6 mm in s i ze with almost pa
r allel tracks was scanne d a long the lines a ppr ox i ma t e ly per
pendicula r t o the t r ack s . The dis tanc e between t he scanning

• lines wa s 0 . 5 rnrn, the di stance between two s ubse quent s t ops 

/

:"l: 
. " . 
. ' '..~ : 

.J',:.. .~ 

. .. . 
' j • .,,~ . , 

. . .... v ; 

.~..; 

~ ,.. 
.... 

. "' : 

' I 

.r; "".:.:.'6 . 
... 0· ''•. 

' . . ..-:... 

the part i cle track on the TV-s creen, bo t tom l eft are the fil 
tered dat a wit h ma r ks showing t he position of the mas s cen t  .Fi g . 19. A part of the nuc l ear emul sion layer marked by the 
res of t he s po ts , and, f i nall y, bo t tom ri ght a te the r ectan grid with x - ray. The width of t he qr-id is 10 il m, the period 
gul ars with all mes ooptical ima ges inside. i s 1 mm. 
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Fig. 20. The positions of 8 par
tiaZe tracks' found and measured 
by the compu~er controLLed MFTM. 
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Fig.21~ The resuLts of the me
fl~~t--!~t~r!-;-- _ asurements of orientation angLe

--_-,-!-t-_x=20mm 0xy for these 8 particLe 
! -- tracks. 

=rrrrf]~i~--1~!~f-.,--x=1.8mm 
-----! ,

~~.!-!: -~ --!~1~~-i.j~~l~--x=l5mm
 
"!:t,, , ~i_/!_,.x=l3mm
 

;. ",tf'" ~!~/l __ . 
__ --- __,t}~t-!=i]--x=O.9mm --- t I. ! !- r. - _.-1'.I

_!-~!-,..-r-Y: =_- - :~_x=O.5mm
---r!:tt---t,--

z~m 

" 3 5· 7 

lQO 
AZ=71!"n1 .. 

~n:~!-- -:. -1 x=5.5mm--H..t. .t l1t Fig;·22. The ireeul-te of the me
asurements of the z-coordinate 
fQr a par-t-icl-e track with X z: : 

=1.8 mm. 3 5 

along the scanning lines was O~02 mm. The time of scanning of 
the whole area was about 40 minutes and 207 pictures were 
collected. 

After the first evaluation 45 pictures turned out to be 
"wron8". In most cases they were pictures of real tracks go
ing at such angles 8xy ,e z that one of two mesooptical 
images already is out of the frame of the CCD matrix. Thus we 
had 162 pictures said to be signals of real tratks. According 
to the results of the second evaluation ste~, these pictures 
correspond to 8 real tracks. All the tracks found by the com
puter controlled MFTM were really observed in this area by 
a traditional optical microscope. The positions of these 
8 real tracks are shown in fig.20 .. 

The results of the measurements of the orientation angle 
8xy for 8 real tracks are given in fig.21. The variations 

of along Y-axis are induced by the microscopic distor8x y 
tions of the nuclear emulsion volume as a result of the pho
tochemical treatment of the nuclear emul sion layer 0.6 nun ' 
deep. The detectable curvature radills of the macroscopic dis
tortions is of the order of 10 m or less. It must be noticed 
that in the case when the particle track undergoes' the scat
tering in some point as the result of the nuclear interaction 
the funct ion exy (Y ) will show a Jump. Therefore the smooth 
variations of this function can be interpreted as variations 
of the macroscopic .distortions. The' particle track with X 
= 1.3 mm shows a strong variation of curvature radius with 
sign reverse. From fig.21 we see that the variance of the 
()xy measurements is equal to /).0xy = ±l' • 

The dependence z(Y) for the particle track with X=1.8 rom 
is given in fig.22. The variance of the z coordinate measu
rements is equal to /).Z = ±7 p. m- The measurement error for 
(Jz ' estimated in the same way is /).8 == :!:.10' •z 

PERFORMANCES OF THE COMPUTER CONTROLLED MFTM 

The experimental tests described in this paJ}er and the 
results obtained in the previous works, ref. 113,18,191 , can 
Ge summed up if we give the performance of the computer con
trolled MFTM. 

Spatial resolution. The spatial resolution along the 
radial coordinato ac~oss the particle track is equal to /).p 

= ± 1 p.m. The soBRi tol spatial resolution that is the measu
rement error of tha coordinate of the point where the partic
le track is ended in the fields of view of the MFTM is equal 

19 
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to	 ~e = ± 30 {lID /13/ . The spatial resolution along the z > 

coordinate is equal to ~ z '= ±10 {l m 
Angular resolution. The error with which angle (Jxy 

can be estimated by the MFTM is equal to ~(Jxy =! l' ,. and 
~ez =:: 10' for angle 8 z • 

Selectivity. The accepted angular interval 89 xy = ± 1°. ~ 
The HFTM does not "see" the particle tracks with orientations 
out 'of this chos en angular interval. The intensity of the X l 
ray	 marked grid of the width ... 10 {l m is suppressed by the I 

~ MFTM in the ratio 1: 360 /18/ 
Ab er r a t ions. The coma ab err a t i on s in the MFTM is no 

more than ±1 u m over the field of view 0 ..4xO.4 mm /13/, • 

Macroscopic distortions. The curvature of the par
ticle tracks induced by the macroscopic distortions of the 
nuclear emulsion medium which can be de t e c ted by the MFTM is 
of the order of 20 m over the length 6 mm or ION (angular 
seconds) over the field of view (0.7 mm). 

Rapidity. The time of ~he measurement is 30 ms. The 
time of search of the area 6x6 n~2 is qO minute. As the num
~er	 ~f the carticle tracki found is8, the rapidity of search 
1S	 of the order of 4.3 tm per how or 100:1 faster than for 
manual searc~, 1 cci 2 per day with ~robability of success 
0.3. 

The time resolution of the' electronics allows an increase
 
in the velocity of X-V stage in·the ratio 3:1.
 

CONCLUSIONS 

The Mesooptical Fourier Transform Microscope (MFTM) con

trolled by the computer was built in JINR (Dubna). This new
 
experimental device can be used in ,high energy physics for
 
automatic search of particle .tracks with predetermined para

meters in nuclear emulsion layers. The device w~s tested on
 
particle tracks of the high ionization level. The automatic
 
evaluation of nuclear emulsion was performed for the first
 
time without any mechanical or electronical depth scanning.
 
Owing to this improvement and,to the instant angular selecti 

vity the speed of search which can be attained with the MFTM
 
is at least two orders of magnitude higher than for systems
 
with a traditional optical microscope.
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ACTaxoo A.fl. HAP. E13-88-892 
Me30onT~~oC~H~ ~YPbC-M~KpoCKon - HODoe YCTPO~CTOO 

AnA ~H3HKH D~COKHX 3HcprHA 

On~caH Me30onT~~eCK~H $YPbe-M~KpocKon /M~M/ - HOBoe YCTPOHCTBO An~ $~3~

K~ 48CTH4 D~COK~X 3Hepr~H. M~M npeAHa3Ha4eH An~ Ha6n~AeH~~ np~M~X cneAoB 4ac
THU D AACpHOH $oT03Mynbc~~. M~M pa60TaeT 6e3 KaKoro-n~60 cKaH~poBaH~~ no rny
6HHe, MexaH~4ecKoro Hn~ 3neKTpOHHoro, ~ Mo*eT paccMaTp~BaTbc~ KaK ceneKT~BHO 

BHA~~~H "rna3". npHBeAeHa c~cTeMa, KOTopa~ cOAep~HT M$M B Ka4eCTBe OCHOBHoro 
Y3na ~ KOTopa~ ynpaBn~eTc~ OT KOMnb~Tepa. YKa3aHHa~ C~CTeMa Mo~eT 6~Tb ~c

nonb30BaHa An~ 6wcTporo nO~CKa cneAoB 4acT~4 H C06~T~H, 06pa30BaHHWX HeHTp~HO 

OWCOK~X 3HeprHH OT YCKop~Ten~. np~BeAeHW pe3ynbTaTw nepBoro 3Kcnep~MeHTanbHo
ro ~cnWTaHH~ M$M, ynpaBn~eMoro OT KOMnb~Tepa. On~caH~ ~ 06cY~AeHw TeXH~4eCK~e 

xapaKTep~cT~K~ 3TOH C~CTeM~. nOKa3aHO, 4TO yrnoBoe pa3peweHHe M$M paBHO OAHOH 
yrnoDoH M~HYTe, a BpeM~ H3MepeHH~ paBHO 30 MC. TaK KaK Bce onepa4HH B M$M 
npo~CXOAnT 6e3 KaKoro-nH60 CKaHHpOBaH~~ no j-ny6HHe, TO 3Ta HOBa~ CHCTeMa npo
CMOTpa ps60TseT no Kpa~HeH Mepe B 100 pa3 6~cTpee, 4eM n~6a~ ~3 ~3BeCTHbIX 

C~CTeM C Hcnonb30BaH~eM TpaAH4HOHHoro onT~4eCKoro MHKpOCKona. 

Pa60Ts DwnonHeHa B na60paTop~H ~AepHWX npo6neM O~~~. 

Flponpmrr 06'b0,%1lDiClQlOrO HHcTHTyTa anepasrx HCCJIe,noBaHHH. )J.y6Ha 1988 

Astakhov A.Va. at nl.	 E13-88-892 
Mesooptical Fourlor Trnr'sform Microscope - a New Device 
for High Enor~y PhysIcs 

A new dovlc~ ror hl~h ener9Y physics, Mesooptical Fourier Transform 
Microscope /MFTM/, do~lqnad for observation of straight I ine particle tracks 
in nuclear rogo~rch emul.lon Is described. The MFTM works without any mecha
nical or elcctronlcnl depth scanning and can be considered as a selectively 
viewing "eve'". Tho compu t er controlled system con t a i n l nq MFTM as the main 
unit is ~ivcn. Thlft ~y~tem cnn be used for fast search for partlcle tracks 
and events prodllcac! by hlrth anergy neutrinos from particle accelerators. The 
results of the flrnt oxrorlmontal test of the computer controlled MFTM are 
presented. Tho parrurmnncol of this system are described and discussed. It 
is shown that tho nnnu l nr r oso l u t lon of the MFTM is 1 angular minute and the 
measurement time In Nlll,J! to 30 ms. As all operations in the MFTM go without 
any depth scann l nu till" now evo l ue t l on system works at least two orders of 
magnitude fastor tltnn I1lly known system with a traditional optical micro
scope. 

The l nves t l qa r Iun hon been perFormed at the Laboratory of Nuclear
 
Problems, JINR.
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