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Por many yee.!: s the nuolear emulsion has been the most 
conveni en t detector for investigation of a large class of 
nuclear reactions. The nuclear emulsion detector is a stack 
consisting of 200-600rm thick photosensitive layers placed 
into the accelerator beam. Going through the emulsion, charge 
pa~icle6 leave their tracks a6 a seTies of dots lying along 
a straight line. After development the emulsion layers are 

• 

P,(x, ·Y,) P, (X,y,) P, (.,.y.) 

b)~ C) 

LY 
.'OJ., 

e) ~ f)~ g) 

LY 'L!Jx' 
11g.1 

Y, 

/' .... ,, \ 
I I 
\ I X, 

, I 

.... ~.- ~ 

examined by means of a microscope. As the thickness of tracks rum is a narrow line-like light distribution perpendicular to 
is very small ( 1J1m) and the contrast is rather 10w,Jt is the slot (fig. H»., Let us now modify the Fourier spectrum 
a tirasome task to tind them. The depth-of-focus problem of the input object adding the LA concave conical lens which 
makes the search even more difficult, for very high magnifica can be treated as a prism with rotational symmetry. In the 
tion mus~_ be applied. Thus, it takes days to find the reaction oase of the pinhole we obtain a bright ciro1e in the output 
and the probability of the success is low (20-50 ;~). plane which we shall call focal circle (fig.1d», while the 

To overcome these problems and to automatize the search, image of the slot is doubled: the two images are located in 
a conception of a new apparatus called MFTM was put forward 1• the opposite positions of the circle determined in fig.1dJ 

, The MFTM is a coherent optical data processing system which perpendicularly to the slot (fig.1g». According to the pro

gives an optical output signal only if a straight line ap posed determinationJ optical systems that produce images with 

pears in the input plane.• There is an exact oorrespondence inoreased dimensionality (e.g. oiro1es from dots) are called 

between the place of the output signals and the location and mesooptioal systems. We will use this nomenclature to stress 
the difference between a conventional mioroscope and the MFTY.angular directi on of the straight lines in the input plane. 
With adding "Fourier Transform" to the name we would like to 

!!.!_!b!-Er~~2~Ele_2!_~~!M express the faot that thefunctioIUll role of the meso optical 
element (the conical lens) is to modify the spatial Fourier 

To understand how the MFTM works let us f irs t discuss 
speotrum of the input objeot.

t he opti oal sys tem shown in tig . 1. I n tig. la) a convention It is important to note that the picture in the output
al imaging sys tem suppl i ed with an additi onal LA ooncave 00 plane P is not an imege in the striot me~ing of imaging: It 
nioal lens (ao -ca lled !l.x1oon2 ) is shown . The s ouroe ot l ight J

is obvious that the oirc1e oannot be considered as the image
is a parallel laser bea m. The lens L, fo rms a o~ergent bea~ of the pinhole. The case of a slot is more oomplioated,
focus ed in the plane of tbe L2 l ens (P2 or Fourier transf orm because the output "images" (fig.1 g» are really similar to 
plane ). The object to be imaged i s placed in the Pl opt ical the input objeot. Actually we would get the same output

input pl ane and illlBged by the L2 l ens (if we omit the LA 
 pioture if we replaced the slot with a series of small holes 
element ) to t he PJ pp t ical output plane. Let the ob ject be a along a straight line. The miorostruoture of the input objeot 
pinhole (f ig. 10 » . In t his case the .ful1 apert ure of t he ~ is lost but the information about the arrangement remains. 

lens is illuminated by the diffracted light ( fig.1 c) ) . Ii' 


the object i a 8 narrow s lot (fig .le» then the Fourier spect 
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As we can see in t he case of a do t-like input t he ener gy 
contained i n t he dot is spread in a large circle. In the case 
of a s l ot considerably bigger energy is c oncentrated in two 
s po t s . Thus the intensity in t he output signal i s inc omparab
ly higher t han the nois e produced by independen t sp ots , figu
res of arbitrary shape . Thus , we can say that dot-li ke input 
obj ec t s, ourved l ines, s pots of arbitrary s hape. e tc. produoe 
praotically no output Signals. 

J;.et us now turn to the principal scheme of the MFTM (f ig. 
2). Instead of the L2-LA l ens-oonical l ens combination here 
we use a lens from which a · cone is removed. I t is now cl ear 
that the s t r aight tra cks shown in t he picture torm their 
pairs of outpu t s ignals in the output plane. It the t raok 
goes through the optical axis (track No 1) then the output 
signals appear exactly on the focal circle (signals 1 I) . It 

not ( track No 2 ), then t he displacement of the output 'signals 
is proporti onal to the displacement of the track (signals 2'). 
I t has also been shown that displacement along the optioal 
axis and declination from the emulsion plane lead to the 
cor r esponding displacemen t of the output signals (see fig. 3). 

Fig.2 
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Plaoing the emulsion into the input plane and soanning 
over the area t o be investigated and observing the bright 
spot pairs in t he surroundings of the output t ocal circle 
we can obtain the necessary inf ormation about the tracks. 

ll.!!.-!!l!!_2!E!u:im~LM£:TM.I~!!!:!H!! 

To avoid the technioal difficulties conneoted wi th the 
production of the mes ooptical lens, the exp erimental equip
ment has a spherioally symmetric metallio mir ror with an el
liptic r adial profile, giving the same effect. 

The output Si gnals are oollected by a ro t ating CCD
matrix TV-camera . Both output signals of a traok are prc jeot
ed into the camera a t the some time s o we con see two bright 
s pots on the TV-set wherever a trao k appears in the i nput 
plane . This pic t ure is then filtered by a two-level oomparator 
and rec orded in a oompressed form. 

Atter soanning over the desired emulsion area the colleot
ed information is processed and the parameters of the tracks 
found are give.n. 

Some possible track locations and the corresponding 
TV-pictures are shown in fig. ). 
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Similar pictu=es were obtained experimentally Qy the 
experimental equipment built in JINR and oalled MESOSCAN. 
Experiments have shown that the MFTM oan successfully be 
realized and used in high energy physios. It can also be 
reoommended in other fields to solve similar problems. 
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BaTycoB ID.A., BeHue A., COPOKO J1.M. EI3-88-7 29 
Me300nT~eCKHH ~YPbe-MHKpOCKon ,o;n H 
H,o;epHOH ~OT03MYJIbCHH 

Me300nT~eCKHH ~YPbe-MHKpocKon /M<fJM/ npe,o;CTaBJIHeT CO
60H KorepeHTH~ onT~ecK~ CHCTeMY 06pa6o TKH ,o;aHHbIX, KO
TopaH ,o;aeT BbIXO,o;HOH CHrHaJI TOJIbKO Tor,o;a, Kor,o;a BO BXO,o;
HOH nJIOCKOCTH nOHBJIHeTCH npHMaH JIHHHH, H MOJKeT 6b)Th HC
nOJIb30BaH ,o;JIH nOHCKa npHMbIX JIHHHH B CJIOJKHOH BXO,o;HOH Kap
THHe. I1oKa3aHb) npHHIJ,Hn pa 6oTb) M<fJM Hero npHMeHe HHe ,o;JIH 
nOHCKa CJIe,o;OB 3JIeMeHTa pHbIX qaCTHIJ, B H,o;epHOH ~OT03MYJIbCHH. 

Pa60Ta Bbll10j1He Ha B J1a60pa TOPHH H,o;epHbIX np06JIeM OH5!H. 

npenpHHT 061>eAHHeHHOro HHCTHTYTa RJlepHblX HcCnenOBaHHH. ny6Ha 1988 

•Batusov Yu.A. , Bencze Gy .L., Soroko L.M . E13-88-729 

Mesooptical Fourier Tran s form Micro s cope 
for Nuclear Emuls ion 

Mesoopt ical Fourier Tra n sform Micr o scope (MFTM) is 
a n ew coherent op tical data p roc ess i ng s y s tem which 
gives an op ti c al ou t p u t s ignal onl y if a st ra i ght l i ne 
a ppears in the i npu t p lane and can be u s ed for sea rching 
st r aight l i ne s in a c ompl i c a ted i nput p i cture. The pr in
ciple of ope ration of the MFTM and it s app l icat ion fo r 
searc hi ng for track s of e lementary part icles in nuc l ear 
emulsion are shown . 

The i nve s tigation ha s been performed at the Labora 
t ory of Nuc l ear Prob l ems, JINR. 
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