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I._Introduction

For many years the nuolear emulsion has been the most
convenient detector for investigation of a large clasa of
nuclear reactions. The nuclear emulsion detector is a atack
consisting of 200—600}”1 thick photosensitive layers placed
into the accelerator beam. Going through the emulsion, charge
particles leave their tracks as s series of dots lying along
a straight line. After development the emulsion layera are
examined by means of a microscope. As the thickness of tracks
is very small ( 1A m) and the contrast is rather low, 1t is
a tiresome task to find them. The depth-of~focus problem
makes the search even more difficult, for very high magnifica-
tlon must be applied. Thua, it takes days to find the resction
and the probability of the succesa is low (20-50 %).

To overcome these problems and to eutomstize the eearch,
a conception of a new apparatus called MFTN was put romrd1.
The MFTM is a coherent optical data processing system whioh
gilves an optical output sigunal anly if a straight line ap-
pears in the input plane. Thers is an exsct oorrespondence
between the place of the output signals and the location and
angular direction of the straight lines in the input plane.

To understand how the MPTM worke let us first discuss
the optical system shown in fig. 1. In fig. 1a) & convention~-
al imaging system supplied with an additional L ooncave co-
niocal lens {(so-called nxioon ) 18 showm. Tne souroe of light
i8 a parallel lager beam. The lansa L, forms a cogyergent beap
focused in the plane of the L2 lens (P2 or Fourier transform
plane). The object to be imaged is placed in the P1 optlcal
input plane and imaged by the L, lens (it we omit the Ly
element) to the P; pptioal output plame. Let the object be a
pinhole (£ig.1b)). In this case the full aperture of the Ly
lens is illuminated by the diffracted light (fig.lc))e If
the object is 8 narrow slot (fig.le)) then the Fourier spect-
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run 18 a narrow lipe~like light distribution perpendicular to
the slot (£ig.1£)). Let us now modify the Fourier spectrum
of the input object adding the I‘A concave conical lens which
ocan be treated as g prism with rotationsl symmetry. In the
oase of the pinhole we obtain a bright cirole inm the output
plane which we shall call focal circle (fig.1d)), while the
image of the slot i1s doubled: the two images are located in
the opposite positions of the circle determined in fig.1d)
perpendicularly to the slot (fig.1g))s According to the pro-
posed determ:l.rmt:l.on3 optical systems that produce imeges with
inoreased dimensionality (e.g. ciroles from dots) are ocalled
mesooptioal systems. We will use this nomenclaturs to stress
the difference beiseen a conventional mioroscope and the MPTM,
With adding "Pourier Transform" to the name we would like to
express the faot that the funotional role of the mesooptical
element (the conioal lens) is to modify the spatial Fourier
speotrum of the input objeot.

It is iwportant to note that the picture in the output
plane P, is not an image in the striot meaning of imaging: It
18 obvious that the oircle cennot be considersd as the image
of the pinhole, The case of a slot is more compliocated,
because the output "images" (fig.1g)) are really similar to
the input object. Aotually we would get the same output
ploture if we replaced the slot with a series of small holes
along a streight line. The miorostructure of the input object
i8 lost but the information about the arrangement remains.



As we can see in the case 0of a dot-like input the energy
contained in the dot is spread in a large circle. In the case
of a alot considerably bigger energy is ooncentrated in two
gpots. Thus the intensity in the output signal is incomparab-
1y higher than the noise produced by independent spots, figu-
res of arbitrary shape. Thus, we can say that dot-like input
objects, ourved lines, spots of arbitrary shape,eto. produce
praotically no output signals.

Tet us now turn to the principasl scheme of the MFTM (fig.
2)s Instead of the L2--LA lens-oonical lens combination here
we use a lens from Which a cone ie removed. It im now clear
that the straight tracks shown in the picture form their
pairs of output signals in the output plaene, If the track
goes through the optical axis (track No 1) then the output
signale appear exactly on the focal circle (signals 1'). If
not (track No 2), then the displacement of the output signals
is proportional to the displacement of the track (signals 2').
It has also been shown that displacement along the optiocal
axls and deolination from the emulsion plene lead to the
oorresponding displacemsnt of the output signals (see fig. 3).
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Placing the emulsion into the input plane and scenning
over the area to be investigated and observing the bright
spot pairs in the surroundings of the output focal circle
we can obtain the necessary information about tha tracks.

III. The experimental MFTM, results

To avold the teohnloal difficulties conneoted with the
production of the mesooptioal lena, the experimental equip=~
ment has a spherioally symmetric metallic mirror with an el-
liptic radial profile, giving the same effect.

The output signals are collected by a rotating CCD-
matrix TV-camera., Both output signale of a traok are project-
ed into the oamera at the same time 80 we can see two bright
spots on the TV-set wherever a track appears in the input
plane. This pioture i1s then filtered by a two~level oomparator
and recorded in a oompressed form.

After socanning over the desired emulsion area the colleot-
ed informatlon is processed and the parameters of the tracks
found are given.

Some possible track locations and the corresponding
TV-pictures are shown in fig. 3.
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Similar plotures were obtained experimentally by the
experimental equipment built in JINR and called MESOSCAN.
Experiments have shown that the NFTM can successfully be
realiged and used in high energy physios. It can also be
recommended in other fields to solve similar problems,
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Barycos 10.A., Benue JI., Copokxo JI.M. E13-88-729
MesoonTuuyecKuii dpypbe-MHKPOCKON IJIA
AdepHOH $OTO3IMYIIbCHH

MesoonTrueckuil dypre-Muxpockon /MOM/ npencrasnaeT co-
601 KOrepeHTHVI ONTHUEeCKYw CHCTeMy o06paboTKM OAaHHHX, KO-
TOpas Ja€T BLIXOOHOM CHIHAll TOJNBKO Torpa, Korjza BO BXOL—
HOH NMAOCKOCTH MORBAsSETCSH IMPAMAA JIMHHA, H MOXeT ObiTb HC—
nonb3oBaH AJiA IIOMCKa OPAMBX JHHHME B CJIOKHOH BXOOHOH Kap-
TuHe. [lnkasaHpl NpHHOHMM paboTh MOM M ero npuMeHeHHe OnA
MOHCKAa ClefloB 3leMeHTAapHbIX 4YaCTHI B ASEPHOH (OTO3MYJILCHH.

PaGoTra BhmonHeHa B Jla6opaTopuH AgepHX npobiem QUAHU.

NpenpuiT O6LeAHHEHHOr0 HHCTHTYTa ANEPHLIX HecnenoBanKit. [lybna 1988

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

Mesooptical Fourier Transform Microscope
for Nuclear Emulsion

Mesooptical Fourier Transform Microscope (MFTM) is
a new coherent optical data processing system which
gives an optical output signal only if a straight line
appears in the input plane and can be used for searching
straight lines in a complicated input picture. The prin-
ciple of operation of the MFTM and its application for
searching for tracks of elementary particles in nuclear
emulsion are shown.

The investigation has been performed at the Labora-
tory of Nuclear Problems, JINR.
Preprint of the Joint Institute for Nuclear Research. Dubna 1988
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Hanarensckuit ctaen O6»enHHEHHOTO HHCTHTYTA AREPHLIX HCCNeROBAHMIE.
Ny6na Mockonckoit o6mactit.

e e T ey v P i S



