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INTRODUCTION.

In up-to-date experiments on neutrino physics vertical particle
tracks are detected in bilayer nuclear photoemulsion with central support
[1, 2]. With such a system we obtain very high spatial and angular
resolutions. However the depth of each layer is of the order of 50 pm,
which is higher than the depth resolution, of the order of 3 um, in high
aperture optical microscope. So to construct a hole vertical particle track
we must accomplish depth scanning and monitor the results obtained by
means of sophisticated computer program.

The aim of earlier investigations in JINR [3, 4] was to detect
selectively vertical particle tracks without any depth scanning operation.
In the caustical meso-optical microscope [3] we may detect selectively Z-
projection of vertical particle track onto the plane, perpendicular to Z-
axis. The principle of this optical microscope is analogous to that of the
classical confocal optical microscope [5]. It consists of two parts:
illuminating system and imaging system. But in contrast to [5] we use
cylindrical mesooptical condenser, which forms one-dimensional
illuminating region in the form of narrow “fens” oriented parallel to the
optical axis of the system. Scanning operation along depth coordinate is
completely eliminated.

In this microscope the noise induced by light diffraction side-lobes
has been suppressed [6]. Search and measurement algorithm for vertical
particle track in the system [9] are based on the principle of reconstructed
tomography. Beside some new variants of meso-optical condenser were
proposed [7, 8].

In the paper [4] the principle of DArk-Field Scanning CONfocal
(DAFISCON) microscope is described and the construction of such
microscope built on the basis of 2D measurement microscope is
presented. The result of experimental testing of DAFISCON microscope
at high density of vertical particle tracks are given. The 2D plot and 1D
plot of CCD dark field images are shown. Real spatial resolution of this
microscope is defined by the aperture of the imaging microscope
objective.

In this paper we explain the principle of new optical microscope
which enable us to form the image of the whole vertical particle track
without any depth scanning. Main parts of this new microscope are:
meso-optical illuminating condenser, traditional imaging lens and a
spatial image-transformer. The properties of such a system are explained
and the longitudinal resolution is estimated.



IMAGING OF VERTICAL PARTICLE TRACKS
WITHOUT DEPTH SCANNING.

In cylindrical coherent illumination system [4] we use first
interference maximum of the internal caustic phenomenon produced by
the traditional cylindrical lens (Fig. 1) with direct beam absorbed by the
light stop S. The imaging lens L produces the said Z-projection of the
vertical particle track as a shadow image with positive contrast.

The illuminating beam near the focus consists of the main focus
region F and the system of internal interference maxima, first, second etc.
(Cy, C, etc.) up to Cyg (Fig. 2). Nuclear emulsion layer of the thickness
200 pum is located in the region of the first internal interference maximum
C,. Magnified regions F and C, are shown in Fig. 3 [4].

If vertical particle track is oriented at mall angle with respect to Z-
axis of the microscope, then we have different Z-projections of different
elements of the vertical particle track as shown in Fig. 4. The images of
the points B, O, A of the inclined vertical particle track, that is the points
B’, O’ and A’ are located at different coordinates along Z-axis, if we use
traditional microobjective L. To obviate the problem of depth focusing
we use additional conical lens (CL) (Fig. 5) as a meso-optical element
[8].

The combined system with a ring grating RG as an equivalent of a
conical lens is shown in Fig.6. Here an image of each element of the
inclined vertical particle track is a straight line segment, Ay’, Oy’ and
B,,’ of the point elements A, O and B of the inclined particle track. In this
combined system we have a sharp Z-projection of the inclined particle
track on the plane perpendicular to the optical axis of the system in the
form of the segment A,,’, Om’, Bm’.

The Fig. 7 explains the problem of producing the real image of the
vertical particle track using traditional objective L, attached to the nuclear
emulsion layer via immersion prism Pr. The magnified image of our track
is located on the focal plane which is inclined at very small angle with
respect to the optical axis (Fig. 8). The ratio

sinp/sinf,~M, )]

where M is the linear on-axis magnification of the imaging objective L.
Due to this the light rays are going at very grazing angles with respect to
the observation screen (photodetector).

Here we may use the Scheimpflug condition [10], which defines
the construction of the light sectioning device with scanning mirror [11,
12]. For Triangulation angle 80° the total depth of field was equal t 1790
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mm (!) for field of view 250 mm, the depth resolution and lateral
resolution being equal to 30 um and 170 pm respectively.

The principle scheme of our new microscope for imaging of vertical
particle track without depth scanning is given in Fig. 9. To turn the light
rays falling on the observation screen at very grazing angles we use
spatial image transformer which consists of many (~300) mirror lamelar
elements along the primary magnified image. In Fig. 9 only three mirror
lamelar elements are shown. The reflected light rays are directed into the
second imaging objective L, (Fig. 10). A Spatial image Transformer is
shown in Fig. 7 as a system R which is not planar but has small convex
sagging.

The saggital A (Fig. 11) appears as a result of the variation of the
real linear magnification along the vertical particle track. For the linear
segment of the length 0.58 mm using objective of the focal length 3.4 mm
the length of the magnified image of the linear segment ACB will be
equal to 48.8 mm. The transformed secondary image of the vertical
particle track is detected by CCD shown in Fig. 7. The variation of the
magnification factor along the primary image of the linear segment
induces also the geometrical distortions in the secondary image as shown
in Fig. 7. They can be corrected by the corresponding software program.

As the X-Y stage of the microscope is moving, the vertical particle
track is falling into the illumination region and we se its image. Then this
image disappears. The decay or scattering events are seen as a shorten
image of the vertical particle track (Fig. 12). The non-illuminated region
of the nuclear emulsion layer is shown as a dashed area. As a rule the
secondary particle track of the decay or scattering event cannot be seen at
all. The examples of three scattering or decay events are shown in Fig. 12
as SP,, SPs and SP¢-images.

CONCLUSIONS

1. The proposed optical microscope for vertical particle tracks has
no depth scanning operations.
2. The longitudinal resolution Al is estimated as

Al=600um/N;, 2)
where N, is the total number of silver grains in the particle track.

For 25 grains/100 pm, emulsion thickness 600 pm we obtain Al~4 pm.
The lateral optical resolution is of the order of 1 um.
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Fig. 1 Transfer cross section of the cylindrical coherent illumination

system of the nuclear emulsion with vertical particle tracks: C; — first
internal interference maximum over the total depth of the nuclear

emulsion, F — focus region of the convergent light beam, S — light stop, L
— imaging lens.
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Fig. 2 Microscopic structure of the internal caustical pattern along the
convergent light beam before the focus region F.
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Fig. 3 The structure of the caustical pattern in F and in C, positions.
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Fig.4 An image of vertical particle track which is oriented at small angle
with respect to Z-axis of the microscope.
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Fig. 5 Conical lens CL with light stop S which produces a longitudinal
meso-optical image O,+0, of the point object O.
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Fig. 6 The combined imaging system with lens L and ring grating RG.
Each point of the vertical particle track BOA is imaged into the line
segment such as A, and others. At the screen oriented perpendicularly to
the optical axis we see the meso-optical image A,;,’O,,’B,’ of the whole
vertical particle track BOA.
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Fig. 7 To produce the image of any vertical particle track we must take a
side view by means of the immersion prism Pr.
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Fig. 8 Position of the magnified image of the vertical particle track in the
system show in Fig. 7 (Scheimpflug condition [10]).
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Fig.9 The principal construction of the spatial transformer of our new
microscope for imaging of the vertical particle tracks without depth
scanning. Only three mirror lamelar elements are shown.
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Fig. 10 The complete scheme of our microscope: BA — vertical particle
track, L, — the first imaging lens, A’B’ — primary image, where the spatial
transformer of many mirror lamelar elements is located, L, — the second
imaging lens, B”A” — final image of whole vertical particle track.
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Fig. 11 The origin of the sagitta A in the primary image of the vertical
particle track A’C’B’: fj — focal length of the imaging lens L. The
drawing shown in bottom has horizontal scale 10:1 with respect to the
vertical scale. For fi= 3.4 mm the sagitta A= 0.58 mm, and l,-p- = 48,8
mm.
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Fig. 12 The view of the secondary image of seven vertical particle tracks,
three of which are decay or scattering events (SP,, SPs and SPg). At the
bottom, the positions of these seven particle tracks with respect to the
illuminating “fens” C; —=C, are shown.
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Copoko JI.M. E13-2001-88
Ionyyenue n300paxXeHUil BEPTUKAIBHBIX CIIENOB YaCTHUII
6e3 KaKoro-nmubo CKaHUPOBaHMA IO NIyOUHE

H3noxeH NpUHLMI OeHCTBHS HOBOIO ONTHYECKOIO MMKPOCKOIA, KOTOPBIH
MO3BOJISIET MMOJIyYaTh HM300paXkeHHe BEPTUKAIBHOIO Cjiefa 4YacThlbl 0e3 Kako-
ro-mub0 CKaHUPOBaHUS MO IyOMHE. DTOT HOBBIH ONTHYECKHH MHUKPOCKOI COZEp-
KHMT IPOCTPAHCTBEHHBIA IpeoOpa3oBareib, KOTOPHIH COCTOMT U3 3epKalbHBIX
JIaMEeJUTSIPHBIX 3JIEMEHTOB U KOTOPBIH 06pasyeT BTOpHYHOE B hoKyce n3oOpaxeHune
BEPTHKAJIBHOTO cjiefa yacTuupl. IIpuBeneHsl coiicTBa Takoii cucreMsl. ChenaHa
OlIEHKa pa3pelalleil Cloco6GHOCTH.

Pa6ora BemonHeHa B JlaGoparopuu amepHbix mpobnem um. B.I1.Jxenenosa
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Soroko L.M. E13-2001-88
Imaging of the Vertical Particle Tracks
without Any Depth Scanning

The principle of the new optical microscope which enables us to get the image
of the vertical particle track without any depth scanning is described. This new
optical microscope contains a spatial transformer which consists of mirror lamelar
elements and which produces a secondary in focus image of the vertical particle
track. Properties of such a system are presented. A longitudinal resolution is esti-
mated.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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