


1. INTRODUCTION

In a prev1ous publlcatlon’ll the Fourier- transform micro-'
scope of the direct observation for part1c1e tracks in nuclear
emulsion was described. The general theory of this new dev1ce
was presented. The net effect of the proposed’ process1ng “algo-
rithms was treated. It was shown experimentally that this new
device enables one to detect the particle tracks with linear
density of the silver gra1ns 40 per 100 um with initial signal-
‘to-noise ratio” l 3. The program of searchlng for the part1c1e
tracks’ w1th low 1onlzat10n ‘level by :means of the"Fourier-trans-
form microscope of the d1rect observation was proposed in con-
clusion.
~ In this commun1cat10n we present ‘the. results of the ‘measure-
ments: of the” ‘spatial- angular coordinates: of ‘large array, -~ 500 :
of the: tracks in nuclear emulsion from protons with energy..
250°GeV by means of the’ Four1er ~transform microscope of the T
direct: observatlon The average 11near den51ty ‘of silver gralns
in these’ partlcle tracks was equal to 37. 6+2.5" per. 100 .pym. The
angular d1vergency of protons in the pr1mary beam was ~1° for ,
. orientation angle 6, and 0.8° for dip' angle 6 . The correspon-
dence between the FT- p1ctures of” proton tracks detected :by. = '
means® of: the photodetectors ‘and . by means’ of the TV system w1th
CCD-matrix’ was proved’ unamblguously ‘The’ spat1al -resclution |
of the: system (~20° pum) and its angular resolution:(~1.0') were
estimated. It is shown that in thevoptlmal experimental condi-
tions with ‘illuminated region-of the width 18 pm instead:of -

40 um-used in -present experiments:the system. will.enable one
to detect and-to measure -the. part1c1e ‘tracks with: 11near den51—
ty of 511ver gra1ns as small ‘as 25. per 100 um._g T R S
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12 EXPERIMENTAL CONDITIONS

The measurements were: performed by means of the FT m1cro-f‘
scope of ‘the ‘direct. observation descr1bed 1n the commun1ca~4i'
tion’1’. The minor amelloratlons were ‘made in the system of:
the amp11f1ers for phot051gnals from photore51stors. The par-
ticle tracks were produced by protons in the primary beam with
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" measured over .the length 185 pm:
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F1g 1. D1str1but1on of the number of et
" silver grains for 300 proton tracks : t :

r“F1g 2 Angular d1str1but1on ‘of the ‘; ii. o - o ) E?V ‘{,; o
“proton tracks in’ the pr1mary beam' 00— —
for or1entat1on angle »exy L L ZF 0 : j;€&’

energy 250 GeV in the nuclear emulslon exposed in: FNAL The me-
‘sooptical rimages of these particle tracks were detected ear-
lier ‘in’?/ by using the mesooptical: mirror with ring response.
" The -width:of the illuminated region in:our -experiments was- ' .
equal to 40 um; and ithe length, 2.7 mm. The number of. the:pho-
. toresistors:placed behind the transmitting slit along one:. .-
- branch of. the FT-picture was.equal:to.5. Along the opposite .
“branch of the FT-picture:the TV-system -with CCD-matrix.and
" without any optical objective was placed. The 1ength*of the . |
FT-picture viewed by the CCD-matrix with 500x240 picture ele-
ments was equal to 4 mm. On the screen of the computer monitor
‘the FT-picture was parallel to the vertical:axis.of the screen.
The features of the proton tracks in the nuclear emulsion Ty
inside the measured.region were measured manually.by means of '
the ordinary optical microscope. Flgure 1 shows: the distribu-. i“
tion. of. the number of.silver grains ;in these. proton tracks n
measured over the length of :185; um. The average value of the
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1e,) f;;;}‘ : : Fig.3:*Same¢as”in Fig.2 for'dip angle
‘ .. (without correction for shrinkage

of the nuclear emulsion layer dur1ng
the photo -chemical treatment)

100
8ot* ' ' '
11near density of silver grains
for 300 proton tracks was equal
to n = 37.6+2.5 per 100 pm.

The angular dlStrlbutIOHS of
these proton: tracks are shown
in Fig.2 for or1entat10n angle
exy and in F1g 3 for d1p ang-
T le 6, The ‘rms- angular-diver-

P gency of’ protons in this pri-

' mary beam was 1.2° for orien-

: tation angle’$ Xy and '1.4° for
dip angle ez. The results of the manually performed measure-
ments for 0, were corrected for shrinkage.of nuclear, emulslon
1ayer during the photochem1cal treatment.,
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3. RESULTS OF THE MEASUREMENTS 3

The overall 2D- plot of the spat1al angular d1str1but10ns
of about 500 proton tracks; in: ‘the region of nuclear ~emulsion

plate with very high den51ty of proton' ‘tracks is shown in

Fig.4 for one comparator 1eveb :The length of the 1llum1nated
region was D = 2.7 mm. Only proton tracks with 1ength more - than
2.7 mm could produce the signal of full intensity. 'If the
length of proton tracks is smaller than 2. 7! mm, the .signal in-
tensity and the length of the peak will be " ‘smaller.. The angu-
lar distribution of the proton tracks, was estimated .by means
of the FT-microscope from. these data (F1g 5). i .
To demonstrate the mutual correspondence- between -the. data
received by means ofthe photores1stors and “the ‘data detected’
by the CCD-matrix‘a part of the nuclear emuls1on plate with
low density of proton tracks was observed 51mu1taneously by
these two detectors. The 2D-plot of the spatial-angular dis-
tribution of the proton. tracks in this part of the nuclear

'Aemuls1on plate 1s shown in F1g 6. The FT- p1ctures detected by .

CCD-matrix for one comparator 1eve1 for proton tracks No 1,2, 3
and 4 are shown in Figs.7,8,9 and 10, respect1ve1y . The : spat1a1
d1str1but1on Tof the - phot051gnals from CCD- matr1x is presen-

. ted 'in:Fig.11. From this graph we may conclude that®the’ ratlo
,fof 51gnal S to no1se 51gna1 N 1s equal to S/N 1 2 PR
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All ‘these

the width 40
width of the

Therefore 'we
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the optimalféxpetimental-conditioﬁs
near density of 37.6/1.5 =
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ngrall_zn-(x, exy)-plot of the proton tracks (= 500):1n;,;k’k
the region of high density of proton tracks. Scales: angular minu-.

- tes (7) for L .

,Qxy - axis and um f?;‘x-ggis.

results were obtained with illuminated region of
um. In’3+%! ywe have shown experimentally that the

illuminated region can be made as small as 18 pum.

may expect that potential increasing of the sig-
‘ratio will be v40/18 = 1.5 times higher. Thus in
r : ‘the proton tracks with 1i-
25 silver grains per 100 um will be

»
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Fig.5. The total intensity of the FTf
signals shown in Fig.h:versus*orienta-
tion angle By,

detected as clear1§ aé3§:bt6h trééks‘ﬁith iinear'denéity of
37.6 silver grains in the Present experiments. )
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Fig.G.,éD—(x, QX&)éblét:of the‘proton tracks in the part of nuclear

emulsion plate with'low density of proton tracks
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Fig.7. Fragment:of the FI-picture of the proton track No.l:in -

Fig.6 detected by CCD-matrix at one comparator level
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Fig.B. Same as in Fig;7 but for proton track No.2 in Fig.6. The Qky,

axis is shifted with respect to Oxy-axis in Fig.7

B CCD-matrixvfopvproton~track,Nq;lf‘:

Fig)9.’Same as in_Fig§.7fand 8 but for proton track No.3

.+ The-Byy-axis .is shifted with respect to 6 -axis in Fig.8

'Fig.10.:Same ‘as-in Figs.7;8 and 9 but for proton track No.4 in f; e
Fig.6. The Oxy-axis is shifted with respect t04-9xy-axis in'Fig.9. s
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Fig.11. Spacial. intensity distribution of the photosignal fromv
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4. ANGULAR RESOLUTION

, The FT- p1cture of the partlcle track can - be detected in our
m1croscope 51mu1taneously by the photodetectors located .under
the, transmlttlng slit and by CCD-matrix. The angular resolv1ng
power of ‘the transmitting slit is:defined by its.width A and
by average distance R, from the optlcal axis of the system/S’.
From Flg 4one may conclude that angular resolv1ng power of the
e e, .. ... transmitting:’ slit for orienta-

tion.angle:6,; is . equal:to
eslltj

=*18'YWhereas_the_expected
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"’ Fig.12. Same‘as in Fig.1l but in more
" suitable scale. The width of ‘one pixel
oo = . of CCD-matrix was equal to 8. um

N pinet

value is equal to 6511t = 10' for =0.2 mm and .R; = 78.

The angular resolving power of CCD-matrix can be.estimated
from Fig.12 where the graph presented in Fig.ll is shown:in
more suitable scale. The full width at half maximum is equal
to 2.5 pixel or 20 um. The~ angular resolv1ng power of CCD mat-
rix is equal to 1.2'. S e e e C g
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