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1. INTRODUCTION' 

In a previous publication 111 the Fourier-transform micro
scope of the direct observation for particle tracks in nuclear 
emulsion was described. The general theory of this new device 
was presented. The net effect of the proposedprocessing'algo
rithms was treated.- It was, shown experimentally that this new 
device enables one to detect the particle tracks with linear' 
density qf the silver grains 40 per 100 ~m wi~h init~al signal
to-noise ratio-1:3. The program of searching for the parti6le 
track~ with low-ionization-level by·means of the Fourier-trans
form microscope of t:.hedirect observation was proposed in con
clusion . 
. In this c~mmunication.we present-the results· of the 'measure
ments of ,}:he 'spatial-angular ·coordinates of large array, ~ 500, · 
of the;tracks in nuclear emulsion from protons with energy . 
250 GeV.by.nieans of the Fourier-'transform microscope of the 
direct observation. The average linear density of silver'grains 
in thesepartfcle tracks was equal to 37.6±2.5 per 100 :~m. The 
angular divergency of protons in the primary beani was ~1o for 
orientation angle 9 · and 0. go for dip' angle 9 • The correspon-

xy . . . · . . z 
dence between the FT-p1ctures of proton tracks detected by , 
means of' the photodetectors arid by mearis •. of the . rv:.:systeni 'with 
CCD-matrix· was proved unambiguously. The spatial .resolution,: 
~f the . system ( ~20 · ~m) and its angular .resolution ( ~ L 0 1 

) were 
estimated. It is shown that in the optimal experimental condi
tions :with illuminated region· of the. width 18 ~m instead ~o·f 
40 ~m-used in present experiinents·the system.will enable .one 
to detect andto measure the particle tracks.with linear densi-
ty of silver grains as .. small as 25 per. 100 ~m. (' 

'2. EXPERIMENTAL.CONDITIONS 

The meastfrements were performed by 'means of th·e FT-micro::' 
scope of· the direct observation .described in'· the ~ommunica~:: 
tion 111 ~ The minor ameliorations were'made inthe'system of 
the amplifiers' f~r photosignals from photores-istors. The par
ticle tracks were produced by protons in the primary beam with 
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Fig.l. Dis-tribution of the number of 
silver grains· for 300 proton tracks 
measured over the length 185 ~ 

-':;\ 

...1 

'· 

f(e.; '·:. 

120 

80 

40 

-~ J 

_ Fig.i~- Ang~la~.d~stribu~iori'_~f the~ 0 . 1 . ; 1 proton tracks 1.n the pr1.mary beam , 0 . ~ I "0 
for.orientation angle 8 xy ' ' . -2 0; . 0' . 2 e.y 

energy 250 GeV in the nuclear emulsion exposed in .. FNAL.· The. me
sooptical~images of these particle tracks were detected ear
lier -in 121 by using the mesooptical .. mirror with.ring response. 

The width of the i-lluminated region in<our -experiments was ' 
equal to 40 11m; and'the 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. ·Along1the opposite 
branch of the FT-picture :the TV-system with CCD-matrix and 

·without any optical objective was placed. The length !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-picturewas parallel to the verti~al axis.of the screen. 

The features of the proton tracks in the nuclear emulsion 
inside the measured. region were measured manually t:by means. of 
the ordinary opticaLmicroscope. Figure 1 shows the .distribu:... 
tion of the number of. silver grains in these proton tracks 
measured over the length of 185 <11in._. The average value ·of the 
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Fig.3. Same as in Fig.2 for dip angle 
8z (without correction for shrinkage 
of the nuclear emulsion layer during 
the photo-chemical treatment)_ · 

.linear density of silver grains 
'for 300 proton tracks was equal . - . 
ton= 37.6±2.5 per 100 !liD. 
The angular _distributions of 
these proton tracks are shown 
in Fig.2 for orientation angle 
~ xy ~md in Fig. 3 for dip ang-

,. le 8z. The rms angular •diver-
,A~ ~ x - ~ 3 e; gency of _;protons in this · pri-

mary beam'was 1.2° for orien-
. . tation a11:gle' 8 xy and '1. 4 o for 

dip angle 8z. The results of the manually performed measure
ments for 8z were corrected for shrinkage.of nuclear~emulsion 
layer during the photochemical treatmenL '·' 
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3. RESULTS OF .THE MEASUREMENTS 

The overall.2D-plot oLthJ spatial-angular distiibutions 
of about 500 proton tracks, in):he region of nuclear emulsion 
plate with very high d~nsity. of proto~ 'ti·acks is shown in 
Fig.4 for one comparator leve!l. The·length of the illuminated 
region was D= 2.7 mm. Only proton tracks with length more than 
2.7 mm c'ould.produce the signal of full int~nsity. If the 
length of proton tracks is smaller than 2. n mm, the' signal in
tensity and the length of the peak will be' smaller YThe angu
lar distribution of the proton tracks, ~as1 

estimated .by means 
of the FT-microscope from these data (Fig.5). 

To de'monstrate the mutual correspondence between'.the data 
received by means o'I'the photor~sistors anCi'-fhe dat~ detected 
by the ccn:..matrix a part of the nuclear eintilsionj>late with 
low density of proton tra~ks was observed siintiltarieously' 'by 
these two detectors. The 2D-plot of the spatial-angular dis
tribution of the proton,tracks_in,this part of the nuclear 
ein~lsiori ·plate is :shown' in Fig'.6. The FT..:.pictures det~~ted by. 
CCD-matrix. for' one comparator lev'el for proton tracks' No.1' 2 '3 
an!l. ~4 aF~ shown in Flgs. 7, 8, 9 a,nd ·10·, re~·p'e(!tively_:The. sp~tial 
distribution · of the photosignals · from CCD-matrix is' presen
t::ea ·in: Fig .11. From thi:s graph we may· conclude· that' the· ratio 
of signal S t·o noise signal N is equal to S/N = 1:'2. . 
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Fig.4. Overall. ~D-(x, 6xy)_.plot of the proton tracks (::: 500)- in 
the region of high density of proton tracks. Scales: angular minu- ·
tes ('),for exy- axis and~ for x-axis. 
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All-these results were obtained-with illiuninated region of 
the width 40 ~m~ In 13

•
41 we have shown experimentally that the 

width" of the illumi~ated region can be" made as small as 18 -~m. 
Therefore·we may expect that potential increasing of the_ sig-: 
nill-to-~·wise ratio will be /40/18 ,:_ 1.5 times high~r.' Thu~ ~in 
the optimal exper_imental conditio~s .the .proton tracks with li::
near density of 37.6/1.5::: 25 silver grains per 100 ~m will be 
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Fig.S. The total intensity of the FT
signals shown in Fig.4.versus_orienta
tion angl~ , ~xy __ ". 

detected as clearly as;proton tracks with 'linear density of 
37.6 silver grains in the present experiments. 
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Fig.6. 2D-(x, 8xy)-,plot;of the proton tracks in the part of nuclear 
emulsion plate with'l?w density of proton.tracks 
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Fig.7. Fragment· of theFT-picture of the proton track No.1 in· 
Fig.6 detected by CCD-matrix at one comparator level .. 
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Fig.S. Same as in F.ig.7 but for proton track No.2 in Fig.6. The 8xy· 
axis: is st:ifted with respect to 'axy:-axis in _Fig. 7 
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Fig.9. Same as in Figs.7·and 8 but for proton track No.3 in Fig.6. 

.. _T!J,e 8xy-axis is shifted with respect to ~y-axis in Fig.S 
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Fig.lO. Same as in Figs.7,8 and 9 but for proton,'track No.4 in 
Fig.6. The 8xy-axis is 'shifted with respect to· 8~y-axis i~•Fig.9 > 
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Fig.ll. Spacial inten5ity distribution of the photosignal from 
CCD-matrix for :p,roton. track No~ 1:. · 
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4. ANGULAR!RESOLUTION 

~ ·~: -~- ,, ');" : ' 

The FT-p:i..cture of the particle track can be detected in our 
microscope simultaneously by. the- photodete~tors located under 
the trans~itting slit and by CCD-matrix. The- angular -_~esolving 
power of the transmitting slit is·.defined by its width ~ and 
by average distance R0 from the optical axis of the system151 • 

From' Fig. 4 one may conclude that angular resolv_ing power. of the 
·transmitting slit for orienta-. 
tio.n angle·8xy is equal to 
8~~1t-= 18' whereas the expected 

...,_ 

Fig.l2. S~e·as in Fig.ll but in more 
suitable scale. The width of ~ne pixel 
of CCD-matrix was equal to 8 ~m 

value is equal to 8~~it ~ 10 1 for = 0.2 mm and Rri = 78. 
The angular resolving power of CCD-matrix can be estimated 

from Fig.12 where the graph presented in Fig.11 is shownsin 
more suitable scale. The full width at half maximum is equal 
to 2. 5 pixel or 20 )Im. The angular· resolving power of CCD mat-
rix. is equal .t·~-1.2'. · · . · .; ·· ·-
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6aTyCOB ~;A., CopoKo n.M., Tepe~eHKO B.B. 
H3MepeH~e npocTpaHCTBeHHo-yrnoB~X KOOPA~Ha 
.~aCT~4 B HAepHOH 'OT03MynbC~H npH noM~H 
'ypbe-MHKpOCKona 

npHBeAeH~ pe3ynbTaT~ H3MepeHHH'npoCTpaH 
ro MaCCHBa (-500) cneAOB npOTOHOB C 3HeprH 
CHH, nony~eHH~X npH nOMO~H 'ypbe-MHKPOCKOn 
nHHeHHaH nnaTHOCTb JepeH cepe6pa B·3THX Cn• 
Ha· 100 MKM. YrnosaH paCXOA~MOCTb npoTOHOB I 
KaJaHO, YTO HMeeTCH OAH03Ha~HOe COOTBeTCTBI 
npoTOHOB, 3aperHCTpHpoBaHH~MH npH noMa~ ,, 
BH3HOHHOH CHCTe~ C n3C-MaTPH4eH. 6~H 04e1 
H yrnosoe paJpeweHHe CHCTeM~ (1,0'). noKaJ; 
MeHTanbH~X ycnOBHHX C OCBe~eHHOH o6naCTb~ I 
HCnanbJyeMOH B AaHH~X 3KCnepHMeHTaX, CHCTel 
~epHTb cneA~ YaCTH4 C nHHeHHOH nnoTHOCTb~ 

Pa6oTa B~nonHeHa 8 fla6opaTOPHH HAepH~X I 

Coo6~eHHe 06'be.AHHeHHoro HHCTHTyT~ .RAepH 

. . . 
· Batusov · Yu.A., Soroka L.M., .Tereshchenko V. 
Measurements of the Spatial-Angular Coordir 
of the Particle Tracks in Nuclear Emulsion 
of the Fourier Transform Microscope. · · 

1 The results of the measurements of the ! 

large array, -500, of tracks tn nuclea~ emr 
of 250 GeV by means of the Fourter-transfor 
servation are presented. The average linear 
these particle -tracks was equal to 37.6±2.! 
gencyof protons in the primary beam was-: 
the FT-pictures of proton tracks detected t 
and by means of the TV-system with CCD-matr 
The spatial resolution of the.system (-20 1 
(-1.0') were estimated. It"is shown that ir 
dittons with illuminated region of the wid1 
in present experiments the system will enat 
the particle tracks with linear density of 
25 per 100 11m. 

The investigation has been performed at 
Problems, JINR. · 
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