


e INTRODUCTION

i

- The rnformatlon about the tracks of the charged partlcles in the nuclear emulsron |s
“of the three d|mens|on (SD) character and appI|cat|on of the plcture processrng algo-
r|thms developed for the plane objects’ 112/ ¢o 3D-objects was consndered as questiona-
ble dur|ng a: long trme Only in 1981 a_ new technrque of nuclear emulsnon vrewmg and
processing was- proposed’3f to. increase the productivity of the searching for particle
tracks To’ thls end a nuclear emuIs|on layer IS 1Ilumrnated by the cconvergent beam of
lrght w1th its focus in the plane where the FT- pattern ‘of. the 3D-object is produced. This®
far fleld d|ffractlon p|cture can be observed dlrectly ‘or:viewed - through a-suitable

, |mag|ng system W|th thls technlque the scanning ~operation 'in depth proved to be

completely unnecessary Besldes the X Y scanning can be executed with nuclear emulsr-' -
: OtIOI'] Due to these features th|s approach opens’ new scopes of the' automatlon
of the searchlng for part|cle tracks - . .
) mformatron about the posltron of the partrcle track is lost in the mesooptrcal g

nsform mncroscope (MFTM) which contalns the meso-optlcal element with
£74C

) r|ng respo sew . Quite recentIy the MFTM with one-channel photodetectors has

scope’3 r are left unknown in fuII scope

“been tested experlmentally“’ o/ Meanwhrle the features of the very earIy FT m|cro-
“In th|s paper the FT mlcroscope “of the d|rect observat|on of the tracks of the

: charged partlcles in nuclear emulsron is descrrbed The term “‘direct observation*’ means -
- that no imaging elements are present in this nontraditional m|croscope and:no.images ¢ .-

‘are viewed by the operator or by the photocamera.. The.only: object of the registration ;

k and the only source of the mformatron about the particle tracks in the nuclear emulsi-

’

observatron are described.

on |s the p|cture of the 2D FT of the stra|ght line partlcle track: The srgnals from the"‘{"
array of m photodetectors drsposed just behind the narrow transmlttmg slit undergo the:
radlcally new dlgltal processnng in accordance with the working flow chart grven in this

paper The general theory of thrs new devrce is presented. The net effect of the propo- .
sed processmg algorlthms is drscussed The noise immunity of this dev1ce is demonstrat-
ed The results ‘of the experiments with robust registration of the particle tracks with . :
low |on|zat|on level are presented. It is shown that with such a system we can detect the -

partlcle tracks wnth l|near denslty of 40 srlver grains.per-100 um and with initial signal-- 2"

to-noise ratiol: :3. The recommendatlons for the searching for the particle tracks of low
ionization level in the nuclear emulsion by means-of the FT mrcroscope of the d|rect




" 2. FOURIER TRANSFORM MICROSCOPE -
-OF THE DIRECT OBSERVATION

the direct observation is shown in fig.1.
The developed nuclear emulsmn layer
N.E. is.illuminated by the convergent

'
T ) SR § NN | AR |

Fig.1. Schematic diagram of the Fourier

transform . (FT) microscope of the di-

rect observation: 1 — source of the con-:+ .«

- vergent light beam, -2 — FT-plane; 3 — -
““transmitting slit, 4 — array. of:5 photo-:.
' detectors, 5 — array of the. amplifiers,:
- 6 —.interface, 7. — computer,: 8 — X-Y-

stage, 9-— rotating fork.‘ L .

of the direct observatlon

‘the partlcle tracks wrth glven onenta-

tion angle Ox vy andwith very small dip angle ©z =~ 0. The X- Y stage 8 is movrng stepwise °
in the direction chosen perpendncular to the expected orxentat|on of the partlcle track )

- to be searched for:

<Under -the initiating sngnal START the X-Y stage 6 moves through one movmg ,
step equal to:10 um. The d|g|t|zed photosugnals from m photodotectors 4 underg0' o

two processing algorithms:’
~-a) multiplication of all m photosignals, Pr(x);

b) exstraction of the m-th root Pr(x), ™+/ Pr(x);

c) averaging of photosignals, M(x).

o

The . schematic diagram of the Fo-
urier - transform {FT)- microscope  of

. light beam from the source 1. The FT
of the straght l|ne partlcle track-in the" '
- hor|zontal plane perpendlcular to the
opt|ca| axis of the m|croscope rs pro-,
duced in the FT pIane 2. The trans-"'.‘ ’
mlttmg slit 3 and the” array of m pho-‘ ;
v todetectors 4 just behmd the narrow o E
'transmlttlng slit '3 are the onIy eIe- :
ments of the detected un|t of thlS'
mucroscope The s|gnals form photo~
detectors 4 are ampllfxed by the arrayf .
" of m amplifiers 5, digitized in the inter- - -
6 _ face 6 and then stored in the compu-".k"
: Cter 7. The X-Y stage 8 with a rotating ..
SR S fork 9 are two mechan|cal elements of .
" \ N T S this mncroscope The dlgltrzed srgnals A
K T oo o "k”from m photodetectors 4. undergo,,, ’
‘ varlous aIgorlthms descnbed below
We see that no lmaglng elements are '
' i'mdeed present in the FT m|croscope

L e L el SR e T s

The ‘working fiow chart of the de-
' vice which def|ne some new possnblltty e
" of- our system is shown in fig.-2. The: -
’ purpose of this chart is to search for

F/'g.2. Work/;rlg f/ow chart of the device. -
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et . Fig.3. The proposed processing a/gor/thn
of the output S/gna/s from photodetector<

‘The ™ photos1gnals I (x) =1 ,2,..,m, product s1gnal Pr(x) and the averagmg S|gna

M{x) are stored.in the computer 7.

‘f, ‘, If no end srgnals are |ssued the X-Y stage. 6 performs one more step ln X dlrectlor

and the whole procedure is repeated If an end slgnel is present the X Y stage 6'move
backward mto the start position. Between two. adjacent scanning operatrons the opera

tor .changes mannually the. angular posmon of the rotating fork 9 with angular incre

ment:AOx y.: il R - R L TN
.The proposed processing operations accompllshed in the computer 7 are shown ir
f|g 3. Al sampled signals I (xhi=12,.m, fromm photodetectors are multrplled fo

each"X: The product Pr(x) is compared in amplitude with the glven companson Ievel Po
If the product Pr(x) for some pomt X is smaller than the comparlson level P the outpu
signal ‘will be- equal to Py. If the product Pr{x)’ exceeds the comparlson level PO,‘
real value Pr(x) is stored unchanged ln the computer memory Thesn operatlons ar|
repeated for all posntlons of the X- Y stage * at Y “and wnthout scanmng alonl
Z-coordinate. - e ' iy : :
The output s|gnals l(x) Pr(X)l and M(x) r‘epresent the ‘array Of the 1D-scans in th

frame x, Oxy. The typlcal number of X-scans is about 200 and the'number of the dif

ferent discret Oxy orlentatlons is about 20. At the last stage the 2D- plot WIth axis. X
Ox vy is calculated and dlsplayed on the computer. console : : :



| 3.GENERAL THEORY

‘We will consider the net ef-

his the thickness of-the ‘develo-
'ped nuclear ‘emulsion layer and
D is the:length of the -illumina-

- pattern of the horizontal particle
track is equal to: -
A :
= T, o - (”
Aw D ol

lignt and H is the distance from
the ‘nuclear-.emulsion” N.E; to
the FT plane 2" in'fig.1. The dif-
, fraction picture is extendlng from

.. the diffraction angle ©4 max~—d,

" Fig.4. Illumiqaz:ed region of the\/'FT-:nlicrbi"/l " where d is the effective width of
scope of the direct observation: h'="thick-"
"'ness of the nuclear emu/.svon a = width of "
~‘the illuminated region, D — length of .the:
illuminated  region, AY — angular selectivi-

-ty of the illuminated region. .. RREES

The transmitting slit 3 in f|g.1 ‘of

on of this diffraction _pattern.
-+ The' length of the working
- part of the transmitting slit 3 is
: : . equal to L and the average dis-
tance to the optical axis of the m:croscope is equal to R

: Let us conS|der the end results of the proposed processmg algorlthms for the case
when the s:gnal from the partlcle track S, at the output of each photodetector is much
smaller’ than the noise s;gnal N, from S|Iver grains randomly distributed in the nuclear
emulsion. - o R

- The intensity of the noise signal N in each of m photodetectors isequal to =

N‘=;';No;io(N) T , EEES S o 2)

where N0 is the average noise and g (N) its dispersion. . The!intensity of the signal from
the particle track, S, is equal to )

fect of our new processmg algo-” .
rithms. The: illummated region
for which this theory i is adequate
-is-shown .in" fig.4. Here a is the-
width of the iluminated region,

ted region. The width of the FT- °

“where A is the wavelength of the.

" the diffraction angle 6= 01t

“ the’ straight fine particle: track«

~~the width A is placed in'the regi-

e Ll

-we suppose that both signal and noise

. are random functions with gaussian _ ] \ . SN, A =
distributions. Under some real ‘condi- . S. 26(S) .
tions - of the searching for particle ’ o

N ;

N +4 (N) multxplxcatron
S “———%

S=s tg(g). gj BT T i : ;
where S, is the average kvalue»of the L '

signal S and o (S) its dis ion. H
ig an (S) i persion. Here o

tracks of low ionization level the linear
denslty of the silver gralns is .equal
to n. =30 ‘per.100 ,um whereas the
nosse N from the whole illuminated
region is equnvalent to 105' srlver
grains. For D" 3 mm ‘we have

,; i"G;sqN'
é’(G)es’(s);sz( N)

S, = 900, 6(S) = 30, 6(N) = 300. The l , , |
followmg |nequahty |s taklng place i 0 ;7 X 00— w(l)
‘O(S) <0( N) <S <N } o 1 (4) Fig.5. Expected signal from the photode-

tector for particle track of low. /on/zat/on,

level: S — signal, N — noise, G — observed
signal, o{ GJ, o(N), ofS) — the correspon-~
d/ng d/sperswns

These expected srgnals are shown
in: f|g 5, where l(x) is:the Ilght inten- " °
S|ty gathered by some photodetector,
with "X-Y stage in: the posmon (x, yo)
As o(N) > o(S) we assume 6(S).=

The first expenment whlch has been performed with our 'mcroscope must clear

) up the statlstlcal nature of the norse N(x) We have’ found that the dlsperS|on of theu;

product of the noise’ S|gnals from m : photodetectors

L)

has the followmg property
O’ (N) zok (N) = j(m* A (6) |

Wlth q( =g (N) for altk =12, m. This fact shows that the noise N(x) is lndeed a
noncorrelated randorn variable. This simplifies the treatment of the problem.
_in the case of the processing algorithm with a chain of a transformations:
samphng - multlpllcatron of m- srgnals - extractlon of the m- th root
we recetve the followmg net result o : S

\/m O(N)

 extraction of the m-th root

——p

N, +T/1—m—-o(N)

5



- 2 FOURIER TRANSFORM MICROSCOPE R :f\ :
OF THE DlRECTOBSERVATION L

- the direct observation is shown in fig.1.
The developed nuclear emulsion layer
N.E. isilluminated by the cohv'ergent
light beam from the source 1. The FT

'transmlttlng sllt 3 are the only ele-

T
.d
[<2]

-
-1
.
T
"
+
=

-1
:

-
‘9
!

Fig.1. Schematic diagram of the Fourier
transform .- (FT) microscope of ‘the:di- -
rect observation: 1 — source of the con-.
- vergent light beam, 2 — FT-plane, 3 —
““transmitting slit, 4 — array of:5 photo- .
" detectors, 5— array -of ‘the. amplifiers,
' 6 ~.interface, 7 — computer, 8 — X-Y-' ..
staye, 9 - rotating fork. - .

' of the direct observatlon
The working flow chart of the de-

~ purpose of this chart’ |s to search for

- to be searched for:

> Under - the ' initiating ‘signal START the X- Y stage 6 moves through one movmg
step equal to:10 :um. The d|g|t|zed photosngnals from m photodetectors 4 undergO' o

two processing algorithms:'
-a) multiplication of all m photosignals, Pr(x);

¢

b) exstraction of the m-th root Pr(x), ™+/ Pr(x); e S SRR

¢} averaging of photosignals; M({x}. -
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The schematic diagram of the Fo-
urier transform {(FT) microscope of

"‘ of the straght l|ne partrcle track in the"v

o horlzontal plane perpendlcular to thef
optlcal axis of the mlcroscope |s pro~, o
duced in the’ FT plane 2. The trans-
mlttlng slit 3 and the array of m pho-

’ todetectors 4 |ust behind the narrow“-,

ments of the detected unit’ of thlsj

m|croscope The signals form photo«f

- detectors 4 are amphfred by the array"

e e R : L of m ampllflers5 digitized |nthe|nter- -

~ face 6 and then stored in the compu-‘k" Do

‘ter 7. The X Y stage 8 WIth a rotatlng o

S " fork 9 are two mechanlcal eIements of -

o T — s this mrcroscope The d|g|t|zed signals :

E e s Co from m photodetectors 4" undergo:_;;’
var|ous algorithms descrlbed below.
We' see that no lmaglng elements are i

"i‘lndeed present in the FT mxcroscope :

" vice which def:ne some Hew possrbrhty ‘
of our system is shown in fig. 2. Thef

: : S the partlcle ‘tracks with’ g|ven orlenta-‘ .
tion angle Ox vy and with very smaII dip angle O =~ 0. The X-Y stage8 is movmg stepwise -
in the direction chosen perpendlcular to the expected orlentatron of the partrcle track s

: F/yl2. Work/;rig flow chart of the device.

,The m photosrgnals I (x)

't

SAMPLING |-

ORIGINAL 7|
POSITION |
L o b osiild X :
- | I 1 g
|sampung | [sTEP inx |
Nespt——gm—t ‘
RETURN

STEP in B,y MEM‘OR;(i ; T

MANUALLY

F/g 3. The proposed processing a/gor/thm
‘of the output s/gna/s from photodetectors.

=1 ,2,..,m, product s|gnal Pr(x) and the averagrng SIgnaI
M(x) are stored in. the computer 7. : T :
) no end srgnals are |ssued the X-Y stage 6 performs one more step. i in X d|rect|on
and the whole procedure is repeated If an end, srgnel is present the X-Y stage 6 moves
backward |nto the start position. Between two adjacent scannlng operatlons the opera-‘_

tor: changes mannually the .angular posmon of the: rotat|ng fork 9 with' angular incre-

ment - AOx .5 = o . SO L :
“The proposed processing operations accomplished in the computer 7 are shown in
fig.3: Al sampled signals | 1(x);i=1.2,..,m, from m photodetectors are multiplied for
each:x: The product Pr(x) is compared in amplitude with the glven comparlson level Po-
If the product Pr(x) for some ponnt X is smaller than the companson level P0 the output
signal W|II be ‘equal ‘to Po- If the product Pr(x) exceeds the companson leveI PO,
real value’ Pr(x) is stored unchanged in the computer memory Thesn operat|ons are

“repeated for all posntrons of the XY stage at Yo ‘and wrthout scann|ng along

Z- coord|nate . . . :

The output SIgnaIs l(x) Pr(x) and M(x) represent the array of the 1D -scans in the'
frame x, Oxy. The typlcal number of X-scans is about 200 and the number of the dif-
ferent discret Oxy onentatrons is about 20. At the last stage the 2D- plot WIth axis X,
Oxvy: |s calculated and dlsplayed on the computer console S e



In the case-of the normalized signals from m photodetectors With\ .
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Fig.6. Photograbhs of the particle tracks ’ Flg 7 Photographs of the F Tpatters By r E]
used in the experiments: 1) neon neclei, of the part/cle trackspresented in fig.6. J

2} proton with linear density of 100 sil- B i
ver grains per 100 um, 3) proton with . Sy
llnear density of 40 silver grains per S . : ‘

we have
(1 £a) +s. multiplication . . (1 iV m - a) +ms
Do -——* U :
extraction of,the'm-th root (1 t. S . : (10)

— - \/m

The noise dispersion is getting Vm times smaller under these transformations.

Meanwhile the.same result can be attained by the averaging of the primary - signals
i {x), k =1.2,...,m, from m photodetectors. This conclusion follows from the fact that
normalized dispersion of the noise a <<1 and signals—to-n‘oise ratio s <<1 as well. As
these relations are typrcal ones in the searchmg for the particle tracks of low jonization
level we may- offer another th|rd ‘algorithm for suppressing of the noise d:spersron by-a.
factor of v/ m., ;For this purpose we must gather noncoherently all components of the
diffraciton light which pass through the transmitting slit. This can be done with the help

-of the Ilght guide comb Wthh drrects all the light into one photodetector .

. _4. EXPERIMENT r

The test expetlments were performed with parttcle tracks of three types (flg 6)
1) tracks.of . hrgh ionization level:. accelerated neon nuclei of the impulse 4. 5 GeV/c ’
per nucleon 2) tracks of Iow jonization level: protons wuth hnear denS|ty of 100 s:lver{,
grains per 100 am, and 3) proton track with linear den5|ty of 40 silver grains per 100 ym :
The photos of the FT- -pattern of these partlcle tracks in the' nuclear emuISIon wnth |m-__
mersion oil under the cover glass are shown in f|g 7. : Sty

The srgnals from elght neon nuclei observed m the MFTM W|th one channel photo-‘?"
detectors 81 are: shown in fig.8. The position of these partrc!e tracks is represented
schematrcally in fig.9"in the frame of the marking grid. To the rlght from the particle
track. "8 in f|g 8. we see a group of the secondary partlcles WhICh go paraIIeI to the axis
of the. beam of pnmary neon nucIe| These shower particles are shown schematically in
fig.19. Their | parameters are presented in Table 1 where n is the linear density of silver:

- grains per 100 um, Z — the depth coordinate .of the particle track ln the center of the

marklng gr|d square and Oz is. the dlp angle of the parthIe track

2

Flg 8 S/gna/s of the neon nuc/e/ abserved in the MF TM w1th one channel photode- :

tectors' 8/,
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Fig.9. Position of corresponding neon nuclei in the frame of the marking grid.
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‘ :F/g 10. Schematic position of the shower partlcle tracks in the frame of the mark-‘ ,

: mg grtd which are to the right from the neon nucle/ track "8” in f/g 8

TABLE 1

TRACK |8 Ja | bjidfid e ]t )ag|h]i
n oo || uz i {1201 1S |38 [ 120]108] 112
z,um | 85|75 |83 5?/2677 146{106({69 | 6. |30
8; "1 0| 0:|.46] 61 )276).46 [122| 23] 61 | 46
. %, um |-36] 29 {244]300/402 |450}485 |493 | 740|860

" The structure of the signals of
the neon nuclei tracks *’5*/ and ‘6"’
in fig.9 is shown in flg 11 in the
frame X, Ox y.

The output srgnals l;(x} sam-
pled for some orientation angle

i @xy versus transversal coordmateA

X, i = 1,2,3,4,6 with X-scale in

‘mm’are shown in fig.12.. The pro-
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F/g 7 1. ZD-pIot of the two neon nuclel tracks in the frame of X, Gx ~ coord/nate axes.

duct:signals Pr N 2 (x) ‘and” Pr ’ 34, (x) are presented in fig. 13. ln fig. 14 m thee
‘same graph we. show the 5th root from the product sugnal \/Pr (x) and the average
sngnal M(x) whrch are seen to agree with each other’ m accordance with general theory"'
descnbed in § 3 of this paper. ~ : L

- The most pronounced result of our expenments is the 2D-plot in (X @xy) framev.
wrth two peaks of the partucle track "'f"* with linear density of 115 silver grains per 100:
_um-and of partrcle track ‘‘g’* with linear densrty of 38 silver grains per 100 um (f)g 15)."
The X Y. stage position was lncremented by 5 um. From fig.15 we may conclude that-
* the partxcle tracks with linear density of = 40 srlver grains per 100 um’ can be clearly,
detected in our ‘microscope with - inmal sxgnal to-noise ratio in the average srgnal M(x)
being equal to S/N =1:3. ' : : 4 AR

ln conc(usmn |t should be emphas:zed that in spite of the fact that two processmg
algorithms, giving M(x} and m\/Prm {x}, are indeed the equwalent ones forweak particle
tracks, it is advisable to follow the recommendations which follow by using our FT -mic-
roscope of the direct observation for searching for the particle tracks of low:i lomzatlon
level. R 5 . o e .

At the flrst stage the dlgmzed output sngnals from all m photodetectors are multn-

. phed to produce the product signal Prq, (x). At the second stage the product S|gna|_ﬂ'

Prm(x) is compared W|th comparator |eve| Po chosen in accordance with’ equat:on

=NPr+bame o . ,‘t_{_‘f 5¢,;_=_,vnn
- where NOP.r is the average noise component m the product s:gnal Prrn (x) O(N Pr) is the;
dlspersmn of the nonse srgnal N, Pr and k s the number. which-must be chosen by trials
and errors in the range k = 0,5%5. At the third stage we extract the m-th root from the*

- new Slgnﬂl Pr(x) whxch has . undergone the comparator operation described - above

9
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From ﬁg 15 we rhay estimate the angular and the spacial resolution of the device:

ABxy = 12" and AX = 20 um. It should be emphasized that axis of the rotating fork.

in our expenments does' not coincide with optlcal axis of the’ mlcroscope Because of

. this the symmetry ‘axis of the particle track contour in ZD plots in figs 11 and 15 doesf

not go parallel to the (-)Xy-axw o
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F/g 4. Average S/gna/ M(x} {a) and 5\/ Pr x) (b} S/gna/s for part/c/e tracks of
e /ow ionization /eve/ A=10 }.l.m
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F/g 15 ZD -plot in the frame of X, @xy coordinate axis with peaks produ

11 _1s

ced by the proton tracks “f” and () (see fig.10).
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