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ln streamer chamЬers with holographic registration the read­
out of information from the chamЬer volume is mostly performed 
applying the Gabor scheme. lt expedience is due to its simplici­
ty, low sensitivity to mechanical disturbances, . and this pro­
cedure is characterized Ьу minimal requirements to the spatial 
and temporal c9herence of the laser being used and to the photo­
emulsion resolution. At the same time it does possess certain 
defects that, to а larger extent, enhance the noise present in 
the reconstructed image, thus complicating further processing 
of the information. Тhе following features can Ье included in 
these defects: 

- distortion of the reference beam owing to ampli~ude and 
phase influence of the · streamers and of other spark discharges 
within the chamЬer volume; 

- low diffraction efficiency of the holograms. 
When the above scheme is utilized, the quality of ~е recon­

structed track image depends strongly on the presence of the wire 
electrodes of the chamЬer. Тhе diffraction pattern of the wires 
decreases the contrast of the track images and suppresses dif­
fraction from the streamer channels with weak optical inhomoge­
neity. 

Тhis can Ье avoided Ьу usingas electrodes glass plates co­
vered with conducting coating. On the other hand track informa­
tion can Ье extracted effectively in the presence of wire elect­
rodes Ьу means of optical filtration of the images obtained from 
holograms. The quality of filtered track images is improved sig­
nificantly if one utilizes as the input signal to the filtra­
tion system track images from shadowgrams /1,2/ ,instead of images 
from holograms. Тhе point is that, regis t ering shadowgrams, it 
is possiЬle to reduce to а minimum the influence of the diffrac­
tion pattern of the electrode wires. This is achieved Ьу fo­
cusing the lens of the photocamera at the median plane of the 
chamЬer or in а plane situated at а certain distance from the 
streamer chamЬer from the side of the photocamera. Here it is 
necessary to note that, although the influence of diffraction 
on the wires is reduced to а minumum when shadowgrams are re­
gistered, in this case the main advantage of holographic re­
gistration is lost, namely, the information on the "Z" coordi­
nate of the optical inhomogeneity in the streamer channel is 
lost. Тherefore for obtaining the total information it is ne­
cessary to employ stereoregistration of shadowgrams /8,•1. 
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In this paper we present the results of an investigation of 
·the .possibilities of the optical filtration 'of images obtained 
from shadowgrams, namely, we discuss how to get rid of the images 
of the wire electrodes present on the track images 151. 

EXPERIМENTAL APPARATUS 

In Fig.l the registration scheme is presented for obtaining 
shadowgrams of electron tracks in а helium-methane streamer 
chamЬer , at а pressure of 10 atm/5/. Shadowgrams were registered 
using а photocamera (fig.2). In order to register the diffrac­
tion patterns from all the streamers the objective was focused 
at а plane situated at 2 cm from the back wall of the streamer 
chamЬer. 

Optical Jiltration was performed according to the scheme pre­
sented in Fig.З. То this end the shadowgram was placed iц the 
plane H1.The Fourier image of the track and the wires is formed 
Ьу the lens О 1 in the Fourier plane F1. · The lens' О2 performs 
converse Fourier transformation in the plane F2 , of the images 
input in Н1. 17 
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Fig.1. Registration saheme of the holograms: 1 - nit­
rogen tank~ 2 ~ high-voltage and earth eleatrodes~ 
3 - radioaative sourae 90sr, 4 - streamer ahamber~ 
'5 - photorrrultip lier ~ 6 - univibrator ~ 7 - triggering 
Ыоаk f or voltage pulse generator (HVG)~ 8 - НVG~ 
9 - delay line~ 10 - nitrogen laser~ 11 - qua~tz lens~ 
12 - r hodamine 6G laser aavity~ 13 - beam expander~ 
14 - aamera triggering Ыоаk~ 15 - photoaamera with the 
"Helio s-40 " objeative~ 16 - osaillograph С9-1 4~ 17 - fiber 
optias. 
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Fig . 2. Photograph of а shado'l.l)­
gram of an electron t rack i n 
t he helium-met hane chamber at 
10 atm. 
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Fig . J. Scheme of qptical filtration: 1 - He- Ne laser 
in the TEM00self-oscillation mode3 2 - Ъеат expander 
UJith pinhole О 1 and Oz obj ect ives for the direct and 
inverse Four ier transformqtions3 J - TV camera3 4 -
TV monitor . · 

DI SCUSSION OF ТНЕ RESULTS 

Optical filtration is based .on the fact that а lens can pr o­
vide the Fourier transformat i on of an opti cal signal /б/, 

In the case of track shadowgrarns the function t(xy) describes 
the registered i~forrnation on the i rnages o f the electrode wires 
and of t he track of the charged particle: t(xy) = h(xy) + g(hy), 
where h(xy)describes ·the irnage of the wires, and g(xy) describes 
the irnage of the strearners. If the shadowgrarn is placed' at the 
plane Н1 (Fig. 3), th.en in the plane F1 there is forrned а Fou­
rier transforrn of t(xy), i.e., T(wxw·y).On the other hand ~ since 
the Fourier transforrnation is linear, .Fit(xy)l = FIR(xy) + 
+ g(xy) 1 = A(wxw у) + 'G(wxwy) , where H(w xwy) and G(wx wy) represent 
t he Fourier transforrns of the functions h(xy) and g(xy) and Ьу the 
operator F we denote the Fourier transforrna tion. 

Frorn the above it is clear that Ьу suppressing the Fourier 
transforrn of h(xy) - Н(wxwy), one can achieve registration at 
the plane F2 only of the track i rnage, since the lens 02,per­
forrning the inverse Fourier transforrnation of the f unction 
G(w·xwy) , reconstructs g(xy) a t Fz : F -II'G(wxw·y) 1 = g(xy). 

The sirnplest way of suppressing H(w w· ) consists in u~ing 
а suitaЬle optical filter, which i s capab l e of suppressing 
further propaga tion of Н(w xw у). Experirnenta lly i t was es tab­
lished that the use of а sirnple stop-band filter does not lead 
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Fig.4. Fourier trans­
form о f the images о f 
the elect rode ыires • 

Fig.S . Optical filte ­
red image of t he track 
shoыn in Fig. 2. 
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Fig. 6. Filtered image of t rack 
photographed from t he scr een 
of t he TV moni tor • 

to а good filtration, since the spatial frequencies of the dif­
fraction irnages of the elernents of the track and of the wires 
are approximately identical. То suppress H(wxwy ) we rnade use 
of а rnatching filter which was situated in the plane F 1• 

The filter was constructed in the following way. The shadow­
grarn of the electrode wires was placed in the plane Н 1 (to 
obtain only the shadowgrarns of the wires the strearner charnber 
volurne was photographed without applying the high voltage pulse, 
i.e., no track in the charnber was forrned). Thus, the filrn si­
tuated 1n the plane .Fl registered only the Fourier transforrn of 
h(xy)- H(wxwy) (Fig.4). After being processed photochernically, 
the filrn, now representing the filter, is placed exactly at the 
sarne place where it was during registration, Only in such а case 
one can achieve reliaЬle suppression of H(wxwy) and provide un­
irnpeded propagation of HG(wxwy) for further processing. 

In Fig.5 the photograph is presented of а filtered track 
irnage registered Ьу а filrn' s'ituated in the plane .F2. 

The total suppression of the irnages of the wires can Ье 
achieved Ьу using а telecarnera forrning the track irnage on 
а television rnonitor (TV), То this end the telecarnera was placed 
in the plane F2 .Adjusting the contrast of the image on the TV 
rnoni ~or it is possiЬle to suppress cornpletely the irnages of the 
wires (Fi g .б). 

Finally, we note that the described filtration systern can 
Ье used in an on-line scherne of shadowgrarn registration. То 
this end the registration of shadowgrarns is carried out from 
the screen of the TV monitor, while at the plane F1 for cont­
rast elimination of the irnages of the wires, there is situated 
the matched filter H(wxwy)• 

5 

*# 

~ 



"" 
~; 

"" .,_ 

~ 

CONCLUSIONS 

Making use of а simple and compact system of optical filtra­
tion one can schieve registration of а clean image of an elect­
ron track registered Ьу а shadowgram. А noticeaЬle improvement 
of the quality of the filtered track' imag~ is obtained Ьу uti­
lizing а TV camera with subsequent tranamission of the image 
to the TV monitor. Thus, from the screen of the TV monitor it 
is possiЬle to perform photoregistration of а highly contrast 
track image cleared of all other optical disturbances. 

REFERENCES 

1. Kalimov A.G. et al. Nucl.Instr. and Meth., 1981, 185, р.81; 
1983, 217, р.425. 

2. Exnerova Уа. et al. Nucl.Instr. and Meth., 1983, 217, р.425. 
3. Kalimov A.G. et al. LINF, No . 407, L., 1978. 
4. Ulman Р. et al. JiNR, 13-81-321, Dubna, 1981. 
5. Ivanov I.Ts. et al. JINR, D1-83-798, Dubna, 1983. 
б. Soroko L.M. Holography and Coherent Optics, "Nauka", 

6 

Мoscow, 1971. 

Received Ьу PuЬlishing Department 
on July 4, 1984. 

Фаломкии И.В. и дР. 
Оптическая фипьтрация изображений треков 
с лазерных текеграмм в стримерной камере 

ЕIЗ-84-473 

Описывается применеиве метода оптической фильтрации дпа 
улучшения изображения трека электрона, эареrистрированноrо 

в виде лазерной тенеrрамны. Треки реrистрировалнсь стримерной 
камерой, работацей в ре.ине самоJDУНТИРования. Оптнческаи 
фильтрацна сч~ает изображение трека от шумовой компоненты -
дифр~ониой ~артниы проволочных электродов камеры. 

Работа выполнена в Лаборатории ядерных проблен ОИЯИ. 
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Тhе application of optical filtration method for 
iшproving the electron track laser shadowgram is described. 
The shadowgrams are registered Ьу streamer chamЬer working in 
self-shunt regime,. Because of the diffraction pattern of the 
vire electrodes, the track shadovgram is suppressed Ьу it, 
Ьut filtration helps to clean the track image from this noise 
component. 

Тhе investigation has been performed at the Laboratory 
of Nuclear ProЬlems, JINR. 
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