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a) b) 

Fig.). a) Registration scheme, I -nitrogen tank, 2-
high-voltage and earth electrodes, 3 - radioactive 
source 90 sr, 4 - streamer chamber, 5 - photomultiplier, 
6 - univibrator, 7 - triggering block for voltage 
pulse generator, 8 - high-voltage pulse generator~ 
9- delay line, 10- nitrogen laser, II -quartz lens, 
12 - rhodamine 6G laser cavity, 13 - collimator, 14 -
camera triggering block, 15 - camera, 16 - oscillograph 
C9-4, 17 - fiber optics. b) Time diagram of holographic 
registration: I - photomultiplier start signal, 2 -
high-voltage pulse, 3 - laser pulse. 

reduces photoionization and the number of charge-carriers in 
the whole chamber volume, thus improving localization of tracks 
in SC 131 • 

We used a filling mixture which comprised 25% of methane 
and 75% of helium (both gases were of 99.99% purity). On adding 
the mentioned amount of methane, the refraction value becomes 
n-1 = 1.37·10-4 (,\= 580 nm). 

Besides, from the technical point of view this mixture is 
more suitable because of low working voltage of the voltage 
pulse generator (VPG) even at high pressure. The chamber with 
such a mixture is a good target-detector in experimental inves
tigations of rr -meson interactions with helium and carbon. 

We investigated variations of the diameter and density of 
the number of optical inhomogeneities in streamer channels ver~ 
sus the laser pulse delay relative to the high-voltage pulses 
(HVP); we also investigated variations of the same parameters 
versus the delay of the HVP relative to a triggering pulse of 
photomultiplier (Fig.Ib) at the constant laser time-delay 700 ns. 

The paper presents the investigation results on sensitivity 
of holographic reading of information from a helium-methane 
chamber at 10 atm pressure. It is a continuation of our inves-
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tigations into capabilities of a streamer chamber with HR, 
operating in self-shunted regime 13·7/. 

To investigate the effect of pressure upon sensitivity, the 
same experiments were carried out in the same chamber with the 
same mixture after decreasing the pressure from 10 to 5 atm. 

EXPERIMENTAL SET-UP 

The experimental technique differed from that described 
in/6/ only by a smaller spacing of electrode step (1.2 mm in
stead of 3 mm). Gabor's track holograms of electrons from the 
radioactive. source 90 Sr were being registered 50 em off the 
median plane of the chamber (Fig.la). The track shadowgrams 
were also registered by means of the "Helios-40" objective. 
Holograms and shadowgrams, as well as images reconstructed from 
holograms, were registered on the Micrat-300 photoemulsion 
with light-sensitivity II units GOST. Images were reconstructed 
from holograms according to the scheme in Fig.2. Holograms were 
illuminated by a He-Ne laser with -2 mWt continuous radiation. 
Real images were photographed by the Helios-40 objective with 
extension rings. To determine comparatively the size of the 
reconstructed image of the optical inhomogeneity, appeared in 
the streamer channel, opaque strip miras 80 and 160 /Lm wide 
were placed in the real image formation plane. The miras were 
placed in such a way that the track image reconstructed from 
the hologram was between them. The laser pulse delay relative 
to the high-voltage pulse was 0.2, 0.5, 0.8, 2 and 9 ILks, res
pectively. Tracks were reliably detected 200 ns after the high
voltage pulse was triggered. Separation of the shock wave front 
from the streamer channel was observed -900 ns after the high
voltage pulse. 

Fig.2. Reconstruction scheme. 
I - helium-neon laser, 2 - col-~ 
limator, 3 - hologram, 4 -
Gelios-4 objective, 5 - tarni- ' 1 

shed screen, 6 - ·"Zenith" camera. 

Holograms and shadowgrams were measured in the UIM-21 micro
scope. Electron tracks were also photographed without illumi
nating the chamber volume by a laser (i.e., a classical method 
of reading). In this case the ISOPMiCHROM-22 photoemulsion was 
used with light-sensitivity 1200 units GOST (Fig.6). 
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RESULTS 

A. ~econstruction of Holograms 

Figure 3 is a photographed hologram of the track of an elect
ron from the radioactive source 90 sr in the helium-methane 
chamber at 10 atm. The laser pulse delay in respect to the high· 
voltage pulse was 200 ns. Reconstruction of the track image 
from this hologram is shown in Fig.4; above and below tbe track 
image one can see photoi.mages of both the miras. Th2 reconstruc·· 
ted image shows that, despite a heavy diffraction of the la,:,er 
irradiation on the wires of electrodes, the hologram registeret 
a very sharp diffraction image of the optical inhomogeneity front 
each streamer. Influence of the diffraction on electrode wires 
could be reduced by placing the film immediately in front of 
the SC, which was impossible because of the exterr:al vessel :in 
which the SC was placed (to avoid electrical break-down the 
vessel was filled with nitrogen ·at a pressme or 5 atm during 
the exposure). Influence of the diffraction on electrode wires 
can be completely eliminated by using side glasses with conduc
tive coating as high-voltage and earth electrod·.:s. On moving 
the hologram along the Z -axis (or moving the objective Hhile 
the hologram is fixed, Fig.2) during the reconstruction, one 
can achieve a step-by-step reccnstruction of the image of the 
whole optical inhomogeneity in the streamE.r channel. At a cer
taln d1stance between the hologram and the objective focus plane 
corresponding to the d~. stauce between the film and the place 
where str·::a

9
mers' necks w2re formed (i.e., in placerJ where elect

rons from usr passed) an image with the smallest d ~ameter 
was reconstructed from the hologram. In this way the imnge re
constructed from tbe. hologram shm.;n in Fig.3 was pictured in 
the film (Fig.4). 

Since the coherence length af our rhodamine 6G laser was 
~70 /LID/91, the depth of focus ot the optical inhomogeneity 
uaage reconstructed from the hologram was -1.5 rnm, which Has 
experimentally proved(small coherence length set" 1 imits to the 
hologram diameter 191). Because of strong crosf,- influence of the 
diffraction on electrode Hires, it was difficult to find an 
ex::1ct ~iameter of the hologram, which would be useful; by the 
way us1ng the formula d = 0.77·Az/D one could determine the in
homogeneity diameter d ~f the diameter of its hologram D is 
known. 

~y co~parison with miras one could find that diameters of 
opt1cal 1r;-ho:n~geneities in some streamer channel necks were 
-80 /LID v.~hlle 1n other necks they varied within 100-180 /Lm. 

Afore-mentioned figures were verified when measuring inho
mogeneity dia!'leters f1o:n shadowgrams. 
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Fig.3. A photo of the hologram 
of the electron track in a heli
um-methane chamber at 10 atm. 
Field intensity is -125 kV/cm. 
HVP delay is 600 ns, laser pulse 
delay relative to the high-vol
tage pulse is 200 ns. The track 
length is -0.8 em. 

Fig.4. A photo of the image re
constructed from the hologram 
shown in Fig.3. Above and below 
the image there are images of 
miras 80 and 1601Lm width. The~ 
track length is- 0. 8 em. 

B. Measurements of Shadowgrams 

Strong noise component due to diffraction on the electrode 
wires does not allow precise measurement and micrometry of the 
reconstructed images from hologram. Therefore, all measurements 
were made by shadowgrams (Fig.5) registered under the same con
ditions as holograms. 
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Fig.5. A photo of the electron track shadowgram under 
the same conditions as in the hologram in Fig.3. The 
track length is -3 em. 

·) 

Since extension rings were used during the registration 
for precise focusing of the objective in the median plane of 
the SC, "compressed" images of the chamber volume were regis
reted in the shadowgram ("compression" coefficient was 3.6). 
Despite all this, here also the "transparency" degree of shadow
grams was not high because of diffraction on wires which ham
pers microphotometry of tracks. Therefore, shadowgrams were 
measured in a microscope. 

The optical inhomogeneity diameter was determined by the 
size of a light spot in each streamer channel to the first ma
ximum of sharp blackening. An average diameter of inhomogeneity 
images was calculated by measuring 30-60 images at each delay 
(of the laser or VPG). 

Table I 

Density of the number of optical inhomogeneity images~ 
(streamers/em) and their diameters d (J.L.m) versus 
the laser pulse delay !:l.r; !:l.r varying relative 
to the high-voltage pulse within 200-9000 ns, and 
versus high-voltage delay !:l.t = 600 ns and !:l.t = 900 ns 
(!:l.r = 700 ns in both cases) relative to the signal 
from FEU 

rd.Lc1- llU.LUbL.ci.}JU..L'- WCL.UVU. 
nt- - .._ - - ~-- -1-.! -
.a.&&...,._...,O ......... l" ................ 

meter 5 atm 10 atm method __ ....:::......;::.:=:.. _______ ___:_::_..:.:..c."---- !:l.t = 600 ns 
!:l.t = 600ns !:l.t =900ns !:l.t =600ns !:l.t =900 ns 

~ 

200 
500 
800 
2000 
9000 

200 
500 

d 800 
2000 
9000 

10+1 10+1 

-180 -190 

14+1 14+1 4+1 6+1 

-150 -160 

Results of those measurements are presented in Table I. As 
is seen, a two-fold increase in pressure produces but a slight 
effect on the size of the diameter of the optical inhomogeneity. 
This should be expected, since the duration of the high-vol
tage pulse was always constant and equal to -100 ns 110• 111 (the 
table lists actual diameters of inhomogeneities, i.e., the size 
they have in the chamber itself). 
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. ~t both pre~sures (5 and 10 atm) tracks were registered po
s~t~vely and w~thout any change regarding density and diameter 
of the image at the high-voltage pulse delay relative to the 
photomultiplier pulse up to 1000 ns. As the chamber volume 
h~ight was comparable with thickness of side glasses, due to 
d~fference in dielectric constants of the filling mixture and 
glasses, the field strength in the chamber exceeded the one 
calculated by the space between electrodes and equaled 
··125 kV/cm. Probably, one could not observe dependence of the 
diameter and density of the number of inhomogeneity images 11pon 
the amplitude of the VPG high-voltage pulse because of the high 
field strength. 

Higher pressures increase, undoubtedly, sensitivity of the 
method, which is testified by higher density of streamers, 
though the observed density is considerably lower than the pri
mary ionization density calculated by the formula offered in/12/ 
It follows from this formula that for IE=0.542172.26 MeV! radio~ 
active source ~s 9°Sr for helium at 10 atm. 

A 1 273 . f3 2 
TJ = - P-·-- [ B + ln--- - f3 2 ] - 35 ion pairs/ em , 

f3 2 273 + t0 1 1 - f3 2 
(3) 

where A 1 = 0. 244 and B 1 = II. 64; P is the pressure; f3 = v/c •. On 
t~e other hand, as is seen in the table, the streamer chamber 
w~th holographic reading has, however, higher sensitivity as 
cumparea wu:n t:ne class1.cal photography method ~F~g.b). 

One can judge the indubitable advantages of SC with HR 
by the quality of images from shadowgrams and photograms. Unfor
tunarely, the advantages of holography are hardly revealed when 
photographing tracks from the hologram under white light. All 
the advantages of HR are displayed only if the hologram is re
constructed under coherent light, when a separate element of 
a track is reconstructed not only with high spatial resolution 
but also with information on its z-coordinate. ' 
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Fig.6. A photoimage of the electron track. Pressure 
is 10 atm, field intensity is -125 kV/cm, VPG high
voltage pulse delay is 600 ns. The track length is -3 em. 
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Table 2 

The dependence of density and image diameters 
on pressure, mixture, methane percentage and reflection 

Pressure, 
atm 

5 

5 

Mixture 

He+ CH4 

He+ CH 4 

Uethane Refrac- Density 
percentage tion of the 

% (n-1)· 104 number of 

Average 
image 
diameter, 

images Tj, 

streamer/em 
d, ILm 

0.4-0.6 0.35. - 4 

0.02-0.04 0.35 - 5 ISO 

5 Ilz + CH4 +H20 0. I 1.38 9+2 -120 

5 He+ CH 4 25 I. 37 10+1 -180 

10 He+ CH4 25 1.37 14+1 -150 

On comparing our data on density and diameters of registered 
images from streamer channels of the helium-methane SC with HR 
at 10 atm with the data from refs. 15·7/, one can see that higher 
percentage of methane leads to higher sensitivity of HR(Table 2). 
!~i: =~~ =~ ~:~~~~:=~~ ~J ~~~y~=~~~~ ~= ~~~ ~~~~i~~~ ~~~~ ~i~~ 
the data of experiments with a deuterium chamber, the reflec
tion value of which is approximately the same as the refraction 
value of a helium-methane chamber with 25% of methane. 

When considering the data in Table 2 one should bear in 
mind some differencies in parameters of the set-ups at which 
the data were obtained: different shock capacitance of VPG~s, 
different spacing in winding of electrodes and different ways 
of their fastening, different purity of filling gases, etc. 

CONCLUSIONS 

I. Higher percentage of methane leads to increase of target 
degree of optical inhomogeneity and to better sensitivity of HR, 
though the achieved density of the number of images is signifi
cantly lower than the density of primary ionization under given 
conditions (10 atm pressure). 

2. A two-fold increase in pressure (from 5 to 10 atm) leads 
to a decrease of the diameter of the optical inhomogeneity image 
from 180 to ISOILm and to an increase of the density of the 
number of images from 10 to 14 streamers/em. 



3. On changing the laser pulse delay relatiye. to the high
voltage delay within 200-9000 ns,the density of the number of 
images and their average diameter remain constant. 

Thus, the advantages of the holographic reading of informa
tion from streamer chambers can be fully realized only using 
a filling mixture with high refraction value at high pressures 
with a corresponding shortening of the high-voltage pulse. 

The authors are grateful to Professor V.P.Dzhelepov for 
his interest to this work, and to Dr. L.M.Soroko for fruitful 
discussions. 
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