





tigations into capabilities of a streamer chamber with HR,
operating in self-shunted regime/aq/.

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’% 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 St were being registered 50 cm 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 11 units GOST. Images were reconstructed
from holograms according to the scheme in Fig.2. Hologr?ms'were
illuminated by a He-Ne laser with -2 mWt continuous rad1at}on.
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 um wide
were placed in the real image formation plane. The miras were
placed in such a way that the track image reconstructed fr9m
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 ks, res-—
pectively. Tracks were reliably detected 200 ns after the high-
voltage pulse was triggered. Separation of the shock wave ?ront
from the streamer channel was observed ~900 ns after the high-

voltage pulse.

Fig.2. Reconstruction scheme.

1 - helium—neon laser, 2 - col-
limator, 3 - hologram, 4 -
Gelios—4 objective, 5 - tarni- '
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 ISOPANCHROM~22 photoemulsion was
used with light-sensitivity 1200 units GOST (Fig.6).
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RESULTS

A. Reconstruction of Holograms

Figure 3 is a photographed hclogram of the track of an elect-
ron from the radioactive source St 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 the track
image one can see photoimages of both the miras. The reconstruc-
ted image shows that, despite a heavy diffraction of the laser
irradiation on the wires of electrodes, the hologram registerec
a very sharp diffraction image of the optical inhomogeneity from
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 exterral vessel in
which the SC was placed (to avoid electrical break-down the
vessel was filled with nitrogen at a pressure of 5 atm during
the exposure). Influence of the diffraction on electrods 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 while
the hologram is fixed, Fig.2) during the reconstruciion, cne
can achieve a step-by-step raccanstiuction of the image of the
whole optical inhcmogeneity in the streamer channel. At a cer-
tain distance between the hclogram and the objective focus plane
corresponding to the distance between the film and the place
where streamers” necks were formed (i.e., in places where elect-
rons from %VSr passed) an image with the smallest d_ameter
was reconstructed from the hologram. In this way the image re=-
constructed from the hologram shown in Fig.3 was pictured in
the film (Fig.4).

Since the coherence length of our rhodamine 6G iaser was
~70 um/9/, the depth of focus of the optical inhomogeneity
image reconstructed from the hologram was ~1.5 mm, which was
experimentally proved(small coherence length sct= Jimits to the
hologram diameter 7%/}, Because of strong cross-influence of the
diffraction on electrode wires, it was difficult to find an
exact diameter of the holegram, which would be useful; by the
way using the formula d=0,77.Az/D one could determine the in-
homogeneity diameter d if the diameter of its hologram p is
known.

By comparison with miras one could find that diameters of
optical inhomogeneities in some streamer channel necks were
~80 um while in other necks they varied within 100-180 ym.

Afore-mentioned figures were verified when measuring inho-
mogeneity diameters fiom shadowgrams.



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 cm.

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 160um width. The
track length is ~0.8 cm.

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 cm.

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 1

Density of the number of optical inhomogeneity images p
(streamers/cm) and their diameters 4 (um) versus

the laser pulse delay Ar; Ar varying relative

to the high-voltage pulse within 200-9000 ns, and
versus high-voltage delay At = 600 ns and At = 900 ns
(Ar = 700 ns in both cases) relative to the signal
from FEU
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meter 5 atm 10 atm method
Ar At = 600ns At=900ns At=600ns At=900ns At = 600 ns

200
500
n 800 10+1 10+1 14+1
2000
9000

14+1 4+1 6+

200
500

d 800 ~180 «~190 ~150 ~160 - -
2000
9000

Results of those measurements are presented in Table 1. 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/10:11/ (the
table lists actual diameters of inhomogeneities, i.e., the size
they have in the chamber itself).
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At both pressures (5 and 10 atm) tracks were registered po-
sitively and without 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
height was comparable with thickness of side glasses, due to
difference 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/ecm. Probably, one could not observe dependence of the
diameter and density of the number of inhomogeneity images npon
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 {E=0.5421+2.26 MeV} radio-
active source is %08 for helium at 10 atm.

Ay or3

7= —2p=l

2
(B, + 1n~—‘8——— -B2] ~ 35 ion pairs/cm, (3)
B2 273+t 1 1.p%

where A = 0.244 and B;= 11.64; P is the pressure; B=v/c.On
the other hand, as is seen in the table, the streamer chamber
with holographic reading has, however, higher sensitivity as
compared witn tne classical photography method (lki1g.6).

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 IR are displayed only if the hologram is re-
constructed under coherent light, when a separate clement of
a track is reconstructed not only with high spatial resolution,
but alsc with information on its Z-coordinate.

Fig.6. A photoimage of the electron track. Pressure
is 10 atm, field intensity is ~125 kV/cm, VPG high-
voltzpge pulse delay is 600 ns. The track length is ~3 cm.
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Table 2

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

Pressure, Mixture Methane Refrac- Density Average
atm percentage tion of the image
7% (n-1)- 10* number of diameter,
images 7, d, um
streamer/cm
5 He + CHy  0.4-0.6 0.35. ~4 -
5 He+ CH, 0.02-0.04 0.35 ~5 150
5 D, + CH,+H,0 0.1 1.38 9+2 ~120
5 He + CH, 25 1.37 10+1 ~ 180
10 He + CH, 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.’®7/, one can see that higher
percentage of methane leads to higher sensitivity of HR(Table 2).
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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.

CONCLUSTIONS

1. 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 150 um and to an increase of the density of the
number of images from 10 to 14 streamers/cm.







