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‘Introduction. -

Recent works( ) on spark chambers showed the possibili
ty of employing single-gap spark chambers (10 -30 cm wide plate to plate)
to detect charged partlcles

The amount of information available from photographs of
tracks in this chamber is, under many respects, equlvalent and even bet-
ter than the information available from the tracks photographed in the corn
mon narrow-gap spark chambers with similar dimensions.

~ The absorbing layer in the single- gap chamber may be
minimized and tracks forming angles from 00 to 40° with the pulsed elec-
tric field E can be detected, without apparent loss of efficiency of detection.

The practical realisation of this kind of detector is very
easy, because of the smaller accuracy needed in mounting conducting pla-
tes at the correct distance and in preparing their surfaces, so as to obtain
a good detection efficiency. Efficiency depends on gas purity. Edge sparks
are avoided by care in cleaning the internal walls and rounding all protru-
ding edges.

Single-gap spark chamber construction, -

 We built the chamber with the following dlmensmns, di-
stance between conductmg plates (Al 2 cm th1ck) d = 22 cm, cross section
20x20 cm?. '

The transparent lucite walls are 2.5 cm thick. The metal
]1c plates are screwed to the lucite walls, and vacuum tightness is assured
by rubber gaskets. The thlckness of the walls allows us to make observa-
‘tions in a wide range of pressures.



Experimental arrangement. -

The coincidence pulse between two scintillation counters
defines a charged particle (cosmic ray) crossing the chamber.

Simultaneously a spark-gap pulse flres a pulse voltage mul
tiplier of the Marx type (fig. la), with 25 K. V. d. c. supply, capable of de1_1_
vering a maximum nominal pulse amplitude of 200 KV. ‘

In the scheme of fig. 1b, the Cy; condenser, circuital equi
‘valent of the voltage multiplier, is initially charged to the high voltage Vg
(60 ~200 KV); when I closes the high voltage circuit a pulse V is applied to
the chamber (condenser C.) through the series resistor Rg. C_ is shunted
by resistor Ry. :

The total delay, between the crossing of the particle thro-
ugh scintillation counters and the high voltage pulse is actually 300 ns, and |
can be minimized when the H. V. Multlpller spark gaps are properly adju~
sted near breakdown

‘ (x) . The rise time of the V, pulse is a few nanoseconds, if
Rg = 0\¥), |

The shunting resistor Ry brings to zero the amplitude of
the V, pitlse in a sufficiently short time (200 - 300 ns).

Employed gases. -

The following photographs are related to observations ma
- de with pure neon in the chamber. We also employed a Ar (5 %), Ne (95 %)
mixture, but the observations are not reported because still incomplete.

Observations in Ne or He. -

: In the normal arrangement of the chamber the tracks ma-
ke an angle <40° with the direction of the electric field E.

' Such a situation is shown in fig. 2.

The n’egative pulse V, is applied to the upper plate. The
discharge initially follows for about 1 cm the electric field lines (this ef-
‘ fect is marked near the upper plate) then joins the’ prlmary ionized path.

_ ‘ " Such a behaviour is in agreement with the observations of
-~ other workers{2) and with the description of the discharge mechanism(3). We
want to remark that the track is formed also if it does'nt cross both the con
‘ ductlng plates, penetrating through one of the side (lucite) walls.

Assumlng as independent parameters either Rd‘ R P
(gas pressure) or V,, we made observations to correlate the detectlon ef-
ficiency, the brightness and the track thickness with the change of the abo-
ve quantities. When ‘Rq is larger than 1 Kohm andthe other parameters a-

; (x) - We neglect in all cases the sparks resistence in the H. V. miltiplier.



C ™~ 3000 pF
R ~ 1 Mohm

sstnd "A'H i

Y

-Gas Ne p=1atm
TRIX F/1i D=15m

FIG. 2



4.

re kept fixed at ordinary values (see below), the brightness and detection
efficiency of the tracks are not affected by the value of Ry. When R is
decreased below 1 Kohm the above characteristics rapidly decrease and
- are practically zero when Ry = 0.5 Kohm.

: The time constant of the decaying part of the pulse Vs,
applied 1:0 the chamber is

where Cyy is the total capacitance of the multiplier. When Rg = 0, Ry =
= 0.5 Kohm, Cpy ™~ 400 pF we have Ty ~ 400 ns.

When Ry ~ 1 Kohm the amplitude of the pulse V for
which the efficiency is zero in Ne, is V, V50KV (E = 2.5 KV/cm)

. When the pulse V0 is 100 KV, the pulse lenght must be
£ 200 ns for non zero efficiency.

The series resistor Rg limits the ciirrent during the di-
‘scharge, thus acting on the spark thlckness

Fig. 3 qualitatively shows the dependence of the track
thickness (s in mm) from Rg.

1[ s (in mm) - With values of Rg above 1 Kohm, the
track brightness is so low that the
fil1 camera lens must be used at very lar
gas neon ge f-number (f/2. 8 with Kodak trix
41 film) causing an important decrease

of the field depth. The detection effi-
ciency is however independent of Rg,
in a large range of values.

i 4 Y A i e
' i A L We made observations to establish the
200 . 600 1000 R_(oh :
' glohm) dependence of the detection efficiency
FIG. 3 on V, and p.

The curves of figg. 4 and 5 show the results of the obser
vations in two particular cases. :

Eff. %

K
100 <
80 —+ 5 5 & n P=1.1 Atm
60 NEON
40 L
20 L

: . FIG. 4
! { l 1 1 I .

‘ - 1 T | 1 .
2.53.75 b 6.75 7.58.75 10 E. KV/cm



5.

We define the detection efficiency through the ratio betwe
en the number of events in which we can unambiguously recognize a particle
track (fig. 2) which has crossed both the scintillation counters, and the total
number of coincidence events.

From fig. 4 we see that the E = 6.75 KV/cm

efficiency is constant at a~ 100 4+ .

value around 78 % for a wi- Eff. %

‘de range of values of the e- 80 1 ° o
lectric field and of the pres ° ° ° o
sure. With a better experi- 60 1

mental apparatus connected

to the same chamber (for in 40 4

stance a threefold coinciden

ce, required for defining a 20 1

particle in the chamber) we

think that measured efficien . . . L I

T

cy should be even better. Of 150 300 450 600 760 1 4 Atm

~course in the practical use .

of sparks chambers the wor FIG. 5

king parameters will be fi-

xed in such a way to have optimum conditions for both efficiency and resolu
tion of tracks pictures.

Figg. 6 and 7 allows us to correlate the track thickness
with the amplitude of V, pulses and pressure p.

'8 (mm) Gas He
2 {\ £f/16 p=1.1atm
Rg = 300 ohm
: FIG. 6
i | { | l oy 3

1 T T 1 T T F

2.5 3.75 5 6.257.508.75 10 E KV/cm

The conditions of normal operation are taken as being gi
‘ven by the following values of the parameters: p = 1 atm, Rg = 300 ohm,
R4 = 5 Kohm; we then may determine Vg, from figg. 6 and 4.

We have made observations to express the efficiency as
function of the delay At between the coincidence and the V pulses, without
clearing field. The efficiency showed no appreciable variation with delays
At of about 1.5 -2 As. Even with delays of about 4 s#«s it however remained
. appreciably different from zero. '



8 o
(mm) - N : ‘ ‘
. ]
o _
. -]
2 L ' Gas He
f/16
E =7.50 KV/em
L = 300 ohm
| R, - 5 Kohm
P
} b | } 1 —+ FIG. 7

150 300 450 600 latm 1.1 atm

Tracks forming an angle 2 40° with E. -

It is well known that when a charged particle crosses the
volume of a spark chamber, forming an angle Y = 40° with E, the usual
-spark breaks into streamers(4) following field direction from one conduc-

ting plate to the other jthese streamers laying in a plane containing the par
t1c1e path.

If one of the conducting plates is transparent, the projec-

tion of the particle path on a plane orthogonal to the electric field may be
“photographed.

To verify the above results reported by the quoted authors,
and not. belng in posses of a transparent conducting plate, we have arranged
the photographic apparatus as shown in fig. 8. (Particles normally incident
to the figure plane).

mefalllc late ‘ . |
/_ P A's can be deduced from fig. 9, whe-
: re (see fig. 8).the -left: side is the

positive plate of the spark chamber,

- _pmirror reflected in the mirror, the right one
/ is the direct sight of the negative o~
AR ne, the streamers end in a disorde-
) - - red way on the negative pulsed plate,
>, N\ -7 while on the grounded (positive) pla-
/ // — ' - te the end points of the streamers a-

re well allined along the orthogonal
projection of the particle path on the
plate.

In the same picture we can see, in a
plane with the streamers, a straight
“—- camera line ofbrigh?spots, which, as can be

seen observing the successive pictu-

FIG. 8 . re (see further explanation below), a
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~ Gas Ne p %1 atm
;  TRIX F/4

D=1.5m
FIG. 9 .

"Gas He p ¥ 1 atm
TRIX F/8 D=1.5m

FIG. 10




FIG. 11



re in line with the primary ionization track produced by the particle.

In this way from both the front and projected picture we ha
ve complete information about the spatial coordinates of the particle path,
though not so accurate as in the ordinary case (# < 400).

To show that the straight line individuated by the bright
spots is the path of the particle, we have placed two chambers, one above
the other, the upper to detect the particle in the ordinary conditions (& <
40°), the lowér placed with the conducting plates parallel to the selected d_i_
rections of the particles (see fig. 10).. The upper part of the picture shows
the track of the impa nging particle obtained in the ordinary way, while the
lower one shows it defined by the bright spots across the streamers plane.
The V pulse is fed to the two chambers in parallel.

The voltage and the pressure conditions for a good effici-
ency, when the chamber is operated with the electric field normal to the par
ticle path (in this arrangement), are dependent on the employed gas. Filling
the chamber with Ne and varying the pressure in the range of 150 mmHg -

- 1.5 atm, with the pulse amplitude kept constant at 125 KV, we don't obser
. ve substantial variations in the operating mode. If the employed gas is He,
the pressure must be kept less than 1 atm (150 - 600 mmHg), when the pulse
amplitude is ~~ 200 KV.

Rising the pressure, pulses larger than 200 KV are needed.

We have made some measurements to establish a possible
correlation between the primary ionization the loss of energy of the partlcle
and the number of bright spots.

Shielding completely one of the scintillation counters with
a 10 ecm thick Pb slab, we selected high energy cosmic rays which had cros
sed the chamber. In figg. 12 a andb are ploted the distributions of the num-
ber of bright spots we have obtained in two different conditions (gas Ne; p =
= 1.1 atm (fig.124),and p = 1. 6 atm (fig. 12b)).

The reading difficulty of the photograms increases with the
mean number of bright spots, because the pictures could not be made with
the same resolution as in ordinary tracks, the brightness of the tracks being

much smaller, -

The resolution for the spatial definition of the tracks in fig.
10 is better if the V4 pulse has rectangular shape and is short ( ~40 ns)(9),

When the chamber is pulsed with the scheme of fig. 1, the
amplitude of V decays exponentially. To realize the rectangular pulse we
have placed in parallel with the chamber a spark gap, which short circuits
the plates about 30 - 50 ns after the high voltage pulse has been applied.

Shaping the pulse and filling the chamber with Ne (1. 1 atm)
it has been possible to observe particle tracks orthogonal to the field, wit-
hout the streamers, normally generated, from plate to plate (see fig. 11).

These tracks are however, of extremely low brightness,
and, though directly visible they do not have sufficient intensity to be detec
ted with the commonly employed films (P30, TRIX).
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Gas He

Upper chamber p =600 mmHg
Lower chamber p =1 atm
F/llr D=1.5m

FIG. 13

Gas'He p=1atm
TRIX F/11 D=1.5m

0 FIG. 14
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- The picture of fig. 11 have been made using polaroid 3000
ASA films, f number of 1:1.1, distance d ~ 0.5 m.

Realisation of a thin plates single gap spark chamber. -

We have constructed a prototype of a particularly 31mplev
w1de gap spark chamber: one mylar sheet, 3 mils th1ck has been cut and
joined to form a parallelepiped of 20x20x10 cm? size. This box, in which
the gas flowed through a p1pe and a hole in the side wall, was put between
two copper plates (25x25 cm ) kept at a distapce of 10 cm, by four small
lucite bars (fig. 15).

— Cu Plate

FIG. 15

Working with He in a 1 atm continuous flux, we observed
an efficiency identical to that of the chamber previously described, there
being no sensible difference in the sparks size.

We have made observations to detect two or more simul-
taneous tracks, both with the chamber described in a previous paragraph
and with the latter thin wall chamber

We have seen that in the latter there is a better eff101en-
cy in the case of two or more tracks.

: In fact in the first chamber two tracks starting from the
same point on the plate have a very different brightness, the brighter one
being the one which is less inclined with respect to the electric field.

If the tracks do not start from the same point on the plate
such an effect is less evident.

In the Mylar chamber the distribution of brightness betwe
en simultaneous tracks is more uniform.

Increasmg the thickness of the 1nsu1ator between the cop
per plates and the Mylar walls, with a 1 cm lucite slab, we further increa-
-sed the efficiency for multiple tracks(4 . (see f1g 16).

Placing the lucite wall chamber above the thin wall cham-
ber and interposing between them a lead shield, we observed in the upper
one the primary ray track, and in the lower one the shower produced in the
lead (see fig. 13).

With the Mylar chamber we have some examples of events
similar to those of fig. 14.



10.

" In that picture we see three
tracks: two making an angle

Cu Plate

'

4 ,/// P 7,10 ’ Taucite ¥ < 40° with the electric field
? // J/ 4 4 ‘ .(1 cm)  are detected in the ordlnary
Z .////‘ / J é? way, the last one with >40°,
/| 7 - is detected through the dis-
~~Cu Plate play of bright spots previou-
: ~ sly mentioned. This picture
FIG. 16 demonstrates a property .of

the chamber, that is contem-

porany part1c1e tracks forming an arb1trary angle (0 < Y < 900) with E
can be detected.
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