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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. .
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ABSTRACT

A spark chamber has been constructed of seven aluminum plates,
each 1/2-in. thick and separated by a 1/4-in. gap. Using this device per-
mits the trajectory of a charged particle‘to ’5e observed by detecting tije:
light produced by a spark discharge between the.plates when a high-voltage

pulse is applied to alternate plates, ‘The efficiency of this chamber has

- been measured for high-energy charged particles produced at the Bevatron.

When the chamber is filled with 1 atm of neon or argon, the efficiency per
gap is greater than 99% if a 1/4-psec pulse of greater than 10 kv for neon
or 15 kv for argon is applied to the plates within 1/3 psec after the charged

particle traverses the gap between the plates. Multiple tracks, such as

those produced by a nuclear reaction in the plates can easily be photographed.

The recovery time of the chamber, after a spark discharge between the
plates, is approximately 10 msec. | The sensitive time is of the order of
10 psec unless a clearing field is applied to one set of the plates. With a
clearing field of approximately 160 v/cm, the sensitive time is reduced to
less than 1/2 psec. When the chamber had 4 X 105 particles incident on

it in 0.1 sec, three tracks per trigger were sometimes observed, in agree-
ment with the measured sensitive time. The chamber also functioned with
a magnetic field of 13 kgauss parallel‘ to the plates. The tracks were

displaced by an amount proportional to the magnetic field. In addition, if

-a high clearing field, E, was applied and if a long time was allowed to
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elapse before the high-voltage pulse was applied, the sparks in alternate
gaps were displaced in opposite directions by'an amount 'pr‘o.portiOﬁél to
E X B. Both the momentum and the time of traversal, relative to the

time of applied voltage, could be determined in this manner. W
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.Certain kinds of experiments in high-energy physics could benefit
from the use of a charged-particle detector with high spatial resolution
combined with short time resolution. At present, the former characteristic
is found in bubble chambers and photographic emulsions; the latter in
scintillation and Cerenkov céunters. A discharge chamber-that has both
of these properties has beén de._scribed by .Cranshaw and De Beerl and also
by Fukui and Miyamoto. 2 This paper describes a similar device which has
been tested in a beam of high-energy particles from the Bevatron.

The spark chamber is shown in Fig. 1; a block diagram of the
electronics is shown in Fig. 2. A charged particle that passes through .
counter telescope C1C C3 also passes through the spark chamber in a
direction approximately normal to the plates. The results reported here
have been obtained with a éhamber containing argon; the sensitive area was
6 by 6 in. A minimum-ionizing particle produces. about 30 ion pairs in .
neon in each 1/4-in. gap. A coincidence in the counter telescope triggers
an EFP60 discriminator circuit, which in turn triggers a 6130 hydrogen
thyratron., This applies a 2-kv pulse to a 5949 thyratron, which in t'urn o

applies a pulse of up to 28 kv .to alternate plates of the chamber. The

o,
b/

Ton leave from the National Institute for Research in Nuc¢lear Science,

Harwell, England. -

<
This work was done under the .auspices of the U.S. Atomic Energy Commaission,
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rise time of this 1at1';er'puls‘e is 25 rxi‘p's»ec. W1th1n 0 1 psec of the apphcatlon

of thls pulse, a spa.rk dlscharge occurs in each gap at the pomt where the
partlcle passed " With. the help of a m1rror, 90 deg stereo photographs of
the dlscharge were recorded on Tri-X f11m in a s1ng1e camera. The aper-
ture was f/11 with the camera 5.ft away. Some typical pictures are re-
produced in‘Fig. 3. In order to obtain good time .resolﬁtion, a constant

" clearing field was maintained between the plates; electrons from the
traversal of off-time particles were thereby swept out. |

The time resoiution was measured by delaying the appliéat‘ion‘of..(the
high voltage fo the plates. Themivnimu.m time .bet_ween the pase-age of the.
particle 'aznd the arrival of the high-voltage pulse at the chamber was |
0.3 psec; most of this was due to the triggering delay of the thyratrons.
Figure 4 shows the variation of efficiency of a single gavp‘*-in argon as a.
fhnction of additiona-ldelay for various clearing fields. The curves show
that 11: 'is..possibl.e to achieve a resolution time of 0.5 psec with eh.efficiency
better than 99%. The.efﬁciency for sPa'rks.te appear ih all six: gaps was .
always ap‘proximateiy' the sixth vpo,wer of the efﬁciencf of a single gap, ‘
showing that the gaps behaved independ.ently. *Similar curves are obtained.
when the chambler is :‘filled:with heon or helium.

The curves of Fig. 4 were obtained with the elea-ring' field in the -
oppos1te direction to the pulsed field. = With the- clearlng field in this
direction, the- e1ectrons:—wh1ch initiate the discharge--are-swept towards
ohe plate. .There is then» sufficient ‘room for develbpifnent of épark break-
down in an electron avalanche moving towards the other piate. - With a
clearing field of fhe sameé magnitude-in the other direction, high effici‘en'cy'
was nof pos.s.ible_ :beceusev ef the nonzero ’c:l_:i~stkence irey_q'u_ivr'ed_, fqrr _the develop-‘

ment of a spark. 3 This distance decreases with increasing. amplitude of |,

o
y

Py
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the high-voltage pulse; when the voltage is low enough for the breakdown .
distance.to be comparable with the gap width;. thé effici‘elnc‘.y isk'r-ed.t.lced.
This effect is shown in Fig. 5. | o | -
The recovery time df the chambe.r‘ was measufed by triégering the
chamber with two particles occurring a fixed time apart. The ‘result:; é.:'t'e
summarized in Fig.. 6. These curves were not controlled by thebrécove_rvy

of the high-voltage supply; at 4 msec delay, the high voltage had recovered

to a level at which the efficiency is 60%.

An attempt was made to find a clearing field that would g.ivé ‘allow
efficiency for particles with minimum ionizatién and high efficiency for
densely ionizing particles. With a clearing field of‘47 v.and a delay of
0.6 psec in neon, the efficiency was 60% for minirnurﬁ ionization aﬁd 80%‘
for three=times-minimum ionization. | “

| With all parameters held fixed, it was found :thaf:. the r.es\olviﬁg tiine

of the chamber increased during a period of several days after evacuating

- and refilling the chamber. Most of the change occurred in the first few

hours after the chamber was filled. .This effect was presurﬁably due to the
change in concentration of sbme impurity., The resolving time was restored
to the initial value by an inc;rease in the clearing fielc_i. Addition of 1/2 %. '
oxygen or 5% carbon dioxidé did not affect the efficiency app;eciably, |
Greater quantities did r,e;iuce the efﬁ‘cienc.y, pre.sumably by reducing lthe
probability that an electron would survive until the} high—voh;age pulse Was
appliéd. These added impurities did not affect the. fe;overy time. Addition
of a small amount (“" 1/5%) of argon to neon did not have ‘any rr;arked |
affect on the brightness of the spark, nobr on fhe time re~s-olution. In the
1/4-in. gap, né tendency wa;s seen for the spark iﬁ a single gap to follow |

the track of the particle for tracks at angles up to 45 deg to the normal to
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the plé.teS‘; with angles grveater than.thi;s, multiﬁie .sparks' occurjréyd, (Sné of
the picut‘\res in Fig.. 3 shows ‘thé appearancé of such a track.. In tests with
a 1/2-in. gap some sparks did partially follow the particles in the same
way as 's};own' in tghe 'resﬁlts of Fukui and Miyaﬁdto, 2 but the effect did not
. appear consistently. | | |

The Aestimate of the resolving time obtained as describéd a.bove&vas
cbnfifﬁmed by tests in a beam':of. 4% 106 particles i)er ‘se‘cA;:v a.j)proxi;nately
three tracks per trigger were observed in the chambef. This ,fesuit,
tog_ether' with dbsérvation of interaction events in the piai:es leading to
secondary particlé_s, showé fhat there is no ioss of efzficienc'y ‘when séver..ai
particles are detected at onc'{e.

When the chamber was placed in a magnetic field p:erpéndiculé,r to
the particle trajectory, the sparks in alternate gaps were displaced in
: oppésite; directioﬁs as in Figcv 7. The. direction of dis.p'lacernent”was
- -E X B, iwith E t}.'le <-:1ea‘ring field. IThis is due to the familiar cycloidal "
motion of the electrons in the crossed ﬁ.e].d_s,, fnodified by the presence of
the gas. 'I.‘hi‘s situation is sifniliarvto that used b}f Townsehd in- his méasﬁjre—
ments of ionic mobilities.? With a clearing field of 80 v/cm, a delay of
1 psec, and,‘a magnetic' fiéld of 13 k_gauss, the rela.tivew'diskl')lacerhent in
successive gaps wés about 1 cm. This displacement is' pféportionai to the
lapée of time between p'aééage 6f.the particle and- épblication of the hig‘h
voitage. It 1s conceiVabie that this effect could be uéed to rkeject a.-cc'idehtalv
- paﬂrt.icles; a.n“out—o.f—time track would héve an incorfect_ displavc’emeﬁt;. vThe
time resolution might be made as short as 0.1 p_séc 1n :thi\s way. The
efficiency of thé chémse;' was still greater tha;ri 99% in a rﬁagnétic field

of 17.5 kgauss.

S
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Gases of ordinary purity were used; welder's argon, for example,
was found to be quite satisfactory. For this reason values of electron
mobilities that can be deduced from this work should not necessarily agree
with published values. It is well-known that minute quantities of impurities
have drastic effects on mobilities. >

Ifjs concluded that it is possible to construct a spark chamber which
has much better:spatial resolution than any practical counter array and a
time resolution of less than 0.5 psec. Its use could greatly simplify an
experiment 1n which accurate observation of a rare event in an intense flux
of particles is required.

It is a pleasure to thank Professor James Cronin of Princeton

University for many helpful discussions.
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Figure Legends

1. Diagram of the spark chamber.

2. Block diagram of electronics. Hydrogen thyratrons 1 and 2 are
Kuthe type 6130 and 5949, respectively.

3. Typical photographs obtained with the spark chamber.

(2) Two particles passing through the chamber. One has interacted
in a plate. Minimum ionizing particles enter from the left.

(b) Two particles passing throughAthe chamber obliquely, one at

36 deg, the other at 25 deg to the normal to the plates.

4. Efficiency of a éingle 1/4-in. gap in 1 atm of argon as a function

of delay in application of the high-voltage pulse. The zero of the

delay axis ié the time at which the particle passed through the chamb:er.
5. Efficiency of a single 1/4-in. gap in 1 atm of neon and argoﬁ as a
function of pulse voltage.

6. Efficiency for a single gap to spark on a second particle as a
function of the time between particles. The clearing field was -40 v/cm.
7. Effect of a magnetic field of 13-kgauss with a clearing field of

80 v/cm and a time delay of 1 usec. The gas was argon.
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