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The spark chamber, as first descnibed by Fukui
and Miyamoto and developed as a useful tool for
accelerator research by Cork and Cronin, has by
now been used 1n many successful experuments. A

particular mnovations introduced by us are quite
obvious and straightforward, but a description of
the following experiments may indicate tricks
useful to other experimenters

Fig 1 Plan view of spark chambers and trigger counters for elastic scattering experiment The first and last paurs of
chambers are spaced by 24 inches

particularly stmple and successful method of con-
structing spark chambers with very thin plates
was developed by Terwilliger and Meyer at Michi-
gan It s against the background of these develop-
ments that we began to use the technique The
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One feature of our expertments has been the use
of thin-plate spark chambers spaced by some dis-
tance to sample two portions of a track in order to
determine the angle of a track to a high precision
A second feature 1s the folding of the images of the
several spark chambers and their stereoscopic
views using a number of mirrors 1n order to present
all the chamber data on a single 35 mm film frame

In an experiment to study elastic pion-proton
scattering at the Bevatron of the Lawrence Radia-
tion Laboratory at energies of 2 to 5 GeV, an array
of nine spark chambers was assembled around an
18 inch-long hquid hydrogen target This expern-
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ment was designed and executed by Jonesef al ).
The chambers were each of 6 gaps, using for plates
0001 inch hardened aluminium foil (7 mg/cm?)
These were cemented onto lucite frames and the
array cemented together with epoxy resin at re-
duced temperature, so that when warmed to room
temperature the differential temperature coeffi-
cient of expansion drew the alumimum foils taut

ging, diffraction-scattered pion using chambers
spaced by the same distance, the scattering angle
1s determined to less than 2 millirachans Particles
scattered by angles greater than about 15° would
not pass through 12 gaps of the chambers close to
the target permutting angle measurements of
about 1° This angular resolution was very impor-
tant i this experiment 1n distinguishing the large-

Ing 2

The arrangement of spark chambers and scintilla-
tion counters 1s shown 1n plan view in fig 1 The
two front chambers spaced by 24 inches defined
the direction of incoming beam pions to an accu-
racy determined by the position resolution of
sparks 1n each chamber For a resolution in each
chamber of 0 3 mm, this corresponds to an angle
resolution of 0 7 mm/60 cm, or about 1 2 millira-
dians By similarly defimng the angle of an emer-

1 L W Jones, K W Lai, M L Perl, C C Ting, V Cook,
B Corkand W Holley Proc Int Conf onH E Phys,CERN
1962, p 591

An 1nelastic event showing how spaced spark chambers arc useful in measuring angle by displacement

angle elastic events (corresponding to cross sec-
tions of several microbarns per steradian) from the
background of two-prong inelastic events The
mmages of the central 7 spark chambers and their
90° stereo views were directed through a 36 inch
diameter plastic field lens, the first and last cham-
ber images did not use the field lens An array of
13 plane mirrors directed and assembled the images
of the chambers downward onto a 54 X 54 inch?
murror inclined at 45°, which in turn directed the
1mages to the recording cameras The camera used
a 12 inch focal-length lens and was located 32 feet

V. SPARK CHAMBERS
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from the spherical lens, giving an 1mage reduction
on the film of about 30 1 Frames from the data
film are shown 1n figs 2 and 3

A short experiment was performed at CERN by
Bleuler et al 2) wheremn the peripheral production
of pions by 12 and 17 GeV incident pions was
studied Here four chambers were used one parr,

data were collected and events successfully analyz-
ed from this run, the group found the identifica-
tion of particle tracks in the mesh chamber photo-
graphs difficult This 1s primanly due to the fact
that there 1snoredundancy in the information on a
track contained in the data with these chambers,
while on the other hand in multiplate chambers

Fig 3 An elastic event

spaced by one metre, ahead of a two-metre bend-
ing magnet, and the second pair, also spaced by
one metre, behind the magnet For compar-
able resolution, these spacings corresponded to
a one milliradian accuracy in bending angle
through the magnet, or a one per cent measurement
on 12 GeV/c particles The particular chambers
used here were single-gap mesh-type chambers
developed by Culhigan et al?) Whie good date

*) E Bleuler, D O Caldwell, B Elsner, L W Jones and B
Zacharov, Proc Int Conf on H E Phys , CERN 1962,p 610

%) G Culbhgan, N Lipman and D Harting CERN Report
61 — 25, 1961

several sparks 1n a row leave no question as to the
passage of a particle

This experiment has now been rebuilt and test
runs made using 9 parallel-plate chambers Two
2-metre bending magnets are used, one defining
the incoming pion momentum and direction, the
second to analyze the reaction products The sys-
tem of spark chambers and magnets 1s indicated
schematically 1in fig 4 Again murrors (32) are used
to image the chambers and their 90° stereo views
onto one 35 mm film frame, using a 17 m focal dis-
tance and a 300 mmlens The hight from each cham-
ber 1s reflected by a 45° murror directly above the
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chamber to a horizontal path perpendicular to the
beam axis Two subsequent vertical mirrors then
direct the light near the optic axis of the camera
The optical path lengths from each chamber (or
spherical lens) to the camera are equal The five
larger chambers (the largest 120 x 20 cm?) employ
spherical field lenses

Some tricks we have learned and special innova-
tions 1n the expenments described above may be of
mterest In order to ahgn the marrors accurately,
the auto-collimation principle 1s used A small plane
murror 1s located at the center of the field of view
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Fig 4 Plan and elevation view of the first version of the di-
pion experiment Only the pole-face area of the analyzing mag-
net 1s shown (2 meters by 55 cm)

of each spark chamber, or group of chambers (as
the case may be) and accurately levelled with a
spirtt level A theodolite (or transit) 1s located at
the camera position and the mirrors adjusted, un-
til the 1mage of the theodolite 1s centered in the
cross hairs This guarantees that the optical axis 1s
normal to the horizontal plane at the chamber to a
very good precision Then any sphernical field lens
used with this chamber (or chambers) 1s placed
with 1ts center along this axis We have used these
lenses only with the larger chambers or groups of
chambers more to render the light parallel and
obwviate the necessity for correcting apparent spark
positions for depth m the chamber than for the
usual reason of permitting viewing parallel to the

plates With long focal distances and chambers of
only 6—10 gaps, one can view between gaps of
even a rather large chamber In our experiments
the aperture of the spherical lenses has been
about //10 or greater, so 1t has been unnecessary to
correct for spherical aberration

We have used 90° stereo viewing 1n these experi-
ments, and with only two views there can be con-
cern over the stereo ambiguity in cases where two
tracks completely traverse a chamber This has not
been a problem inmanual scanning, since usually
at least one track shows some anomalous feature
such as a delta ray, etc However, a simple solution
was suggested to avoid taking a third view Thin
plastic prisms may be affixed to one or two gapsof a
chamber 1n one of 1ts views so that the image of
sparks from those gaps 1s displaced by an amount
proportional to depth in the chamber from the
extrapolated hine through the other sparks The
information derived in this way can more readily be
used for resolving the stereo ambiguity by auto-
matic measuring devices than the more subjective
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Fig 5 Plan view of the second version of the dipion expen-
ment The spark chambers are all 6 gap except for the 35 x 20
cm? chambers which are 10 gap

criteria of anomalous sparks As use may be made
of a flying spot digitizer in the analysis of our cur-
rent experiment, such prisms are being used
Although not directly concerned with spark
chambers as such, we are using two other new
devices 1n the current experiment First, in order to
distinguish pions from kaons as reaction products
of the peripheral interaction, two large threshold
Cherenkov counters have been built Each has a
sensttive volume 2 m long by 40 cm square (front)
tapering to 70 cm square (rear) A spherical mirror
reflects Cherenkov lhight from high-energy pions
passing through the length of the chamber to a
single five-inch phototube By subtending a rather
large sohd angle, a large fraction of the reaction

V SPARK CHAMBERS
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products are labelled (by indicator hights photo-
graphed with the spark chambers) as to whether
they are pions or not Using an appropriate freon at
atmospheric pressure, pions of 5 GeV count while
14 GeV kaons do not As the momentum of the
particles 1s known from their spark chamber tra-
jectories, the labelling can be used with maximum
effectiveness, even though the entire momentum
range 1s not covered By simply changing the freon,
the threshold 1s shifted to a new value Operating
the chambers at atmospheric pressure makes 1t
possible to use a hight, aluminium construction for
the chamber body They are filled, as are the thin-
walled spark chambers, by continuous gas flow

A second mnovation carries over a trick from
low-energy physics into this high-energy region
The problem 1s that counters 5—7 m from the
target are used to trigger the spark chambers for a
particular class{at least two very high-momentum
secondaries) of events in the target Since the tar-
get 1s only about 3 9, of an interaction mean free
path, pions passing through may makenteractions
in the air, in the chambers or in the counters them-
selves For these the solid angle subtended by the
counters 1s much greater than from the target This
gives rise to a very large number of false tniggers,
which reduces the efficiency of the experunent for
collecting useful data We are making use of
dE/dx counters immediately behind the target
to distinguish reactions where at least two mini-
mum 1onzing particles escaped the target in the
forward direction As 1s well known, a single coun-
ter 1s very effective 1n distingmshing average
energy loss due to the Landau spread in pulse
height (energy loss) However, if three counters
are used, and the discrimmator input of each imnto

a comcidence 1s set to about 1 5 times the average
pulse height for a single minimum 10mzing particle,
the resulting system can be about one per cent
efficient (or better) for counting a single mmmum
ronizing particle and more than 90 9, efficient for
detecting two or more particles (from a reaction)
Prelumnary tests have supported these predic-
tions It should be noted that the proper operation
of the system requires holding the phototube gain
to about 10 9%, and under high beam rates (of
about one per microsecond) better-than-average
dynode voltage stability 1s required to prevent a
sag 1 output pulse height greater than this

In conclusion, we might again note that our use
of spark chambers corresponds to a sampling of
particle trajectories to obtain a maximum accuracy
on track angles with a mmimum of matenal and
complexity Thisisincontrast to applications where
an entire event 1s recorded as continuous tracks
1in chambers, as 1n a bubble chamber We believe
that our techmique can be usefully extended into
many experiments 1n elastic and 1nelastic scatter-
ing, particularly at energies above 5 GeV
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