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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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I. INTRODUCTION
This paper describes some of our experience in the use of wire
spark chambers with magnetostrictive delay line readout in eXperiments

performed at the accelerators of the Lawrenée'Radiation Laboratory and

 the Stanford Linear Accelerator Center. Experimental situations where

we found these wire chambers most useful were in those cases where the
possibility of meaguring the vector momentum of one particle very pre-
cisely, and its ﬁass, by time-of;flight or Ey Cerenkov counters,
enabled us tb select the desired reaction out of a large'numﬁer of com~
peting events.l |

Theée experiments ha&e been performed with spectrometer arrange-
ments as shown in Fig. lé, where the.particles'vmomentum is determined
by a symmetrical, redundant arrangement of wire chambers at the upstream
and downstream side of the magnet, . We have»ﬁsed the arfangement shown
in Fig, 1b at SLAC since the background from the photdn beam was too
intense on the upstfeam side of tﬁe‘magnet.

In the sections below we discuss some of the construction and elec-
trical characteristics of the chambers that we have found imﬁortant.
The use of on-line small computers and éome of the computing techniques

we have used are discussed.

IT. CHAMBER CHARACTERISTICS
We have built our chambers in modules consisting of two closely-
spaced gaps with the pulsed high.voltage applied to the_two central |
wire flanes. For use in magnetic spectrometers.we have usually made
the ground planes of vertical wires and the central planes with wires

oriented at 8 = £ 30 relative to the vertical direction. This choice



-Dm

UCRL-188k46

has the advantage that it gives a higher accuracy for measurement of the
X coordinate (parallel to the plane of the deflection); the magnetostric-
tive delay line is then also in the X direction where it is least
affected by the fringing field of the spectrometer magnet.2

Since we want our chambers to have a high uniform efficiency for
single and multiple track events (in case that there are sdme background
parﬁicles) we have built all of our newer chambers with transmission-
line characteristics.3 The construction of these is shown in Fig. 2a.
The capacity of the chamber is charged by the use of auxiliary aluminum
(or aluminized Mylar) planes placed close to the wire planes and
connected to them only by the bué bar which is parallel to the long
edge of the chambers and to the magnetostrictive readout wire. For the
central planes, one auxiliary aluminum plane coupled to both gaps is
sufficient. Using gap spacings of = 1 cm and chamber widths of 0.5-1
meter, the characteristic impedance is then 4-8 ohms per gap.y A con-
venient circuit for charging this gap is formed from two sections of a
distributed charging line,. as shown shcematically in Fig. 2b.

We have used hard aluminum wire of diameter 0.1-0.2 mm for the wire
planes. We find it necessary to limit the discharge currents to less
than 10 microcoulombs per spark in order to prevent damage to the thin

wires as well as to obtain high efficiency for multiple tracks. This

e

is done by the addition of ~ 1% alcohol to the gas mixture and by regu-
lating the length of the high veoltage pulse.

The wire spacing we use isAi mm; this appears to be guite satis-
factory since we have measured in éosmic ray experiments'that the

accuracy of track location for particle trajectories at 90° *+ 20° to
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the plane of the chamber is = 0.3 mm. For this reason we have stan-
dardized our electronic scalers to operate at 20 Mega-Hertz which pro-

vides a maximum accuracy of one digit = 0.25 mm since the velocity of

‘sound in the Fe-Co magnetostrictive wire is 5000 meters/sec.

IITI. COMPUTING TECHNIQUES.

We have usually used small computers such as PDP 5 types (and one
IBM 1800 used at SLAC) located close to our experlmental area to monitor
the performance of the wire chambers and the other equlpment in the
experlment. All the extensrve computlng needed for calculating momenta
and other kinematic quantities was done on our central laboratory computer.

The most useful monitoring functions of the on-line computer are to
provide.a display of single events prOjected on a scope to show the

fiducials of each wire plane, the sparks that occurred, the counters

that triggered events, and other data of the run. Since the operator

has to look at the scope only one out of N events is'selected for dis~
play for visual convenlence, however, the computer is programmed to show
hlstograms of spark dlstrlbutlons, number of sparks per event per plane,
tlme—of-fllght distribution, and other technical quantltles from which
the performance of the electronics can best be judged.v

Calculating the accurate momentum of the particles is the single
most.time—consuming Jjob for the computer. It-takes less than 1 milli-
second for our central laboratory computer (Control Data 6600) to
combine:spark coordinates from the four planes of any one module and to
remove stereo ambiguities for 2-3 track events. The selection of the
1nterestrng events from the larger background can usually be done with

an approximate value of the momentum. For this purpose, the method we
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have used is as follows: using measured values of Hy, the perpendicu-
lar éomponent of the magnetic field which we know over the volume of

the magnet, including the fringing field, we construct a polynomial

i J k
P=1f(XXX3) = 3. Ay X Xp X3
1jk=012

which gives the approximate momentum (= 1%) as a function of X, XXz
We also construct a second polynomial X) = fg(XiXéX3) which gives the

approximate value Xﬁ as a function of X We check that

lX2X'3.
X), (computed) - X), (measured) is sufficiently small to indicate the
trajectory of a particle which has not scattered or decayed in the
volume of the field.. For the events of interest, we recompute the
momentum by integrating the orbit through.the magnetic field using fl
and the line XlX2 as the starting direction; by a process of iteration
we arrive at the value of the momentum to the desired accuracy,

usually 0.1%. The need for this two-step process in selecting interest-
. ing events can be appreciated from the follbwing numbers: it takes our
central computer 1-2 milliseconds to compute a momentum to =~ 1%
accuracy by the polynomial method. Tt takes & time of 80-120 milli-

seconds to compute a final momentum to the desired accuracy.

We conclude that direct electronic readout wire chambers have

-~

proven to be a very powerful tool for high energy elementary particle
physics in the energy region of a few GeV,. With the developmeﬁt of

higher energy accelerators at Serpukhov and Batavia’it becomes neces-
sary to improve the accuracy of these devices in brder to satisfy the

experimental requirements. Some recent work has shown that both the
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accuracy of the magnetostrictive readouth and the correlation of spark
positions with'particlé tracks5 can be improved by a factor of three

or better.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty ot representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, ‘or that the use of any information,

- apparatus, method, or process disclosed in thzs report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any mformatwn apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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