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REVIEW OF FIIM-LESS SPARK CﬁAMBER TECHNIQUES :
| ACCOUSTIC AND VIDICON
~Victor Perez-Mendez
Lawrence Radiation Laboratory
University of California
Berkeley, California

May 3, 1965

- I. INTRODUCTION | _ ,

fhe CERN conference of March 1964 on thévsaﬁe subjects dealt
“mostly with the Qarious techniques which were then_in partially.completed
development, At that time véry few experiments had béen performed with |
the sonic chambers and none with Vidicons. - The lasf‘year has demonstrated
am?ly the success of thése techniques; many experiments have been
completed using sonic chambers and at least-one with Vidicons.A

* The basic features of the sbnic chambers are such fhat their use
is optimal for epplications which can be satisfied by using carefuliy
built chambers with few gaps and with the éxpectation of recording one
track only per chamber with a high efficiency: Sinée‘the velocity of
sound in neon is 435 meter§/sec, thé dead time in a l-meter chamber
‘would be at‘lea;t 3 millisec, excluding read out time. A characteristic
~ use--as proposed by many research groupsl--is in conjunctipn with magnetic
;speqtrometers where sonic cﬁambers at the input and output sides of the
spectrometer serve to determine the momentum of charged particies with

a high accuracy. Figure 1 shows the layout of a double spectrometer

(i

used by a Héfwell group at the Rutherford Laboratory to detect and measurei

the mpmentapéf the two pions in the X ° 5 2rn decay proéess.2

2 : R
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The Vidicon system_descfibed at the CERN méeting hés been usedv
successfully.in a polarization experiﬁentiat Berkeley;3' Figuie 2 shows
the experimental afrangemént; A 360 MeV nt~ beam incident on a hydrogen
target: elastic scatters are tagged by a matrix of coincidences between -
.the recoil protons énd thé scattered pions. The bolariiation analyzer |
is a set §f carbon blocks gradéd in thicknéss and'piaced between two
éik-gap thiﬁraluminum_wall chambers. The input chamber determines the .
direction of the recoil protoh incident on the carbon analyzers; the
second chamber determines the direction of scatter of the protons from
the carbon blocks.‘ The diglitizing scanning of.the chaxmérs by the
Vidicon was done in a direction parallel to the chamber gaps.

The results were satisfactory. Spark positions were located to
an accuracy of 1 part in 1000 in both views, The usefulness of the
systemvéan be seen from the following numbers., In the exPeriment
400,000 events were recorded on tape in digitized form by the Vidicon,
Of these, 22,000 showea apprediable scatﬁers and finally about 5000 had
all the correct kinematic_con&itions to be included in the polarization
analysis. The computer requiredfan average of 30 milliseconds per evenf
.to reconstruct tracks from the spark coordinates étored‘on'the tape and-
to select the particle trajectories which satisfied the kinematical
conditions of the experiment., Thus, & total of three hours of TO94
cdméhter time was used in the track reconstruction with a few hours
more for the computation of polarization results, |

Thié ability to select readily the required few events rapidly

and automatically from the overall gross number recorded in experiments .
i,‘.. ‘ +

W

of these kihds is one of the most useful attributes common to all of the

-t
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. film.less spark chamber‘digitiéing teéhniques,
II. IMPROVEMENIS IN TECHNIQUES ’ |

‘The many gfoups involved have evidently ﬁeen s0 busy reaping the
results of their successful techniques tﬁat they haje_not been able to
spend much time in.developing them further.

Nevertheless some changes have been made of which I will mention
briefly the followingﬁ As regards sonic chambers; sinée one of the’hain |
limitations was tﬁe capacity to handle §nly one spark easlily, various
methods have been proposed to ge& around this difficulty by using more
than a minimum number of microphones, | |

| A different approach has been proposed by Kirsten;h the.
principle of the method is illustratéé in Fig. 3. He uses the fact
that the shock waves produced by a sp;§k have a characteristic"N" shape
.with sharp leading and trailing edges. vBy differentiating the leading

,

edge; a pulse of width Ts is obtained, where Ts is a property of the
particular microphones used in a glven chamber. Using this fact he
developed a shape discriminating circuit which operates as follows,
Three "windows" are set up in the amplitude time plane, Windows A and
C are at the same amplitude le&el but separated by the time interval
TS. Window B is set at a time midway between A and C but has its lower
level VT volts gbove A and C, The common-mode level vc.m. is aﬁtomatically _
setxby the circuit so as to follow signal excursions, The microphone
characteristiq time 'l‘s is typically 1 to 2 uéec. The analogue circuit |
marks the instant at which the output signal threads thesé three windows. i
’_The‘perforﬁéhce of the circuit indicated that two or more sparks could

reasonably be distinguished from the chamber noise and reflections,.
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We have continued further de&elépmeﬁtsgof Vidicénvsystéms>at "

‘Berkeley.‘ A second'caméfa'has been builtland a third is under cénstfuction.
In these éameras we have inéreaéed the data handling capacity and are |
using better Vidicdn tubes'(RCA 8507, 8573, in place of the T263A
originally used)° Tﬁo Vidicon cameras are presently set up in the
Bevatron in an experiment currently underway by Crbwe, Maung, Haddbck
and collaborators to look at various decay modes of KT mesons. Sweep 1v
speéds ha#e been incréased so that each scanning sweep takes 30 pusec and
‘the number of scalers is now four so that a maximum of four tracks can
. be digitized in eéch scanning sweep. Figﬁre 4 shows a layout of three
brass plate spark chambers looking at no decays in this experiment.
- The total numberlof gap views scanned is 84 and the f¥ame time 4is 15
milliseconds. Together with two erase frame times, the dead timeAis
about 45 milliseconds. | |

ITI. MODIFICATION OF ACCOUSTIC TECHNIQUE:
MAGNETOSTRICTIVE READOUT

This techﬁique is a combination of.a wire chamber with.an
Qltra sonic readout and has many of the advantages of both. It works
on the principle which has been used in the past by the computer industry
to stoée and measure time intervals in a ferromagnetic wire. The method
is illustrated in Fig. 5.

The wire, AB, is & nickel strip which is magnetized to a
suiﬁéble bias level in the neighborhood of the knee of fhe B.H curve.
A current p;lse through the send coil, S, produces a local deformation
of the ribﬂpn whicﬁ in the case of nickel is a longitudinal contraction,
This deform%tion travels along the nickel ribbon with the velocity bf

sound in nickel which is ® 5000 meters/sec and produces a pulée of
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characteristié'shape as seen at the receive_coil, R; Whén used on the
:'spark'chambers the input pulse is made toicofresbond to the spark
location--eithgr by having the wires of the chamber made of ferromagnetic
materials.and having the spark strike them directly--as done by Gianelli5
or by placing the nickel ribbon in close proximity to thevchambér wiresi
and coupling magnetically to them.6
Figure 6 shows the layout of the wire grids schematically., Both
the high Qoltage and ground‘planes have copper ponducting straps §oldered'
on one side which convey the spark current from the discharge condenser
on the high voltage plane to ground on the ground plane, 'The magneto-
strictive nickel ribbons are mounted on aluminum holders and insulated
from the chamber wires by 0.003-in, Mylar tape. The X’and Y coordinates
of the spark are determined by the time of arrival of the magnetostrictive‘ 
pulses in nickel ribbons on the high voltage plane and ground plane
respgc%ively.
'The width of the output pulse and hence the two spark resolution
is a,funption of the duration of the spark current pulse, the dispersion |
in the nickel strip and‘the length of the receive coil. Using a nickel
strip 0.002 x .012-in. in cross section and spark curfents of duration'
less fhan 50 naﬁoseconds, the limiting factor is the iength of the
receive coil.'Figure 7 shows an output pulse obtained Qith a receivé
coil of 200 turns, 0.020-in. long and 0.060-iri. in diameter; the two
spark resolution is'thusbless than 2 mm.
The nuﬁber-of sparks that can be hanéled simultaneodsly is
limited only by the two spark resolution, the division of the discharge

current throdgh the various sparks and the capacity of. the readout p

electronics.



6- . UCRL-16087
- The multi spark ambiguities in readout are easily handled by
vhaving some planes of wires oriented at 45 deg relative to the X and Y

pianes.-

We have used wire planes made of 0,006-in, aluminum wire strung ‘

over plastic frames and wire planes made by.photoetching'lines on
copper-plated plastic similar to that used for prihted,electfonics'
circuitry. The copper platings are available on plastic as thin as
0.00l-in..Myiar and hénce provide a very convenient techni@ue for making
cylindrical or other non planar chambers, | A |
IV. FUTURE APPLICATTIONS o

Since éll of these techniques have the common objective of
providing direct digitized'readoﬁts for spark Qhambers into buffer
storageé of directly into computers, the questidn arises as tb.the

criteria by which any experimental group can decide on which method to

use, fﬁe need for decisions of this nature in order to avold duplication -

of effort is important since the readout'electronics associated with the
compﬁtér interface is ﬁsually rather specialized and costly.

; While there is obﬁiously ﬁé unique answer t§ this question, I
“would like to sqggest the following considerations. The Vidicon
:technique is thé only one of those ‘discussed here thet is capable of
.direct digitization of track coordinates in wide gap chambers, When
these are operated in thg spark mode--as for momentum measurements in
magnetic fields where théir pétential high accuracy will be useful--thé
light outpuf_is more than sufficient for the‘sensitivity of the best
commerciallylgvailable Vidicon tubes.) When these chambers are operafed

\

in the threé dimensional streamer mode--which has many intriguing

[

P
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 potential applications--the 1ight output is Loi end insufficient for
the sensitivity of pfesenﬂ.Vidicéns. A péséibie solution fo %his is the
use of image ihten§ifiers in front of the Vidicon face plate with light

gains of the order of 103

- lO5 which are obtaihdblé from commercial -
multi-stage intensifiers.7 A further solution is‘the uSé of Vidicons
with rectifying contact photpconducting layers which are under develop-
ment currenfly by Philiips and have appreciably higher sensi.'tivities;8

For narrow gap multiplate chambers I believe that the magneto-
striction accoustic readout of wire chémbers wiil supersede the use of
sonic chambers, As mentiqned previously, the advantagéslof fhese is
the simplicity of construction by the photo etch methods for plan;r'and |
non planar cohfigurations, the shorﬁer dead times for the readout and the
capacity to handle multi spark events are over-riding advantages. Their
use in multiplate chambers with lead plates--for y ray dection:-or with
carbon plates for the polarization analysis of nucleons are potential
needs in which'they'will be used at Berkeléy.

In conclusion, I would like to say that while the direct use of
computers in high energy physics was well'underway, the development of
these direct digitizing methods for spark chambers has accelerated this 5

and rémoved what would otherwise be a tedious interlude between the start

and end of an experiment,
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| _'? FIGURE CAPTIONS - | o I |
Figure 1. - layout of thé.double spectrometer u;ed in.fhe.Rutherfordv
o | | " Isboratory K2°-§ 2n e;peri@eﬁt. A, B,C,D,E,F, G H
| are sonic chambers capable of detecting spark locations

¢ to an accuracy of + 0.3 mm,

\o ‘
Figure 2. = Ilayout of experimental arrangement in n-p elastic polarization

.experiment using Vidicon scanning.
Figure 3. Principie of "N" shape sonié spark detection.
_ \
(a) Response of microphége to spark showing spark leading
. edge. ‘ \_' | !

(b) The three windows set by the detector electronics.

The dashed line represenfs e signal that passes through

the three windows.
Figure 4, Iayout of brass plate y detecting chambers in Berkeley K
ty decay experiment showing 84 plates scanned by Vidicon:
Figure 5. Schematic.répresentation of magnefostriction line pulses
(a) Pulse shgpe for trapezoidal pulse input from a send |
cpil. ‘
- (b) . Pulse shape from spark chamber wire input and output
, . from small coil,‘
* Figure 6. Method of coupl;ng magnetostrictive delay line to wire
- chamber, A readout nickel slit is-placed on the high
voltage plane and on the ground plane with wires crossing

"4t 90 deg.

e Qtput pulse from test chamber using nickel ribbon

Figure 7.
.0.002~in, x 0,015-in, and a pickup coil 0,020-in. long.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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