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In the 1960's spark chambers reigned

Duringthe 1960'ssparkchanbers,alongwith bubblechanbers,werethe technologyof choice,
particularly for smallerexperimerts.

2 Inexpensie
2 Couldbe madevery large
2 \Werefast

Sparkchanmberswerethe provinceofthe big labs,althougha fewinstitutions,sud asMichigan,
built them. Any institution couldbuild sparkchanbers.
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Di®erent Types of Spark Cham bers were used

Parallelplate
Wire
| Large-diametewires,unlike MPWCs.

Narrov gap
I Sparksare perpendiculano the anade/cathale planes.

Wide gap
I Gapsof » 10cm or more.
| Sparksfollow the trajectory of the chargedparticle (up to an angleof about 45%).

Projective chanbers

' Wire or glasselectraleswhid allow optical readoutin directionperpendicularto the
electrales.
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Great discoveries were made using spark chambers
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Fic. 35. Schematic view of a spark chamber spectrometer (Christenson el al., 1964a).

The rst acceleratoneutrinoexperimen used CP violation.
largesparkchanbersanddiscoeredthe muon

neutrino.
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Large Spark Cham bers have been Built

The Tien Shanwide-gapsparkchamnber. ' The Colunbia Universiy high-mass
4:0CE 2:75m? area. sparkchanber usedo discaerthe muon

Two 20cm gaps. neutrino.

Fig. 1. Chamber design: 1) wire electrodes; 2) brass plate
" inserts; -3 and &) lavsan films; 5) Duralumin plates; 6) plastic
plates; 7) inlet and outlet pipes; B) fastening pins; _9) foam
polyurethane body; 10) electrode h lders; Il) rubber inserts.

Fig. 2. Part of an extensive atmospheric shower con-
taining a large number of particles. Field in chamber
8 kV/cm. Top: tracks in monitor chamber. Photo-
graphic scale 1:90.
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By early 1970's spark chambers were challenged by MWPCs

2 MWPCshadlessmassthan parallelplate sparkchanbers.
I Wire sparkchambersdeweloped.

2 MWPCshadfasterelectroniaeadout(madepossibldiy invertion of the transistor).

| Disadwantageofincreasedosto®seby adwarntagein mud easiedataanalysis.(Scan-
ning and digitizing photograph®xpensie and time consuming.)
I Optical readoutabandonedor electroniqand other moreexoticforms).

2 MWPCshad mud lessdeadtime(tensof nsratherthan tensof ms)

Lesseadwanagesof MWPCswere:
2 Selftriggerable.
2 Betterresolution(with drift chanbers).

The adwartagein deadtimecouldnot be matdhedandleadto the demiseof the sparkchanber.
By the end of the decadesparkchanbershad almostdisapgaredcompletelyalthoughthey
werestill usedhereandthere,includingin outerspace.
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Spark Cham bers didn't Disapp ear Entirely

Energetic Gamma Ray Experiment
Telescope (EGRET)
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Why Revisit Spark Cham bers for Neutrino EXp erimen ts

2 Low costimportart for very largedetectors.
2 Low rate capabiliyy not a problem.

2 Largemassof parallel-platesparkchanbersan
adwantage.

| Absorler not separatdrom detector.

| Absorlkercanbetunedto therequiredden-
sity assparkchanbershave beenmadeout
of a variety of materials:Fe, Al, C, glass,
wires.
Hybrid chanberswith separateabsorlers
not out of the question.

2 QOptical readoutattractive again.

I Good resolutionat very low cost.

I Moderndigital cameragligitize imagefor
you compresg JPEG format (if you like)
and sendalonga standardbus (Ethernet,
USB2.0Firewire).
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How Spark Cham bers Work

A chargedparticleleavesatrail ofionsandelec-
tronsin the chanber gas.

15 kV

Rapid applicationof high voltage leadsto an c
avalante,whid in turn producesa spark. ' B tigger

NeedlOKV/cm to producethe spark.
Full voltageneedgo be appliedin tensof ns.

Note that the chanber hasto be triggered, =
unlike the caseof an MWPC, or siliconde-
tector.

The sparkis recordeckitheroptically sonicallyor electronically

A DC voltageclearghe charber and after about 1{20msthe chanberis readyto be red
again.

Ratesup to about » 1 arepossible.
Gasis typically He-Ne althoughother mixtureshave beenused.

Sub-millimeteresolutiondave beenobtainedwith largechanbers.
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Recording Events in the FINESSE Spill

After a chargeparticletraverseghe chanber, the ionizationis preset for a time that canbe

tuneda considerablexten.
2 The memorytime dependson the value
oftheclearing eld, the chanbergap,and

the gasmixture.

2 For FINESSE we have a 1.6's spill
(84£ 18ns),a memorytime that is read-
ily obtained.

2 For mary spark chanbers the clearing
“eld wasprovidedby a simplebattery.
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2 A gatedclearing eld, high during the
interspill periad, lower during the spill
would be ideal.

2 Notethat thetime resolutionslousy:we
don't know which RF bund the e\ert is

from.
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FiG. 12. (a) Efficiency of a 4 mm gap argon filled chamber as a function of delay and clearing
field. (b) Same curves for argon saturated with alcohol (Culligan ef af.,, 1961).
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Relativ ely Large Gaps Preferred for Multiple Track Events

Problem: rst spark\steals" the voltagefrom later sparks.
2 Multiple-tradk exciencieslependon:

I Risetimeof high voltage: fasterbet-
ter.
Chanbergap:largerbetteras®uctu-
ationsin sparkformationtimesmin-
imized.

I Chanber gapuniformity.

1.Or

0.375" Gap

0 250" Gop

2 Electrale °atnessneedgo be with » 1%
of gap.

efficiency for second spark

2 Multiple-tradk excienciescan be im- S e P e
(0] 50 100
provedby: 00 nsec

I Limiting the duration of the HV
pulse: streamerrather than sparks
form.

This can be doneby usingresistie
electrales(a la RPC), or by a suit-
ably designedioltagesystem.

Measured rise time of voltoge pulse
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Applying High Voltage

2 A fastrisetime is essetmal, particularly for chanberswith narrov gaps.

2 Therearelimits for a largechanber. For a chanber with a 1cm gapthe capacitances
8850F/m?. Hencefor a 4£ 4m? chanmberswe have 14,16@F! To chargethis to 10kV in
10nstakes14,00@\!

2 Howe\er, chanbersthe sizeof thoseneededor FINESSEhave beenbuilt and operated
successfully

2 Sparkgapsandthyratronswereusedn the
past.

I Is thereanything new?




Craig Dukes Finesse Meeting 17 April 2004

Optical Readout Techniques

Badk when spark chanbers were rst
usedead grouphadaskilledtednician
whofabricatedhe camera(s)Consider-
ablee®ortwert into malke cameragast,
honvever, buyinganddewelopingIm was
expensie,andlegion®fscannerkadto
be hired.

2 For a 4£4m? chanber, a de-
sired resolutionof » 2mm requires
2; 00 2;000= 4;00Q000 pixels.
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Lots of Digital Cameras Meet Specs: Teli CSB4000F

204& 2048pixels
B/W, 8 bits/pixel
Lens:C-moun

IEEE1394Firewireinterface:400Mbps)

' Most cameraxomewith compression:
that is they produce JPEG-formatted
images.

2 7.14fps
2 5.4f 4:3f 9:45cn?, 2209

2 Price:» $5K.
Note:
I If moreresolutionis neededmultiple camerasanbe used.
I A Moore'slaw appliesto the number of pixels.
I Photograplg camerasow availablewith 10M pixels,and with fastreadout> 5fps, but
gettingthe data out may be ditcult.
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Conclusions

Sparkchanmberso®era promisingpossibility for the FINESSEmuon rangestak.

Samplingfraction canbe easilytuned.

Variousmaterialcanbe used both with a monolithicand a hybrid design.
Good resolution:x, y andz.

Low cost.

Simpleconstruction.

2 A realdesigmeeddo be doneto geta good estimateof the costsavingsover a scirtillator
or wire-hanber-basedystem.

Is the only possibleadvarntagelow cost,or canthe detectorperformancéde signi carily
improved?

|s a sparkchanber a superior neutrinovertexdetector?

Not obviousfor a low-energylow-masseutrinoexperimen sut asFINESSE.
For a N a-type detectorit couldbe the case.
How well cancloselyspacedracks be resoled?
Canelectromagnetishaversbe separateaut easily?
2 |s a streamerytpe chanber needed?
2 If so,areresistie platesneededpr canit be donewith a suitably shaged high-
voltagepulse.
What sort of energyresolutionis possibldoy courting sparks?




