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In the 1960's spark chambers reigned

Duringthe1960's,sparkchambers,alongwith bubblechambers,werethe technologyof choice,
particularlyfor smallerexperiments.

² Inexpensive

² Couldbe madevery large

² Werefast

Sparkchambersweretheprovinceof thebig labs,althougha fewinstitutions,such asMichigan,
built them. Any institution couldbuild sparkchambers.
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Di®eren t T yp es of Spark Cham bers were used

² Parallelplate

² Wire

! Large-diameterwires,unlike MPWCs.

² Narrow gap

! Sparksareperpendicularto the anode/cathodeplanes.

² Wide gap

! Gapsof » 10cm or more.
! Sparksfollow the trajectoryof the chargedparticle(up to an angleof about 45±).

² Projective chambers

! Wire or glasselectrodeswhich allow optical readoutin directionperpendicularto the
electrodes.
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Great discoveries were made using spark chambers

The¯rst acceleratorneutrinoexperiment used
largesparkchambersanddiscoveredthemuon
neutrino.

CP violation.
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Large Spark Cham bers have been Built

! The Tien Shanwide-gapsparkchamber.
! 4:00£ 2:75m2 area.
! Two 20cm gaps.
! Wire electrodes.

! The Columbia University high-mass
sparkchamberusedto discover themuon
neutrino.
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By early 1970's spark chambers were challenged by MWPCs

² MWPCshadlessmassthan parallelplatesparkchambers.

! Wire sparkchambersdeveloped.

² MWPCshadfasterelectronicreadout(madepossibleby invention of the transistor).

! Disadvantageof increasedcosto®setby advantagein much easierdataanalysis.(Scan-
ning anddigitizingphotographsexpensive andtime consuming.)

! Optical readoutabandonedfor electronic(andothermoreexoticforms).

² MWPCshadmuch lessdeadtime(tensof nsrather than tensof ms)

Lesseradvantagesof MWPCswere:

² Selftriggerable.

² Better resolution(with drift chambers).

Theadvantagein deadtimecouldnot bematchedandleadto thedemiseof thesparkchamber.
By the endof the decadesparkchambershad almostdisappearedcompletely, althoughthey
werestill usedhereandthere,includingin outerspace.
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Spark Cham bers didn't Disapp ear Entirely



Craig Dukes 17 April 2004Finesse Meeting

Wh y Revisit Spark Cham bers for Neutrino Exp erimen ts

² Low costimportant for very largedetectors.

² Low rate capability not a problem.

² Largemassofparallel-platesparkchambersan
advantage.

! Absorber not separatefrom detector.
! Absorbercanbetunedto therequiredden-

sity assparkchambershavebeenmadeout
of a variety of materials:Fe, Al, C, glass,
wires.

! Hybrid chamberswith separateabsorbers
not out of the question.

² Optical readoutattractive again.

! Good resolutionat very low cost.
! Moderndigital camerasdigitize imagefor

you compressit JPEGformat (if you like)
and sendalonga standardbus(Ethernet,
USB2.0,Firewire).
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How Spark Cham bers Work

² A chargedparticleleavesa trail of ionsandelec-
trons in the chamber gas.

² Rapid applicationof high voltage leadsto an
avalanche,which in turn producesa spark.

! Need10KV/cm to producethe spark.
! Full voltageneedsto beappliedin tensof ns.
! Note that the chamber hasto be triggered,

unlike the caseof an MWPC, or siliconde-
tector.

15 kV

C

trigger

² The sparkis recordedeitheroptically, sonically, or electronically.

² A DC voltageclearsthe chamber andafterabout 1{20msthe chamber is readyto be¯red
again.

² Ratesup to about » 106 arepossible.

² Gasis typicallyHe-Ne,althoughothermixtureshave beenused.

² Sub-millimeterresolutionshave beenobtainedwith largechambers.
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Recording Events in the FINESSE Spill

After a chargeparticletraversesthe chamber, the ionizationis present for a time that canbe
tuneda considerableextent.

² The memorytime dependson the value
oftheclearinḡeld, thechambergap,and
the gasmixture.

² For FINESSE we have a 1.6¹ s spill
(84£ 18ns),a memorytime that is read-
ily obtained.

² For many spark chambers the clearing
¯eld wasprovidedby a simplebattery.

² A gated clearing¯eld, high during the
interspill period, lower during the spill
wouldbe ideal.

² Notethat thetimeresolutionis lousy:we
don't know which RF bunch the event is
from.
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Relativ ely Large Gaps Preferred for Multiple Track Events

Problem:¯rst spark\steals" the voltagefrom later sparks.
² Multiple-track e±cienciesdependon:

! Risetimeof high voltage: fasterbet-
ter.

! Chambergap: largerbetteras°uctu-
ationsin sparkformationtimesmin-
imized.

! Chamber gapuniformity.

² Electrode°atnessneedsto be with » 1%
of gap.

² Multiple-track e±cienciescan be im-
provedby:

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

! This can be doneby usingresistive
electrodes(a la RPC), or by a suit-
ably designedvoltagesystem.
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Applying High Voltage

² A fast risetime is essential, particularlyfor chamberswith narrow gaps.

² Thereare limits for a largechamber. For a chamber with a 1cm gapthe capacitanceis
885pF/m2. Hencefor a 4£ 4m2 chamberswe have 14,160pF! To chargethis to 10kV in
10nstakes14,000A!

² However, chambersthe sizeof thoseneededfor FINESSEhave beenbuilt and operated
successfully.

² Sparkgapsandthyratronswereusedin the
past.

! Is thereanything new?
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Optical Readout Techniques

Back when spark chambers were ¯rst
used,each grouphadaskilledtechnician
whofabricatedthecamera(s).Consider-
ablee®ortwent into makecamerasfast,
however,buyinganddevelopinḡ lm was
expensive,andlegionsofscannershadto
be hired.

² For a 4£ 4m2 chamber, a de-
siredresolutionof » 2mm requires
2; 000£ 2; 000= 4; 000; 000 pixels.
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Lots of Digital Cameras Meet Specs: Teli CSB4000F

² 2048£ 2048pixels

² B/W, 8 bits/pixel

² Lens:C-mount

² IEEE1394(Firewireinterface:400Mbps)

! Most camerascomewith compression:
that is they produceJPEG-formatted
images.

² 7.14fps

² 5:4£ 4:3£ 9:45cm3, 220g

² Price: » $5K.
Note:
! If moreresolutionis needed,multiple camerascanbe used.
! A Moore'slaw appliesto the number of pixels.
! Photography camerasnow availablewith 10M pixels,and with fast readout> 5fps,but

gettingthe dataout may be di±cult.
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Conclusions
² Sparkchamberso®era promisingpossibility for the FINESSEmuonrangestack.

! Samplingfractioncanbe easilytuned.
! Variousmaterialcanbe used,both with a monolithicanda hybrid design.
! Good resolution:x, y andz.
! Low cost.
! Simpleconstruction.

² A realdesignneedsto bedoneto geta good estimateof the costsavingsover a scintillator
or wire-chamber-basedsystem.

² Is the only possibleadvantagelow cost,or canthe detectorperformancebe signi¯cantly
improved?

² Is a sparkchamber a superiorneutrinovertexdetector?

! Not obviousfor a low-energy, low-massneutrinoexperiment such asFINESSE.
! For a Noº a-type detectorit couldbe the case.
! How well cancloselyspacedtracks be resolved?
! Canelectromagneticshowersbe separatedout easily?

² Is a streamer-type chamber needed?
² If so, are resistive platesneeded,or can it be donewith a suitably shaped high-

voltagepulse.
! What sort of energyresolutionis possibleby counting sparks?


