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Abstract:

Following testsat Brookhavenand at CERN, it becameclear that special
precautionsand purification will be necessaryto use Kr in a calorimeteras
comparedto using Ar. My conclusionsare that GEM mustbe very carefulin the
choice of constructionmaterials and provide for purification of the Kr in both
the liquid andgasphases.
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ABSTRACT

Following testsat Brookhavenandat CERN, it becameclear that spe
cial precautionsandpurificationwill benecessaryto useKr in a calorimeter
ascomparedto using Ar. My conclusionsarethat GEM mustbe very care
ful in the choice of constructionmaterialsand provide for purification of
the Kr in both the liquid and gasphases.

ExperimentalObservations

In the summerof 1992a test runwith a liquid Krypton accordionstylecalorimeterwas

performedat BrookhavenNational Laboratory. 1-2 The Krypton camefrom Novosibirsk

in the framework of the GEM collaboration. The Kr was testedby Prof. Elena Aprile

of Columbia University and found to be as good as any other commercialKr that she

hadused.Her calorimeterwasa very cleancalorimeterusingonly materialsthat could be

pumpeddownto a goodvacuum.In contrastour calorimeterusedRohacellfoam insidethe

cryostatas insulation and as excluderof liquid betweenthe calorimeterand the cryostat

wall where the beamwould pass.CERN experimentsNA-31 and NA-34 usedRohacellin

liquid Argon calorimeters,with no negativeeffect on the performanceof the calorimeter.

The experiencefrom NA-34 showed that the foam holds considerablewater, which was

partially removedby pumping,but the residualgas,even after severaldaysof pumping,

wasstill water. Prof. Aprile did a test in Kr with a pieceof Rohacellin the cryostat,and

found that it wasnot possibleto achieveasgood a vacuuumandthat therewasa marked

decreasein the electronsignal.

Our testusedaccordionplatesfabricatedusing the CERN RD3 equipment. First we

ran with liquid Ar for severalweeksand had very good signals. The Ar was emptiedand

the cryostatpumpedbefore the Kr was introduced. The signals from our test cell in the
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liquid Kr, usingthe ionization signal from alphaparticles,showeda largereductionin the

signal. As Kr was addedthe signalgot betteruntil the filling wasstopped.Thenthesignal

startedto fall until we put our purifier into service.

The purifier usedOxisorb from MG IndustriesMesserGreisheimin Germany, fol

lowed by a getterpurifier from SAES PureGas,which is claimedto removeessentiallyall

impurities from a noblegas. With a flow rateof about20 liters of gasper minutewe were

able to continuously increasethe test cell signal, when the gas samplewas drawnfrom

liquid at the bottom of the cryostat. When we switchedto drawing the gasfrom the gas

phasein the cryostat, the improvementin the signal stoppedand the signal startedde

creasing.This behaviordemonstratedthat our impuritieswereconcentratedin the liquid

phase. This conclusionwasfurther reinforcedby the increasedrateof lossof signal asthe

calorimeterwasemptiedby removinggas from the top of the cryostat.

One supplementarytest during the period when we were purifying from the liquid

phasewas to bypassthe getter purifier, so that only the Oxisorberwasused.The rate of

increaseof thetestsignal wasunchanged,so it seemsthat the Oxisorberalonewascapable

of removingour set of impurities.

Previousexperiencewith additivesin liquid Ar using a testcell with an alphaparticle

sourceshowedno significant lossof the electronsas they drifted in a high field andacross

a small gap 10kv/cm and 2mm gap. Essentiallyall the losswasdue to recombination

at the origin of the ionization. In our Kr tests therewassignal lossseendue to both loss

at the origin and lossduring the drift. The sameimpurities that causedus no trouble at

90°K, were very bad at 123°K.

After the test runat BrookhavenI went to CERN to work with the RD-3 collaboration

on a test of the new 2m long accordionelectromagneticliquid Ar prototype. While at

CERN I was ableto have a numberof very fruitful discussions.I describedour results

to D. Schinzeland G. Kesselerof the NA-48 experimentwhich had a prototypeliquid Kr

calorimeter.Their experiencewasdifferent thanours at Brookhaven.With a comparable

flow rateof purification, they wereunableto stop a continuallossof signal. Testswith gas

samplesshowedthat the impuritieswere asmuchin the gasphase,as in the liquid phase.

They hadverified previouslythat noneof the constructionmaterialsin thecalorimeterwere

responsiblefor the signal loss. In the next test they changedtheir electricalfeedthroughs
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which theysuspectedto be leaking,andfoundthat evenwithout purification,thesignalwas

high and stableover 2 weeksof running. It thus appearsthat their previous contaminant

wasprobablyoxygenfrom leaks.

Therewere presentationsat CERN on gaspurificationby the firms SAES Gettersand

by MesserGreisheim.New gettersareunderdevelopmentwhich shouldmakefor somewhat

simplified systemsin the future. SAES appearsto be the world leaderin getters,their

materialsbeingusedfor high vacuumpumpingin LEP at CERN and in the transferline

for the low energyheavyion beamat Brookhaven.WhenI investigatedbuying a purifier,

I was told by a former competitorthat the SAES system was the only product on the

market that would removeessentiallyall inpurities from a noblegas.

The large Oxisorb cartridge, from MG Ind., that we usedhas two different materi

als inside. The Oxisorb material is chromic tn-oxide which interactswith oxygen, with

branchedchain hydrocarbons,and with a numberof other chemicals. The other compo

nent is molecularsieve5A which is very goodfor water removal. While at the presentation

by MesserGreisheim,someonefrom the Icarus project reportedon the useof a special

Oxisorb cartridge, the body of which they madeand that MesserGreisheimfilled. The

cartridgeis about 10 cm i.d. and about 80 cm long. They filled their test vessel with

liquid Ar passingthroughthe cartridge,at a rateof about 1/2 m3 per hourof liquid. This

is a very high rate comparedto gaseouspurifiers. They found that their.drift lifetime was

very long, correspondingto an equivalentoxygen contaminationof much less than 1 ppb.

Oxisorbwill work down to liquid nitrogen temperatures.

Recommendations

I would recommendthat the calorimetersfor GEM shouldhaveprovisionsfor purifying

both in the liquid and gasphases.The cryostatsshould haveprovisionsfor withdrawing

liquid from the bottom and returningit to the top. This will requirea cryogenicpump to

overcomethe resistancein the Oxisorb liquid phasecartridgesresistancemainly due to

theparticulatefilter in the input andoutput lines. In addition thereshouldbe provision

for purification in the gasphaseby withdrawing liquid from the bottom, gasifying it and

returningit to the top of the cryostats. It would alsobe prudentto havethe capability of

purifying the liquid in the storagedewars,and or, whenfilling or emptyingthem.
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It now seemsclear that Rohacellshouldnot beusedin liquid Kr. Someothermethod

of excludingliquid must be used.The testingby NA-48 showedno problemswith normal

printed circuit boards,Kapton, or with poly-vinyl-chloride insulatedwires. It would be

worth while testingother typesof foams.
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