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The Sal mixture for SDC muon drift chamben haa to .atisfy the foUowins buic
requiremeu.ta:

• Nonflammable.

• Sparkproof for reBabie Ions time operation.

• Fast drift Ipeed ba.ensitlve to chancel in the electric field, C" COD

centration and environmental radon.

The choice of chamber IU hu been & critical factor for ••cceulul operatioJll in
drift chamber'. 20 JCU hiatory. MaD1 chamber SU mixtura haft been ideu.tiled
aDd tried. UmorlUJlatel" Done of them iI appropriate in aU aped. lor use in the
SDC muon drift chamber.

Almon all U1e bown 'pod' cIri.ft IU mixtuea coa.taiJl a larse fractiOD of Jqdro
carbon aDd, thcrdore, are flammable.. TIUa!au iaaeaeiDp1 become uacceptabIe
&I the lCale of DlUon truJdDS qdemI pow biger and higer. DO hu abandoned
the Ions haditiOD. of ~/etbne at Fcnnllab. The)" choo.e Ar:COa (90:10) mixture
ialtead. Both SDe aa.d L* are COILIiderias Ar/COa for their muoa cbift chambez
qateml bued on ...ret, couideratioDl.

TJae L· poup hu & acUTe PMP workins on Dl1lOD cbmber IU problezu. Their
JeCCIlt rawt. are nmm&riNd ia their Lol and Eol. The SDO aad Empad docu
meAtI, OIl the other hand, do not COIltaiD. &D1 baIomaatiOll about this ilne.



Flammability

Ar/COJ mixture is .. inen IU. However," amaU amoUllt of hydrocarbon IU
lIlay be needed in order to male it more atable ac.m.t qarkiq. The BRS IU
coatGIlI 1%ormethane. L· i. coDliderilll adding 1-2% of i~prop&no1 (i~CaBrOB)

ia~ Id/eQ) mixture.[l]

F1&D1JDabllity i. a 'IU1 complicated illue which I will Dot attempt to address.
A IU mixture with .maJI amoUllt hydrocarbon concentration c:&Jl be coJUidered u
nonAammable under certain conditiou. I will include IU mixtures with less than
10% hydrocarbon in the followins discussion although it is not dear if this i. an
acceptable lituation for .. sse experiment.

ManydifFerent recipes ortm. kind mixtu.tel have been studied [2]. Among them,
a particularly interesting one .ludled by L.G. Chri.tophorou et aI.[3] at Oak Ridge
in 1979 will be di.cUQcd in the following sections.

Another example of thi, kind of non~fla.mmableIU it the 92% e02 and 8%
i-C.U10 used by SLD poup. Thi. is a low dilfuaion, Ilow drift and Don-A.turated
IU. NumeroUi .tudies have been made in recent 7e&rI ill attemptiDl to find ..
nonflammable SU mixture lor aelt-quenchi.D& .treamer tubes. Most of this kind of
Jlodammable 1&IeI are limilu to SLD IU. They are CO2 bued containing a .mall
fraction of arson and hydrocarbon IU. The.e .tudies are not Ter1 uefuI to us be
cause they do Dot care about drift properties.

IDgh Voltage Stability

AriCO, mixtua Me bow to be 1lIlItahle asaind Jaich YOltace di.ch&rJes ..
peciaU1' ..hell the CO. coateDt islJDalL By lntroduc:iaa 1" of methaue, the HRS
au Ar:C02:Cn. (89:10:1) imptoTel tbil aituatiOIl. L· it couideriD& addiq 1·2% of
~prop&D.o1 (i-CaHrOH) into Ar/C02 mixture. Oil the other wd. DO hu .hown
that Ar.COa (10:10) call in fact be nccetlful1J uecl ill muon dr:ift chambcn.

A .tad1' b1' D.M. Lee et a1.(4) at to. Alamo. in 1987 can help 111 to better 1IIl

dented this problem. In tbil .tllq, the hiP YOltap .tabUitJ' problem lor Dl&lly
chamberIU mixtua and cWrerent &!lode wire diamden are qdematic:a11)" .tad~

led. Small proportional tabes with O.S- x 1- croa eectioa were ued ill their stad,.
These tubel were expoeed in • 150 MeV electron beam ad pme heicht, are read
out directly uiD& all OICillOlCOpe. "whe diameten, 20, 25, 50 and 1001£, and 16
dift'erent Ial uUxta.ra were tested at both pro-....:onu Uld limited .beamer mode.
Their obaervatioDi were .hown in fig. 1. r-- J
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Although the added 1% CH. Ihould improves the Itability -aainat Iparking, the
HRS gu performed the worat. It. high voltage plateau isahori and the Itreamer
mode il completely absence which indicatet that Iparb occur at low IU ada.

This Ioob bad. enough. However, in our particular application, we o.a1y care
about the proponional mode and the wire diameter will be at leut 5Opm. U we
look dosel" we C&D see that the HRS pi is &Ctual1yu JOOd .. the AR:CaBe (50:50)
for 50 lim diameter wirel. The maximum proportional pu1ae hei&hta are the same
in both cass. The magic gu, on the other hand, ia only good for 20pm diameter
wires. In tenDI of the maximum proportional pube height., it i. actually "one than
HRS sas if thinker anode wires are involved.

Accord.i.ns to this .tady. the maximum proportional pulse heiaht is about 2-3
mV (OD 50 0) lor HRS IU which banalate to 40-60 pA lignala. NormaJl" the di...
criminator threshold C&D be .et to as low as 2 pA if high leDIitivity amplifiers ate

u.sed. It should pve u.s enough operation margin even we consider that the averase
pulae height has to be lOxthteshold to ensure full efliciency.[5)

The maximum proportional putee height, &I a function of wire diameter is ,hown
in fie. 2.
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Fig. 1 ProponionaJ pulse height as a function of high voltage
1t transition (x: (SO. SO) argon-ethane: 0: (SO. SO) arJ0n

ethane +ethanol).
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We C&D conclude that the difl'erence betweea IOpm and lOOpm i. not very IiS
Dificant. We probably C&D Ute &IlY wire within thiI r&DIe. We would like to 11IC

thicker anode wires to achieve better electric .tability. But this will result larger
srantationu Al9q becaue the ratio of .treqth over weiaht per unit. leqth i.
amaller lor thicker diameter wireL A optimiaed lO1ution hu to be found.

Drift Speed Stability

The electron drift .peed hu to be lut.. It must Dot be leDIitive to changes in
the electric field t IU concentration and environmental facton.

Ar/C02

The drift velocity u a {undion of dmt field i. siven in fiat 3 {or different Ar/CO"
mixtures. The drift velocit.y i. very leDlit.ive to changes in CO, concentration if it
illes. t.han 16% and drift below about. 1.5 kV/em. This trend i, .hown in fist 4
for three different. drift. field. Dat.a in t.hi, figure are from a .y.tematic investigation
done at. MIT by C.M. Ma et. aI. iD. 1982 [6] and abo from L· LoI and EoI.
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The drift ",docitYltability against environmental Ca.ctors is not very well DOW.
Presumably the above conclusion is .Iso true that the drift ",dodt.y is sensitive to
chaqea of ladora IU~ u temperat.ure and prellure if the COJ concentratioll is
< 16%.

A DO study [7) h.. reached difl'era.t collc1tuiOIl. It Ihowed that the drift velocity
is relatively iD.sesitive to changes in CO2 collcentration and to water contam.iJlation.
Clearlylurther mvatigatioll is Deeded.

1'"1&. 2 DOWS that the drift Add has to be as hiSh as I.SkVlem in order to
reach the drift velocity plateau for Ar:COa (85:15). The required high TOltqe Oil

the I-beam cathode will haft to be u hiP. .. -SkY for drift tubes with" em drift
diJtance. H we follow L·'. advice by uiq 18% COJ concentratioll and drift Add 1.8
kV/em, we would haft to run cathodes at -1.2kV. This will create lOme di1Iiculties
for the drlf\ tube dClip and operation.
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Ar/CF./C02

The problem c1i.cu.ued above may be eased by introducing a third component.
D. Green et a1. propose (7) \0 uae Ar/CF./C01 &&1 mixture. A variety of mixing
",tiot were studied. Their conclusion i. that Ar:CF.:COJ (88:10:2) i. a good choice
for lut drift application. The average drift velocity in this mixture is 8.7 em/.ec
UDder their teat conditioDl.

They did Dot measure drift velocity as a function of drift field. But fig. 5 from
DO paper .how. that the drift velocity .aturation property of Ar:CF.:001 (88:10:2)
i. definitely better than the Itandard Ar:COJ (90:10).
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It i. dear that the relationwp between the drift speed and drift field can be
tuned by varyi.q the ratio of the three component.. Small amount of CF. (a few
percent to about 10%) in argon not only can significantly increue the drift speed
but also can speed up the drift at low field. Increasing the C02 content (more than
the 2" that DO proposed) extend. the drift speed plateau to higher drift field region.
But it a1Io slows the drift speed on the plateau. It i. TerJ likely that a optimized
101ution can be found.

Ar/CF4/ C 2H2
Another interesting gas was .tumed by Christophorou at Oakridge in 1979.

In fig. 6 taken from their paper, gas mixtures Ar/CFt/C2H2 clearly show nice drift
velocitYl&turation properties. One partieular mixture 80:10:10 shows that the drift
velocity plateau extends from about 1 kV/cm to 2 kV/em at almost 9 cm/see. The
10% of C2H2 not oll1y can suppress .parks, it may in fact make the streamer oper
ation possible. Other hydrocarbon gases such as ethane and isobutane should have
Jimilar drects as C2B2•

For comparison, Fig. 1 .hows the drift property of CO2/CF. without hydrocar
bon.
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Summary

• Ar/COa mixture is a good candidate r;u for SDC muon drift tube. Much more
Itudies are needed to investigate ita properties before 'We can determine that
it can indeedlatisfy all our requirements.

• Ar/OFf/COI i. a very promising mixture. Again, Itudies are needed to opti
mize the mixinr; ratio and investigate its properties.

• Ar/OFf/CIRI mixture i. another ,ood candidate if 10% of C2H2 i. tolerable.
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