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Technology ot Noble Gas Detectors

The technology of noble fluid detectols has ben rapidly developinS in the
lst two d@des. The subject aea attracted anention of r€sedcheE md de
tecto! technologists at Imy miversities md mtional laboratories. A valuble

lrogres in tire d€velopmmt of this t*hnology has ben achieved mostly due
to the discovery of effective methods of puification of ldge amouts of no
ble 8as6, the introduction of low-noi* elechoniG, and th€ developmet of
lw l4JV 6@itlve phoroENs 6uch as W photodiods dd conpact pho-
tomultillid tub$ capable of worling at low tempehtures and at elevated
pr€$@6. rn thl6 o\api€r, we d€(nb€ rpecific technical slluons and meth-
ods supporting operahm of noble fluid detectos. The .haptei h.Ludes r€.-
omendatim on coNtruction Nt€nab, requirm{ts oI mechmical desi84
lefdencs to proven elect ical dd o?tical parts, nost applicable itrdators,
feedthlolghs, ealety devi.es, pnob*so6, et . Signifi@t mphdis w be
placed ulon the d6oiption ol pqification methods, systetu monitoring pu
dty dd othe. inportdt propedies of the media. The chapt€r cmot cover all
aspects of the ieclnology blt it oay srye as d intrcduction to the te.hnology

4,1
S.l@tion ot Mat€dals and M€chlniel Dosign

The mterials of choice ror pure nobl€ gas detectols are very similar to mare-
rials @ed in uLtlahigh vadm systm, Ihe mjor equireIrut G to reduc
the outgasing r6te to a vaLue that th€ d€sired pu.ity oI working media cm be

3.1 .1

3.1.1.1 Conatruction Metals

4lstdit'd st irir$ s|@l is the dGt.omonly @d retal for nmuJa.tuing
vessb of noble gas deteio.s. Rusia 12X18H10T fld US 304 srair es st€el
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bol s rea\Nlaot ot Nobte 6e' t)etectau

G3O4 A[oy, deEiry 8.03 Ecm 
3; composition: 9.25"/.Ni, 19.OOo/oCr, 1 00"/qsi,

2.00%Mn, 0.080%C, 0.045%1, 0.030%5, the rest is Fe) are cho*n most fre-
quenuy fo! dren satisfactory algon arc welding/ good mechmical properri*/
and acceptable @tgasinS rates. Usually this khd of steel is not u*d at tm,
Peratus above 1200 K. The radioactivity of the stai.Ll€ss stel is rm8€d be
tween o.o2 dd 0.1Bq lg 1.

Aluninun afld abnin\n allols are very cheap, easy to mchine ad have
a low outgssing rate as long as dE aloy dos nol hav€ a hi8h zinc content.
They have the disadvdtage of low st 68th at high hmperarues md high
disto.tion whm welding. Allots wirh a copper content also pre*nr weldin8
Probl€N. Alminu that w be exposed to a vacum shordd rwei b€ fl,
odi?ed du€ to se.ious outgdsin8 pioblem. Ihere are also some polotially
violent chmical reactiore thar cm develop when deminS lieshly machired
aLminum with hichloroethme or hichlorcethylene btred vapor deEreaeb.
ft€ high vaoum Faling betwen two alminu narges may cotrhtute a

otlgd lie high cornrci"iq (oFHc) .o?/r G easlly machined with good
coEosion rsistmce md G widely ued in dete.tors. It is not gderally se.l
fo. ves*ls rhat require baldnE du€ to possible healy oxidation. The low ra-
dioactivily of OFHC cople! is m nnportdt prop€rty aor sdne applicatioN.

Tildniur alloys re smerimes u*d for fabrication of s|ecial low-mass and
lowradioactire (for seiected aloys) ve$els. Iilmim r€guires spe.ial tech-
ni9ue6 foi arc welding to lrotect it hom intemive ondadon at elevated tm-

Bra$ nas Bood corosion resistance md in the past often Gd as a mjor
cotrtm.rion m€ta]. In mod@ pure systens, bia$ comlonents are cually
nickel plated to reduce outgdsing due to the zin .ontdr.

Metal seatings are most olten 6ed in the coshlctims of noble gas detecrors
that requne penodic openings as wel as in gas fittings of associated vaom
dd luifiotion systeru.

Coryr /itrss are comonly used for sysbetu with ConllaL9?e nang€s thal
use a copper iing conpr$ed between two knif€ edges. The seals m bakeable
up to 720 K ad ee widely 6ed becauF of relatirely low cost ad bMse
the thernal expmjm .ei6.ient of copper is very close to ihat of stair es

ALrninun wne rings areyety .l,eap and bak€able up to 500 K.
ttdiln ate cm be ued beiween flat flmg€s, It is very sofi md conunues to

flow after initial tightming (nNds special geves for good sealinE). Conbined
hdiu-coated copper Eskets 6 be lsed for sealing vdy differenr naredals
such as optical windows berwem st€el nan8er for exmple. it cm be heated
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Go″ω■ is on節“ed 6,ul“鴫 h Vacutun∞al,bemeen Ltstrfacs and

can be bak・dt0 2o K

Sω%`あ ● Ttblソ こヽ and oul‐r vnOle metal brand sea鮨 are now widely

used ll e best pracucal`ュ 色w。le a¨ ev“ wih VCt● Pe s●� 8s CaPと
bに ol oPeratulg at elevakd and c,08¨ Clempα ah憲6′atlugh,acutun md

�許 ?rSue condiHons
laた。●χs′′′"8"ク 」″ゴ,″おcon・ist of a iack・ttube am hdicalsprhg h‐

・erted n・lde The鰤� 8PrmでIPL L ba釦。Ptn●e plas●・.defo‐ahon of

a,aCket lnlωt。“n made ofalmm■ m)andい 。Compres■m ie・Isance pЮ―

Vded,th‐ SPlu18 Eadl Coi Of●。“lcalsP�g acじhdePmumtly md

auOv,心 e maltO cOnfo…̀,tO mpettchons on the seakd nage wrface・The

Seal Pertet,PelfOr_h heセmpera樋で,ange m̈ cryormclo l・・5 K and
u■e Pressuerar ttOm tutahま唸mum t0340 �Pa SPedal“Ыい“He
liconは sttl,can be used vnlh he Colflat nang“  The mah disadvantarS

are■ at Helicon●x seal,曖 祀lan.ely ex"sive and can be us“ Only once
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Gc eraし ule u・.。,Plas●む・loud be k・Ptto a mmmm dtteto■ e■hgh

gaS Pemeabll,a■ d i811 deSⅢ ■m rato comPattd � th m● lし81as,alld
ceranuc h sPile of uus plaJ�s a=oo長mu∞ d h vo●却川n systut・becat・e of

the� �sulathg pr"erhtt ela,Hd,low radぉac●vi,anc a“odable pnce

PTFI(TenoI 12uPont)hЖ  Self lubllcaung prOperleらa re:ol.ely low ouし

ga“mg ial・′もa good elec●cal Ⅲ出 tot alld can l。●_ned at hまa temPera
h"でst.n oth●I plashc,ngh pe,_eおL,mak6 PrFE mttit“ t asa Pa=t
of■e vacu― enveloPe

助 b″hS Self lttbntatung l●roPeru“buta �ま Ol ttaSShg rae ad a tth
adso?hon rate for watris a dra,vback

Pレ℃hasa h、■。utgaslng rak bul does ind aPPhCaton fOrrol gh vacutun

lh‐ alld kmporary coomec●on・stl hぉto a bよ“セ●∝
P'レ ll 10`may be“ “le if wで■ otttgassed  it is i�OenJy lov

backgrond malenal wil■ hgh elect■csinmgth h de UKむ o POlymer is

calttd“ヮ″″ Tlle manl disadvm● ge isiじrehlvev l‐ V mel� 8t‐lllPera

hre

7・ツ″″″ "旋 L ulha ugh vacum corpahblc easiy matthed and an

Ocen・ ■迩 ulator“ m DuPont tゃ dセ ndSt。 loマ"weS� e

G100ぉ sE″,v is aVaiable nl bloctt md“ でet、面 ncult b mac嚇 ea樋

has a ll gll �ld olttgassm8=att hも。縫 n utt fOrPm� g draus● fol

ex mpl‐hqtud agor and �qlud k,PЮn bⅢ2ahon cabn eters

ロツ。ψ !α'1た'i虻luao Kell nり 的 nar)TFE etc Kel F has a Fairly toト

er.ble ottt.●assh8ねt‐and wlule c9m'Ve itもmuむ фeap∝thmヽbsPel fol

so ne aPPhcatOns
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ゅ f"isa DuPtt P。″��de h mathas mOrホm“ years of PЮvm

pαfo.“ほnce as tte netlle matごd oFchoⅢ  h aPPkaiOn mvolvng ve,

�gh“ら K10r verF low“,tmpCanie exteme,KaPtonお 崚 dha

Ⅵde vanⅢ  ofa"ka● 。nS mch as subshates for t� bk Pnnted chc� 、

故ansfomでr and caP‐ator誂ualm and Pαたo"Per10nn“ as a consして
●m ma掟 �al ofelectЮde sysに由6 of nobL llqud iolMahonてalor�まぉ

Ci″α is m auP。 1_de sheet matell“ made of Kapton mms wlth athtk

爬ss o(34 mm and Plated｀ VithぐoPpe,it hぉ dent nstr_ted a good PerfOr

mance fol fabrlcahon o(P=ht“drcuitboarasfor Ⅸe detectos lthas a tα●

pemttt rmge of 4to 62`elech■ cal ste■■ fOr blea KKlo″m2,O Vnll i

at lluc●e・s of 009″(23m n)
C“″おどe71dev“ec �th al血�a er―c(92つ98・7.A12q)ben g

tlle most wid‐ly sed male�al out of a valleけof価o ermtt lt tat館
●e ttme oOstal Sttucttre as saPPヽ re and ntl, Altuua ceramに demon

壺 atsa bv Lakage arent′ lov out8asm8 1ate bw gas pe…,e.biliりa ld

can be u,“●om αyoriCt‐lnPeratte・up to 1800 K The cera�cis most

ごm utt brmm■ ― ng el∝t�calttdhou●s duetolu81uy dⅣdoped
tαわnolo,of heで ∝a� cto meね l brazng There ale also some ma● ●able

ceramrs available stlch as M∝ oしwhth � duttes mta and because of ttat

cannot b・sed for bぃ bヽ.ckglotrd appl■ "|`加6 Allceranics ae brlttk and

mu・t be handl晨 vヽ�  catt b■tt meむ� caly perb,,,`mェ h betrer ian any

gtts
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FeedlhЮ o9hs

,P‐ 。ffeedLtouS used h noble Ps de“ ctos hcltlde m"ィ hanet

minPh and hgll vol●r dect・Ca tedttmttgh.fll er optt ttdh∞gヽ
md mo● ぃ たedttЮo8ヽ Tlle folloぃむg bast PmoPttSほ e to be●km

utocmsdemton whm sd∝ thg tte長 dふЮuま,

。Costtucuon mate� al ioulKlbeclem ma do nOt � PoSe a rぉk ofcon

tal matbn ofnoble Fs � � d∝けOn中 ●Veand moLcu ar■ llPu■Hc

・Costntd or should be heL Hn■ eak hまt utleast at a kvel of

10~'mbarL s~1

・Radお acuve or… 性b8(PO・ OL・l mate�ホ are mt pe,nutに d or

shouu be shielled brlo● lack,ound aPPlka● 。ns

3 1 3 1 ElectricaI Feedthroughs

Cla.・to ntet.l setted ettcヒtal““hou"s LVeonm beenutt h■e Past
Ceralluc■∝mel.l seal・bondulg meね l,b cerancs a=efu■ damental o ule

dechcalfeedutoths us“ ul cmteinPottV deViCes Lヽ khd of cerarnic
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FeedthЮぃ can OI eraに丘。m oyog― c to“ Ka d“ m� "罰 ghvaoШ
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ulan oreで。nducler Pah or Ph ad alle abo nted.■ ul a fasting att slde

cmmecton Tll●・●崚 dutoug、 are used for he tr―・rus●on ofvdい,and
cuimtsimalS Among many manufactungで omP-6 6e auul∝ sP,eFe=

Pr“ uCtSoiCcantc md● ocaa

n"alea b″ deS● ,of HV ttdむ Ю.t81t・dSctted h ule nteral凛 h

●t all■0・●ddgttaで ba,“ …`th・idea of HV cable cmnectosi

l Gでomd shddhg of HV cableお Lmly cmnec● d to tl●lody of tl・

devi゛ ・nt a nutor nange

2 Atthls Poht tte cablehtt no shelang(。Pm able)′con・lsthg oFa con

ductσ Ыronded with a ttkk enottgh msdat04 and h¨ ducc HVto

ule Poult of appucatOn,■ もn Portant■ a thelmぃ of he Open cable

L seLcta long mough to● ・Iul・tmd suraで breakdo― “ hveen the

poht of HV aPPliCaHOn a■ d grOma“ Poht of th・ Ыieltl�8 cOnne←
●on

i3ヽRUS des■ 1399]fo■OWS ie desi「 of th・detachab e HV cal●L Lis

aヽ sohd HV cable wiよtibe cのdttctOr昴,aned hide alぃ8 htidmЫ ,
P。1"● 'me(HIDPE)Ю d′ ・hICl i,mal“ to ule detectOr lody with Ⅵ ton

O lul, Tlle cl � gs a,oでonlnuougy nstd wi■ d,� ヒOgen to Pでvent

oXy8en di“usbn a10ng the cond tclor butsil o,gen di“ ●"on cmmoibe ex―

duded llus dedぃis aCCeF tal le fo,Lおょdet∝tors■■■ でla●vely llbαal re

q‐emen、tO tll‐gas"nけ butCmnotbe accepl・d fo=LX.detectOβ
Forl も̈ackEottnd hねJo●oぉ′●ewd P=oven elat u.接dhω 8h(fOr

eXarP"′90kV Camぉ eal P/n lm57つ2 CF)cm Oe mOunted outJde of he

P a S■ V e交 通l d�g  t o  h e t o P  o l t h e  l o n g  m e t a l P , e C O n n t t a  t o t l e  d eに d o r  a s

ぬo″ning81 HVi● ・ulalon hide th‐ plpe provid“ wi■ ●.o(o mor0

�sda� 8t� e■Wll al ar"en alb。 ● sde・ Ttt ib‐ cOuld be made of

Tenonけ qttarL Tlle dedぃ 。(llus bd of HV tedttЮ ,=hSW�  War屹
msula●nghl c ha,been PЮ Ven ul a LArioluzaton chmber used ul he ex‐

Po�mentsea動 �g br dottble beねdamy of'∞Mo〔4001 h thelugll ProSure
xmonお �za●or aalnbα _d h he"e� ments鍬 慟�81or do�k beね

decayぱ136�1401)and h●e la!ge LК士/L� warkpu�her〔4021

8 1 3 2 0pticBI Fiber Feedthroughs

L● ●se。(cP。,も mdchble as outga"m8cm oCCtlr As an oamPl●

。f cman“ sⅢ ′We n■mh∝ ふe OxfOd El∝ けい てs oP●cal hb l vacum

tedlluolも ヽ 。Shg C,3′ 〃metal coated OPIcal nbα s whth are brazed to

a,ta�セss¨ el ibe to make a vacttun h811t・ ・al and● en brazed to m

ヽイA cOnmector on■ e vacutun“ de Ъ ooP¨ ml■ bα teduuoutt alloWS


