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::;i r11~l e V·ii re Dr-Ht Cl1ernber Desi 1~n 
J. !<rider 

F'.e::;een::h F eci 1 it i es Depertrnent 

Tt·1is report surnrnarize::; the 1je:::i1~n em1J pn:itotqpe te::;t::: of 
:::rn1~l e \"lire 1jr-i ft ch;:irnber::: to tn?. u:::e1j in Ferrni 1 at1 te:::t t1eatr1 1 i ne::: Tt·1e 1~oa·1 

1::: to btnltj sin-1ple, reliatile 1jetector::: 1,0,ihich require a tninh·1urr1 of 
e 1 e ct n:im c:::;. ::;pa ti ;:i l re :::o 1 u ti on ::J1 ou liJ n-n:i t cJ1 tJ:e 3 O O .~1. rr1 tT·i::; ~-e :;:o 1 u ti or o i 
u1e i nitn proportional cfrnr"nber::: U-n:it tJ:eq Y·iill repJ;:ice The 1jetector::. vvi:: 
De use1j in t1eetr1s 1Nith particle rates up to 20 KHz. ~:ir11~le tnick eHicienCid 
::J1oul1j tie ;:it 1e;:i::;t 99%. The fir-:::t application ·wrn tie in U-1e MT bearrilir:f'. 
\ 0ihicJ1 t·1as been desi!~ne1j for calitiration of CDF 1jetectors A set of four ;:<-1d 
rr101Jule::: 'Nill tie use1J to treck an1J tr1eesure U-ie rnornenturn of t11?.1:itr1 

MECHFINICAL DE~;CRIPTIDN 

Cine cheirntier- tr101Jule consists of four indepen1jent :::in1J1e \·Vire 
1jnft cell::;., eacr·1 "Nith an active area of i02 rnrn t11d 102 rnrn. T\"iO cel1::: r·1ave 
"lfftiC;:'ll "Nims to rneasure fl horizontal coonjinete. ;:in1j the other tv·,10 cell::; 
heve tKir-izonteil Nims to rneasure a vertic•:il cocir-rjinate One cell ha::: its 
;:ino1je off :::et 20.3 rr1rn to one side of the center-.. 1Nr-1il e Hie other- ce 11 
rneasunn1~ U-1e sarne coonJinate t·1es it::: ;:inor:le off:::et 20.3 rnrn to the ot.her­
:::i1je. This resolves tJ1e left-ri!~ht eirnbiguities en1j pn:1vi1jes ei con:::L:int 
rnoniti:ir- or the electron 1Jrift velocit1d. 

The various li:i1den:: of anode:::, catho1je::: .. cell i:::olation foils, ;:in1j 
:::p;:lcer-:::: eire ::::t.acke1j on aliw1rnent pin::: tr1ounted on a 12.7 rnrn thick 
;:ilurninurn tiase pl;:ite. Loceition::: of indivi1jual ano1Je an1j catho1je ple1ne::: ar-e 
rneiint;:iine1J to ±25 p.tr1 t11d the pins. All eno1je planes ewe inten:J1an9eatile, 
'Ni tt·1 tt·1e ;:itisol ute posit.ion accun:lCld of a 11 ano1je 'Ni res t1ei n1~ ± 125 ur·n 1Ni t.h 
re::::iect to U-1e t1ei:::e pJ;:ite center-line. 

There i::: no 1~e::: seal t1et1,·veen hi~ders 1NiH1in u·1e 1jetectot- st;:ick. 
A n?.rno",1,:itil e a 1 urni nur·n tio~-: cover tio 1 ts to U-1e tiase p 1 ate an1J ha::; •:in D-ri ng 
qa::: ::;eal. Higr·1 volt;:i!~es an1J eno1Je si!~nels peiss tJ1rou1~h U-1e tiase plete using 
connector::: seele1j "NitJ·1 epo:=<!J f'11dlar t1e;:itr1 v·tinijo"N::: of 125 p.rn U-iickne:::~; 

CO"/er- 102 rr1rn t11d 102 rnrr1 1·101e::; in U-1e upstream an1j 1jo·fmstn:?.atn ;3Jurninurr1 
tio;:.; f;JCes. The ;:iir leek rnte of the protot!dPe a:::sernt1l1d v·t;::s rr1e;::r::ure1J to tie 



250 '=:c/hr at 2.0 w:dq, v·thicJ1 corresponds to 5 cc/hr at U-1e likelq open:itin1~ 
~· ~ ~ 

pre::;:::ure of 1 O inch of 1Nater. 
A cell consist::: of an encuje plene centere1j in e 9.5 rnrn total qap 

tiet·ween a pair of fieM sr1epin!j catho1je planes. A 15 .~trr1 U-1ick grnun1je1j 
shltriinlrn1 foil Is loceite1j 9.5 rnrn to U-1e out:::iije of ee1cJ1 ct1U-1ocie to 
e1ectn=i:::.tatic;:iJ1q i:::olate U-1i:Jt cell frorn 0U-1er- cell::: in the cJ1arnt1er The 
cr·ossection of ;:Jn iri:::i1Je e1j1;ie of one ce11 i:3 st·10\0n1 in Fi1;iure I Tt·1e var-101.i::: 
li:i1ders t"ieve 1jifferent in:311je 1jinrnnsions in onjer to rnake the hii~h 'iolt;:i1;ie 
t1n:•;:ikdo 1Nr paU-1 acrn:::::: tr·:e iri:::ulator surface::; loni;ier UH'm the tir-eekijo·wn 
paU1 thn=iui;ih U-1e 1}3::: 

EacJ1 ;:ino1je p 1 ane is ei si r11jl e si 1je1j pri nte1j circuit 1Ni U-1 the 
L'.:iidOUt ::J10 1Nn in Fi1;iure 2. It ha::: an 85 .urn 1j1;:irneter tiery11iurn copper f:elrj 
;,vire ;:it either e1j1~e of the ;1ctive eirea. Tt·1ese fiel1j vvire::; eire open:it at 
the :::enr1e potential ei::: the neerest ceU-1ode plene fie11j "Nire::; in onjer- to 
1rnprove U-1e linet1rit1d of U-1e drift field neeir- the cell t1oun1j;:iries A sinr~le 
2i:1 w·n 1jiameter 1~old pl;:ite1j tungsten ano1je '1vire is located 20.3 rrirr1 to the 
1 e ft of c e n t e r·. A ::: cJ1 e nm t i c o f t he c i tT u i t nd i n s i ,j e U-1 e t11J ~< f o r one c e 11 i s 
::J10\Vn in Fi!~ure 4. The ano1je \•.iire is oper-ateij et a po:::itive t·1hjh •.,1olta1je. 
The output si1;inal is 1jecoupled frnrn the t-ii1~h voltage "1ViU-1 e 1 O nF 7.Sr<'v' 
c;3p;:1citor A 1 0 Mrt n?sistor in series "NiU1 Hie po\ver- supplid lir·ni t::; the 

pe;:ik c:f"ti:'ir-,~inQ cu1Tent. to U-:e ·wire. 
Tt·1e c;:i tJ! 01je print e1j circuit 1 i:l!JOUt is :3t-ic1\·Vn in Fi 1~1_u-e 3. T t·1e 

Doercl t"li:'iS ::;0J1jer p;51j::: for- 51 fie11j st·1apin!j \·Vires. C;:itt·101je V·iir-e::; ;Jt-8 es prn 
1jiarr1eter- tienJ!lium copper- space1j 2()3 tr1rn ;:ipert. A resistor 1j1vi1jer 
r!et".iv·on:: on tt·:e tioanj :::upplie::; tt·1e rnquire1j potential 1jistr-it1ution Tr·1e 
voltiJ!~e 1jii,,1iijer- use::: t· ... vo 100 11S-l 1/4 \·vatt 1:f. rnet;:iJ filtr1 resi:::tors in 
·::erie:; per fielrj •.,.•olta!;ie incr-ernent. For a drift fielc: gn31jient cf : CUC 
\//cm .. tt·1e i..10Jta13e acr-oss each r-esi:;tor i:; 100 \/. Tt·1e cJii,,11det- curr-ent i::: 
101=: ;.;.f~ .. \v:·1i cr·1 i ·; 1 O .. ooo ti me::: tt·:e average current 1jra1,·v of the ct·1arntier- 1 n 
a 20 f<Hz bean-i. Tr1e five fielij 'Hires neare:;t to the anode are isolate1j frotr1 
+J1e 1ji1,,1i1jer by 1.00 t''Kl serie:; rnsi:;tors to lirnit the 1fr;cf·1ar!~e current fn:nri 
the 1jecoupling capacitor in the event of a t·iigh volt•:ige t1r-eak1jo·~vn. 

E i...ECTF-.'CIN IC~; 

The cJ1arnt1er arnplifier/1jiscrirninator used few the protot1dpe 
::tu1j1e:; 1N;:i::: 1jesi1~ne1j at ln1jiana Univer::;it_1d in 1975.1Fi!~ure5 :::f"io"NS the 
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cPcuit scJ1err1•:itic fur· the 16 channel ceinj Tr·1e input irnpe1jance i::; 570 s"t. 
·rf-- ·i~·-11it 11·-- tt·r·-- -+---- -r· E1-·L 1n11.:: j1·r·r··r-·r·t1·-1 r··--1· .. -,-- '"t·1··t· I .!t:' 1_: •. i_:_ .•• _,::;!::!::: . I l::!I::! '.:)._ijt~I::!'.:) u -· ... u I I:' I:' I. t! l:;!t_:I::! '.'1::!1 :::, ., .. ,. !.I_: i 

-,-- rii-· --l 1r'··j i··· --·-;-- r-r- -,- -.. -r-11 q·ir· er· ·rrr-··1····-·-111 •en T~·-':li I:'. ~· -· 1_:1_1 ·~..I: l::!I ! I '.:)J:'.f 'I:''.:: 'u ij1 I u •11::! ij ~ ij' I I ij1-l1J U;·:, I flij l_f::! .:1 , •. _I._.. 111:' 

nwur. offset of e;:icJ1 cr1annel is trirnrne1j \·viU-1 •:i potentiotr1eter Tt"1e input.::: 
;::ir-e pr::itecteij frorn lariJe pulses tt!d 1jio1jes. T~·1e input:::: or tJ1ree ctH:innel:::; 1_i:::;e 
t ;. - .I. f· - - - r" • • - i I I • t• - - f - • - 11-· r· • " t k • 1 -" ' • - t II - 1 t - 1 - - • • · 1 • f • " - t i - • - t - .. -. , 11::! u t f::! I:' , 1:; 1_: I:' , .,. I:', ::: u , u ti I::! . _ u r . , 1 I::! u 'i'\' I::'::: ._ .,. u , . ij !:i ~J ij t r : ~· 1 . 1 !_: ij . , u ti ::; . ij 1; e 
·: e~1 arnte I c ::; ;:ire u:::e1j r or int. <?nr1e1ji ate ;:in1j t·1' Gr·: l eve 1 a1rp 1 H1 cation to 
r·pinnl1ize stn:!ld ree1jt1;:ick. As U-1e input U-1re:::f·101'j i:::: 10"1·/ef"e11 to zero, tJ1e 
ci1.Hput 1~oe::: U-:roui~ t·1 U-1e t n:in:=::i ti on f nJtn lo ··N to t·;J 1;n·1 st ate ·with out 
- - - 1· , ' - t i - ,. T •· - - - r· - i t 1· I I 1· t I I - r· i .. r 11 t t t· r·p - t· - l j t - r - ' I ' - r· - I ' r - J 11 I I - l t - - - 1· -u ::: 1_: 1 1 ;~ . , u 1 1. . ii I:' ::: I:' 1 ::: • . ... . .:i u , r 11-1 .L . 1 _. ::: 1 u ' ._ 1_; i-r u ·u I:' ::: .< 1-1 ~1 :1 1· u .. ij IJ t' ::: 

o 5 ;...1.A/\/ Tne tenwerature coefficient of tJ1e tJ1re::J10J,j i::: 4.0 nA/·)c: A nev·,1 

four cJ1annel F'C boanj is tiein!~ prnpare1t 
Tirne slev'l'inq of tr1e an-iplifier 'Nas rr1ea:;ur-e1j ""vith a pulse 

1~enerntor i:inij a serie:; of attenuator:;. Tr·1e amplifier .. ,.va:; set to a tJn·esr101d 
of 4.0 pA, an1j U-1e input to output 1jela~d \·Vas rneasure1j for different 
:irnpiitudi:: input pulses Figure 6 shoV·iS tJ1st the variation in 1je];:nd. or tirne 
::: ; e\vi nr~ .. i::::: 7 n::: for ;:m input rnnge of 2 to 20 ti tries u-n-e::J1ol 1j n·!i ::: 
cornputes to a 1jrift. position n-iea:::ur-ernent error of 450 .~:.rn in a ·:J1atr1t1e:· 
u:;in!~ a 50:t: tlt"!JOn - 50:1: etr1i:ine !~as r·ni:•d.ure and 8 ~000 \.l/crn 1jnft fielrj 
HcPNever. thi:; errnr \·Vi11 be tr1uct·1 srnaller in pr-act.ice .. because '..he spr·ea1j 
~ n c r·: ;:J r·n be r· p u l :; e 1·1 e i 1~ h ts ..,...,.. i 11 be on l !d a f act or of t V·i j . 

EF~E'.::TS :JF .::::AELI N13 1JN TI ME F:'.'E'31JLUT I IJN 

r·,1ea:;urernent:; of srnp l if i er ti r·ne s 1 ev·.ii n!::J v/ere s l :;o rnaije usi n1~ 
1-. l-.. -j t"r"· ~. ·::i :-- ·=· i ,., r·, .j- l c f t• lj r·r·1 ·::. r.· !J 1 f)" C.. 0:- u· u 1-,-. C! T L-, P. ,, "" C· >"r·· ,. ':·' t lj t• 1-'- ..... I .j- c· Cl (! ';'? .j- r· 11 .-. r·1 -
_, j I! l i u I_ ' .... J. .::t , l ·-' ' ' !...i r::. . u ...J .... I:;;. I I .... .:t l..J ~ I I ' • .... I I 1 ._.. _,. ·-· • 1.) I .ju 

1 o::z carbon dio::d1je. The arnplifier output "h'a::: ·;pl it into tv·.io paths. rJne 
pat:·: V·/E1nt 1jir·ect11d to a di:;crirninator to generate a TDC start :;i1~nal. The 
1ji:;crirninator· U-1r-eslrnld of 50 rn'v' 1i11·as only 6:;g of Hie rna:·<inrnrn pul:;e 
t·:e i ght. :;o it accounted for a srna 11 fraction of the s l e\·Vi ng .. \·Vt"!i ch · ... vas 
cau:::e1j bid ·; i ov'i r·i :::et i rne::;.The otJ1er· arnp 1 if i er output tn3•.,1e 1 eij ~.hn:Jugh 

::it.her 130 rt or 395 ft of F.~G10El tv ... ·ina::-:: cable before 13enerating U-1e TDC 
:=;t r·n Ti·1p t 1· r·r·ip 1j1· ·=·t ~-1· t11Jt 1· nr·,:=; w- ,-p :=:1-1ri·..i,1r··1 1· r··, Fl· 11:1.-P. 7;j- • .. ·,1·1· tL·1 P·1P r:h;j· tr1t1P.'-__ .J,. 111-· - -· ·..J·., •• - ~- lj_. -1-it \ .::i·l- t ,i I .I .i - -~i _.t 

operating at the edge of its hi1;ih voltage efficiency plateeu. an1j in FL;ita-e 
7 b . 1 O O \/ on t o tr-1 e e ff i c i enc Id p 1 ate au. For 1 3 O f t o f c ab l e the ti tr1 e ::; 1 e \\I ir1 !::i 
is 25 n:~ FV·/HM at the edqe of tt·1e plateau and 6.3 n·:; F\.'·/HM 100 \/ onto the 
~di:iteau. For· 395 ft or cable U-1e r·e:;ult:; are 16 ns an1j 4.a ns Tirne :::le\·Vin1;1 
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1 := :::rneil 1 et· 1tti tt·1 U-1e lo ni]e r- catil e. t; eca u:::e U-1e cable i:J tt enu e1 tfj::: u·1e le a1j i ni] 
e1_jqe of tJ1e f;:i:::tet- nse1.irr1e signals rnor-e :::tson!]llJ, t.r-11.i::.: t:unchin:] :.hi~ 

i··i :=.~t 1 rne :::pee t nJrr1 ·; r1t: pn)1juct ion ::;1dsterr1 'Ni 11 u:::e T "Ni st -n-Fl at cat1 le 

·'/ i U-1 U-1e 1 on13e:::t nn1 l.o sii]na 1 rnpeet ers tit.' i ni] 150 ft Thi::. c;:iti 1 e IH:i::. ;:J 

n:::etirne corr1parnttle to the 395 ft of t1,·vine1~-~ use1j in the ::;t10".1:~: 

rn e .j::. u r·ernen t:::. 
The r-i:::etirne::: to U-1e ECL crn:::::;over vo1tage were rnea:::ure1j to 

tie 15 ns for 350 ft of l"Nin;:i;.(, 7 ns for 100 ft of T"Ni:::t-n-FJ;:it as show·n in 
Fiqurn ;::, 21 ns for· 200 ft of Twist-n-Fl;:it .. ;:in1j 40 n:::: for 300 ft of 
·-;-v.,.·i:::t-n-Fi<:Ji .. The :::r·11:il1D"'N •.1011.;jge :=:lope ;=.;t ECL cr-o:.:::::ovt:r ot1te1netJ .,.vith 
1 urn] c::ltil e::: nH1ke::; the :::1~1stern ti rni n!] rnurn :::en::: it 1 ve t c noi :::e Fi :]Ure 9 
pr-e:::ent::: an e;<arnple of U-1e arnount of tirne trieasurernent etTor intTociuceci 
b1~ 100 rn\/ p-p of 1jifferentia1 noise a::: a function of Twist-n-Flat catile 
length; i5 n::; of dhft l.irne currespond::: tu atiout 1 rnrn of 1jrift 1ji:::tance 
Pncrtograph::: of ctHHr1t1er si1~nals at U-1e end of 100 ft of Tv·,ii:::;t_-n-F1at ewe 
::J1own in F1!~ure 10a for a Ru106 source et U-1e cili:iteau e1j1~e (1517 '·.(:! iJn:j 

100 \/onto the plateeu. an1j in Figure 1 Ob for- Fe55 signals at the :::arne h11~h 
\IO 1 tai~e:::. 

CHAMBER PERFORMANCE 

The chamtier gain eis a function of hii~t·1 voltai]e v·ias rnea:::ure1j try 
'/i:Jndin1~ the ;:ttriplifier thre:::t-ici11j an1j detenninin!~ the cotTe:::pondin!~ ano1je 
hi1~h volt.ai]e 1Nhich pro1juced so~;g efficienc1d. Eff1cienc1d V'leis rnea:::ure1j 1Nitr1 
re::;pect to tn:ick::; through a pair of :::cinti1lation counters. Fii]ure 11 :::hov·,1::: 
U1e te:::!. :::t:tup. The •}:i::: rrii:=d.ta-e was SO:t an]on - SO:t eU-1e:ne. Results ;:ire 
presenl.e1j in Fiijure 12 for U-1e U-1rest·1old reinge of 1 to 3 p.A. The slope i::: 

;:ippr-o::-::imatel!d a ractor or tv ... ·o 1~ain ct·1an!d8 per 90 \/_ 
F1!dtn-e 13 st·10· ... v::; t1dpical r1igr1 voltarJe efficiency ;:ir11j ano1je 

,. ii 1 - C ,-.1-;: I i"1 t r:- t - [:l .- t - "'11 j •:· f - t- c:- ()'=':'.' .- f- '1 - t• - c:- (l '::\.' µ t 1-- - t• - .· f"' j .- t" .- r·. r 11. T. l. - l-!l ::I , f::' ·-' ,_ ._ , , . , ,j ._!::' , , , rj . I:!'-. __ , , U, .. J ._. ,\, rj !;1 U I ._1 ._. ,.,_. J • ii ti 11::' •j , I ij I 1j f I ,.J I::' 

H1re'.::noJ1j or :2.0 JJA n·1e efficienc~d rise::: fn:itri zero to rr1a1<irnurn "N'iU-1 atiout 
:200 \/ ct·:ange in tt·1e t·1i!Jt·1 volt;:i!de. Usin!J tt·1e ct·1arnt1er- gain f;:ict.or 
i::!eter-rn i ne1j at1ove, tt·1i s SU!J!~ests tt·1at tt·1e cr1arnt1er pul ::;e t·1ei !~t·1t spectrurn 
7 ot- F.'.u 106 r-1a::: a f u 11 "h'i 1jtt·1 of atiout a fact or- of five, i.e.. tt·1e rna:":i tr1urn 
r . I 1 - - '· - i ,, •. t i - f 1· I I - t ,. r· - - - fl· - t• - 1· r· ,. r· -11 n · r I '1 - - .. - i· -t·· t T 1-- - - r· r· 1· - i· - r· - 11 r-1· - - -i-) i.< I '.:: !::! f 11::' > 1;:11 i - ' ::; ' . '" I:' - r I I:! ::; ·.I ! I:! r I I r I -• r I i-' -• '.:: I:' I ! I:' l~ I -. I 11::' I:' r_: I:' 11_: .;:o ::; !::! b 

frorn 10% to 90$ in 120V, ;:J spread of 2.3 in pulse r1ei1Jt"lt .. TM spectn.Hr1 t·1as 
=~ nar-1-o·vver vv·i1jtt·1 for rninirnutr1 ionizinrJ tiearn t_:-acks. 
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The pl ate;:ius of tJir-ee ,jiff erent cells vrere ::;tu1ji e1j usi niJ SO:::t: 
;:injon - 50::.f. etnane an1j a 2.0 p.A U-ir-estwl1j_ For Pu 106 tracks pass1n1j close 
tu eac:1"1 anode U-1e ':r0% efficienc~d point var-ie::; t1y only 6 'v'. 6;%e1j on u·1is 
rnea::;urernent all four cells vvithin e rnodule v·till tie operate1j at the serne 
ano1je r·ii1jh ·.,.·oltai~e from e ::;ingle power suppl1d. n·1e shift in plateau 1Na::; 
stu1jie1j for- a 6 crn 1jrift (7 crn is U-1e rr1a;-;irnurn po::;::;itile) cornpare1j to 
e::;::;entiell1d zero dr-ift For the t 1No cells 1Nith 2 rnrn fie11j •Nire pitch the 
c::o:;r. effic1enc13 ~·oint :::hi~ted tW·Nanj ti1; an •:iven:iije of 20 'v', in1jic.:itin1~ ;j 

lo::;::; of etiout 15:;g of tJ1e prirnand electrons. Few U-1e thinj cell. \'\lhich \·Ver:; 
rr101ji f i e1j to r·1ave 4 n·1rn fie 1 d wire pitch, the pl at eau :;hi ft e1j 55 \l, 

in1Jice1tin1~ a lo::;::; of ;3t1out 35% of the prirnand electrons. For- u·1i::; r-ee1son 2.0 
rnrn fie l 1j 1,•,ii re pitch 1Nil l be use1j in U-1e pn:iduct ion c:1"1arr1t1er:::; 

Fi1~ure 14 ::J10\•,1::; the 1jrift velocit1d in 50::.r. ein~on - 50% etheine 
,:i::; a function of the 1jrift fiel1j_ Drift velocit~::I saturation ::;ets in ;:it Btiout 
450 \i/crn: r-ic1we ... 1er_. the velocit!d continues to increeise 1~rn1jual11d 1Nith 
incr-e;:i::;1n1] fiel1j_ Drift velocit!d is ;jppro;<irr1Btel1~ 5.S crn/p.s •jt 500 'v'/crn 
I r·1e p ro1juct ion ct·1amt1ers 'Ni 11 operate 1,n,1 i th a 1jri ft fie l ii of appro,.(i mate l 'd 
1 C100 \.i/crri. 

A typical 1jrift time spectrurn for cosrnic rn1::1 tracks using ei g;js 
tr:i>d.ure of 90:t i:lrt~on - 1 o:t cartion 1jio;~ide is sr·10V·."n in Fi!~ure 15_; the 1jrift 
fie11j i::: 570 'v'/crn. Ttrn averniJe 1jrift velocity is 2.0 ctr1/u:::. 

The linearity of 1jrift velocit!d in the vicinit1::1 of an ano1je "Nire 
wa::: ::;tu1ji e1j wi u-, co:::rni c rti!dS t'!d cornptiri n!~ U-1e rneeisured drift ti rrie in 
cell 2 to the pre1ji cte1j drift ti tr1e btise1j on U-1e rneeisure1j drift ti rnes in 
cells 1 an1j 3 Tf·1e cell 2 anode is on the opposite si1je of U-1e 1jetector 
centerline frorn U-1e cell 1 an1j 3 ano1jes: therefore_. rnost tracks near eino1je 
2 ,jre tr1uch fart her f nxn einodes 1 tin1j 3 an1j Bre in U-1e 1 i nee1r n?.1ji on of 
tho::;e cells ~:;catter- plots v·tere rnede for the tr1easure1j cell 2 1jrift tirne v::;_ 
tt"!e e;<pecteij drift tirne celculate1j frorn the avereige of the 1jr-ift tirne::; in 
Ct:11:::; 1 ;:ind 3. Fii~ure 16 is for 50:¥. an~on - so::.r. eU-1ane at 770 'v'/crn, "Nhile 
Fi1Jure 17 is for 90::.r. eirgon - 1o:;r; cartion 1jio::-(i1je at 570 'v'/c:rn. The 
::;c;:itterin1~ of tiacki~round points is cause1j t11::1 left-ng~·1t arntiiiJuities whic:t-1 
the ;3n;jJ1dsis prograrn is not sophi:::ticate1j enougt·1 to resolve correctly The 
arQon - ethane rni~d.ure clear-11d t·1as rnucr1 t1etter-1inearit~d- An~on - car-tion 
1j\o::-d1je pro1juces nonlinearity over- a re1~ion of ::it least ± 1 crn aroun1j the 
;jno1je 'Ni re. An~on - etJ1ane "Ni 11 tie use1j in U-1e pro1juct ion cJ1;:ir·nbers. 

Tirne resolution :;tu1jies were done witJ1 tioth of u·1e 1-1reviou:::l1d 



rr1e,·1tione1j '}::::: tr1i::<tures. rt·1e tirr1e r-esolution is pre::;ente1j in tJ1e fi9i_a-es ;:is 
tJ1e differ-:?nce tiet'·Neen the rneasure1j 1jrift tirne for cell 2 anc; the 
c;:ilc1.i":t1te1j 1jrift tirne for cell 2 u::::in1~ rnea:::ur-e1j 1jrift tirnes fn:1rn cells 1 
enc) 3. The:::e re:::ultino 1jr-ift. tirne "en-or'' distritiutiori::: inclu1je tioth the 

·-' 

er-r::ir- frorn cell 2 an1j the error frorn the calculated 1jrift time Let cr(cell) 

tie tf·,9 nr1::: rnea~:1.werr1ent etTor per cell. TM nrrs etTor cf tt·:e c;:ilculate1j 

ijrift. tirne 1:; U-1en i:J'(cell)/./2 .. :;ince the ct1lcul;:it.ion in1,,1oh,.es the aven:ige 

of t'h'O uncorrel;::t.ed rne;:i:::1.ir-etr1ent.:::. The ()(total) of the 1ji3t.r-it1ution::; in the 
- . . . . . ,. " l . ,. ~ ! t1--;::- • 1' ·, 

tl1~ures 1s the surn rn qw:i1jn:itur-e of 01 .. ce1L1 an1j 01 .. cell)/ \,1 L: . Tr·1u::; 01 .. cell,1 = 
O.i32o·(tota1 ). 

Co:::rnic n~!~ 1jata for Urn entir-e ;:icti'./e area of U-1e :jetector u·::in1~ 
:::0% argon - 50% eU-1ane are presente1j in Figure 1 El Tt·:e t·1orizont;:il ·::cale i3 
1 3ti ns/trin. Ttie FV·/Hf"l of U-li:: 1ji'.:;t.rit1ution i~:: 

( 16 t1in:::)(2 TDC counts/t1in)(35 .utr1/ count)= 1 120 itr·n 

Tt·1e 1~lot1al resolution per cell i:: U-1en c) = 390 .wr: Tt·: 1::: \1;:11ue ·:J1c,.ilc! 

n·npro'./8 for tiearn tn:1cks .. v·,·t1ich are all nearl!d notTrH:il to U-1e ci?.11::::. A 
:::irnilar cosrnic n:i1d rr1easur-ernent 1NiU-1 90% ar~~on - 1 O:t cattion 1jio;.::iije i::: 
:::ho\vn in Fiwwe 19. It has a lon!~ tail cau:::e1j t1!d the nonlinear 1jrift 
'/elocitq. Tt·1e r·1orizont::il scale i::: 2.5 n·::/t1in 

Another resolution rneasurernent u:::in1~ tJ1e an~on - Ci:ittion 
1jio>:ide rr1i;;tur-e an1j a 'f/ell co11irnat.e1j Ru106 sour-ce, an1j requiring tt·1at the 
ana 1 !dZe1j e•.,.ient::: a 11 have cell 2 in u·1e si n!~l e TDC count 1190 .. i::: ::J10\·Vn in 
F1g1.i(8 20. T~·ie iK1ri;::c;r1t,:il si:>:ile is 12.5 ns/tiin. Tr·1is localize1j rr1eastwernent 
!die11j::: •3 resolution per cell of 3BO .~1.rn. tiut to take advantai~e of thi::: 
re:::olution. a cotTection ""voul1j ha•y•e to tie applie1j for the v•:ir-iation in ,jrift 
ve l ocitq ;:;cro:::s the ce 11. 

'w'hen the cr-iarntier oper-;:ite::: \·Vi U-1 a non-sat1Jrat i n1~ !}:Ii n, tr1e 
ano1je pul ::::e ri :::eti tr1e is equal to U-1e sprea1j in drift ti rne::: of the e 1 ectrcin::. 
fn:ir-n Urn initial ionization track. Tt·1e follov·iinq t1s:::urnption::: ·'{vere use1j to 
pro1juce a sirnplifie1j rno1jel of the relative 1jr-ift tirne::: fnxn 1jiffer-ent 
o int::; al on!] u·1e i oni z;:it ion track: ( 1) tJ1e trnck is nonr1a 1 to tJ1e c:t-1arnt1er, 
2) tJ1e drift paU·1 is p;:irnllel to the tr1i1jplane of tJ1e cr·1arnt1er until U-1e la:::t 
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5 rnrn of cell 1eni~th fn:irn Urn ano1je, eH \0ihicJ1 point u·1e e·1ectron tut-r1::: 
at1ruptl1d tov·n:inj U-1e ano1je .. ;jn1j (3) tt1e drift velocit1d i::; consU:int at 5 

un/us. Tt·1e r-esulting 1jr-ift tirne 1jj:;tribution pre1jicte1j t11d U-ii::: rno1jeJ is 

p1-e::;ente1j in Fi1Jur-e 21. For U-1e c:r-1arnt1er 1jescrit1e1j in t.t"1h:: repon, ·\'vitt·1 ;:in 
eno1je t 1:i c;:iU-101je iJaP of 5 rnrn. U-1e electson::; atTl'·/8 at tJ1e ;:ino1je over- ;:o 

pen 01j C'f 42 ns 
\\•lien u·1e o·n:irntier i::: operatin1J ;:it. U-ie M!J8 of it·=: hi1Jt·1 vo1U:i!J8 

c:iH1c1er·,c1d ~ilete;:iu fore !JiVen :=i;:ir-t.ic1e, ionization rnu::;t tie c:ollecte;j n-orr1 
n-1e entin:?. ±5 r-nrn pa".h ler11JU-1 in onjer to saturMe U-18 arnplif1er output Tr·1e 
;::;rnpllfie1- t·1;:is ;:i line;:ir· iJain n:isponse for input ::::i1Jnal::; tietv·."een zero an1j 2 
uA. an1j t1dpicall!d operates "N1tt·1 a thr-est·1ol1j of 2 ii.A. n·11J::: a pul::;e \·VitJ1 a 
nsetirne of 42 n::: 1s pro1juce1t If U-ie criarnber :::i1Jn;:iJ i:::; increa:::eij t11d a 
fauor of tv·/O, eiU-1er t11d rai:::in!J U-1e t·ii1Jt·1 volU:t!]e 90 \/or- t11d t·i;:J'·/lnr~ a tr1ore 
3'.n:in!;l1; ionizi inci1jent particle, U-1en tJ1e arnplifier ·vv111 ·::;:it.unste \ViU-1 
the cJn:in~e cci11ectec! frcrr1 U-1e cent.ml ±2 5 :r1rn (t.M ::J1or-t.e::;t 1jrirt. 
cJ1stance) an1j "h'11l t·1ave ;:i risetirne of onl1d 12 ns. 

!n tJ1e case of Pu 106, v·,·t1ict·1 pro1juces tnsck:s "il''itJ1 a total spre;s1j 
or 5::-:: in pt-irneirq ioniz;:it.ion, U-1e rno1jeJ preijicts a tlrne :::preM or 40 ri::; full 
"h'i1jtt·1 at ttie edqe of tt·1e plateau or 10 ns full "Ni1jtt·1 100 "./onto tt·;e 
p1ateau. Tt·1e:::e pre1jicte1j "/Blue::: are close to tJ1e rr1eB:::ur-e1j value::: in 
F11~ure:=.: 7,3 Bn1j 7t1, \·ViU-1 U-1e 1on1Jer tr1eBsure1j tail::: prot1Bt1l!d tiein:J pr-01jucH 
t11d. H""~:line1j tnjcks. 

For a 1 o mrn long tr1inirnurn ionizin!J trnck: U-1e ai.,.'eraiJe nutr:t1er 
Of prirnar1d electrons pn:1dUCe1j is 30, SO tt·1e puJ~;e r1eigt·1t 1ji::;t.r-it1Ution \Vin 
nave an nr1s 1N1':ltt"1 or 1 B%. uncler U-1ese coMitions the rno1jel prMict::: ;:i 
r.ir-ne sprea1j of 6.0 ns nri::: at U-1e plateau e1j!Je or 3.5 n::: 100 \l onto tne 
~1Jat.eciu Fi1Jw-e 22 stK1\·v::; U-1e c;:ilculate1j tirne ::;prnM as a function of U-1e 
;:inooe to caU-101je '}:'IP, "Nt·1en U-1e ct·1;:nrit1er i::; open:itinQ 1 oo \/ onto tne 
~1lat,e;:iu A !Jf!P of 9.5 rntr1 t·1;:is tieen ct·1osen, v.,··itt·1 tt·1e tirne :::18\·vin!~ con1jition 
:::ettin1J tt·1e upper 1irnit, an1j !Jeneral ease of rnect·1anic•:il construction 
,:et+inQ t.t·1e 1ov·,1er-1irnit. Tt·1e ct·1atr1t1er- "Nill oper-ate 100 \l onto tt·1e platet!u. 

TM cont.r-itiution::; to oven:iil c:t"1errit1er resolution incluije ( 1) iJas 
ciffusion, (2) tJ1e spre;s1j in 1jrift patr1 lenqU-1 1je::;crit1e1j atiove, an1j (3) 

electronic::: titr1e slev·iin!l t:3a::; •::!iffti::::ion contrit1utes 260 i 1rn nri·:: fi:·r- U-:e 
rr1a:,<itr1urn 1jr1ft of 7 crn, or- 140 .urn rrn::: form a t1dpical 2 crn 1jrift.2 Tt·1e 
,-• ·-1· ft" :--;:::\ h·1 'P. ··1 qt ~·1 •,.• ·;:; r-i ·.::.+· 1· r"Jt·1 ,-. n t·1t r-1· l-b1 't P ·=· "\ c-..J r·1,=· = 11::i n '1 '·r·1 ·-r·r·1 ·=· ,1. t·r··n 1if1· P ,-·- l • - J""' ,_. - • 1 _,.I ·- ·-I • U, , 1:.J l · i_. _ , • ,..l .• -· ._i ._. 11 • ,J _,. .., J-· I I ._; • r"\ ~ r· ( • • _,. 1 

:;1?.'i,,~r::~ c:ontr-itiute::: 3.7 n::: = 200 .urn nri:::. V·ihen U1e:::e factors am a1j1je1j 
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in qu,3,jrat:.in::· tne C•Vera11 re::;olution h predicted to tie 3;:;i:; vrn few a ·7 
crn 1JtTFt or 31 O wr1 for a 2 crn 1jr-ift. The rneas1_u-e1j "N'.1lue::; few co::;rr11c 

~·-- - -,- -i-t- ·t ,,,;r· t- tt· - -.-. rr--d1" -ti• -r· -,-:::J 1r:· j: I:' i_: 1..1: 1 ::: ! ::: ._I:' i ! . ., .. ,· , . r: '· . : !::! ::: c:: i-' I::' 1_: • u 1 ~::. 
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Figure 1 Crossection of the edge of a cell 
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Figure 2. Anode printed circuit 
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Figure 3, Cathode printed circuit 
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FJqure 4. Circuit diagram for one cell 
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Figure 5. Chamber amplifier schematic 
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Figure 6. 
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Figure 7a. 
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Figure 7b, Time slewing lOOV onto the Plateau 
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Figure 8. ECL signals 
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Figure 9. 

Drift Error for 1 OOmV Noise vs. Crib le Lenglh 
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Figure lOa. Rul06 signals after lOOft of flat cable 
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Figure lOb. FeSS signals after lOOft of flat cable 
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Figure 11, 
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Figure 12. 
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Figure 13. 
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Figure 14. 
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Figure 15. Drift time spectrum for an entire cell 

2.5ns/bin 



Figure 16. Drift velocity in argon 
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Fi:gure 17. Drift velocity in argon (linearity) 
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Figure 18. Global time resolution: 

through argon - ethane 
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Figure 19. 
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Figure 20. Time resolution at one point: Rul06 tracks 

through argon - C02 
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Figure 21. 
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