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/ ! Abstract INTRODUCTION
/ I

All of the 'major subsystems for the barrel Cherenkov Ring The SLD barrel Cherenkov King Imaging Detector
:i . Imaging Detector (CRID) in the SLD at SLAC have now (CRID) system [?] is designed to allow excellent patti-

. been commissioned, The CKID participated in the SLD cle identification in the study of Z° physics at the SLAC
,'_.... engineering run of June-August 1991, In a cosmic ray Linear Collider (SLC), It uses a combination of liquid
, test at the end, of the run, Cherenkov rings were observed and gas fluorocarbon radiators to allow _'/K/p separa-

,i': / ilfor the'first time. Initial data from the CI:tID, including tion up to 30 GeV/c, and e/_r separation up to 6 GeV/c.
'!] :Ch_.'renkov ririgs, studies of minimum ionizing particles, The Cherenkov photons are focused onto quartz drift

and data from the fiber optics calibration system are pre- boxes, as shown in Figure 1, where they are converted
, 'I sented here. to electrons by 0.1% concentration of tetrakis(dimethyl-
': amino)ethylene (TMAE) in ethane gas. The single pho-
I 'Work _upported by Department of Energy contract DE-AC03. toelectrons are drifted by a graded electric potential to76SF00515 and National Science Foundation grants Nos. PHY88-

13669 and PHY88-13018. a multiwire proportional chamber. The hit wire number,
i/Present Address: Inst. de Physique Nucleaire, 43 Bd. du drift, time and charge division measurements on 7 pm car-

11 Novembre 1918,69622Villeurbanne, France. bon fibers are used to reconstruct the Cherenkov rings.
"'Present Address: Dept. of Physics and A_tronomy, University

of Iowa, Iowa City, IA 52242, USA.

iVPresent Address: SSC Laboratory, 2550 Beckleymeade Ave.,
" Suite _125,Dalla,,TX 75237, USA. ENGINEERING RUN STATUS

v P_cesent Address: Centre de Physique des Particules, Faculte dea

• Sciencesde Luminy, 13288 Maraeille, France. The CRID components and support systems [?] were com-
vi Speaker,

vi'P¢_rmanent Address: Inst. of Nuclear Physics, Novosibir_k, missioned and tested during the engineering run of June-
630090, USSR. August 1991. All 400 mirrors [7], 40 liquid radiator trays,
viii Permanent Address: UnlversidadeEstadual Paulista, UNESP- drift boxes and detectors were installed a year ago. The

(Tampus de Guaratingueta, 12500 Sao Paulo - SP Brazil. fluid delivery systems were commissioned along with their
'XPresent Address: Dept. of Physics, University of California, monitoring systems [?] Front end electronics packages [?]Irvine, CA 92717, USA.

XPresentAddress:NASAAmesResearchCenter, MS258-6,/Viof- were installed on 22 of the 40 detectors. Lack of access to
fett Field,CA94035-1000,USA. the SLD when the run began, prevented the installation of

! Presented aCCheIEEE Nuclear Science Symposium . _-,_ . _...-

and Medical Imaging Conference, Santa Fe, NM, November 5-9, 1991.
__iS',',_'_r_lOb,_ .',')_..*_ '"",,;,:,.D,;:.",,:'.':;__i,,'_:b.r_" _S(,INI_IM''r_',,. , .,: ,..

........ tl III / IIII]111111 I I IIIIII III IIII I II I I ...................................................................... _111IIl|llllllll ........ ,i" 'i .... .................................. _,_ ,,.,t,H,r H,r.,,_,,H "



,, I I I I i I i !
E
n

_ (a)
0

UJ

> 0 0000LU

D.,.0,o, ,,z, ooo 00%00 %o0Oo00oO00 %00 OOooo oo oo o
Xo

Liquid

(C6F14) 0 ' , I I I I, I,, I r" I

_b o o t°o o (b)
,,, o ,o o° %00o0 o o oo

o" __ 200 _ ooo o oOOoe _

t-- 0 0
LU

J
'l.Q_

e+ o- ,_0,^, 100 - o Radiator gas CO2rr"

F- • Radiator gas C5 F12+ N2
];'igure 1: Quarter .section of the SI,D barrel CI{]D showing OIII
il.s principal components. ..a

w 0 ', I I I I I I I
0 10 20 30 40

the rest of electronics packages. ':I'he front end electronics, ,09, DRIFT BOX .,,_,
I"AS'I_13USdata acquisition modules, and software systems
were del:)ugged during the run. 'rbe fiber optics calibration lqgure 2' ta) ']'race oxygen levels befo,'e the int.roducl.iou of
system was in piace and was used extensively to test, the TMAE for ali ,10 drift, box return lines. (b) Plectron lifetimes
l,erformance of the drift boxes. The temperature control as measured by a miniature ionization (:hamber for the return

and monitor system was also in piace and was operated gas from all the drift boxes. The radiator gas was C,O2 for
at 30°C, instead or the notninal 40°C,, because thermal in- the measurements sl,own as el)en circles. The lifetim(, di(I not

sulation was not completely installe(:l to protect the SLD change when highly electronegative C.,,F'12was introduced into
(Iri ft chanfl)ers, the (2RID vessel, a.s indicated by the dark circles.

'File vessel was filled with (O2 gas, iri piace of the C,.5I12

gas radiator, to allow high voltage operation whil.e the ra- through 15°C liquid TMAE, and was supplied to the drift
_liator fluid systerrls were being commissioned. Ali drift, boxes in the middle of the engineering run. 'I'lle lJolllinal
I)oxes and detectors [6] were tested suceessl'ully al; full veil,- TMAE teml)era.ture is 27°C, I)ut we tiles(., to I)e ('.ollser-
age h,qi:)re t.lie rtln began., vative a lid run t,lle systenl at lower t(',llll)C,i'al, llre, l!',leclron

The drift gas delivery system supplied C,P-grade etllane lit?l,irnes were lrleasur(,d using a. mirliature toil chanfl)(:r [8].
afler passing it. rllrough filters to remove oxygen, water va- '['hese nmasurements, shown in Figure 2(b), are consistent
l)or and otlier contaminants that reduce the electroll lit'e- with our l.)reviolls test l.)ench results for tile clean,:st drirt,

lin,_ or oth(_rwise affect, tlm C,RID coral)orients. The qual- gas doped with TMAt;;. 'l.'lm lift,time did not degrade ew?n
itv of the gas was monitored on rel,llrn lines from l,he drift wh(m liighly c']c_ctronegative CsF• 12 gas was int,rodll('(M inis)
I,(:,x,>sby n.,asuril_g electron lifel,i,n('.s, [IX,' tl.allsl)a,rellcy , tlm gaseous radiator vol_llrm in t,he lat(;r l)arl, of til(, r_ll_,
anti t rac_, ()xvgell and water val:)or content. 'l'll(, oxygell as indicated )y tile dark points in lPiglll'e 2(h). l_,ase(IOil
('o111orll iii llle drill, gas rc.l,urll lines was n>as_lr,_d t)efor(_ l.h(:s(',nmastlreln(.nl,s, ii. app(_ars thai, l.he l,'aks d(q.ecte(l
inlrod_l¢'illg q'_IAE into l,l_e sysl._:qn. ']'hese dat.a, shown I.)y t.h(.,oxygen rnel,er are too mllall to atr(mt t.ll_,,,leclr(,_
in F'iguro 2ta), illdicalo l.hal, for most of l.h_ drirt hexes, lifi.'t.illm.

,,xyg,._ I.vel is al)o_t 0.7 l)l)m, llow,.ver, l,llore are six l_,y l,l_eend off, lie rl,ll, tile. gas ra(lial,or r('cir('_lal, io_lsys-
I.,xns wl_osc, ,:)x,,'g,'_llevels are sig_lificanl,ly larger tllarl tile l,ell_ was comnlissioll(.d. A 50-50 _lixl, ltr+;c)t'(:51"]:., all<l N,, "

av,,rag_:, in(:licali_lg a s_nall leak. 'l'hat l,he (;ft'ecl,s were gases was illtr()dliced i_lto tile C:I(II) vessel. 'l'l_is gas _ltix-
(luo lo leaks il_ t,lte rel,l_rll lines, was verified by varying l.ure I_as a co_l(Ionsalion point helow roo_n leIiiperal._l'_,
lllo gas flow ll_r()llgl_ ll_ose lilies. 1t. is of i_ll.eresl. Io _l(:)l.(:, a_,l was, l.ll(:'r,_rore,sat'(_I,o i_s(,wl_il, llle ('.1{!1) was _;,i_-

_lial _1_(,oxygel_ n,.ler [7], when t_s,:'dto ll_al{o a r('lal.ivc l.ai_,'(I al, :II)°(:. '1'1_(,llolnog,.n_,ily of l l_(,gas IlliXllll'(' Was

_l_,.a.slire_(.nt, ,';til _l(,lecl,oxygel_ I,eaksat I1_(,0.3 .tj.,.51,1,_1_ (lel.cr_l_ine(l ro I,_ hef.lcr tllal_ IG, I,y s(q_ar lll_)llil(,ril_g [,1].
l,:v,:4. 'l'lle liql_i(I ra(lial.or r(wir('ulation sysl.,ql_ was als,)collv

'l'l_e low _)xy'g,m al_d wa{_!r vapor levels gave us _:'.l_¢)_lgl_r,lissio_e(l al. 11_'.(',ll,.I of l,l_el'l_. 'l'h,, (tl_alily of l ll_, li, l-
cc,l_fidonce to illite(lute 'I'i_IAE inl.o the drill, hc)xes. 'l'lw lli(l was monitnred exl.e_lsively ollli_,' t,y _,'as_ri_g il.s li\.'
(Irifl. gas was doped will_ TMAE, by t)ut)blil_g the gas I ralispare_(.y. Six trays wet(:, l.l_ell lill,,l wil,l_ ('.,;F'I.,_Itri-
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indicate the direction of l.he '150 plane in which t.he he,ml froill 0 I I I
l,he fiber is aimed. 0 100 200 300 400 500

_-_ Drift Time (60 ns/count) s_,_
ujd. llowever, only a fraction of these tr_ys were situated
i_t front of detect, ors with fully operi_l:,ing elecl;ro_lics. Figure 4: ]t.epresenl, itl,ive results from UV fibers on drift,

Early in the run, before t,he radiators were (:ommis- boxes: (_t) in a pl_ule t_u'_tllel t,o t,he clel,ect,or wire 1)l_tne;and
sio_led, charged tra.cks produced in e+-e - collisions were (b) in a t,la.ne down l,he middle of t,he drift box.

oi)served clearly, by detecting the ioniza.t, ion left, by l,liem
in the CI{II). q_'hese da.ta demonsl, rated that tlm electron-

:' measure l,l_e drift w.'.locit,y. Tile drifl, velocity dal,_ shown
its and the data ana.lysis programs worked adequately [5]. in Figure 5 are l:)ette.r than t,he required 0 1% accuracy.' However, we were unable f,o ol:)tain Chere_l{ov ring data at,

These measurement, s were made with dedica, ted fiber runs
that time. When the radiator fluids were awtilable, ded-

imlnediately following theengineering run. Each point isicat,ed CI{II) tests were conducted and their result.s are
described below, based on at most the amount of data expected iri one hour

of SLD data running and is the average over t,he 17 opera-
:' tional drift boxes. The error bars are st;atistical only. The

NX/ b-'IBgl[ t-(,I!;SUI:I'S exl}ected slow variations iii drift velocity will be t,rack.ed
to bett, er thart t,he required accuracy.

A. UV fiber optic system [2] attached to ali 40 drift boxes
is used for t,lle purpose of cor_tinuously _l_onitoring drift
vclocities, _neasuring drill, path distortions, and checking C_.JOSMIC I'(AY TES'I? I_lgSI.JL'I'S
tile charge' divisio_l on t,he auode wires. In tills systeln,

a UV flasl_laml) illuminates a set of optical fiber I.)undhes Dttring the cowrlliC ray run, when gas and liquid radiators

which transn_it t.hc UV signal t,o the drift boxes. 'li'lie at- were, i_ l_la.ce, we obserw.,,d candidate Cl,-'renl{ov rings.
ravlgement of tibers on each drift box is shown i]_ Figt_re 3. Tile comnic ray rnuo_ trigger was provided I)y tlm SI,D
'l'l_ere are tl]rce different orientations: eigl_t, l)ea.ins arc (.Ii- v-nuon calorinnet.er, and l,l_e dal,a, were colh:cted for tile
rect,(,.dl)erpendicular to l,l_e (it_artz window (indica.l,,_l by (:',1_,I!7)and tile centl.ral drift chamlmr. Maixy of the ser-
tiers ixi l,lle fig_rc') and are used to lnonitor (,he electro_ era.l I_lndred events colle.cted were scanned iv_dividually
drift velocity, q'lle remaining fil)e.rs are a.l_glc:da.l,,t50 witl_ to ident, il'y candidate C'.llerev]kov v'it_gs, a.v_da saw,li)le set
respect I,o t,lm qua,rl.z wi_]dow, i_ tl.: l_lal_cs i_lical,(_d I)y of ew,v_l,swas del,crl_i_ed. 'l'liesc ew,_l.s were rem]alyzecl
tile arrows. 'I.'l_e four fibers closest to tlm detector arc: ofllivle wil,l_ fllll trackiv]g and C',l_.ll) analysis.
t]sed to cl_eck l,l_eclear'ge,division calibra.tio]l of l,lw, wir,:s, q'hc li_l_id ring data. sample is ra.l,her lirl_il,e_l I)ecause
'l'he rer,_airling atlgl_,l fibers are _sed to n,.:asl_re _lv'ifl,path l.v'iggor,:dcosmic rays pa,sscd|,hro_lgh only olle fille_l liq_ni,I
_lisl.orl.ions in l,ll(: depl, l_coordinate. Ali fit.,ers are used l,o radiator tray. 'ii?lmCii,II) olfli_]e a_]alysis l)rogranl exl,ral_O-
IlleaSt.lre distorl.iolis in t.lie width coordi_]a!,e, lares the recc,v_sl.rucl,e_lclrift c:llalitber tra.cks 1.otlm _],i_l(ll_,

' 'l'he single pl_ol.oclecl,rons pro(l,lcml by 1.ht: ligl_t fv'onli of 1,1heliqt_i(l ra.diator l,ray. For cacl_ (Villi) I_il,, 1.1_,l_V'_-
ll_c tibers are useful fi)r a. v_l_l_l_.:_'o1'diag_ostic m_d co_> g,'av,i t,l_e,_coI_lp_nl.estl_e polar av_gleswit,l_ r_,sl_e(:l,I.o 1,1_,
tnissiol_ing l)lJrl_oSeS. As sooI_as l,lle ']'MAE (Iol)an_l,was (Irit't clia_id,,_r track direc-l,i_t_,so t,l_al,a (.',tmr,:nl{ov l_l_ol.ol]
i_l.l'od_ced ivito lilt clril'l, gas, l,l_esingle elecl,rc)v_l_its wcl'_ clnil.t,cd by l,l_e charge_l l_arl,icle web,ld Ina.lu'.a Ilil. al. 1,1_,,
_lc.l_cl.ed. 'l'l_e l_alla,rll o(' i,l_es_l_il.s, sl_ow_ in l;'ig,_r,-,,1, ix ol,serv,:_l i,oi_l,. 'l'l,:s_. recol_st,r'_cl,ed (;l_,r,,_l{,,v i_llc_l.ol_
as _,Xl,:Cb_l. 'l'l_is l'acl, d,_o_st.rat,:s l_of ol_ly that si_gh, a_lgl_s(0c. cos <be',Or',si_ 4_(:)are i_lol,l.ccl i_ l"ig_r,_ (3I_r _:,_:
,,l_.cl,rons are ol,serw:_l, I)tJl, also lltal, the cllarge. _livisio_ ,_,cl__'v,_l,. 'l'l_e resol_,l,iol_of tlm al]gle 0¢, was _l,'.l.,'rl_i_J,,l
co_)r(linal.e is I)_,,iJ_gw_:ll re('ov)strl_cl,ed, and tl_a(, l,llere ai',' by IlSillg tl_(: c(:.,_l_l)lel,e{lat,a.set I.o h_, ,--.25_ra(I, all(l :do"
no s,.riol_s ,lis(.ortio)_s in tlm drift l)a(,lls. 'l'he _lal.a.t'ror)_tl_,, !co)ll,ours of (.1_eXl),'c(,,_dCIl(:rev_l{ov av_gl_are als,) I)1olI,,(I
fil)ers place.(I al, vario_ls i)ositiotis along (,l_ebox are i_se_l1,_, on l"ig_r_ 6. Nol,e (.l_al,jt] l.l_is i,arl,ic_llar cos_)ic ray ,,wn_t
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Figure 7: l:,econstructed gas Cherenkov angles for a cosmic

7034A7 TIME (hours) ,o.9; ray event along with a ring having tile expected radhls of

,15 mrad. The mirror Mignment is st.iii under study and is

Figure 5: Measured drift velocity, averaged over 17 working expected to account for the shift in the ring from the origin.
drift boxes, as a function of time, demonstrating the ability

to measure and calibrate this quantity with the fiber optic the muon track crossed the liquid radiator tray perpen-
shown.System'An overall systematic error of 4-0.002 mnItS is not dicular to the quartz window. The gap in the Cherenkov

ring is due to the gap between the two drift boxes. In a

, .... typical c+-e - collision event, tracks originate from the in-

i J i I I teraction point, and cross the tray at ml angle. For these
1 -- _ more typical tracks, there is a cutoff in the ¢c angle due

• to total internal reflection.

"I --" "" _ " We have also identified candidate gas rings ft.ore this

_' - /5 "/ %, \ _ data sample. The reconstructed Cherenkov angles from

[ / \._ one such gas ring are plotted in Figure 7. q_'heexpected Oc" is 45 mrad. A circle of this radius centered in the middle of

o 0 - I'4 ,, \ _ the hits is o.lso shown ill Figtll'e 7. The lnirror alignment
-e- ] ] -- is still under study and is expected to account for the_- \./ "
'N ] ] shift in the ring from the origin. We are also studying
o \ \ / ,/ the alignment of the CRID system with the central drift

- \\ / / - chamber using these cosmic ray data.

-- CONCLUSION

I j J z I
-1 0 ] The SLI) Engineering run and the ensuing dedicated

_.,IUD test, runs have demonstrated that t,he syst,em
,0._, Oc cosec (FAO) ,0a,A, behaves as expected. We have been able to t.rack patti-
Figure 6: Reconstructed liquid Cherenkov anglesfor a cosmic ties usillg ionization in tlm drift boxes, and re(:ollst.ruct
ra,,,event,. The points near the origin are hits associa.tedwith single electron coordinates very weil. We have a.lsorecon-
the minimum ionization particle signal from the muon. The struct.ed (/herellkov rings in the cosmic ray test. 'I'lleruns
(lotted lines represent the 4-2o"expected region for Cdller(:l,kov have also enabh?d del)uggil_g of this COml)lex syst,e_n. \¥e
photons. There is very little background. Two of the three a.re now in the l:)rocess of COml)leting the illstallation of

the rcnmining electronics packages, and refining l,he (latahits in lhc upper right corner are consistent with radiation
acquisi(.ioll an(I allalysis soft,ware. We expect t.o hay(', a

from the quartz window on the liquid radial.or tray. complete CI{II) for tlm next, Sl, l) data run.
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