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1. Introduction 

A large Chcrcnkov Ring Imaging Detector (Clt l l ) ) '" 1 is rurroutly bring in­
stalled in the Stanford Large Detector (SLD) experiment. We restrict our discussion 
to the bam>) CK1D (Fig. 1). It provide? alr.v»t complete particle identification over 
TOTE of the solid angle. By nuking use of both liquid and gaseous radiAUr* t/h'/)> 
separation will tie uossilile up to about 30 GA'/c, and r/» ftepatMion tip to aliont 
6 GeV/c. 

Figure t R w tow*pt *•( tlv* St.H <"IUO hu«*l *y»<rin 

Building of single electron detector*, drift UOXM, inirroM ami vntwl hav. been 
ftnulvett, «id. itwy h>ve lnvn OI at* l»ing iwtiritriV llu'riding «t liquid rariinturii, RAH 
atid liquid ayciein, and flectfottici in in their final tUge* 

2. Single Electron Detector and the Photon Feedback 
The construction and many tenia of this ib-vire weie tint tilted el*enhere.' 1'ijr 

ore 2 describes j|« gnmiriry, including * •irroilMhin of electron M»\ t>»Mtive n«i 
RMiitR- T«e arriving tingle eWtjim* M«* flVtertvd by a idaite id mnely thui- 7 j»m 
carbon «ire>, spared at a piirb of 3.y mm. Thr«* jnoilmtion mi>nhhi>i» <»f ila* 
electron arc* nurtured from thr drift time, tin- position uf the wire giving the t»ig 
rtal, and charge division along the Hire Tlie measured n^oluiinh in I'IOII mordi 
nate is ahool 1 mm, giving the VMM a high degree id riviumlnn h-m M-giiM-iitalioii 
d$/0 = 4 x |Q-J. 
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Ultraviolet photons are created by tvaUnchc-cxcited carbon atom*.8 Photoitt> 
from excitations of hydrogen and nitrogen atoms are readily absorbed by thr CjUf. 
carrier gas. However, Fig. 3 show* at least two C* lines not absorbed in O j | I 6 

Figure 3 shows (hat TMAE is especially sensitive to these photons and produce 
feedback electrons. 

The single, electron detector was designed primarily with the photmi feedback 
in mind. The stack of five copper beryllium etched array electrodes (blinds), each 
254 pm thick, limits the angle (6,6 degrees) over which photons from the avalanche 

1 



I*" 
II 

l»V( 
B 10 

: ' < ... 
- - ( >; V — -

THAE O E 
CEBN , 
BNL-V 

TEAQE 
-CERU ~| 

BNL 

165JA 

>» C Emmitioft Luif* tHMit 

r»(un> 3 Srntitmty of TMA>; to rtrbon rantation ln>r» 

• • M A * 

Figi:r<- 4 O O M ttvlton of * |rhi>«| Cu B*1 blind r|«t™dr» u W tit Ihr oxiitruriHin <>f ihf tinilt 
r I n Iron delrUor, (*fc bf faff Mtd (b) tftr* rlrrlicipaMung 

4 



Drill Velum* 

Drilt Volume 
Blind* 
Csihodi 

Figure S: A •pedal detector with modified etched array Hack to iludy llie photon frrdbnek 

chi\ teach the drift box volume. Each blind has 93 openings (2 mm wide), each 
centered above an anode wire. All five blinds are stacked on G-10 spacers and glued 
together to form a removable 15 mm thick package. Figure 4 shows a cross section 
of one such blind electrode before and after ejectropoliahing. We have decided to 
electropoltsh these etched sheets because of fear of possible corona on the blind's 
sharp edges. Before the first blind, there ia a wire plane (IOC -im Cu-Be wires) which 
guides the drifting electrons into the openings in the etched sheets. In addition, thin 
wire plane can serve as a gate to prevent positive ions from reaching the drift volume 
and photoelectrons reaching the anode. This is accomplished by pulsed biasing of 
the odd and even wires by ±350 V. 

To study the photon feedback, we constructed a special detector which had a 
modified etched array stack—see Fig. 5. In this detector the blinds were cut out 
in the middle of the stack, allowing us to compare the "blinded" and *nonblinded" 
regions. We left the gate wire plane undisturbed to preserve the correct coupling 
of the detector and the drift box electrostatic fields. Figure 6 shows our results. 
The primary electrons were generated by a low intensity laser beam entering per­
pendicularly into the drift box. Our acceptance window, to detect the secondary 
electrons, was between 100 ns and A fitec after primary arrival, One can see that 
the rate of the photon feedback correlates with the total charge produced in the 
avalanche, and this is independent of the TMAE content (temperature of the hull 
bier) or anode wire size. The difference between 12 and 28°C TMAE in Fig. 6(a) 
is caused entirely by a difference in gain between the two cases. We measure « 
rate of about 1 secondary electron per 100 avalanches in the "blinded" region at 
out nominal operating point, i.e., C2Hfl gas with a TMAE bubbler temperature of 
28°C and -1.45 kV cathode voltage. For the "nonblinded" region, this rate is about 
6-8 time* worse—«ee Fig. fi(b). The latter case would be unacceptable in the core 
of jets, because a typical charged panicle leaves hchind about 1000 electrons in the 
drift box volume due to its dEJdx interaction. The data points were corrected with 
the help of Monte Carlo program, to take into account the uninstrumented channels 
in the tails of the distributions.6 The visible avalanche charge in Fig. 6(r) was inte 
grated over 65 ns. The total average wire charge is about twice the average visible 
charge. At nominal operating point, the average total avalanche charge is 2 x 10 s 

electrons.4 
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a. Drift Boxes attid the Electrostatic Oistortiotu 
To ensure A uniform tlrctrir fii'M in tin- drift l>ux tolumr. ftrAttftl-puit'iiiiitl 

conductor* *rv Attached to both *i«W of the «|iinrU window Since the window* of 
thr 40 drift boxes in the burrr) CHID «l»ne would riijmre thp stringing of About 
62,000 wires, we have again used rutted art Ay [t'thnulogy. J.nrftr C'ti-Itc rtrrii/*> 
{32 x 12? cm) werv made up of conductor* with rrussM'rtion* AH Hesmbrd in \% 7, 
they were tPtiBionrd and glued on the quartz window. Tin- rmidtirtor* have 'i'2 inin 
pitch. The interconnection of the Pithed itrray elect rodi* is illustrated in Ft*. K. 
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Figure 10: Electrostatic conftgurttion of tht drill U>x near the Ws> voltage end. 

The double layer G-10 design w u driven by the nerd to prevent gas leaks between 
the etched conductor* And the G-10 sides. The leak of CjFn At A level of few 
hundred ppb into the drift volume would hive A catastrophic effect on the electron 
lifetime.7 The GOO sides had Cu strips on both sidra And they were connected to 
the etched Arr»y electrodes. The potential grading was accomplished by two sets of 
four hundred 10 MO thick-film resistors (1% tolerance) soldered to the outer G-10 
sheet. Spark gaps were Added across every four resistors (100 gaps per drift box i in 
order to protect the 40,000 resistors in the barrel CRIP *v«lrm from being damaged 
by accidental sparls. 

To ensure * got d electron lifetime, one had to paint the inner G*10 sheet surface 
with some TMAE resistant glue.9 The electrostatic properties could be severely 
affected if the glue hid excessive surface and volume roiitivily (for practical reiaoris 
one had to paint over the Cu strips). Figure 9 shows that at the expected operating 
temperature (40*C) the TMAE resistant DP-190 glur is within an Acceptable range 
of surface resistivities, i.e., 10 1 3 0 (Ref. 2). (The volume resistivity drops similarly),* 
Figures 10 and 11 show the drift box design at high and low voltage ends. Clwwly, 
the sharp edges of etched array conductors would cause severe rorona pruMnus at 
high voltage end of the drift box—see Fig. 11. Therefore we derided to add ait 
additional field cage made of high quality Cu-Be rod*. The nominal design assume* 
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Figure II: ElcctroiUlic configuration of the drift box new the detector end. 
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Figure 12: Distribution of aurlVc gradient* on thr drift bai field <«£« wim nr»r the high voltage 
end («r*en circle* <«rr««pond to «n*-iid«d loading of drift bow* with f<*|iec( to ibe central ptniiel 

that the liquid radiator wires will run at ground potential, although ir nitrssary, 
tlicy can be ran at a potential of 10 kV to reduce the stresses on the drift box field 
cage wires. Figure 12 shows a distribution of surface gradients on the Held cafe 
wires near the high voltage end, assuming GO kV at highest end of the box. This, is 
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on acceptable nominal design for an operation with the CjFu gas, Wc will disruss 
corona problems due to various defects later. 

The finished drift boxes including single electron detectors were studied10 in 
the setup described in Kef. 3. The setup includes a pulsed N2 laser mounted on an 
x-y transport allowing it to be pointed into any region of the drift box. Here we will 
concentrate on the distortion measurements only. Figure 13 describes a principle 
to setup the voltages. First, we set the single electron detector voltages so that 
the electrons drift safely within its electrode structure, i.e., we arc insensitive to a 
nominal misalignments and electrical gradients STT safe from the operational point 
of view. Next the drift field in the drift box, say 400 V'/rm, is set by adjuring the 
high and tow voltage ends (the first Cu strip) of the drift box. However, al the same 
time we have to match the potential profile along the box sides with the one in the 
box middle, which is controlled by the detector's gate wire plane. Figure 13 si LOWS 
a potential profile in the middle of lite box along the linn going through the anode 
wire and the gate wire, after all voltages were iterated ft or 4 times. Any electrode 
in the syatem must *%r*e with this potential profile, otherwise a distortion qccuis. 
Wc have set the voltages according to this recipe and found experimentally that no 
additional correction was necessary. 

Figure 14 shows distortions measured across the width of a drift box, for several 
drift distance. The plot shows the measured position minus tin- predicted pofitiun, 
in millimeters. The distortions ate largest utar the (1*13 side wall, for 1 near 0 and 
900 mm, but even there they do not exceed 2 mm. 

Figure 15 shows distortion along the ^direction in the middle of the ttox, i.e., 
along the box depth. The laser beam was inclined in this measureim-nt. The :• 
coordinate was measured by charge division. Similar measurement* I -5 cm from the 
•ides show distortions of up to 5 mm in the cornet* of the drift volume, with I mm 
being a more typical value. 

Figure 16 shows what happens if we depart from the "matuied voltage solution* 
(Fig. 13), i.e., if we mismatch the drift field in the drift box and the detector by 
±21)0 V by adjusting the first Cu strip on the drift box. A very lirge distortion ocnirs 
which agrees with the corresponding calculation using out electrostatic program.11 

4. High Voltage System and Corona Measurements 
The CHID group decided early in the experiment not to puntne a volume de-

grader solution. Thus, the high voltage problem wa* transfened from the intricacies 
of the volume degrader to possible coronn problciiis- As we said, the iiuinilifil d<*i&ii 
baa no problem -see Fig> 12. However, the trirk is to ensure that the system of 
•bout 7000 Held rage wires in the barrel CHID have no defect. Similarly, one should 
worry about defects on the drift box outer G-10 sides faring the liquid radiatom, 
or broken etched array wires hanging from the boxes, hut but not the leant, the 
central plane supporting the drift boxes—see Fig. 17 -has to be supported by 20 ce-
rantic insulators and they, too, have to take the high voltage stress also. To test 
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some of these issttCH, wc constructed a high voltage test setup 4muUti»g dimly I hi' 
barrel CHID geometry.'* This allowed u» to introduce defect K nl various *\w\* »i 
the structure, Figure* 18 KIIOWS tl»t* corona efTeci due lo A Mimilaied liMiken etrhril 
*rra> wire hanging from the box ami facing the liquid radiator side. Our ran «*' 
•hat'llir corona in air is already noticeable at 1(1 15 l;V w MI ejetrn nirn-iit, and 
*u *ii Increased noise rati' from the loop antenna facing the Irnic. We have hltown 
that prolonged corona can reduce the transmit ivity of tin* fpiartz.11 All 40 drift 
hoxw art- tented in thin »ctup. This lest setup also showed (IIAI it WHS nrceshflry m 
bake the My talc* ceramic insulators at 30QT lo ensure adequate surface re>e.(nine 
uniformity and thus proper high voltage behavior. We nlso learned how t« hriiiR 
the high voltage into the central plane bus-we Fig. 19. A Wh»* «f »*»» pwikiriai 
cable would be a major disruption of the CHID operation, as it would be nrwhsary 
to dismantle some mirrors and some drifi boxes in order to gain an-ess. Figure 'JO 
»how« a rant rolled measurement of corona in a geometry where a needle of 30 ;*m 
radius at the tip faces a flat electrode 5 mm wny,u'li One ran see a relative f«m 
pariscm of onset of coiona for air and C sF,* t and for negaliv* and positive voltage 
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Fifure 10; Effect of a mknulch ID voltage* between the drift boa (Rial drift strip) and Uw detector 
(fate win plane) by ±200 V. The curve* an the prediction! of the rlecttrntatic •imulation. 

OD the needle facing grounded flat electrode. The former configuration simulates the 
possible corona on the drift box field cage wires, the latter simulates * corona on the 
liquid radiator wire*. The important point is that althougii the CjFu gas certainly 
helps, it will not save us if a defect's field gradient exceeds a certain value. There-
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Figure 17 A concept of (a) central high voltage plwie and (l>) ceramic ttandotTi »uppnilmg it 
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Figure IS: An oaatt of corona ca.ua*d by a broke* etched array electrode pointing toward* tke 
liquid radiators. 

fore it t* absolutely a must to catch alt defects before installation of the drift boxes 
into the vessel. Al l dri l l boxes are tested in air up to a voltage a GO fcV. Several boxes 
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Figure 20: Cototta cur teat for C»Fu and air at) atm; ntcdk h« tbout 30 fim r*dit» at the tip. 
which it 5 mm may from a flat electrode. 

were tested for many months in Freon-114, which has simitar high voltage behavior 
to CjF» gas. 

Figure 21 shows the basic concept of the barrel CRID high voltage distribution 
system. Its safe operation at 60 kV depends critically on a system of 20 corona 
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Fifitre 21: A buic concept cf the barrel CWD high vo)ts(r distribution system 

antenna loops installed in the vessel, which are supposed to detect an onset of the 
corona and shut the whole system down if the pickup amplitude exceeds a certain 
threshold. A GO kV current limiting resistor is made from 60 carbon resistors wound 
in * spiral form and vacuum potted. The single electron detectot cathode rurrrnU 
can be monitored down l o s n A level by a system or battery powered floating 
miniature DVMY 
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