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1. Summary 

We report on the development of the Cerenkov Ring Imag- 
ing Detector for the SLD experiment at the SLAC Linear Col- 
lider. In particular we outline recent progress in engineering 
and new construction techniques which will greatly simplify 
the manufacture of the 40 quartz window drift tubes required 
for the barrel CRID. Progress in the preliminary design of the -. endcap CRID is reviewed, and the development of operating, 
monitoring and control systems for the complete detector is 
discussed. 
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Fig. 1. Quadrant view of the SLD spectrometer. 
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2. Introduction 

SLD is designed as a completely new detector to fully ex- 
ploit the physics potential at the SLAC Linear Collider (SLC).’ 
Good secondary particle identification is crucial to this objet- - 
tive, and a large Cerenkov Ring Imaging Detector (CRID), cur- 
rently in an advanced stage of design, will provide almost com- 
plete particle identification over > 90% of the solid angle, using 
barrel and endcap segments (Fig. 1). In particular, r/K/p sep- 
aration will be possible up to - 30 GeV/c, and e/s separation 
up to - 6 GeVfc. 
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Fig. 2. The CRID gas and liquid radiator systems. 

Within the CRID (Fig. 2), UV Cerenkov photons generated 
by the passage of charged tracks through both liquid (perfiuoro 
n-hexane, CeFr4; n = 1.227 at X - 200 nm) and gaseous 
(perfluoro-n-pentane, CsFi2; n = 1.0017 at X - 200 nm) ra- 
diators are directed onto the fused silica windows of 1.27 m 
long drift tubes (Fig. 3). The photons ionize the drift gas-an 
atmospheric pressure mixture containing - 0.1 % of the pho- 
tosensitive vapor Tetrakis (Dimethylamino) Ethylene (TMAE; 
Ei = 5.34 eV). The photoelectrons drift in a uniform electric 
field of - 400 V/cm to be detected at proportional wire planes. 
Charge division along the sense wires’ provides the conversion 
depth of the photon, while the drift time and wire number give 
its longitudinal and transverse coordinates. The swift adapta- 
tion of this form of detector to the high energy c+e- colliding 
beam environment has been due to the excellent exchange of 
ideas and information between the parallel programs for experi- 
ments at the LEP and SLC machines. The detection principles 
have been convincingly demonstrated in previously reported 
prototype studies by the DELPHI RICH3 and SLD CRID4-* 
groups. From our test results, we expect to observe Cerenkov 
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Fig. 3. Cerenkov photon imaging in a drift tube 
containing a photosensitive gas. 

rings containing a maximum of I4 photoelectons from the pss- 
sage of 0 = 1 particles through the ~45 cm gas radiator, and 2 
30 photoelectrons per ring from the 1 cm thick liquid radiator, 
at normal incidence. 

Two CRID systems are being built for SLD: the barrel 
CRID which will identify particles in the central region, and 
the endcap CRIDs, which will cover the forward and backward 
regions. The major conceptual difference between these two 
systems is the orientation of the electric drift field with respect 
to the 0.6T field of the SLD magnet. In the barrel, the electrons 
drift parallel to both the magnetic and electric fields. In the 
endcap the electrons drift perpendicular to the magnetic field, 
and as a result drift at an angle, known as the Lorentz angle, 
relative to the electric field direction. Our endcap design relies 
on knowledge of th; expected Lorentz angle. 

3. Engineering Developments for the Barrel CRID 

In addition to our development work, we have made sub- 
stantial progress toward the technical implementation of the 
full scale detector. Figures 2 and 4 show some of the engineer- 
ing details of the barrel CRID. Each drift tube accepts light 
from five 45 cm focal length spherical mirrors covering polar 
angles out to 46’. The tubes are surrounded by an external 
electric field-defining cage to shield the drifting electrons from 
the disturbing effects of nearby grounds, and are tapered out- 
wards so that electrons drift away from the quartz surfaces. In 
this way, the effects of transverse diffusion and local drift field 
irregularities are reduced. An asymmetric taper (20 mrad on 
the mirror side and 8 mrad on the liquid radiator side) is em- 
ployed to give the drift tubes an average tilt so that electron 
trajectories are more parallel to the SLD magnetic field, which 
has a radial component. Figure 4 shows the azimuthal arrange- 
ment of the barrel CRID components and represents one tenth 
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Fig. 4. Engineering details of the Barrel CRID. 
Azimuthal arrangements. 
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Fig. 5. Details of the proportional wire plane and photoelec- 
tron focussing structure of a drift tube in the barrel CRID. 

of the total coverage. Figure 5 shows the photoelectron detec- 
tion plane of a drift tube described in more detail in a separate 
contribution to this conference.’ Electrons are efficiently fc+ 
cussed to the 7~ diameter carbon anode fibers by a series of 
voltage-graded conducting grids. Together with the scalloped 
cathode block, these also act as optical blinds, and serve to 
reduce correlated background (or “photon feedback”) from the 
conversion of secondary UV photons liberated in the avalanches 
at the sense wires. Each grid is photochemically etched from a 
single 250~ thick sheet of beryllium/copper (Be-Cu). 

To ensure a uniform electric field in the drift tubes, graded- 
potential conductors are also attached to both sides of their 
fused silica windows. Since the windows of the 40 drift tubes 
in the barrel CRID alone would require the stringing of about 
63,000 wires, we have again made use of new etched array 
technology. Large Be-Cu arrays (32 x 127 cm) made up of 
125~ thick ~100~ wide conductors held in a frame at 3.2 mm 
pitch are tensioned and glued to the windows (Fig. 6) in a spe- 
cially constructed fixture. After curing, the tension is released, 
the conductors are folded around the edges of the windows and 
cut from the frame, each leaving two small tabs to make con- 
tact with the resistor chains mounted on the drift tube side 
walls. The etched conductors inhibit polarization of the dielec- 
tric quartz windows, and together with the external field cage 
help maintain a uniform drift field. 

The drift tube side walls are constructed in two layers 
(Fig. 7): an inner circuit board with conductors on both sides, 
and an outer board carrying the resistor chain and external 
field-defining cage. Between the layers is a purge volume which 
will be continually 0ushed with pure methane. Leak commu- 
nication between the highly electronegative CsFrz radiator gas 
and the UV-absorbing TMAE-laden drift gas through the two 
series glue joints and purge volume is expected to be minimal. 

Figures 8(a) and 8(b) are photographs of a glass window 
constructional prototype of a barrel CRID drift tube during 
assembly. The long etched arrays and inner sidewall structure 
are visible. 

.In parallel with the development of fabrication techniques 
for the drift tubes and the completion of a glass window con- 
structional prototype, we have acquired the materials to man- 
ufacture a barrel CRID prototype consisting of a pair of drift 
tubes, liquid radiator trays and mirror arrays, representing one 
tenth the total azimuthal coverage (Fig. 4). This will be as- 
sembled later this year for evaluation with cosmic rays and a 
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Fig. 6. Photograph of a Be-Cu etched conductor array 

after attachment to a window. The window has been built 
into a drift tube and the twin conductor tabs will be cut 
from the frame for solder attachment to the drift resistor 
chain. 
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Fig. 7. Schematic double side wall arrangement of a 
barrel CRID drift tube. 

test beam. Fluid delivery, monitoring and control systems cur- 
rently under construction for the prototype will later be incor- 
porated into the complete CRID system. 

We have made significant progress in the development of 
the CRID readout system; a prototype preamplifier (reported 
separately)rO has been developed with a noise level of - 500 
electrons (rms), which will allow charge division measurements 
along the carbon sense fibers to an accuracy of & 1 mm. 

4. Optics Development for the Barrel CRID 

The barrel CRID will contain 400 spherical profile mirrors 
of three different radii of curvature (all near one meter). Each 
mirror will be approximately 30 cm x 30 cm with a thickness 
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Fig. 8. Photographs of a glass-window constructional 
prototype of a barrel CRID drift tube. 
a) The drift field-defining etched conductor array. 
b) The inner sidewall after conductor attachment 
(see also Fig. 7). 

of 6 mm, and will cover 9” in azimuth (Fig. 4). The axial ar- 
rangement of five mirrors (Fig. 2) will give polar angle coverage 
between 89.5’ and 46’. 

To ensure a small contribution from optical distortions 
to the overall photoelectron reconstruction uncertainty of 
- 1 mm3, the surface finish and sphericity of the mirrors 
must be sufficient to give a reflection error of < 1 milliradian. 
We have investigated two techniques for the production of 
mirror blanks: 

a) “slumping” (pulling heated glass blanks into a mold under 
vacuum), 

b) a slumping stage, followed by grinding and polishing. 
After making measurements on batches of preproduction 
mirrors, we have concluded that the required surface finish 
cannot be consistently achieved without the grinding and 
polishing stages. 



Mirror distortions are measured by 
placing a mask with a grid of accurately 
placed holes in front of the mirror and 
illuminating it with a point light source 
near the center of curvature. The im- 
age of the grid pattern is projected onto 
a ground glass screen and photographed 
with a 1:l macro lens. A measurement 
of the grid points compared to the ideal 
position gives the average reflection error. 

Since our detection bandwidth lies in 
the vacuum ultraviolet, we also need very 
good surface smoothness to keep the light 
1055 by scattering to a few percent. At 
present we are measuring a sample of mir- 
rors on a profilometer using interferome- 
try techniques. This shows that the devia- 
tion of the surface of the mirror is approx- 
imately 3-4 nm rms, which is acceptable. 
We are also able to make direct measure- 
ments of light scattering from glass sur- 
faces. 

Acceptable mirrors will be coated 
with aluminum and magnesium fluoride 
under high vacuum to give good (-> 85%) 
reflectivity between 160 and 230 nm. An 
instrument has been constructed to mea- 
sure the reflectivity of each mirror. A UV 
monochromator with a deuterium lamp 
directs a narrow beam of light onto the 
test mirror, which reflects the light to 
a photomultiplier. The test mirror can 
be pivoted about its center of curvature 
and rotated about its own center point, 
allowing any point on its surface to be 
measured. Calibrated standard mirrors 
will be placed adjacent to the test mirror, 
allowing absolute reflectivity determina- 
tions to be made. 

Table .: The dependence of the endcap parameters upon the number of sectors. 

Number of Sectors Dead Area (%) 
(Fig. 9) 

4 36.0 
5 24.0 
6 17.0 
8 10.0 

10 6.5 

Maximum Lorentz 
Angle (Degrees) 

45.0 
36.0 
30.0 
22.5 
18.0 

Sense Plane 
Length (cm) 

88 
73 
63 
48 
38 

Table 2: The dependence of Lorentz angle upon drift gas composition. 

100% Methane 

71% Methane 

29% Ethane 

100% Ethane 

75% Methane 

25% lsobutane 

100% Isobutane 

0.20 150 2.7 23’ 49” 

0.21 200 3.1 20” 46’ 

0.21 250 3.4 19” 45O 

0.40 400 3.5 23” 29” 

0.77 700 2.3 17” 12O 

55% Neon 
45% Isobutane 

0.56 700 3.8 18” 21” 

A 

Schemes for the alignment of CRID mirrors are currently conductors on the quartz surfaces. We hope to use the same 
under investigation. etched array technology developed for construction of the bar- 

rel CRID. A major advantage of this configuration is that the 
5. Developments in the Design of the Endcap GRID sense planes, located near the circumference, are readily acces- 

sible. In this design it is preferable to have as many sectors 
The endcap CRID design we have adopted is the sector as possible. This reduce5 the area of the dead regions behind 

type geometry shown in Fig. 9. In each mechanically separate the sense planes and maximize5 the effective polar angle cov- 
sector, the inward electric field is generated by field-defining erage. The number of sectors attainable in practice is limited 

by the Lorentz angle in the gas. To collect all the ionization 
produced in a drift volume, the sector opening angle must be 
at least twice the Lorentz angle. Table 1 shows the maximum 

Dead Lorentz angle, percentage dead area, and sense plane lengths 
for various sector counts. We see that a five sector geometry, 
which gives a sector angle of 72”, require5 a Lorentz angle of 
le.55 than 36’. 

- Deflmng 
Conductors 

Sense W#re 8.8; 
Plane 5656”’ 

Fig. 9. A five-sector endcap design; 8~ is the 
Lorentz angle; 8s is the sector angle. 

The presence of the Lorentz angle also complicate5 the 
transfer of the electrons from the .drift region to the sense 
planes.” In the barrel CRID, blinding is accomplished using 
a series of focussing grids in front of the sense wire plane. Al- 
though this scheme is optimized to be 106% efficient for the 
detection of electrons drifting parallel to the magnetic field, in- 
efficiency may arise in the presence of a perpendicular magnetic 
field where the Lorentz angle can divert electrons to trajectories 
which terminate prematurely on the focussing grid. Although 
we have yet to choose the final design for the sense wire plane 
and blinding structure for the endcaps, our studies indicate 
that full efficiency is more easily obtained with smaller Lorentz 
angles. 

We have shown that our chosen endcap design relies on 
knowledge of the expected Lorentz angle. We are currently in- 
vestigating the dependence of the Lorentz angle upon the drift 
gas composition and the strengths of the electric and mag- 
netic fields.12~13 A small Lorentz angle is not, however, the only 



selection criterion for the endcap CRID 
drift gas. The mixture must also have 
high transparency over the wavelength 
range between 230 nm (the TMAE ion- 
ization threshold) and 170 nm (the 
quartz cut-off). Further, the gas must 
quench the electron avalanche to pre- 
vent breakdown, while yielding suffi- 

cient- gain for single electron detection. 
The gas should have a long attenua- 
tion ‘length for electron capture, thus 
enabling efficient drift over long drift 
lengths, together with a small diffu- 
sion coefficient to maintain good spa- 
tial resolution. We have therefore lim- 
ited our Lorentz angle measurements 
to gas mixtures composed of the fol- 
lowing components: methane, ethane, 
isobutane, carbon dioxide and the inert 
gases (Table 2). These are gases which 
are known to satisfy the majority of the 
above requirements. 

The hydrocarbon combinations un- 
der consideration for the barrel (ethane 
and methane-ethane mixtures) have 
unacceptably large Lorentz angles. 
Several mixture5 containing isobutane 
(which has the very small Lorentz an- 
gle of 12’ in the SLD field of 0.6 T) are 
therefore currently under investigation 
as candidate drift gases for the endcap 
CRID.. 

6. Control and Monitoring of 
the Barrel and Endcap CRIDs 

Although our test results have in- 
dicated that our CRID design can 
operate efficiently enough to provide 
particle identification over the ranges 
needed for SLD, we are developing a 
comprehensive monitoring and control 
system to ensure consistency of opera- 
tion over the lifetime of the experiment. 

Of particular importance is the 
control of the quality of the fluids en- 
tering the drift tubes and Cerenkov ra- 
diator enclosures. The lifetime of drift- 
ing photoelectrons is particularly sen- 
sitive to the presence of electronega- 
tive impurities in the gas or its TMAE 
dopant, due to leaks, or from out- 
gassing of the walls of the drift tubes 
and gas delivery system. 
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Fig. 10. Schematic of the automatic CRID gas monitoring system. 

As an example, in a typical barrel CRID drift gas mixture 
of 85% methane and 15% ethane, an electron lifetime of 150~s 
would assure-at a drift field of 400 V/cm”--the transmission 
of N 87% of photoelectrons over the maximum drift distance of 
127 cm. Our development work has shown that such long life- 
times are only attainable with carefully cleaned TMAE,15 with 
high purity drift gas containing no more than 1 ppm of oxy- 
gen and water vapor contamination, with an extremely clean, 
leak-tight gas system, and with drift tubes manufactured from 
materials chosen for their acceptable outgassing properties.16 

In spite of these precautions taken in construction, it will 
be necessary to regularly monitor the electron lifetime in the 
gas entering and leaving the individual drift tubes of the CRID. 

An automated gas monitoring system (Fig. 10) has been 
developed to allow routine measurement of the key parameters 
of the CRID radiator and drift gases: 

u) radiator gas composition (which can be a variable 
CsFrz/nitrogen ratio during the filling and purging of 
the radiator enclosures) and base drift gas composition 
(methane/ethane ratio in the barrel CRID; endcap drift 
gas mixture undetermined) using a sonar device” mak- 
ing use of the variation of sound velocity with mixture 
composition; 

b) oxygen and water vapor contamination in the radia- 
tor gas, and in the base drift gas-before it is bubbled 
through TMAE; 

c) UV transparency of the radiator and base drift gas, to- 
gether with the UV characteristics of TMAE-laden gas; 
a measurement of the TMAE concentration; 

d) electron lifetime in the drift gas after the addition of 
TMAE, measurable at the input and exhaust of each drift 
tube. 
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The various diagnostic instruments will be interfaced to 

a dedicated CAMAC monitoring and control branch. Most 
gas sampling and instrument selection valves will be computer 
controlled, allowing a high degree of automation. In addition, 
monitor ports will be provided for more detailed monitoring 
functions that will be performed less frequently, such as gas 
chromatographic analysis of drift gas/TMAE mixtures, and di- 
rect measurement of the radiator refractive index. Extensive 
monitoring of the liquid radiator material is also planned. The 
input CeFr4 liquid, and the output from each liquid radiator 
cell will be monitored for UV transparency, and the unified 
input and output lines for the presence of water vapor and 
dissolved oxygen. 

For every triggered event, the coordinates of the photoelec- 
trons in the CRID drift tubes must be measured relative to the 
SLD central tracker and the CRID mirror arrays without sig- 
nificant systematic errors from uncertainties in drift velocity or 
drift field distortion due to space-charge effects. To eliminate 
these uncertainties, both of which are expected to be time de- 
pendent, we plan-for every triggered event-to project fiducial 
light spots at several points onto the quartz window (Fig. 11) 
of each drift tube through a system of UV transmitting optical 
fibers.‘* 
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Fig. 11. Schematic of the proposed flashlamp-driven 
UV fiberoptic drift tube calibration system. 

Preliminary tests with a flashlamgdriven UV filter system 
have been successful, and have provided useful drift velocity in- 
formation in our “physics prototype” GRID.’ The optical fibers 
will be terminated with simple tubular collimators arranged to 
give a 5 I mm diameter light spot on the quartz window. Pre- 
liminary studies have shown that 600~ core plastic coated silica 

(PCS) fibers with a UV attenuation length of 4-5 m at X = 
250 nm, and a length of at least 10 m are suitable for use with 
a UV flashlamp/TMAE combination. 

In addition to the continuous monitoring of drift velocity 
and distortions, the fiberoptic calibration system should greatly 
simplify the process of drift tube alignment determination by 
removing one free parameter (the drift velocity) from the fit to 
charge track impact positions that will be necessary to deter- 
mine the drift tube alignment constants. 

Conclusion 

Our current efforts are directed to the construction of an 
SLD CRID barrel prototype, to the preliminary design and 
development work for the CRID endcap, and to the incorpo- 
ration of monitoring and control systems to assure the stable 
long-term performance of the complete SLD CRID system. 
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