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Abstract

To help ensure ihe stable long-term operation of @ Cherenkov Ring Imaging Detector
at high efficiancy, a comprehencive menitor and control system is being developed.
This system will continuously monitor and maintain the correct operaling temperatures,
and will provide an an-line monitor of the prassures, flows, mixing, and purity of the
valious fluids. In addition the velocities and trajestories of Charenkov photoslectrons
drifting within the imaging chambers wili be measured using a pulsed UV lamp and a
fiberoptic light injaction system,
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1. Introduction

A large Charenkov Ring Imaging Detectar (CRID) is currently under construction
for the SLD detector [1,2] at the SLAC linear collider (SLC). This detector is designed
to provide almost complete panicle identification over 90% ot the solid angte at the
SLC, using barral and andcap segments. By making use of both liquid (perflucio-n-
hexane, CgF14: n = 1.227 at A « 200 nm) and gaseous (perfluoro-n-pentane, CsFy2;

n = 1.0017 at A = 200 nm) radialors, x/K/p separation will be possible up to about
30 GeV/c and of » separation up to about 6 GeVic,

Within the barrel CRID, Cherankov photons are directed onto the quartz {fused
silica) windows on the top and bottom of the drift tubes. The photons ionize tha
atmosphefic-pressure drifl gas which contains about 0.1% TMAE (tetrakis[dimethyl-
aminojethylene). The photoslectrons drift up o 1.27 m In a uniform electri¢ figld of
about 400 V/iem and are detected at proportional wire planes,

Although CRID/RICH detection principles have been convincingly demonstrated
in protolype studies by a numbaer of groups {3,4], the main body of operational
oxperience with large-scale TMAE-filled RICH detectors [5] has shown that such
complex devicas, which combine elaments from many diversa tachnologies, require
exte;nslv:‘ on-line manitor and cantrol systems [6] tor stable long-term operation 0 be
achlavable,

2. Dats acqulsition

The monitor and control system Is based an a parallsl CAMAC®) branch (fig. 1)
supported by a DEC Vax station 3200, The worksialion is one of several in tha SLD
cluster and is connecied to the main SLD Vax 8800 via ethermel.

In general, the action of the computer and CAMAC is confined mainly to monitor,
rather than direct cantrol, functions, For example, the contro! of prassure in the CRID
drift tube and radiator gas clreuits — on which the integrity of the quariz windows
depends — s accomplished using both an analog feedback system and firmware
contained in a custom digital processor (§4.2).

The computer will, however, play a more active role in lemperature control, where
tha large thermat inertia of the CRID should pravent rapid temperature fluctuations.

3. Wonitor and control of oparating tamperature

Since a potentially damaging pressure differential might gccur across the quanz
windows of the drift tubes in the evant of condansation of tha CsF42 radiator gas, the

CRID vessel will ba maintained at 40°C (+1°C), a safe margin above the CsF12
candensation polnt of 30°C at 1 atm. The surfaces of the CRID vessel are populated

(a)  Model 2922 G-Bus~CAMAC interface with DMA and Model 3922 parallel branch crale
controller: Kinetic Sysiems Corp., Lockport, IL 60441, USA.
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with an array of Kapton-insulated heater pads and temperature sensors.(0) Heater
power (15 KW at 150 V dc) is divided between “distributed" circuits whose pads are
scattored in a regular geometric pattern over the whole surface of the vesssl to provide
uniform background heat, and “local” circuils whose pads are grouped together to
pravide local trim.

In the barrel CRIT, approximataly 200 heatar circuils will provide a high level of
redundlancy. Approximately 50% of the available heater power will b provided by a
backup diesel generator in the event of failure of the commarcial electricity supply.
The CAMAC-based temperature control system activates heater circuits based on the
temperatures monitored by nearby sensors. A software database stores the required
set poinis and the geomettic comelation between the sensor positions and heater
pads. In the event of a heater circuit failure, the software automatically switches
control to the remairing circuits by increasing their ‘on-ime’ duty cycle. A failed
tempeotrature sensor is automatically dropped from the active list from which heater
operaticns are determined.

The current to each heater circuit is digitally switched using an individual ac
"Zera-Crossing® solid state relay (SSR).¢¢) Switching operations are requested from
software via a CAMAC output register.(d) The SSR is followed by a rectifier and a
smoothing capacitor to provids "seft-stan DC current for use inside the SLD magnetic
field. The voitage drop across a 3-Ohm series resistor is read by a CAMAC input
registar(®} as a chack of circuit integrity.

The temperatura sensor readout scheme ulilizes up to 1024 inexpensive
ADS90JF sensors, multiplexed In 32-channel addresses intoc a CAMAC scanning
ADC (£) using an “IDOM". ADS590 sensors are chosen for their linear current output
(nominally 1 pA/deg K). All sensors are calibrated at 40°C before installation, and in
the more critical applications (usually those surtaces in comact with CRID fiulds) each
address is populated with 32 sensors sharing a light common calibration (within
$0.5°C of 40°C), connected to a single trim resistor an which the current output is con-

verted to the monitor voltage. In less critical areas, sensars with a loaser calibration
are employed,

4. The CRID gas delivery and pressure contro! system

. Tge barrel CRID gas supply and pressure control system is shown schematically
in fig. 2.

{b)  AD550: Analog Devicss, Norwood, ‘JA 02062, USA.
(¢) 70 OACS: Grayhill inc., LaGrange IL 80525, USA.
() "DOM" [Isolated Digital Quiput Maduie] 32 channals; J. Kieffer, SLAG Toch. Note 83-03.

{®)  “IDIM" [isolated Digital Input Module) 32 channols; J, Kisfler, SLAC Tech. Note 83-01.

() :C:l:stlg )Syslams modal 3527 Analog Input Module; see also D. Nelson, SLAC-ELD-DOC 39



The base dritt gas — sthane (CpHg) — is delivered through a Mass Flow

Cantrolier (MFC)@) at atmospheri¢ pressure and is bubbled through liquid TMAE
maintained at a temperature of 28°C to pick up about 1 Torr of TMAE vapor. Al gas
piping between the TMAE bubbler and the drift tubes is maintained above 28°C to
pravent recondensation of the TMAE vapor. The exhausts of the 40 drift tubes are
monitored individually (§5).

The side walls of the drift tubas are of a two-layer construction with a purge space
between the layers, which will be continuously flushed with pure methang (CHjy),
supplied by a MFC. Although leak communication betweer: the highly stactronegative
radiator gas and the TMAE-lagen UV-absorbing drift gas through the twa series glue
joints is expected to be minimal, the sidewall exhaust gas will be monitored for
evidence of leakage in either diractien (§5).

Dus to its expanse, the CgF12 radiator gas is continuously recireulated through
the radiator vessel ang a filter stack via a large turblne blower and MFC. Prior 1o filling
with CgF 12, the radiator vessel is purged of air by nitrogen (N2) which s then
thermodynamicatly replaced by CsF12 using a refrigeration system. The density of the
radiatar gas will be monitored at several points using a sonar device [7] to determine
the level of residual N2 and any Na/CgFq2 hydrostatic stratification; This tachnique is

a simple alternative 1o the difficult direct measurement of refractive index in the UV to
dotermine the effective Cherenkov thrasholds.

To minimize the machanical strass on the fragite CRID dnift tubes, the dilfersniial
pressure across the quarz windows is controlled with a triple-layared safety sysiem:

(1) In normal oparation enalog foedback from sensilive pressure transducers 1o the
delivery MFC's will maintaln the corract diffarential pressures by ragulating the flow of
the input gases;

(2) Outside the normal operaling ranges, signals from prassure sensors are used in a
custam processar to sequentially open or close a series of input flow and overpressure
or underprassure refief valves;

(3) In the event of tailure of both electronic systems, a bi-directional passive pressure
relief bubbler allows excess gas to leave the radiator vessel in the event ol an
cverpressure, or admits air in the event of an undamprassure,

Figure 3 illusirates the envelope of oparation of the three systems.

4.1. The analog pressure contro! system

Sensitive electronic pressure sensorst™ monitor the pressure betwesn the
radiator vessel and atmosphere, beiween the drift tube sidewall purge inputs and

@} Model 258B; MKS inc., Buriingion, MA 01803, USA,
{h)  MKS Model 262 Capacitance Manometer: +10 Torr full scale.




atmosphers, and between the radiator and drift gas inputs. Analog voltage signals (A,
B, and C, respectivaly, in fig. 2) from these sensors are fod back to the MFC elactronic
controllers{!) to regulate the input flow on the basis of the sensed pressure. Two
sansors are mounted in parallel in each location, so that an failure of a single sensor,
tha conirp! ¢an be transterred to the sutvivor.

4.2. The cuslom prassure control processor

A custom digital processcr [8] has been constructed to monitor the outputs of all
the pressure sensors, and in response to pressure variations outside the allowed
limits, {0 ssquance the opening and closing of the varous input, output, ovespressure,
and underpressure relief valvas shown in fig. 2.

The system consists of four elements:

{1) Comparator cards: These compare the sensed pressures with operating range
sel points, {fig. 4; four for each sensor), and pass & four-bit comparator oulput word for
each sensor to the prassure contraller card;

(2) The Prassure Conirol Card (PCC): This cantains a proagrammable logic ICHin
which the ssquencead valva response ta the current pressure status of the system is
programmed as a finlte state machine. Figura 4 shows the 25-glement response
matrix for comelated variations in differential prassure betwaen the drift and radiator
gas circuits, and between the CRID radiator vessel and atmospheric pressure. The
normal operating state is at the centar of the matrix, where the pressure of the drift gas
is between 0 and 1 Tormr higher than the radiator gas, which is itse!f betwaan 0 and
1 Torr higher than the atmospharic prassurs.

Away from the normal state, the program opens and shuts valves in a sequence
most likely to bring the system back to the normal state: In general, when a gas stream
is shut oft, the most upstream valve (at the highest prassura) is closed first, followed by
valves further downstream. When the flow is re-established, the upstream valve is
opened last. In most programmed steps only one valve is operated at a tima. The

PCC uses a slow 1 Hz clock whose frequency is matched to the typical valva actuation
time.

(3) The valves and valve driver cards. All the remote-controlled shut-oft valves are
pneumatically actuated with cornprassed air switched by miniature solenoid valves &)
which oparate with § V dc TTL logic with a power dissipation of 0.5 W per valve. Each
shut-off valva is also equipped with a stem position-sensing microswitch. The valve
driver circuit actuates valves in the combination selected by the prassure control card,
and checks *or the cormect combination of valve stam position and the status of the
drive voltage to the solenoid actuator for every valve. If an illegal combination occurs,
indicating a solenoid or valve failure, an individual fault signal is passed back to the

&} MKS model 260,
) EP1800: Attera Inc, Santa Clara 95059, USA.
k) K3PO2LOD: Honaywslt, Skinner Vaive Division, New Britaln, CT 08051, USA.




PCC which closes all the valves In the pressure control system and warns the
operator,

(4) The Unintarruptable Power {UPS} and Compressed Air Suppligs. Both the
analog pressure control system and the processor are powserad diractly from high-
capacity batteries using a 117 V ac charger on automatic changeover betwean the
commarcial electricity supply and a Diesel gensrator. Should both power systems fail,
the low-power solenoid vaives should assure operation of the system far several
hours. Even aftar discharge of the batteries, or failure of the compressed air supply —
which is itself backed up with a Diessl comprassor — the system should shut down in
an intrinsically safe state with all critical valves closed.

5. The general CRID fluld monitoring system

Figure 5 is a schematic of the barrel CRID gas monitoring system. The monitor
actions are separaled into sample selactions and instrument selections, and are highly
automated; the valve sequencing is controliad by a second ALTERA EP1800-based
processor and valve driver cards. One selaction manifoid handles non-TMAE gas
straams (the base dnift gas and the radiator input and output gas) while the other
selects among all streams that might contain TMAE (ths gas leaving the TMAE
bubbters, the individua! drift tube outputs and sidewall purge exhaust). This functignal
separation I8 necessary due to the reactivity of TMAE which is incompatible with many
types of slastomeric valve seals: the valves in the TMAE clrcuits are entirgly of a
stainlass steel seat/bellows construction. It is clear that only one stream may be
allowed into the seloction manifold at a time. The selaction manifolds must also be
purged with nitrogen belore successive samples, and some of the longer sample lines,
are kapt continuously passivated with nitrogen when not in use, The individual drift
tube exhausts are Sell-passivating; the monitor lines originata from tea's at thair
saeparats exhaust bubblers.

Most instruments in the monitor system can be selacted simultanacusly. Gas from
the non-TMAE manifold may be passed into a custom CAMAC sonar binary gas
mixture analyzer [7), trace oxygen and water vapor monitors and a UV gas
transmission monitor consisting of & deuterium lamp, grating monochromator gas cell,
and wavelength-shifted photomultipfiers. Wavelengths are selected with a CAMAC-
controlied steppar motor, and transparency measuremenis are mada over the entire
CRID UV detection bandwidth (160—-240 nm) with a custom CAMAC scaler module.
Even the presence of trace lavels of contamination (a few parts per million) of exygen,
water vapor, or ethylena (which strongly absorb UV) can serlously degrade CRID
performance. Sample gases from the TMAE bubblers and drift tubes may be passed
into a second cell where UV transmission measurgment can raveal the concentration
of TMAE vapor present.

In the drift tubes, the lifetime of drifling photoslectrons is paricularly sensitive to
the prasence of electronegative contaminantion from leaks or imputities in the base
gas of its TMAE dopant. As an example, in ethane — at a drifl fiald of 400 Vicm — an
electron lifetime of 150 um would assure the transmission of only 87% of the
photoglecirons over the maximum drift distance of 127 cm. We have developed an on-
line "Electron Lifetime Monitor” (ELM; [9]): A miniature driff chamber containing a small



28'Am source that ionizes the TMAE-laden gas entering it. By varying the electrode
voltages in the ELM with a CAMAC-interfaced HV power supply, the electron drift
veiocity and drift time can be vared. Puise height data agcumulated in a CAMAC
multichanngl analyzer are plotted vs. dritt time to yield the lifetime of electrons drifting
in the particular gas stream.

6. Monitoring of photoslactron drift

Accurate reconstruction of the coordinates of the incident Cherenkov photons
requires currerd knowledge of the velocity (temperatura- and pressure-dependent)
and trajectories (influenced by the uniformity of the drift field, and the electrostatic
effects of drifting positive ions and collected charges on the inner surfaces of the drift
tubes) of the dnifting pholoelectrons. As an on-line monitor of these parameters, light
from a pulsed UV flashlamp or a nitrogen laser will ba injected inio each drift tube at

19 fiducial positions through silica optical fibers® (fig. 6). A single 600 gm cove

siiicassilica fiberi™ will transmit UV light from the sourca to a custom bulkhead fiber
connector and 19-way splitter on each drift tube (fig. 6). At each end of the barre CRID
a bundle of 20 such fibers is gatherad together at the focat point of the source.

Sinceg the ligiit division at each splitter is not uniform, the light output from each
fiber is tuned with a simple tubular collimator which also serves ta give a light spot less
than 1 mm diameter at the quartz window.
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Filgurs Captions

Fig. 1.
Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.
Fig. 6.

The CAMAC maonitor and control data acquisition system of the SLD CRID.

Schematic of the barrel CRID gas defivery systeam, showing some of the
components of the pressure contral system,

Desirad gas system responses to variation in gas pressure.

Response matrix to correlated variations in pressure betwean the drift gas
arl radiator gas circuits, and between the pressure of the CRID radiator
vessel and the atmospharic pressure.

Schematic of the barrel CRID gas monitor system.

The UV source and fiberaptic light distribution system tor the injection of
fiducial light inte each drift tube.
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