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The STAR Time Project Chamber — Operating Procedures

Silicon
Vertex

Magnet Tracker

E-M
Calorimeter
Time
Projection
Chamber

Trigger
Barrel

SV-13
+*

1T

L

{5 ) =
— SV-11
5 JDIern P—

f
) JN (N2)

FM
\ 4 /16 Umin

FM
3 /500 imin
{ FM 1100 Vmin _

- FM X 10 Vmin

M.Chamber
From FI-9

bt
D]

-
>
w
o
T o 15,
5 >
2 CH, =
@ ™~
B 3
E » To_Insulation
3 P Gas Rack
3 (TH
E Y
@ faY
A
A
Pl
14/ 7
L]
8 HY
3 @
2 .Sou‘ld
@Li
N
p—2. P88




This page intentionally left blank



Introduction



jhthomas
Typewritten Text
Introduction

jhthomas
Typewritten Text

jhthomas
Typewritten Text





Electronics
Platforms

The STAR TPC - Simplified Schematic of the Gas System
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TPC passwords

Chaplin (TPC control PC in control room) User: startpc
Pass:

Sirius: PC in control room for alarm handler Same as Chaplin

Deneb: (PC on second floor platform) Same as Chaplin

Evp: event pool computer for pad monitor User: startpc
Pass:

Sc3: slow controls with fewer privileges User: startpc
Pass:

Sc5: new slow controls User: sysuser
Pass:

Gas System Computer in Gas room User: sysuser
Pass:

Startpc: Blair’s computer in the counting house User: stringfellow
Pass:

RPS 1,2,3: remote power switches No user
Pass:

SGIS Global Interlocks (proceed with caution ... you must be specially trained)

User: STAR
Pass:

SGIS (Allen Bradley computer in DAQ room)

Silence the alarm (on the first page/screen). Check all of the screens (on different pages) for the
system that led to the fault. Call Bill Christie or other authorized SGIS expert. Only an expert,
while on the phone, can authorize you to proceed past this point. Bypass the alarmed system if
you are certain that it is safe to do so and expert agrees. Fix whatever condition caused the
aarm. Reset the alarm on the SGIS console screen. Look for Green screen everywhere before
you clear the bypass, and then clear the bypass. (The system will dlarm again if the alarm has
not been cleared before you clear the bypass. This can be area mess, so double check.) Logout.

If you had awater leak, and fixed it, then an expert must enter the STAR collision hall to reset
the water leak sensor. The water leak detectors are located inside the SGIS rack on the 2™ floor
of the South platform.
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Abstract

The STAR Time Projection Chamber (TPC) is used to record the collisions at the Relativistic Heavy Ion Collider.
The TPC is the central element in a suite of detectors that surrounds the interaction vertex. The TPC provides complete
coverage around the beam-line, and provides complete tracking for charged particles within =+ 1.8 units of pseudo-
rapidity of the center-of-mass frame. Charged particles with momenta greater than 100 MeV/c are recorded.
Multiplicities in excess of 3000 tracks per event are routinely reconstructed in the software. The TPC measures 4 m in
diameter by 4.2 m long, making it the largest TPC in the world.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The Relativistic Heavy lon Collider (RHIC) is
located at Brookhaven National Laboratory. It
accelerates heavy ions up to a top energy of
100 GeV per nucleon, per beam. The maximum
center of mass energy for Au+ Au collisions is
\/Svv =200 GeV per nucleon. Each collision
produces a large number of charged particles.
For example, a central Au-Au collision will
produce more than 1000 primary particles per
unit of pseudo-rapidity. The average transverse
momentum per particle is about 500 MeV /c. Each
collision also produces a high flux of secondary
particles that are due to the interaction of the
primary particles with the material in the detector,
and the decay of short-lived primaries. These
secondary particles must be tracked and identified
along with the primary particles in order to
accomplish the physics goals of the experiment.
Thus, RHIC is a very demanding environment in
which to operate a detector.

The STAR detector [1-3] uses the TPC as its
primary tracking device [4,5]. The TPC records the
tracks of particles, measures their momenta, and

Outer Field Cage
& Support Tube

Sector
Support—Wheel

identifies the particles by measuring their ioniza-
tion energy loss (dE/dx). Its acceptance covers
+ 1.8 units of pseudo-rapidity through the full
azimuthal angle and over the full range of multi-
plicities. Particles are identified over a momentum
range from 100 MeV/c to greater than 1 GeV/c,
and momenta are measured over a range of
100 MeV/c to 30 GeV/c.

The STAR TPC is shown schematically in
Fig. 1. It sits in a large solenoidal magnet that
operates at 0.5 T [6]. The TPC is 4.2 m long and
4 m in diameter. It is an empty volume of gas in a
well-defined, uniform, electric field of ~ 135 V/cm.
The paths of primary ionizing particles passing
through the gas volume are reconstructed with
high precision from the released secondary elec-
trons which drift to the readout end caps at the
ends of the chamber. The uniform electric field
which is required to drift the electrons is defined
by a thin conductive Central Membrane (CM) at
the center of the TPC, concentric field-cage
cylinders and the readout end caps. Electric field
uniformity is critical since track reconstruction
precision is submillimeter and electron drift paths
are up to 2.1 m.

Fig. 1. The STAR TPC surrounds a beam-beam interaction region at RHIC. The collisions take place near the center of the TPC.
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The readout system is based on Multi-Wire
Proportional Chambers (MWPC) with readout
pads. The drifting electrons avalanche in the high
fields at the 20 um anode wires providing an
amplification of 1000-3000. The positive ions
created in the avalanche induce a temporary image
charge on the pads which disappears as the ions
move away from the anode wire. The image charge
is measured by a preamplifier/shaper/waveform
digitizer system. The induced charge from an
avalanche is shared over several adjacent pads,
so the original track position can be reconstructed
to a small fraction of a pad width. There are a total
of 136,608 pads in the readout system.

The TPC is filled with P10 gas (10% methane,
90% argon) regulated at 2 mbar above atmo-
spheric pressure [7]. This gas has long been used in
TPCs. Its primary attribute is a fast drift velocity
which peaks at a low electric field. Operating on
the peak of the velocity curve makes the drift
velocity stable and insensitive to small variations
in temperature and pressure. Low voltage greatly
simplifies the field cage design.

The design and specification strategy for the
TPC have been guided by the limits of the gas and
the financial limits on size. Diffusion of the
drifting electrons and their limited number defines
the position resolution. Ionization fluctuations and
finite track length limit the dE/dx particle
identification. The design specifications were ad-
justed accordingly to limit cost and complexity
without seriously compromising the potential for
tracking precision and particle identification.

Table 1 lists some basic parameters for the
STAR TPC. The measured TPC performance has
generally agreed with standard codes such as
MAGBOLTZ [8] and GARFIELD [9]. Only for
the most detailed studies has it been necessary to
make custom measurements of the electrostatic or
gas parameters (e.g., the drift velocity in the gas).

2. Cathode and field cage

The uniform electric field in the TPC is defined
by establishing the correct boundary conditions
with the parallel disks of the CM, the end caps,
and the concentric field cage cylinders. The central

Table 1

Basic parameters for the STAR TPC and its associated

hardware

Item Dimension Comment

Length of the TPC 420 cm Two halves,

210 cm long

Outer diameter of 400 cm 200 cm radius
the drift volume

Inner diameter of 100 cm 50 cm radius
the drift volume

Distance: cathode 209.3 cm Each side

to ground plane
Cathode

400 cm diameter

At the center of the
TPC

Cathode potential 28 kV Typical
Drift gas P10 10% methane,
90% argon
Pressure Atmospheric Regulated at
+2 mbar 2 mbar above atm.
Drift velocity 5.45 cm/ps Typical
Transverse 230 pm/+/cm 140 V/em & 0.5 T
diffusion (o)
Longitudinal 360 pm/+/cm 140 V/cm
diffusion (o)
Number of anode 24 12 per end
sectors
Number of pads 136 608
Signal to noise 20:1
ratio
Electronics 180 ns FWHM
shaping time
Signal dynamic 10 bits
range
Sampling rate 9.4 MHz

Sampling depth

Magnetic field

512 time buckets

0, +£0.25T,
+05T

380 time buckets
typical
Solenoidal

membrane is operated at 28 kV. The end caps are
at ground. The field cage cylinders provide a series
of equi-potential rings that divide the space
between the central membrane and the anode
planes into 182 equally spaced segments. One ring
at the center is common to both ends. The central
membrane is attached to this ring. The rings are
biased by resistor chains of 183 precision 2 MQ
resistors which provide a uniform gradient be-
tween the central membrane and the grounded end
caps.

The CM cathode, a disk with a central hole to
pass the Inner Field Cage (IFC), is made of 70 um
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Fig. 2. An IFC showing the construction and composition of the cylinder wall. Dimensions are in mm.

thick carbon-loaded Kapton film with a surface
resistance of 230 Q per square. The membrane is
constructed from several pie shape Kapton sec-
tions bonded with double-sided tape. The mem-
brane is secured under tension to an outer support
hoop which is mounted inside the Outer Field
Cage (OFC) cylinder. There is no mechanical
coupling to the IFC, other than a single electrical
connection. This design minimizes material and
maintains a good flat surface to within 0.5 mm.

Thirty six aluminum stripes have been attached
to each side of the CM to provide a low work-
function material as the target for the TPC laser
calibration system [10,11]. Electrons are photo-
ejected when ultraviolet laser photons hit the
stripes, and since the position of the narrow stripes
are precisely measured, the ejected electrons can be
used for spatial calibration.

The field cage cylinders serve the dual purpose
of both gas containment and electric field defini-
tion. The mechanical design was optimized to
reduce mass, minimize track distortions from
multiple Coulomb scattering, and reduce back-
ground from secondary particle production. Me-
chanically, the walls of the low mass self-
supporting cylinders are effectively a bonded
sandwich of two metal layers separated by
NOMEX' honeycomb (see Fig.2 for a cutaway
view). The metal layers are in fact flexible PC
material, Kapton with metal on both sides. The
metal is etched to form electrically separated
10 mm strips separated by 1.5 mm. The pattern
is offset on the two sides of the Kapton so that the
composite structure behaves mechanically more
like a continuous metal sheet. The 1.5 mm break is

'"NOMEX, manufactured by DuPont.

held to the minimum required to maintain the
required voltage difference between rings safely.
This limits the dielectric exposure in the drift
volume thus reducing stray, distorting electric
fields due to charge build up on the dielectric
surfaces. Minimizing the break has the additional
benefit of improving the mechanical strength.
Punch-through pins were used to -electrically
connect the layers on the two sides of the
sandwich.

The lay-up and bonding of the field cage
sandwich was done on mandrels constructed of
wood covered with rigid foam which was turned to
form a good cylindrical surface. Commercially
available metal-covered Kapton is limited in width
to ~20 cm so the lay-up was done with multiple
etched metal-kapton sheets wrapped around the
circumference of the mandrel. A laser interferom-
eter optical tool was used to correctly position
the sheets maintaining the equi-potential ring
alignment to within 50 um differentially and better
than 500 pm, overall. The mandrels were con-
structed with a double rope layer under the foam.
The ropes were unwound to release the mandrel
from the field cage cylinder at completion of the
lay-up.

A summary of the TPC material thicknesses in
the tracking volume are presented in Table 2. The
design emphasis was to limit material at the inner
radius where multiple coulomb scattering is most
important for accurate tracking and accurate
momentum reconstruction. For this reason alumi-
num was used in the IFC, limiting it to only 0.5%
radiation length (Xj). To simplify the construc-
tion, and electrical connections, copper was used
for the OFC. Consequently, the OFC is signifi-
cantly thicker, 1.3% Xj, but still not much more
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Table 2

Material thickness for the inner (IFC) and outer (OFC) electrostatic field cages®

Structure Material Density (g/cm3) Xo (g/ sz) Thickness (cm) Thickness (%0Xo)
Insulating gas N, 1.25¢-03 37.99 40 0.13
TPC IFC Al 2.700 24.01 0.004 0.04
TPC IFC Kapton 1.420 40.30 0.015 0.05
TPC IFC NOMEX 0.064 40 1.27 0.20
TPC IFC Adhesive 1.20 40 0.08 0.23
IFC total (w/gas) 0.65
TPC gas P10 1.56E-03 20.04 150.00 1.17
TPC OFC Cu 8.96 12.86 0.013 0.91
TPC OFC Kapton 1.420 40.30 0.015 0.05
TPC OFC NOMEX 0.064 40 0.953 0.15
OFC Adhesive 1.20 40 0.05 0.15
OFC total (w/gas) 243

# Adhesive is only an estimate.

than the detector gas itself. The sandwich structure
of the OFC cylinder wall is 10 mm thick while the
IFC has a wall thickness of 12.9 mm.

Nitrogen gas or air insulation was used to
electrically isolate the field cage from surrounding
ground structures. This design choice requires
more space than solid insulators, but it has two
significant advantages. One advantage is to reduce
multiple scattering and secondary particle produc-
tion. The second advantage is the insulator is not
vulnerable to permanent damage. The gas insu-
lator design was chosen after extensive tests
showed that the field cage kapton structures and
resistors could survive sparks with the stored
energy of the full size field cage. The IFC gas
insulation is air and it is 40 cm thick without any
detectors inside the IFC. It is 18 cm thick with the
current suite of inner detectors. The OFC has a
nitrogen layer 5.7 cm thick isolating it from the
outer shell of the TPC structure. The field cage
surfaces facing the gas insulators are metallic
potential graded structures which are the same as
the surfaces facing the TPC drift volume. In
addition to the mechanical advantages of a
symmetric structure, this design avoids uncon-
trolled dielectric surfaces where charge migration
can lead to local high fields and surface discharges
in the gas insulator volume.

The outermost shell of the TPC is a structure
that is a sandwich of material with two aluminum
skins separated by an aluminum honeycomb. The
skins are a multi-layer wraps of aluminum.
The construction was done much like the field
cage structures using the same cylindrical mandrel.
The innermost layer, facing the OFC, is electrically
isolated from the rest of the structure and it is used
as a monitor of possible corona discharge across
the gas insulator. The outer shell structure is
completely covered by aluminum extrusion sup-
port rails bonded to the surface. The support rails
carry the Central Trigger Barrel (CTB) trays.
These extrusions have a central water channel for
holding the structure at a fixed temperature. This
system intercepts heat from external sources, the
CTB modules and the magnet coils, which run at a
temperature significantly higher than the TPC.
This is just one part of the TPC temperature
control system which also provides cooling water
for the TPC electronics on the end-caps.

3. The TPC end-caps with the anodes and pad
planes

The end-cap readout planes of STAR closely
match the designs used in other TPCs such as
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PEP4, ALEPH, EOS and NA49 but with some
refinements to accommodate the high track
density at RHIC and some other minor modifica-
tions to improve reliability and simplify construc-
tion. The readout planes, MWPC chambers with
pad readout, are modular units mounted on
aluminum support wheels. The readout modules,
or sectors, are arranged as on a clock with 12
sectors around the circle. The modular design with
manageable size sectors simplifies construction
and maintenance. The sectors are installed on the
inside of the spoked support wheel so that there
are only 3 mm spaces between the sectors. This
reduces the dead area between the chambers, but it
is not hermetic like the more complicated ALEPH
TPC design [12]. The simpler non-hermetic design
was chosen since it is adequate for the physics in
the STAR experiment.

The chambers consist of four components; a pad
plane and three wire planes (see Fig.3). The

/’\

- —
1.00 spacing r_
%ATED GRID— {
1.00 spacing ——s={ |——

| SHIELD GRID — {

\ ANODE GRID —

LAST ANODE WIRE —/
i

2.00

N

688.00

amplification/readout layer is composed of the
anode wire plane of small, 20 pm, wires with
the pad plane on one side and the ground wire
plane on the other. The third wire plane is a gating
grid which will be discussed later. Before addres-
sing the details of the amplification region, a word
about the chosen wire direction. The direction is
set to best determine the momentum of the highest
transverse momentum (pr) particles whose tracks
are nearly straight radial lines emanating from the
interaction point (the momentum of low pr
particles is well determined without special con-
sideration). The sagitta of the high pr tracks is
accurately determined by setting the anode wires
roughly perpendicular to the straight radial tracks
because position resolution is best along the
direction of the anode wire. In the other direction,
the resolution is limited by the quantized spacing
of the wires (4 mm between anode wires). The
dimensions of the rectangular pads are likewise

ANODE WIRES

4.00 spacing

7] |

Quter Sector

715.14

1

Fig. 3. A cut-away view of an outer subsector pad plane. The cut is taken along a radial line from the center of the TPC to the outer
field cage so the center of the detector is to the right. The figure shows the spacing of the anode wires relative to the pad plane, the
ground shield grid, and the gated grid. The bubble diagram shows additional detail about the wire spacing. The inner subsector pad
plane has the same layout except the spacing around the anode plane is 2 mm instead of the 4 mm shown here. All dimensions are in

millimeters.



M. Anderson et al. | Nuclear Instruments and Methods in Physics Research A 499 (2003) 659-678

optimized to give the best position resolution
perpendicular to the stiff tracks. The width of the
pad along the wire direction is chosen such that
the induced charge from an avalanche point on the
wire shares most of it’s signal with only three pads.
This is to say that the optimum pad width is set by
the distance from the anode wire to the pad plane.
Concentrating the avalanche signal on three pads
gives the best centroid reconstruction using either
a 3-point Gaussian fit or a weighted mean.
Accuracy of the centroid determination depends
on signal-to-noise and track angle, but it is
typically better than 20% of the narrow pad

665

dimension. There are additional tradeoffs dictating
details of the pads’ dimensions which will be
discussed further in connection with our choice of
two different sectors designs, one design for the
inner radius where track density is highest and
another design covering the outer radius region.
Details of the two sector designs can be found in
Table 3 and Fig. 4.

The outer radius subsectors have continuous
pad coverage to optimize the dE/dx resolution
(i.e., no space between pad rows). This is optimal
because the full track ionization signal is collected
and more ionization electrons improve statistics on

Table 3
Comparison of the inner and outer subsector geometries
Item Inner subsector Outer subsector Comment
Pad size 2.85mm x 11.5 mm 6.20 mm x 19.5 mm
Isolation gap between pads 0.5 mm 0.5 mm
Pad rows 13 (#1-#13) 32 (#14-#45)
Number of pads 1750 3942 5692 total
Anode wire to pad plane spacing 2 mm 4 mm
Anode voltage 1170 vV 1390 V 20:1 signal:noise
Anode gas gain 3770 1230
Outer Pads Inner Pads

6.2 mm x 19.5 mm
Total of 3,942 Pads

6.7 x 20 mm Centers

T —
£ €
€ £ €
o 0
- g <
2 (7 I
o ] ©
<
I O 1
~ 1 o]
© ~ 2
x © x
© x
< ©
~
N o @
l —

20 mm RADIAL SPACIN
— 31 x 20 =620.00 mm

2.85mm x 11.5 mm

Total of 1,750 Pads

Row 1 thru 8 on 48 mm Centers
Row 8 thru 13 on 52 mm Centers
Cross Spacing 3.35 mm

/ 600.00 mm from DETECTOR CENTER
\
_

87 x 3.35 = 291.45 mm

3.35 mm CROSS SPACING

L

]

6.70 mm CROSS SPACING
- (7 x48) + (5 x 52) = 596.00 mm —]

m\

[=— 48.00 mm RADIAL SPACING
52.00 mm .

1271.95 mm from DETECTOR CENTER

Fig. 4. The anode pad plane with one full sector shown. The inner subsector is on the right and it has small pads arranged in widely
spaced rows. The outer subsector is on the left and it is densely packed with larger pads.
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the dE/dx measurement. Another modest advan-
tage of full pad coverage is an improvement in
tracking resolution due to anti-correlation of
errors between pad rows. There is an error in
position determination for tracks crossing a pad
row at an angle due to granularity in the ionization
process (Landau fluctuations). If large clusters of
ionization occur at the edge of the pad row they
pull the measured centroid away from the true
track center. But, there is a partially correcting
effect in the adjacent pad row. The large clusters at
the edge also induce signal on the adjacent pad
row producing an oppositely directed error in the
measured position in this adjacent row. This
effective cross talk across pad rows, while helpful
for tracking precision, causes a small reduction in
dE/dx resolution.

On the outer radius subsectors the pads are
arranged on a rectangular grid with a pitch of
6.7 mm along the wires and 20.0 mm perpendicu-
lar to the wires. The grid is phased with the anode
wires so that a wire lies over the center of the pads.
There is a 0.5 mm isolation gap between pads. The
6.7 mm pitch and the 4 mm distance between the
anode wire plane is consistent with the transverse
diffusion width of the electron cloud for tracks
that drift the full 2 m distance. More explicitly,
with a 4 mm separation between pad plane and
anode plane the width of the induced surface
charge from a point avalanche is the same as
the diffusion width. The pad pitch of 6.7 mm
places most of the signal on three pads which gives
good centroid determination at minimum gas gain.
This matching gives good signal-to-noise without
serious compromise to two-track resolution. The
pad size in the long direction (20.0 mm pitch) was
driven by available electronic packaging density
and funding, plus the match to longitudinal
diffusion. The z projection of 20.0 mm on 5 =1
tracks matches the longitudinal diffusion spread in
z for n = 0 tracks drifting the full 2 m.

The inner subsectors are in the region of highest
track density and thus are optimized for good two-
hit resolution. This design uses smaller pads which
are 3.35 mm by 12 mm pitch. The pad plane to
anode wire spacing is reduced accordingly to 2 mm
to match the induced signal width to ~ 3 pads. The
reduction of the induced surface charge width to

less than the electron cloud diffusion width
improves two-track resolution a small amount
for stiff tracks ~ perpendicular to the pad rows at
n=0. The main improvement in two-track resolu-
tion, however, is due to shorter pad length (12 mm
instead of 20 mm). This is important for lower
momentum tracks which cross the pad row at
angles far from perpendicular and for tracks with
large dip angle. The short pads give shorter
projective widths in the r—¢ direction (the direction
along the pad row), and the z direction (the drift
direction) for these angled tracks. The compromise
inherent in the inner radius subsector design with
smaller pads is the use of separate pad rows
instead of continuous pad coverage. This con-
straint imposed by the available packing density of
the front end electronics channels means that the
inner sector does not contribute significantly to
improving the dE/dx resolution. The inner sector
only serves to extend the position measurements
along the track to small radii thus improving the
momentum resolution and the matching to the
inner tracking detectors. An additional benefit is
detection of particles with lower momentum.

The design choices, pad sizes, and wire-to-pad
spacing for the two pad plane sector geometries
were verified through simulation and testing with
computer models [1,2], but none of the desired
attributes: dE/dx resolution, momentum resolu-
tion and two-track resolution show a dramatic
dependence on the design parameters. This is in
part due to the large variation in track qualities
such as dip angle, drift distance, and crossing
angle. While it is not possible with a TPC to focus
the design on a particular condition and optimize
performance, a lot is gained through oversampling
and averaging. In addition to simulations, proto-
type pad chambers were built and studied to verify
charge-coupling parameters and to test stability at
elevated voltages [13].

The anode wire plane has one design feature
that is different than in other TPCs. It is a single
plane of 20 um wires on a 4 mm pitch without
intervening field wires. The elimination of inter-
vening field wires improves wire chamber stability
and essentially eliminates initial voltage condition-
ing time. This is because in the traditional design
both the field wire and the anode wires are
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captured in a single epoxy bead. The Ilarge
potential difference on the field and anode wires
places significant demands on the insulating
condition of the epoxy surface. The surface is
much less of a problem in our design where the
epoxy bead supports only one potential. This wire
chamber design requires a slightly higher voltage
on the anode wires to achieve the same electric
field at the anode wire surface (i.e., a higher
voltage to achieve the same gas gain) but this is not
a limitation on stability. Another small advantage
in this design is that we can operate the chambers
at a lower gas gain (35% lower for the inner
sector) [13] since with this design the readout pads
pick-up a larger fraction of the total avalanche
signal. Like other TPCs, the edge wires on the
anode wire plane are larger diameter to prevent
the excess gain that would otherwise develop on
the last wire.

Most of the anode wires are equipped with
amplifiers and discriminators that are used in the
trigger to detect tracks passing through the end
cap. The discriminators are active before the
electrons drift in from tracks in the drift volume.

Another special feature of the anode plane is a
larger than normal (1 nF) capacitor to ground on
each wire. This reduces the negative cross talk that
is always induced on the pads under a wire
whenever an avalanche generates charge anywhere
along the wire. The negative cross talk comes from
capacitive coupling between the wire and the pad.
The AC component of the avalanche charge on a
wire capacitively couples to the pads proportion-
ally as Cp/Ciorar Where C, is the pad-to-wire
capacitance and Ci, is the total capacitance of
the wire to ground. In the high track density at
RHIC, there can be multiple avalanches on a wire
at any time so it is important to minimize this
source of cross-talk and noise. The 1 nF ground-
ing capacitor is a compromise between cross talk
reduction and wire damage risk. Our tests showed
that the stored energy in larger capacitors can
damage the wire in the event of a spark.

The gas gain, controlled by the anode wire
voltage, has been set independently for the two
sector types to maintain a 20:1 signal to noise for
pads intercepting the center of tracks that have
drifted the full 2 m. This choice provides minimum

gain without significantly impacting the recon-
structed position resolution due to electronic
noise. The effective gas gain needed to achieve
this signal-to-noise is 3770 for the inner sector and
1230 for the outer sector. As discussed in detail in
Ref. [14] the required gas gain depends on
diffusion size of the electron drift cloud, pad
dimensions, amplifier shaping time, the avalanche-
to-pad charge-coupling fractions and the electro-
nic noise which for our front end electronics is
~ 1000 electrons rms.

The ground grid plane of 75 pm wires completes
the sector MWPC. The primary purpose of the
ground grid is to terminate the field in the
avalanche region and provide additional rf shield-
ing for the pads. This grid can also be pulsed to
calibrate the pad electronics. A resistive divider at
the grid provides 50 Q termination for the grid and
50 Q termination for the pulser driver.

The outermost wire plane on the sector structure
is the gating grid located 6 mm from the ground
grid. This grid is a shutter to control entry of
electrons from the TPC drift volume into the
MWPC. It also blocks positive ions produced in
the MWPC, keeping them from entering the drift
volume where they would distort the drift field.
The gating grid plane can have different voltages
on every other wire. It is transparent to the drift of
electrons while the event is being recorded and
closed the rest of the time. The grid is ‘open’ when
all of the wires are biased to the same potential
(typically 110 V). The grid is ‘closed’ when the
voltages alternate +75 V from the nominal value.
The positive ions are too slow to escape during the
open period and get captured during the closed
period. The STAR gating grid design is standard.
Its performance is very well described by the usual
equations [12]. The gating grid driver has been
designed to open and settle rapidly (100 V in
200 ns). Delays in opening the grid shorten the
active volume of the TPC because electrons that
drift into the grid prior to opening are lost. The
combined delay of the trigger plus the opening
time for the gating grid is 2.1 ps. This means that
the useful length of the active volume is 12 cm less
than the physical length of 210 cm. To limit initial
data corruption at the opening of the gate, the plus
and minus grid driving voltages are well matched
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in time and amplitude to nearly cancel the induced
signal on the pads.

The gating grid establishes the boundary condi-
tions defining the electric field in the TPC drift
volume at the ends of the TPC. For this reason the
gating wire planes on the inner and outer
subsectors are aligned on a plane to preserve the
uniform drift field. For the same reason the
potential on the gating grid planes must be
matched to the potential on the field cage cylinders
at the intersection point. Aligning the gating grid
plane separates the anode wire planes of the two
sector types by 2 mm. The difference in drifting
electron arrival time for the two cases is taken into
account in the time-to-space position calibration.
The time difference is the result of both the 2 mm
offset and the different field strengths in the
vicinity of the anode wires for the two sector
types. The electron drift times near the anode
plane was both measured and studied with
MAGBOLTZ. The field is nearly uniform and
constant from the CM to within 2 mm of the
gating grid. We simulated the drift of ionization
from 2 mm above the gating grid to the anode
wires to estimate the difference between the inner
and outer subsector drift times. These MAG-
BOLTZ simulations find that the drift from the
CM to the outer subsectors requires 0.083 ps
longer than from the CM to the inner subsectors.
Measurement shows a slightly longer average time
difference of 0.087 ps.

The construction of the sectors followed techni-
ques developed for earlier TPCs. The pad planes
are constructed of bromine-free G10 printed
circuit board material bonded to a single-piece
backing structure machined from solid aluminum
plate. Specialized tooling was developed so that
close tolerances could be achieved with minimum
setup time. Pad plane flatness was assured by
vacuum locking the pad plane to a flat granite
work surface while the aluminum backer is bonded
with epoxy to the pad plane. Wire placement is
held to high tolerance with fixed combs on granite
work tables during the assembly step of capturing
the wires in epoxy beads on the sector backer.
Mechanical details of the wires are given in Table 4.
The final wire-placement error is less than 7 um.
Pad location along the plane is controlled to better

Table 4

Properties of the wires in the readout chambers

Wire Diam. Pitch Composition Tension

(um)  (mm) N)

Anodes 20 4 Au-plated W 0.50

Anodes— 125 4 Au-plated Be-Cu  0.50
last wire

Ground 75 1 Au-plated Be-Cu 1.20
plane

Gating grid 75 1 Au-plated Be-Cu 1.20

than 100 pm. The sectors were qualified with over-
voltage testing and gas-gain uniformity measure-
ments with an > Fe source.

4. Drift gas

P10 (90% argon + 10% methane) is the
working gas in the TPC. The gas system (discussed
in detail in Ref. [7]) circulates the gas in the TPC
and maintains purity, reducing electro-negative
impurities such as oxygen and water which capture
drifting electrons. To keep the electron absorption
to a few percent, the oxygen is held below 100
parts per million and water less than 10 parts per
million.

All materials used in the TPC construction that
are exposed to the drift gas were tested for out-
gassing of electron capturing contaminants. This
was done with a chamber designed to measure
electron attenuation by drifting electrons through
a 1 m long gas sample.

The transverse diffusion [8] in PI0 is
230 um/y/cm at 0.5T or about or = 3.3 mm
after drifting 210 cm. This sets the scale for the
wire chamber readout system in the X, Y plane.
Similarly, the longitudinal diffusion of a cluster of
electrons that drifts the full length of the TPC is
or = 5.2 mm. At a drift velocity of 5.45 cm/ps, the
longitudinal diffusion width is equal to a spread in
the drift time of about 230 ns full width half
maximum (FWHM). This diffusion width sets the
scale for the resolution of the tracking system in
the drift direction and we have chosen the front-
end pad amplifier shaping time and the electronic
sampling time accordingly. The shaping time is
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180 ns FWHM and the electronic sampling time is
9.4 MHz.

5. Performance of the TPC

This section will discuss the TPC performance
using data taken in the RHIC beam in the 2000/
2001 run cycle. The TPC performance with cosmic
rays without magnetic field has been previously
presented [15]. In 2000, the magnetic field was
0.25 T; in 2001 the field was raised to 0.5 T. The
TPC performance is strongly affected by the
magnetic field because, for example, the transverse
diffusion of the electrons that drift through the gas
is smaller in higher fields.

The track of an infinite-momentum particle
passing through the TPC at mid-rapidity is
sampled by 45 pad rows, but a finite momentum
track may not cross all 45 rows. It depends on the
radius of curvature of the track, the track
pseudorapidity, fiducial cuts near sector bound-
aries, and other details about the particle’s
trajectory. While the wire chambers are sensitive
to almost 100% of the secondary electrons arriving
at the end-cap, the overall tracking efficiency is
lower (80-90%) due to the fiducial cuts, track
merging, and to lesser extent bad pads and dead
channels. There are at most a few percent dead
channels in any one run cycle.

give the total ionization in the cluster. If two-
tracks are too close together, the ionization
clusters will overlap. These complex clusters are
split using an algorithm that looks for peaks with a
valley between them and then the ionization is
divided between the two tracks. These merged
clusters are used only for tracking and not for
dE/dx determination because of the uncertainty in
the partitioning between the tracks. In central Au—
Au events at 200 GeV, about 30% of the clusters
are overlapping.

5.1. Reconstruction of the x, y position

The x and y coordinates of a cluster are
determined by the charge measured on adjacent
pads in a single pad row. Assuming that the signal
distribution on the pads (pad response function) is
Gaussian, the local x is given by a fit, where Ay, h
and £ are the amplitudes on three adjacent pads,
with pad 5, centered at y = 0:

(72 /’13

where the width of the signal, o, is given by

) w?

* T (3 i)
and w is the pad width. The position uncertainty

due to electronics noise may be fairly easily
computed in this approach:

(@)

Ah ¢? 2x\ - 2N\ 16x?
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o
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The track of a primary particle passing through
the TPC is reconstructed by finding ionization
clusters along the track. The clusters are found
separately in x,y and in z space. (The local x-axis
is along the direction of the pad row, while the
local y-axis extends from the beamline outward
through the middle of, and perpendicular to, the
pad rows. The z-axis lies along the beam line.) For
example, the x-position cluster finder looks for
ionization on adjacent pads, within a pad row, but
with comparable drift times. And, for simple
clusters, the energy from all pads is summed to

2 2 _ _ 2
D) e

Here, Ah is the noise, /. is the signal amplitude
under a centered pad (k. = 0), and the three terms
in the root correspond to the errors on Ay, /i, and
hs respectively. For Ah<0.054 (a 20:1 signal-to-
noise ratio), the noise contribution is small. The
total signal is summed over all above-threshold
time buckets. This equation is slightly different
from the results in [16] because it includes the error
in the ¢ determination.

The Gaussian approximation has some short
comings. First, it does not exactly match onto the
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tails the true pad response function which intro-
duces an x-dependent bias of a few hundred pm.
More importantly, the algorithm deteriorates at
large crossing angles. When a track crosses the pad
row at large angles, it deposits ionization on many
pads and any three adjacent pads will have similar
amplitude signals. In this case, a weighted mean
algorithm, using all of the pads above a certain
threshold is much more effective.

Figs. 5a and ¢ show the position resolution
along the pad rows (local x) for both field settings
of the magnet. The sigma is extracted by fitting a
Gaussian to the residual distribution, i.e., the
distance between the hit position and the track
extrapolation.

5.2. Reconstruction of the z position in the TPC

The z coordinate of a point inside the TPC is
determined by measuring the time of drift of a
cluster of secondary clectrons from the point of
origin to the anodes on the endcap and dividing by
the average drift velocity. The arrival time of the
cluster is calculated by measuring the time of
arrival of the electrons in “time buckets” and
weighting the average by the amount of charge
collected in each bucket. (Each time bucket is
approximately 100 ns long.) The signal from a
typical cluster covers several time buckets because
of three phenomena: the longitudinal diffusion of
the drifting electrons, the shaping of the signal by

residual sigma (mm)

L (A) Half field, pad row direction

residual sigma (mm)

0 5 10 15 20 25
crossing angle (deg)

S0 TR PO FUORE OO PO O

30 350 5 10 15 20 25 30 35 40

dip angle (deg)

Fig. 5. Position resolution across the pad rows and along the z-axis of the TPC. The crossing angle is the angle between the particle
momentum and the pad row direction. The dip angle is the angle between the particle momentum and the drift direction, 6 =

cos™'(p. /p).
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the preamplifier electronics, and the track dip
angle. The preamplifier shaping time is chosen to
correspond to the size of the electron cloud for
particles drifting and diffusing the entire length of
the TPC [29]. This setting smooths out the random
fluctuations of the average cluster positions
introduced by statistics and diffusion. The ampli-
fier also has cancellation circuitry to remove the
long current tail characteristic of MWPCs [17].

The length of the signal reaching a pad depends
on the dip angle, 6, which is the angle between the
particle momentum and the drift direction. The
ionization electrons are spread over a distance d
along the beam axis, with d = L/tan(f) and L is
the length of the pad.

The drift velocity for the electrons in the gas
must be known with a precision of 0.1% in order
to convert the measured time into a position with
sufficient accuracy. But the drift velocity will
change with atmospheric pressure because the
TPC is regulated and fixed at 2 mbar above
atmospheric pressure. Velocity changes can also
occur from small changes in gas composition. We
minimize the effect of these variations in two ways.
First, we set the cathode voltage so the electric
field in the TPC corresponds to the peak in the
drift velocity curve (i.e., velocity vs. electric field/
pressure). The peak is broad and flat and small
pressure changes do not have a large effect on the
drift velocity at the peak. Second, we measure the
drift velocity independently every few hours using
artificial tracks created by lasers beams [10,11].
Table 1 gives the typical drift velocities and
cathode potentials.

The conversion from time to position also
depends on the timing of the first time bucket
with respect to the collision time. This time offset
has several origins: trigger delay, the time spent by
the electron drifting from the gating grid to the
anode wires, and shaping of the signal in the front
end electronics. The delay is constant over the full
volume of the TPC and so the timing offset can be
adjusted, together with the drift velocity, by
reconstructing the interaction vertex using data
from one side of the TPC only and later matching
it to the vertex found with data from the other side
of the TPC. Local variations of the time offset
can appear due to differences between different

electronic channels and differences in geometry
between the inner and outer sector pad planes.
These electronic variations are measured and
corrected for by applying a calibrated pulse on
the ground plane. Fluctuations on the order of 0.2
time buckets are observed between different
channels.

Figs. 5b and d show the position resolution
along the z-axis of the TPC in 0.25 and 0.5T
magnetic fields, respectively. The resolution is best
for short drift distances and small dip angles. The
position resolution depends on the drift distance
but the dependence is weak because of the large
shaping time in the electronics, which when
multiplied by the drift velocity (&1 cm), is
comparable to or greater than the longitudinal
diffusion width (~0.5 cm). The position resolution
for the two magnetic field settings is similar. The
resolution deteriorates, however, with increasing
dip angle because the length of path received by a
pad is greater than the shaping time of the
electronics (times drift velocity) and the ionization
fluctuations along the particle path are not fully
integrated out of the problem.

5.3. Distortions

The position of a secondary electron at the pad
plane can be distorted by non-uniformities and
global misalignments in the electric and magnetic
fields of the TPC. The non-uniformities in the
fields lead to a non-uniform drift of the electrons
from the point of origin to the pad plane. In the
STAR TPC, the electric and magnetic fields
are parallel and nearly uniform in r and z. The
deviations from these ideal conditions are small
and a typical distortion along the pad row is
< | mm before applying corrections.

Millimeter-scale distortions in the direction
transverse to the path of a particle, however, are
important because they affect the transverse
momentum determination for particles at high
p1- In order to understand these distortions, and
correct for them, the magnetic field was carefully
mapped with Hall probes and an NMR probe
before the TPC was installed in the magnet [6]. It
was not possible to measure the electric fields and
so we calculated them from the known geometry
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Table 5

The distortion corrections applied to STAR data; their cause, and the magnitude of their effect on the data

Cause of the distortion

Magnitude of the imperfection

Magnitude of the correction

Non-uniform B field
Geometrical effect between the inner
and outer subsectors

Cathode—non-flat shape and tilt 0.1 cm
The angular offset between E and B field 0.2 mr
TPC endcaps—non-flat shape and tilt 0.1 cm
Misalignment between IFC and OFC 0.1 cm
Space charge build up in the TPC 0.001 C/¢

+0.0040 T
Exact calculation based on geometry

0.10 cm

0.05 cm (near

pad row 13)

0.04 cm

0.03 cm

0.03 cm

0.03 cm

0.03 cm average over volume

of the TPC. With the fields known, we correct the
hit positions along the pad rows using the
distortion equations for nearly parallel electric
and magnetic fields [12].
5. — /—a)rBy + w*®B,
* (1 + w?1?)B.
E, + wtE,

4
Y arooE @
5 wtBy + 0’1’ B,
T (1 + w?1?)B,
E, — otE,
N ' — @tk )

(1 + 2 )E.

where J, is the distortion in the x direction, E and
B are the electric and magnetic fields, w is the
signed cyclotron frequency, and 7 is the character-
istic time between collisions as the electron diffuses
through the gas.

These are precisely the equations in Blum and
Rolandi [12], except that they are valid for any E
field or B field configuration while the equations in
Blum and Rolandi are not valid for all orientations
of E and B. Our equations differ from Blum and
Rolandi in the definition of wr. In Blum and
Rolandi, wr is always positive. Here, w1 is signed,
with the sign depending on the directions of B, E.
and the drift velocity u.:

o lem/ps)

E.(V/cm)
where k is a constant. The negative charge of the
drifting electrons is included in the sign of u.. For
example, the STAR electric field always points
towards the central membrane and electrons

B.(T) (6)

always drift away from it, while B, can point in
either direction. Here, k~100 and it depends
on microscopic physics that is not represented in
Egs. (4) and (5). For precise work, k& must be
determined by measuring wt directly [12,18]. In
STAR, k = 110 and so |wt| = 1.15 at 0.25 T, rising
to |wt|=2.30 at 0.5 T. The magnitude of the
distortion corrections are given in Table 5.

Fig. 6 shows the sum of the distortion correc-
tions as a function of radius and z inside the
active volume of the TPC. With these distortion
corrections applied, the relative error between
a point and the track-model fit is 50 um while
the absolute error for any one point is about
500 pm.

5.4. Two hit resolution

The inner and outer subsectors have different
size pads and so their two-hit resolutions are
different. Fig. 7 shows the efficiency of finding two
hits as a function of the distance separating them.
The efficiency depends on whether the track
segment is observed in the inner or the outer
subsectors. The efficiency is the ratio of the
distributions of the distance separating two hits
from the same event and two hits from different
events. Two hits can be completely resolved when
they are separated in the padrow direction (i.e.,
along the local x-axis) by at least 0.8 cm in the
inner sector and 1.3 cm in the outer sector.
Similarly, two hits are completely resolved when
they are separated in the drift direction (i.e., along
the z-axis) by 2.7 cm in the inner sector and 3.2 cm
in the outer sector.
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Fig. 6. The sum of all distortion corrections. The sum includes the distortions caused by the magnetic field non-uniformities,
misalignment between the axis of the magnetic and electric fields, the effects of a tilted central membrane, non-flat end-caps, and local
electric field imperfections at the junction of the inner and outer sectors at R~ 120 cm.
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Fig. 7. Two-hit resolution in the STAR TPC. The drift direction is along the z-axis and the pad row direction is along the local x-axis.

5.5. Tracking efficiency

The tracking software performs two distinct
tasks. First, the algorithms associate space points
to form tracks and, second, they fit the points on a
track with a track model to extract information
such as the momentum of the particle. The track
model is, to first order, a helix. Second-order
effects include the energy lost in the gas which
causes a particle trajectory to deviate slightly from

the helix. In this section, we will discuss the
efficiency of finding tracks with the software.

The tracking efficiency depends on the accep-
tance of the detector, the electronics detection
efficiency, as well as the two-hit separation
capability of the system. The acceptance of the
TPC is 96% for high momentum tracks traveling
perpendicular the beamline. The 4% inefficiency is
caused by the spaces between the sectors which are
required to mount the wires on the sectors. The
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software also ignores any space points that fall on
the last two pads of a pad row. This fiducial cut is
applied to avoid position errors that result from
tracks not having symmetric pad coverage on both
sides of the track. It also avoids possible local
distortions in the drift field. This fiducial cut
reduces the total acceptance to 94%.

The detection efficiency of the electronics is
essentially 100% except for dead channels and
the dead channel count is usually below 1% of the
total. However, the system cannot always separate
one hit from two hits on adjacent pads and this
merging of hits reduces the tracking efficiency. The
software also applies cuts to the data. For
example, a track is required to have hits on at
least 10 pad rows because shorter tracks are too
likely to be broken track fragments. But this cut
can also remove tracks traveling at a small angle
with respect to the beamline and low momentum
particles that curl up in the magnetic field. Since
the merging and minimum pad rows effects are
non-linear, we cannot do a simple calculation to
estimate their effects on the data. We can simulate
them, however.

In order to estimate the tracking efficiency, we
embed simulated tracks inside real events and then
count the number of simulated tracks that are in
the data after the track reconstruction software
has done its job. The technique allows us to
account for detector effects and especially the
losses related to a high density of tracks. The
simulated tracks are very similar to the real tracks
and the simulator tries to take into account all the
processes that lead to the detection of particles
including: ionization, electron drift, gas gain,
signal collection, electronic amplification, electro-
nic noise, and dead channels. The results of the
embedding studies indicate that the systematic
error on the tracking efficiency is about 6%.

Fig. 8 shows the pion reconstruction efficiency
in Au+ Au collisions with different multiplicities
as a function of the transverse momentum of the
primary particle [19]. In high multiplicity events it
reaches a plateau of 80% for high pr particles.
Below 300 MeV/c the efficiency drops rapidly
because the primary particles spiral up inside the
TPC and do not reach the outer field cage. In
addition, these low momentum particles interact
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Fig. 8. The pion tracking efficiency in STAR for central
Au+ Au events at RHIC. Tracks with [y|<0.7 were used to
generate the figure and the magnetic field was set to 0.25 T. The
data are binned by centrality. The most central collisions are the
highest multiplicity data, they are shown as black dots. The
lowest multiplicity data are shown as open triangles.

with the beam pipe and the inner field cage before
entering the tracking volume of the TPC. As a
function of mulitplicity, the efficiency goes up to
the geometrical limit, minus software cuts, for low
multiplicity events.

5.6. Vertex resolution

The primary vertex can used to improve
the momentum resolution of the tracks and the
secondary vertices can be separated from the
primary vertices if the vertex resolution is good
enough. Many of the strange particles produced in
heavy ion collisions can be identified this way.

The primary vertex is found by considering all
of the tracks reconstructed in the TPC and then
extrapolating them back to the origin. The global
average is the vertex position. The primary vertex
resolution is shown in Fig. 9. It is calculated by
comparing the position of the vertices that are
reconstructed using each side of the TPC, sepa-
rately. As expected, the resolution decreases as the
square root of the number of tracks used in the
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Fig. 10. Transverse momentum resolution of the STAR TPC for n~ and anti-protons in the 0.25 T magnetic field. Tracks are required
to be formed by more than 15 hits. Tracks are embedded in minimum bias events. The momentum resolution is calculated as the

Gaussian sigma.

calculation. A resolution of 350 um is achieved
when there are more than 1000 tracks.

5.7. Momentum resolution

The transverse momentum, pt, of a track is
determined by fitting a circle through the x, y
coordinates of the vertex and the points along the
track. The total momentum is calculated using this
radius of curvature and the angle that the track
makes with respect to the z-axis of the TPC. This

procedure works for all primary particles coming
from the vertex, but for secondary decays, such as
A or K, the circle fit must be done without
reference to the primary vertex.

In order to estimate the momentum resolution
we use the embedding technique discussed
above. The track simulator was used to create
a track with a known momentum. The track
was then embedded in a real event in order to
simulate the momentum smearing effects of work-
ing in a high track density environment. Fig. 10
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shows the pt resolution for n~ and anti-protons in
STAR. The figure shows two regimes: at low
momentum, where multiple Coulomb scattering
dominates (i.e., pr<400 MeV/c for pions, and
pr<800 MeV/c for anti-protons), and at higher
momentum where the momentum resolution is
limited by the strength of the magnet field and the
TPC spatial resolution. The best relative momen-
tum resolution falls between these two extremes
and it is 2% for pions.

5.8. Particle identification using dE /dx

Energy lost in the TPC gas is a valuable tool
for identifying particle species. It works especially
well for low momentum particles but as the
particle energy rises, the energy loss becomes less
mass dependent and it is hard to separate particles
with velocities v > 0.7c. STAR was designed to be
able to separate pions and protons up to
1.2 GeV/c. This requires a relative dE/dx re-
solution of 7%. The challenge, then, is to calibrate
the TPC and understand the signal and gain
variations well enough to be able to achieve
this goal.

dE/dx Vs. P
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The measured dE/dx resolution depends on the
gas gain which itself depends on the pressure in the
TPC. Since the TPC is kept at a constant 2 mbar
above atmospheric pressure, the TPC pressure
varies with time. We monitor the gas gain with a
wire chamber that operates in the TPC gas return
line. It measures the gain from an »Fe source. It
will be used to calibrate the 2001 data, but for the
2000 run, this chamber was not installed and so we
monitored the gain by averaging the signal for
tracks over the entire volume of the detector and
we have done a relative calibration on each sector
based on the global average. Local gas gain
variations are calibrated by calculating the average
signal measured on one row of pads on the pad
plane and assuming that all pad-rows measure the
same signal. The correction is done on the pad-row
level because the anode wires lie on top of, and run
the full length of, the pad rows.

The readout electronics also introduce uncer-
tainties in the dE/dx signals. There are small
variations between pads, and groups of pads, due
to the different response of each readout board.
These variations are monitored by pulsing the
ground plane of the anode and pad plane read-out

12
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dE/dx (keV/cm)
o

~

e .mnaP

10"

P (GeV/c)

Fig. 11. The energy loss distribution for primary and secondary particles in the STAR TPC as a function of the pr of the primary

particle. The magnetic field was 0.25 T.
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system and then assuming that the response will be
the same on every pad.

The dE/dx is extracted from the energy loss
measured on up to 45 padrows. The length over
which the particle energy loss is measured (pad
length modulo the crossing and dip angles) is too
short to average out ionizations fluctuations.
Indeed, particles lose energy going through the
gas in frequent collisions with atoms where a few
tens of eV are released, as well as, rare collisions
where hundreds of eV are released [20]. Thus, it is
not possible to accurately measure the average
dE/dx. Instead, the most probable energy loss is
measured. We do this by removing the largest
ionization clusters. The truncated mean where a
given fraction (typically 30%) of the clusters
having the largest signal are removed, is an
efficient tool to measure the most probable
dE/dx. However, fitting the dE/dx distribution
including all clusters associated to a given track
was found to be more effective. It also allows us to
account for the variation of the most probable
energy loss with the length of the ionization
samples (dx) [21].

Fig. 11 shows the energy loss for particles in the
TPC as a function of the particle momentum. The
data have been corrected for signal and gain
variations and the data are plotted using a 70%
truncated mean. The magnetic field setting is
0.25 T. The resolution is 8% for a track that
crosses 40 pad-rows. At 0.5 T, the dE/dx resolu-
tion improves because the transverse diffusion is
smaller, and this improves the signal-to-noise ratio
for each cluster. Fig. 11 includes both primary and
secondary particles. The prominent proton, deu-
teron, and muon bands come from secondary
interactions in the beam pipe and IFC, and from
pion and kaon decays. Pions and protons can be
separated from each other up to 1 GeV/c.

6. Conclusions

The STAR TPC is up and running at RHIC.
The detector finished its second year of operation
on January 25, 2002 and the operation of the TPC
was stable and reliable throughout both run cycles.
Its performance is very close to the original design

requirements in terms of tracking efficiency,
momentum resolution, and energy-loss measure-
ments. Many results from the 2000/2001 data have
already been published and they demonstrate that
the physics at RHIC is exciting and rich. We invite
you to examine these papers [22-28].
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Abstract

The STAR TPC (Time Projection Chamber) Gas System supplies either of two mixtures, P10 (Ar 90% + CHy4 10%)
or C;Hg 50% + He 50%, to the STAR TPC (STAR Project, Brookhaven, USA) at a controlled pressure. This system
regulates the pressure and composition of the gas while monitoring gas temperature, O, and H,O. A computer data
acquisition system collects and logs the gas system parameters, controls the purification of the recirculating mixture. A
separate alarm and interlock system prevents the TPC from operating under unsafe conditions.

© 2002 Elsevier Science B.V. All rights reserved.

1. Description of STAR TPC gas system

The primary purpose of the STAR TPC [1] Gas
System (Fig. 1) is to provide either of two pure gas
mixtures, P10 or He + 50% C,Hg, to the TPC at
the correct temperature and pressure. Performance
of the system is shown in Table 1.

A secondary function of the system is to cool the
outer field cage resistor strings located in two
channels at the top of the drift volume. The system
operates nominally as a closed circuit gas system
with the majority of gas recirculating through the
TPC and delivery system. During normal opera-
tion a small amount of fresh mixture is added and
an equivalent quantity (including TPC leakage) of
the existing mixture is vented. The gas system can

*Corresponding author.
E-mail address: string@physics.purdue.edu
(B. Stringfellow).

be operated in an open system configuration for
purging.

The gas circulation rate is 36,000 1/h which,
given the 50,0001 volume of the TPC, is one
volume change every 1.4h. The gas system
contains two Rietschel’s compressors, one active
and one spare, each capable of 60,000 1/h at
100 mbar gauge. The 100 mbar output pressure
from the compressor is reduced to 30 mbar by the
first pressure regulator (PCV-1) and then to
2.4 mbar by the second one (PCV-4) upstream of
the TPC. A water-cooled heat exchanger down-
stream of the compressors is used to remove the
compression heat. The return gas manifold is
maintained at 0.5-1.6 mbar above atmospheric
pressure by a differential Dwyer’s pressure trans-
mitter (PT-6) and electropneumatic microproces-
sor (PID) controller that operates a bypass valve.
The bypass shunts flow from the compressor
discharge line directly back to the compressor’s

0168-9002/03/$ - see front matter © 2002 Elsevier Science B.V. All rights reserved.

doi:10.1016/S0168-9002(02)01967-8
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intake. A second bypass valve (MV-9) is manually
adjusted to enable the automatic control loop to
be used within its optimum range.

The purity and composition of the TPC mixture
is monitored using O,, CHy (C;H¢) and H,O
analyzers. An additional CH4 analyzer is installed
to constantly measure the CH4 content of the fresh
mixture. A fraction of the recirculating mixture
can be passed through a dryer and purifier to
remove H,O and contaminants as needed. Fresh
gas is provided by the Gas Storage/Supply System.

A computer driven data acquisition/control
system (Fig. 2) monitors all of the process vari-

Table 1

Gas system parameters

TPC Volume 50,000 1

Mixture (10+0.1%) CHy in Ar,

(50101%) C2H6 in He

ables. The computer system flags quantities that
fall outside of predefined limits and initiates
corrective action. However, where the safety of
equipment or personnel are concerned, a relay-
based, hard-wired interlock system connected to a
redundant set of sensors controls the action of all
key valves. The relay-based controls will bring the
gas system to a safe state in the event the
computer-based controls fail.

It is imperative, for the safety of the TPC, that
the TPC pressure accurately tracks ambient
pressure. A rapid change in atmospheric pressure
is typical preceding storms and hurricanes, not
uncommon in the Long Island area. To assure that
the TPC follows a fast rise in ambient pressure, a
relatively large flow of inert gas will be admitted
into the vessel if normal pressure controls fail to
keep up with falling external pressure. The vent
lines and associated valves are sized to allow for

90-120 mb: . . .
Compressor pressure 0120 mbar rapid venting of the TPC gas to prevent a high
Supply pressure 2.2-2.4 mbar . .
Return pressure 0.5-1.6 mbar internal pressure should the external ambient
Internal TPC pressure 2.0+0.03 mbar pressure fall faster than the closed system controls
Recirculation flow 36,000 1/h can accommodate. A large valve (SV-18) is opened
1‘;}"1%6 flow . ;20 Oé)g 11/}}: if rapid venting is required and a bubbler
akeup gas Fow 0331/ connected to the TPC exhaust manifold will vent
Oxygen content <25 ppm ) .
Water content <20 ppm in the event that all other measures fail. The SV-18
valve is a “normally open” solenoid valve, so it
GAS System Controller process | | Data Writer DB engine ]
GUIThread | DAQ Thread process — DB Vicwer
System Analog niches y |
Parameters* || Data Variables WWW
Panel Acquisition - il "
' \ T Database 3
Setup - | System E
Panel l v Parameters EPICS -4
Alarms memory mapped process
Manual Conditions \ fite /
Control ‘Handler ~ ~ EPICS 5
(= Data .
: Sender
| O board and RS-232 driver | History
Log
RS-232 Alarm System
Configuration @
> roCcess
1/0 board Commutator Barometer L
¢ To digital A From Temperature
devices | sensors sensors
Alarm
System

Fig. 2. DAQ and control diagram.
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opens automatically when there is a power failure.
A restrictive orifice has been placed upstream of
the high-pressure regulators to assure that the TPC
and vent piping is not overwhelmed by a high
intake flow.

1.1. Pressure control

There are two sources of pressure in the gas
system. The first is the compressor located at the
exit of the TPC. The second is the flow of fresh gas
through the mixing manifold. Normally the
pressure within the TPC is controlled by main-
taining a constant pressure downstream of the
TPC by regulating the amount of gas shunted
from the compressor output to intake.

As mentioned above, the output from the
compressor is 60,000 I/h at 100 mbar. The back
pressure regulator (BPCV-1) in the outlet line
maintains the 100 mbar pressure independent of
compressor output and provides an exhaust to
make up for the influx of fresh gas. Two pressure
levels of 30 mbar and 2.4 mbar are controlled
by the pressure regulators PCV-1 and PCV-4
upstream of the TPC. The TPC exhaust pressure,
measured at the return gas manifold may be
maintained in the range of 0.5-1.6 mbar by a
Tescom electropneumatic microprocessor PID
controller (ER2000). A Dwyer 0-2.5 mbar differ-
ential pressure transmitter (PT-6) produces a
4-20 mA output that the PID controller compares
to a set point value. If the transmitter signal is
different from the set point, the controller sends a
pneumatic output signal to the bypass control
valve. The bypass shunts flow from the compressor
discharge line directly back to the compressor
intake. Opening the bypass valve causes the TPC’s
exhaust pressure to rise and closing it makes the
pressure fall. A second bypass valve (MV-9),
manually adjusted during the initial system set-
up, enables this automatic control loop to be used
within its optimum range. Using PT-6a pressure
transmitter, setting on the TPC instead of PT-6
permits to have more high TPC pressure stability.

There are additional levels of control in the
event the primary pressure control loop fails or is
insufficient to keep up with external pressure
changes. When the internal TPC pressure, as

measured by PT-5 and PI-7, is more than
2.0 mbar above ambient, the gas control system
will close the solenoid valves SV-10, SV-20 and
SV-21 in the gas supply lines and open the vent
valve SV-18 allowing the TPC to vent directly to
the atmosphere. If the pressure exceeds 3.0 mbar,
the excess TPC mixture will vent to the atmo-
sphere through the bubbler as well. This system of
backups protects the TPC from over pressure due
to mass flowmeter malfunction, rapidly dropping
atmospheric pressure and a failure of the back-
pressure regulator.

The TPC is also protected from under pressure.
If there is a rapid rise in atmospheric pressure or,
effectively, a fast drop in the TPC’s internal
pressure, the dual set point Dwyer differential
pressure transmitter (PT-5) in the return manifold
will trip as the pressure falls below 0.5 mbar,
causing an audible and visual alarm. If the
pressure at PT-5 falls further, to 0.3 mbar, a
second set point trips and the computer control
system will stop the compressor, shut-off the flow
of flammable gas closing SV-21, 21a (Fig. 3) and
pass inert gas through the CH4 (C;Hg) mass
flowmeters by opening valves SV-22, SV-12,
SV11 and maintain SV-10 in the open position to
supply an additional 300 1/min of inert gas. This
system can keep up with a rate of increase of
atmospheric pressure of up to 6 mbar/min. An
added level of protection against TPC under
pressure is provided by another pressure-indicat-
ing switch (PI-7) with dual set points installed in
the return manifold. This switch is not connected
to the computer control system, but, instead, is
hardwired to perform the same functions as the
computer control system in the event of falling
TPC pressure.

To protect TPC cylindrical case from the
damage in the case of the overpressure inside the
TPC insulation gap, PT7 measures differential
pressure. If this pressure is less 0.0 mbar, SV23 will
be closed by the control system.

The TPC is also protected from pressure
extremes in case of power failure. A power failure
will cause solenoid valves, SV-10, 11, 12, 19, 20
and 22 to open or remain open and will cause SV-
21, 21a to close, causing 60 1/min of inert gas to
flow through the TPC. This flow rate is adequate
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to assure that fluctuations in the atmospheric
pressure will not result in an excessive external
pressure in the field cage and the TPC gas will not
be contaminated by air being drawn back in
through the exhaust vent. In the event that the Ar
(He) supply is exhausted before power is restored,
N, will automatically flow into the system to
assure an adequate purge of all flammable
mixtures. This N, back up of the Ar (or He) is
provided by a completely passive system, see
Fig. 3, where the supply of N, is maintained at a
lower pressure than the Ar (or He) supply. As the
primary gas runs out and the pressure falls, the N,
begins to flow when the pressure exceeds the sum
of the primary gas pressure and the check valve-
cracking pressure. The check valves (CV-15, CV-
16) cracking and reseal pressures were selected in
conjunction with the delivery pressure of the
primary (Ar or He) gas and N, to assure that
back flow of either gas does not occur.

1.2. Mixture control

The gas mixture is controlled with mass flow
meters, which feed fresh gas into the circulation
loop between pressure regulators PCV-1 and PCV-
4. The fresh gas mixing ratio is controlled for two
different flow ranges by using different sets of flow
meters. To rapidly purge the TPC, mass flow
meters FM-2 and FM-3 are used to deliver fresh
gas mixture at up to 200 1/min. Mass flow meters
FM-1, FM-2, FM-3 and FM-4 are used for long
term stable delivery at a reduced flow rate of
3.0-33 1/min for Ar—CHy or up to 50 1/min for the
He—C,Hg mixture. The flow meters are operated as
master-slave with FM-1 slaved to FM-4 and FM-2
slaved to FM-3. The masters are normally
remotely controlled by computer but may be
controlled locally if necessary.

1.3. Temperature measurement, drift and gas gain
monitoring

Four temperature transmitters (TT-2, TT-3, TT-
4 and TT-5) are used to measure the mixture
temperature within the TPC. A fifth temperature
transmitter, TT-1, measures the mixture tempera-
ture within the monitoring chamber. The tempera-

ture control of the TPC is a function of the cooling
system and is independent of the gas system. The
measured temperatures in the TPC are logged in a
database.

Drift and Gas Gain measurements are provided
by a separate, specially constructed chamber built
and tested by Purdue University, for use in this
application. Output from this chamber is read and
evaluated by a separate data acquisition unit and
archived for future reference.

1.4. Mixture sampling

The gas system is equipped with O,, H,O and
CH,4 (or CyHg) monitors plumbed such that each
section of the gas system can be selected separately
for evaluation. Since some sample points are at
low pressure, a small membrane compressor is
used to maintain gas flow through the analyzers.

In the interest of safety, a second O, monitor
upstream of the 30 mbar pressure regulator (PCV-
1) provides a continuous monitor of the recirculat-
ing gas mixture. If the O, content exceeds the
0.1% set point, the flow of flammable gas will be
shut off and inert gas will flow in its place. As an
added precaution, during P10 running, a dedicated
gas monitor at the output of the mixing manifold
continuously measures the CHy content of the
incoming mixture. In the event that the CHy
content exceeds 11%, the monitor will trip and
shut off the flow of CHy4 to the system. All
analyzers are read and archived with the compu-
ter-based Data Acquisition System.

1.5. Purification

0O, and H,O contamination is controlled with a
dryer and purifier which withdraw a portion,
about 40-451/min, of the flow upstream of the
30 mbar regulator and deliver the conditioned
mixture to the recirculating flow upstream of the
2.4 mbar regulator. This loop is controlled by the
computer control system and used only as needed
to maintain low O, and H,O levels.

The dryer is made from a stainless steel tube
containing 10 Ibs (4.5 kg) of molecular sieve
(Zeolite 13X) adsorbent. This amount permits
the removal of about 3 Ibs (1.4 kg) of water vapor
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to a level of 2-5 ppm at room temperature. Filters
are installed upstream and downstream of the
adsorbent to prevent Zeolite dust contamination
of the rest of the system. The absorbent column is
equipped with a heater coil and insulating jacket
for regenerating the absorbent. The dryer is
regenerated by heating to 350-400°C while pur-
ging with Ar or He gas. The purge gas enters at the
top of the dryer and exits at the bottom, carrying
with it the water vapor. A temperature transmitter
fixed on the outside of the tube and connected to a
Dwyer controller (TIC-1) regulates the coil tem-
perature. Solenoid valves installed at the intake
and outlet of the dryer isolate the unit from the
main circuit when it’s not in use. A H,O analyzer
is used to measure the quantity of H,O in the
circuit before and after the dryer to determine
when the adsorbent is saturated.

The purifier is similar in mechanical construc-
tion to the dryer, but it is filled with a catalyzer
that permits the oxidization of CH4 (C,Hg) by O,
present as an impurity, to form alcohol. The dryer
subsequently removes the alcohol. The catalyzed
oxidization process takes place at 210-220°C. This
purifier does not require regeneration but must
work in conjunction with the dryer. The dryer can
be used separately as required. Initial tests
with the TPC show that the catalyzer must be
used continuously to maintain an acceptable
19-22 ppm O, level with a gas refresh rate of
151/min. The equilibrium O, level is 60 ppm
without the catalyzer.

Two safety valves, PSV-1 and PSV-2, prevent
accidental over pressure of the dryer and purifier
during purging. A 10-um filter is installed after the
purifier/dryer prevents dust from passing into the
main mixture supply line. Dust buildup in the filter
is monitored with a Dwyer’s differential pressure
transmitter (PT-9).

2. TPC gas system control and data acquisition
2.1. Alarm and interlock system
The alarm/interlock system provides warnings,

prevents fault conditions and takes corrective
action automatically if specified parameter limits

PC I/O Board Alla(l;n l;_ancl Mnemo-
ndication scheme
= + > Alarm
g — Indication
g2 52 Sclected Channels
223 8 g Block Out
28 g 2. & External
§ E g §§ > = Devices
= ~
3 0
PCor Manuali & Logical Block S > Vlc;llit%il;c
Control  —— | (24 channels) © — =
Alarm
—_ >
Total > i Sound
Block Out " Alarm
> Light

Fig. 4. Block diagram of alarm/interlock subsystem.

are exceeded. These actions include stopping the
gas system compressor and shutting off ignition
sources in the TPC and turning off flammable gas
at the source. The alarm/interlock system design is
based on solid-state relays. This system operates in
parallel with the computer control system and in
many cases provides redundant control. A block
scheme of the Alarm system is shown in Fig. 4. A
list of fault conditions and the system’s response is
contained in Table 2.

2.2. Data acquisition and control

The gas system is controlled by a PC-based
DAQ subsystem (Fig.2) that consists of three
separate devices. The first one is a barometer for
measuring the atmospheric pressure [3]. The
second is a commutator for temperature measure-
ments at multiple points. Each of these two devices
is based on an Intel 8031 microcontroller and is
connected to the main computer with a standard
RS-232 interface. The third device is a custom I/O
board, which was developed for the Gas System.
This I/O board has 32 analog input channels, 8
analog output channels, 32 digital output channels
and, optionally, 8 digital input channels. There are
32 sensors connected to this board: 10 pressure
transmitters, 6 pressure indicators, 5 flowmeters, 2
flow indicators and 9 content analyzers. The board
also controls 22 solenoid valves, 3 compressors, 2
alarm indicators and an interlock for ignition
sources in the TPC. Analog output channels are
used to control flowmeters. Each analog input
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Table 2

List of fault conditions

Condition Description Action

PT1<50 mbar Output of compressor—input of PCV1 Alarm

PT7<0.0 mbar TPC Volume-TPC Gap Alarm

PT5<0.3 mbar
PT1 > 2.5 mbar
CH4<9.0%
CHy > 11.0%
C,Hg <49.6%
C,Hg > 50.4%
0, > 80 ppm
H,0 > 80 ppm
PT9 > 80 mbar
PT10 > 12 mbar

Output of TPC—input of compressor
Output of TPC—input of compressor
M3a Methane return gas

M3a Methane return gas

M3b Ethane return gas

M3b Ethane return gas

M1 Oxygen content of return gas

M2 Water content of return gas
Pressure across dryer filter

Pressure across main filter

PS1<0.5 mbar Small compressor

CHy4 > 11.0% M4 Fresh methane
PI8<0.5 bar Argon supply Rack 3
P19<0.5 bar Methane supply Rack 3
PI13<0.5 bar Argon supply on pad
PI14<0.5 bar Methane supply on pad

PI15<0.5 bar
PT2> 2.5 mbar
0, >0.1%

Nitrogen supply Rack 3
TPC Inlet pressure
M5 Oxygen meter

Alarm, stop compressor & HV, Purge
Alarm, stop HV, Fresh Gas, Open SV18 (Vent)
Alarm, Stop HV

Alarm, Stop HV & Methane In
Alarm, Stop HV

Alarm, Stop HV & Ethane In

Alarm, Stop HV & Compressor
Alarm, Stop HV & Compressor
Alarm

Alarm

Alarm

Alarm

Alarm

Alarm

Alarm

Alarm

Alarm

Alarm

Alarm

channel has overvoltage protection and uses signal
averaging (0.2 mV accuracy in 0.7 s) to reduce the
noise effect in the cables.

The software for microcontroller devices was
written in 8051 assembly code. The barometer
software reads out the pressure sensor, shows
pressure in one of the three allowed units (mbar,
mmHg and kPa) on a LCD indicator and responds
to the main computer requests for pressure values.
The commutator software provides reading of up
to 16 temperature sensors connected in a four-wire
scheme. The commutator code also handles four
RS-232 ports, one master port for main computer
and three slave ports for other devices. One of the
slave ports is connected to the barometer. The
software accepts requests from the main computer
to establish a “transparent’ connection to one of
the slave ports or to send all the temperature
values.

The main computer software (Fig. 2) has been
developed with Borland Delphi 5 [2] for Windows
2000. It provides reliable data acquisition, alarm
conditions handling and manual control of the

Gas System. The software also logs all events and
process variables, transfers data to EPICS [4] and
publishes all the process variables on the World
Wide Web. All these tasks are distributed between
multiple processes that communicate making use
of special operating system kernel objects.

Gas System Controller is the heart of the
DAQ software. In order to make DAQ more
reliable it has been divided into two threads: one
for the Graphical User Interface (GUI) and one
for the data acquisition. The GUI thread is
composed of three windows: manual control
window, system parameters window that shows
process variables, and configuration window for
all preferences and settings. The DAQ thread
acquires all the process variables, writes them into
shared memory and checks alarm conditions.
Every alarm settings contains alarm threshold,
alarm message and control template, which
indicates alarm set and release action for every
controlled device, e.g. valve or compressor. This
allows user to have a very flexible configuration of
system behavior.
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The Data Writer reads current process variables
acquired by the main process and writes them to
the MS Access database. Using a separate process
for this critical operation improves overall soft-
ware stability and decreases response time for gas
system events. The EPICS process is very similar.
It just sends all process variables to EPICS
software through a TCP/IP network [5]. There
are two ways for the data—it can be either saved
to a remote disk on a Unix machine or sent
directly to the EPICS database making use EZCA
library for Win32 platform.

All data from the TPC gas system are kept in
MS Access database, giving one a possibility to use
native MS Access tools for converting and
analyzing these data. Besides, this simplifies

2.070 —

2.068 —

PT-8, mbar

o

711

dramatically access to the certain data in a huge
database (for example, 3.5 month database has
approximately 200 thousands of records). Some-
times it is useful to get fast results and charts from
the database during the gas system operation. A
special tool for working with the database has
been developed. This program (DB Viewer)
provides visualization of the data from any system
sensor at any given date for one of three periods
(day, week or month). It also allows user to
convert data from the database to tab-delimited
text file for external analysis. Web server for the
gas system was built with Delphi and provides
remote access to the database and current system
parameters. It also works as a server for the special
client using XDR-based UDP protocol.
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Fig. 5. TPC Pressure stability test. Rectangles correspond to barometric pressure (PTB), TPC internal pressure (PT-8) is shown as a

solid line.
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3. TPC gas system experimental pressure stability

The STAR TPC Gas System was tested at
Lawrence Berkeley National Laboratory and
Brookhaven National Laboratory.

The results of the pressure stability test with the full
TPC volume are shown in Fig. 5, along with the
barometric pressure. In this test the PT-6a pressure
transmitter signal was used as the feedback signal by
PID Controller. The pressure was measured with PT-
8 pressure transmitter setting on the TPC. Although
the barometric pressure varied in the range of
+9.3 mbar during the testing period, the inside
TPC pressure was stable at 2.057 mbar within the
range of +0.0035 mbar. This shows that the TPC
Gas System can support a constant pressure differ-
ence between the inside pressure and the outside
barometric pressure with a stability of +0.004 mbar.

Using the PT-6 pressure transmitter as the
feedback PID  Controller  signal  gives
+0.03 mbar internal TPC pressure stability.
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Abstract

The Time Projection Chamber (TPC) is the core tracking detector for the STAR experiment at RHIC. To determine
spatial distortions, calibrate and monitor the TPC, a laser calibration system has been built. We developed a novel
design to produce ~ 500 thin laser beams simulating straight particle tracks in the TPC volume. The new approach is
significantly simpler than the traditional ones, and provides a higher TPC coverage at a reduced cost. During RHIC
2000 and 2001 runs the laser system was used to monitor the TPC performance and measure drift velocity with ~0.02%

accuracy. Additional runs were recorded with and without magnetic field to check E x B corrections.

© 2002 Elsevier Science B.V. All rights reserved.

PACS: 29.40.—n; 29.40.Gx

Keywords.: Detectors; Laser; Time Projection Chamber; Calibration; Heavy ions

1. Introduction

Gas detectors in many modern experiments are
large and complex. Assembling, testing, calibrat-
ing and monitoring during accelerator runs
becomes a difficult task. The introduction of
narrow ultraviolet (UV) laser beams to imitate
straight charged particle tracks simplifies operat-
ing procedures [1]. If the laser beam position and
time of appearance is known with high accuracy,
repeated measurements provide precise calibra-
tion. Laser tracks have no multiple scattering and

*Corresponding author.
E-mail address: alebedev@bnl.gov (A. Lebedev).

are not sensitive to magnetic fields. A comprehen-
sive review of detector calibration by laser beams
is presented in Ref. [2]. Experiments with gaseous
detectors being proposed for new accelerators with
much higher particle multiplicity foresee problems
with two-particle resolution and distortion due to
charge accumulation in the sensitive volume [3].
This becomes especially important at accelerators
with high energy, heavy ion beams, where particle
multiplicity could reach dN/dy~2000-5000. To
monitor these distortions, more calibration tracks
are required. In this article we briefly describe the
laser system for the Time Projection Chamber
(TPC) in the STAR experiment at the heavy ion
collider, RHIC [4].

0168-9002/03/$ - see front matter © 2002 Elsevier Science B.V. All rights reserved.
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2. Laser system requirements

The main tracking detector in the STAR
experiment is a TPC [5]. The task of the TPC is
to provide track reconstruction, momentum mea-
surement and particle identification. The STAR
TPC is a cylinder 4m in diameter and 4.2 m long,
with a 0.5 T axial magnetic field. The TPC volume
is bounded by coaxial inner and outer field cages
(IFC, OFC) connected to end cap wheels with
multiwire proportional chambers (MWPC) on the
end wheels. The working gas for the MWPC is
90% argon and 10% methane (P-10). A high
voltage membrane at the TPC center with resistor
chains on the field cages creates a uniform electric
field along the Z-axis (parallel to the magnetic
field) in which electrons produced by charged
particles drift to the end cap MWPCs. Measured
drift time and the drift velocity provides the
coordinate along Z, while induced signals on
the pad rows provides spatial coordinates in the
MWPC plane.

Physics goals for the STAR experiment impose
10% momentum resolution for a particle with a
transverse momentum of 10 GeV/c. This requires
an accuracy ~200um in the sagitta measurement
of the curved particle trajectory. The errors in the
Z coordinate must be well under 1 mm. There are
several sources of uncertainty in track coordinate
measurements:

1. Variation in drift velocity caused by gas
mixture, temperature, pressure and electric field
variation.

2. TPC misalignment in the magnet and existence
of the global E x B effect.

3. Radial inhomogenities of magnetic and electric
field.

4. Space charge buildup due to high multiplicity in
Au—Au collisions.

5. TPC endcap wheel displacement and inclina-
tion.

At maximum RHIC energy, Au—Au collisions
create ~2000 charged particles in the TPC volume
which could produce charge accumulation and
track distortions [6], especially near the IFC region
at ~0.6m radius. These distortions varied sig-
nificantly along the Z-axis in the TPC [3,6]. To see

all spatial variations throughout the TPC volume
it is desirable to increase the number of laser
beams up to 100400 for one-half TPC. Consider-
ing these issues we specified for the STAR laser
system:

1. Number of laser tracks ~100-400 in each half
of the TPC.

2. Laser beams should fill the TPC volume
uniformly.

3. Electron density along the laser beam in any
point must be higher than ionization from
relativistic particles.

4. The accuracy of the position and stability
during operation of each laser beam at any
point must be smaller than ~200um in
azimuthal and radial directions and smaller
than ~700 um in axial direction.

5. Synchronization of the time of the laser beams
appearance in the TPC volume to the RHIC
clock within ~5ns error to provide ~0.01%
accuracy in drift velocity measurements.

6. Laser system must provide alignment, steering
and stable position of laser beams with the
accuracy specified above.

3. Laser system description

As shown in many investigations [2,7], UV-laser
beams produce ionization in gaseous detectors
via a two-photon ionization process of organic
substances, which are commonly present in the
detector volume at ~ppb level. A Nd-YAG
frequency-quadrupled laser (4 =266nm) with
energy density about 1-20puJ/mm? can produce
ionization equivalent to a relativistic particle
(mip) in common gases without special additives.

There are two optics designs widely used to
produce multiple narrow laser beams. In the first
design a powerful laser beam is focused by a
demagnification telescope to ~1mm diameter
beam with the smallest waist positioned in the
detector center. This beam is split by semitran-
sparent mirrors, installed on an inner surface of
the detector (ALEPH TPC [8]), or on a separate
optical bench near the detector (EOS TPC [9]).
There are several difficulties in this design. The
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number of narrow beams is limited by mirror
coating resistance to laser radiation. The safe
energy level for dielectric coating and UV radia-
tion is ~0.1J/cm? [10], so only ~ 100 laser beams
could be formed by one laser. It is also difficult to
produce approximately equal beam intensity by
splitting a single laser beam through multiple
mirror stacks. In a second design a low power laser
beam is focused by the previous method. This
beam is then directed by steering mirrors into the
TPC volume in different directions. The difficulty
with power density is replaced by stringent
requirements on stability and repeatability of
mechanical drivers for the steering mirrors. For a
detector with the size ~5m and laser beam
stability on the level of ~100um, the angular
movement of the mirror must be controlled to
<10 °rad. This approach also significantly in-
creases the time required to provide full chamber
calibration. This kind of laser system was used in
the OPAL jet chamber [11], the NA49 TPC [12]
and the CERES TPC.

We proposed a novel design to produce a large
number of narrow laser beams by splitting a wide
laser beam with a diameter ~20-30 mm by many
small diameter mirrors, installed in a region of
approximately equal intensity. Small mirrors are
made from glass rods, cut at 45°, polished and
covered by dielectric coating with 100% reflectiv-
ity (Fig. 1). More effective use of the wide laser
beam is accomplished by gathering the small
mirrors in bundles; in our design there are 7 small
mirrors in each bundle. Each mirror in a bundle is
rotated to create different directions for the
calibration beams in the TPC volume.

The creation of a thin beam by each small
mirror is the same as the diffraction of the plane
wave through a small circular aperture [13]. The
spread and size of the diffraction pattern is defined
by the Fresnel number N = a?//z, where a is the
aperture radius, A the wavelength of the laser light
and z is the distance from the aperture to the
viewer. For N <1 the so-called Airy-disc diffrac-
tion pattern is created. For 0.5mm radius and
A =266nm, N <1 if z> 1 m. The divergence of the
Airy disc, 0= 1.221/2a, is comparable with
divergence of the beam from focusing telescopes,
0 =2/na (~0.17mrad for a=0.5mm). In the

LASER BEAMS PATTERN
each mirror bundle station

6 RAFTS per Half TPC
6 BUNDLES per Raft
7 MIRRORS per Bundle

TOTAL: 252 Laser Beams
per Half TPC

p

g
# lmm mirror

Fig. 1. Conceptual design of the laser system.

near field region, when the Fresnel number N =
d?>/4)z > 1 (z<1m) the laser beam is confined in a
~1mm diameter cylinder.

The production of thin laser beams by single
small mirrors installed in wide laser beam was used
in the laser calibration system for the 1.5m
streamer chamber of the magnetic spectrometer
SCAP (IHEP) [14].

The advantage of the design is that the initial
point in space of each thin laser beam is
completely defined by the position of the small
mirror and only deflection of the wide beam could
change the direction of the thin beam. One half of
the laser system is presented schematically in
Fig. 2. The Nd:YAG laser GCR-130-10 [15]
operates in Q-switched mode to obtain high power
laser pulses of ~3-4ns duration. A Glan-laser
polarizer and rotating half-wave plate are used to
change the laser power over a wide range to
produce calibration beams with different ioniza-
tion. The laser beam is expanded by a telescope to
~ 30 mm diameter and directed to the TPC endcap
wheel through a hole in the magnet steel. On the
TPC outer radius a system of dielectric splitters
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and prisms are installed to rotate and split the wide
beam into 6 beams with equal intensity. These
beams are directed to positions 60° apart along the
inner surface of the OFC parallel to the Z-axis of
the TPC. There are 6 rafts installed parallel to the
laser beams. Square glass tubes ~ 1500 mm length
were used for the raft as a rigid and stable support
for mirror bundles. Three-ball supports are glued

to each raft to decrease the influence of OFC
distortions. Six bundles are installed on each raft
~300mm apart and uniformly occupy the wide
beam. These bundles produce seven different
directions of thin laser beams, covering approxi-
mately uniformly the whole TPC volume. This
design provides (6 x 6 x 7=252) laser calibration
beams for each half of the TPC. In addition, the
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residual beam, which survives after passing
through the raft, is directed through a slot in the
central membrane towards diffuse reflectors, in-
stalled on the opposite TPC wheel. Reflected from
these diffusers, UV light illuminates the central
membrane, which is made from carbonized kapton
with a pattern of 3mm wide aluminum stripes
glued on. Electron clouds emitted from the stripes
by a one-photon ionization process provide signals
similar to the laser beams in the TPC volume. The
membrane pattern covers all the TPC sectors at
the maximum drift distance and was used to align
TPC sectors.

4. Laser subsystems
4.1. Bundle production

The main element in this system is the bundle of
small mirrors. We produced small mirrors with
different diameters (Fig.3) to determine beam
formation, technology and assembly procedures.
A mirror smaller than 1mm diameter creates
significant divergence, and difficulties with pro-
duction and alignment. Bigger diameter required
wider beams, increased laser power and optics
sizes. We therefore chose 1mm as the basic
diameter for mirrors to produce thin beams with
good quality up to 4 m. A support was designed to
install and adjust the position and angle of each
I mm mirror in a bundle. The mirrors were then

Beam diameter, MM
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Fig. 3. The formation of thin laser beams by small mirrors.

glued together in a metal collar. Two sets of mirror
angles were used to provide more uniform TPC
coverage. The relative mirror position in each
bundle was measured with an accuracy ~30pm. A
special installation was developed to measure all
angles between mirror faces. A vertically aligned
wide laser beam shines on the bundle, installed on
the top of a theodolite. Reflected thin laser beams
are directed to a quadrant detector, installed on a
vertical stage. The position of the beam was
determined with ~100um accuracy at 4m dis-
tance from the theodolite, and an accuracy of
~0.025mrad for the horizontal angle was
achieved, while the vertical angle was measured
by the stage with an accuracy ~0.12mrad. After
these measurements, the bundles were assembled
on the raft, the position of each bundle was
measured with ~100um accuracy and 12 rafts
with bundles were aligned inside the TPC volume.
Finally, the position of each mirror in the TPC
coordinate system was measured with ~200um
accuracy.

4.2. Laser beam characteristics

Linear electron density along the laser beam was
measured by a drift chamber filled by P-10 gas
with a 2 cm sensitive region along the anode wire.
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Fig. 4. Linear electron density from a laser beam created by a
1 mm mirror.
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The laser beam was directed parallel to the anode
wire, entering the drift volume through a quartz
window. The linear electron density at distances
up to 4m from the 1 mm diameter mirror is shown
in Fig. 4. A laser power density of ~ 1-2pJ/mm?
was enough to produce ionization close to mip.
Due to the quadratic dependence of two-photon
ionization on the power density we can estimate
the ““electron” divergence of a laser beam in a drift
chamber assuming uniform power density across
the laser beam. Assume N, is the number of
photons in a laser beam with diameter d = dj +
aM, N, is the linear electron density and M is the
distance from the drift chamber to the small
mirror. Then N, = Ng/S, where S is the beam

UNIT 1 OFF
UNIT 1 ON
ENABLE UNIT |

(b) swmees

Fig. 5. Remote computer windows to operate the laser system:
(a) control window for laser operation, (b) window to align and
monitor laser beams.

area, S = nd”/4, and for Ny-const, Ne~1/(dy +
aM)*. A fit from experimental data yields an
“electron”  divergence o = (0.16+0.04) mrad,
which is close to the optical divergence, 6 =
2)/nd (~0.17mrad for d = 1 mm).

The total number of laser beams is determined
by the wide laser beam area and the number of
bundles occupying it. Bundles are installed along
the Z-axis about 30 cm apart. Diffraction from the
bundle supports could distort the uniformity of the
wide laser beam, so we investigated the influence
of the transverse distance between bundles on a
raft on the thin laser beam position and electron
density. For distances smaller than 0.5 mm, linear
electron density starts to decrease. For reliability
and ease of adjustment a 1mm radial distance
between bundles was chosen. At this distance no
laser beam disturbance was observed.

4.3. Monitoring and beam steering

Remote laser operation used the global TPC
operations slow control infrastructure. A graphical
user interface (GUI), accessible on a PC in the
STAR control room using EPICS [21] (Fig. 5a)
provides start-stop procedures for the selected
laser and defines run time. The Poisson line
reference method [16] was chosen to perform
positioning and steering of the wide laser beam.
After the expanding telescope a 3mm ball is
installed in the center of the wide laser beam
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Fig. 6. The membrane position stability using a trigger
synchronized with the RHIC clock.
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(a) = S -

(b)

Fig. 7. Laser event in TPC: (a) perspective view, note the radial lines from membrane in the TPC center, (b) side view.
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(Fig. 2). In the center of the dark shadow a bright
spot appears, and a very thin “Poisson beam™ is
created. The divergence of this ““Poisson beam™ is
extremely small, ~0.05mrad at 266nm wave-
length. A quadrant detector or CCD camera could
easily monitor this beam. The quadrant detector is
workable only with an additional diaphragm,
cutting the bright field of wide beam, and this
circumstance decreases the region of steering
operation for wide beam by ~1mm. A miniature
CMOS CCD camera (type MC-MRB-4 [17]) with
lens and fluorescence screen ~20mm diameter
was chosen to pick up the laser beam image. This
camera could work in 1.0 T magnetic field. The
screen has a mm scale grid, so viewing and
alignment of the laser beam becomes a convenient
procedure. Compact piezoelectric picomotor dri-
vers were chosen [18] to provide mirror adjust-
ment. The driver has a resolution <0.1pum,
minimum backlash and insensitivity to magnetic
field. Remote control over the piezodrives and
CCD cameras was installed on a PC computer.
Another GUI (Fig. 5b) was used to provide
observation of the laser beam through the set of
four CCD cameras installed on the TPC and
operation of 24 piezodrivers to monitor and align
the laser beam with ~200pum accuracy. This
system was used to correct shifts of the laser beam
position due to magnetic forces. From zero to full

field the position of laser beam at the TPC
entrance shifted up to 3 mm.

4.4. Laser trigger

The laser operation frequency is (10+0.5) Hz. A
TTL pulse triggers the xenon lamps to pump the
YAG crystal and after ~180pus a second TTL
pulse provides Q-switch opening. After ~30—40ns
an UV pulse is emitted from the laser. A signal
from a photodiode is used as a start signal for TPC
readout. STAR detectors were synchronized with
the RHIC clock (~10MHz). The laser trigger
board accepts an external RHIC clock signal and
provides, simultaneously for both lasers, a trigger
for the lamp and Q-switch synchronized with the
RHIC clock with a jitter ~5-6ns. In Fig. 6 the
mean position of the central membrane, measured
by electrons from the Al stripes, for the synchro-
nized laser is presented. We achieved an accuracy
~200um in determining Z-coordinates, which
affects the error in drift velocity measurement.

5. RHIC runs results

The laser calibration system was used exten-
sively during TPC test runs with cosmic rays
starting in 1997. Reconstruction of the laser events
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each half (TOMaker). The top panel shows the variations of the TPC pressure and methane content for the same period.
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helped to recognize errors in tracking code, wrong
cabling and non-functioning readout electronics.
Laser data were used to align the inner and outer
sectors. Also lasers were used to check the clock
frequency by matching the membrane image for
both TPC halves.

During the summer of 2000 about 80 laser
calibration runs were recorded. Precise drift
velocity measurement is crucial for physics analy-
sis and to match tracks across TPC halves. For
each physics run a laser calibration run was
recorded, containing ~ 500 events. A typical laser
event with different projection views is presented
in Fig. 7. Approximately 450 laser tracks are
recorded in a single event. Radial lines in the
TPC center are the image of the Al stripes on the
central membrane. For analysis of this event a
time offset of ~500ns was used to separate the
central membrane images for display.

A drift velocity was determined using the Z
position difference of the mirror positions for
the sets of laser tracks closest to and furthest from
the pad plane. Tracks were extrapolated to the
mirror’s X, Y position and the ratio of the
measured dZ and the survey dZ was used to scale
the input velocity. In Fig. 8 the laser-measured
drift velocity monitored over a one month period
is shown. There are several parameters affecting
drift velocity: barometric pressure, cathode vol-
tage, temperature, clock frequency, methane con-
centration and unknown additives in TPC gas. We
estimate that the most influential parameter is
methane concentration. To check systematic error
in our data the ratio R = W(east)/ W (west) was
calculated, where W (east) and W(west) are data
for two TPC halves. For all laser runs R =
0.999991 4+ 0.000225.

In addition to using the laser system, the drift
velocity in TPC could be calibrated by matching
the primary vertices reconstructed independently
in each half of the TPC. This method works best
for high multiplicity events and is not usable for
low multiplicity events such as p + p collisions. For
p+p runs, the laser drift velocity calibration was
used exclusively. During RHIC 2001-02 run, a
special trigger was implemented to interleave laser
events in a physics run, and a comparison of the
two methods of drift velocity determination is

shown in Fig. 9. On-line software provides a fast
calculation of drift velocity using the laser triggers,
and these results are monitored to look for
problems with TPC gas. The dip in the drift
velocity near day 300 caused by a temporary
methane loss in the gas system.
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Fig. 11. Histograms of inverse momentum distribution for
radial laser tracks: B=0, B=0.5T (no E x B corrections),
B =0.5T (corrected for E x B distortion).
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We measured the position stability of laser
beams to understand the limits of accuracy of
the system. Fig. 10 shows a histogram of trans-
verse position for a powerful laser beam with
ionization ~ 10mip. The error (sigma) on the
level of ~64um confirms our expectations about
laser track stability. For a laser with ionization
~ 1-2mip, stability is ~150-200 pm.

The momentum resolution of the TPC is defined
by accuracy in sagitta measurement and multiple
scattering. For high momentum tracks the influence
of multiple scattering is negligible. For high
momentum the resolution is dp/p = Ap/B [19],
where p is the particle transverse momentum, B-the
magnetic field and A is the error in sagitta
measurement. There are several factors affecting
A: the track length, the accuracy in point measure-
ment on the particle trajectory and the number and
the position of these points. Laser tracks, which
could be represented as particles with infinite
momentum, are an excellent tool to determine all
these errors. Distribution of inverse momentum f =
1/p for radial laser tracks provides systematic
effects, a limit in determining particle momentum
and TPC momentum resolution. The width of the
histogram f, df = (dp/p)l/p provides a direct
value of 4. Data without B field represents
systematic error in global reconstruction. Although
extensive and detailed E x B corrections were made
with particles from central Au—Au collisions, it is
useful to check these corrections with laser tracks.
Fig. 11 shows corrected and uncorrected f-distribu-
tions. The data shows small systematic errors and
the ability to measure particle momentum with
designed accuracy.

An upgrade for the laser system foreseen in the
near future is a fully automated system to monitor
and align lasers for the TPC and a calibration
procedure for another tracking detector in
STAR—the Forward TPC (FTPC) [20].

6. Summary

The results reported here show the durability of
the STAR TPC laser calibration system. During
the RHIC 2000 and 2001-02 runs the laser system
was used to measure the drift velocity with

~0.02% accuracy and monitor the stability of
the TPC electronics. This system was expanded to
calibrate and monitor Forward Time Projection
Chambers. Further improvements in TPC global
position accuracy will be implemented with more
laser data.
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1. Rules of Operation

1.1 FEE’s (Front End Electronics)

There are two sets of FEEs (and RDOs) for the TPC:
1. The pad plane FEE’s
2. The MWC FEE’s that terminate the anode wires.

Both sets are cooled by the TPC water skid (hominal temperature = 75 F). The temperature is
monitored by a computer program which periodically reads out 120 thermistors mounted on the FEE and
RDO cooling manifolds. These temperatures are displayed in a GUI available from the top level TPC GUI.
These temperatures are also watched by the TPC alarm handler (alarm = 80 F).

RULE 1: If the overall average reads > 80F, power down the FEE’s and MWC FEE’s until the cooling
problem is solved.

The TPC water skid exchanges heat with the STAR Modified Chilled Water (MCW). To maintain the TPC
at 75, the MCW must typically be < 64F. A problem with the TPC cooling water temp can usually be
traced to a MCW problem. Note also that the FEE’s are interlocked to the TPC water skid — a loss of flow
will automatically turn off the FEE’s.

Because of an uncertainty about induced currents associated with the magnet, we also have:

RULE 2: Turn off all FEE’s and MWC FEE’s when the magnet is being
ramped up or down.

1.2 HV

Ultimate responsibility for the safe operation of the TPC rests with the Detector Operator! For this reason,
the final authority for turning on (and off) the HV also rests with the detector operator. To protect the TPC,
the most important rule is:

RULE 3: The anode and cathode HV are to be kept OFF UNTIL RHIC has stable stored and cogged
beams. There are NO exceptions to this rule except by explicit permission from Blair Stringfellow or
Howard Wieman.

We have seen both field cage sparkdowns and multiple anode trips that were clearly beam induced. This
can happen at any energy and any intensity. Note that this means turning ON the HV AFTER the beams are
stored AND turning OFF the HV BEFORE the beams are dumped. It is the detector operator’s
responsibility to encourage the shift leader to always get advance notice of a beam dump.

1.3 Frequency and method for Pedestal Runs

It is now possible to save the TPC pedestal values on disk, so a DAQ reboot doesn’t necessarily mean
having to take a new pedestal run. Pending further study, it is recommended to take a pedestal run at least
once per shift. Pedestal runs are configured through trigger and DAQ. Number of events > 250.

The state of the TPC should be:

FEE’s and MWC FEEs ON

Gated Grid ON

Cathode HV on or off

Anode HV at pedestal values or less (pedestal values are Inner = 500V, Outer = 500V)



1.4 Frequency and method for Laser Runs

Laser runs are used to check the TPC drift velocity, and should be taken once a store, usually 1 hour into
the store. (The STAR Period Coordiantor may define a different schedule so check with your shift leader
or the STAR Period Coordinator for an update on this schedule.) You should stop the current physics run
and make a dedicated laser run. (Include Trigger, DAQ and TPC in run control — NO other detectors.) The
DAQ rate for a normal laser run should be 10 Hz, triggered by the free running laser. To turn on the laser
see the separate laser operations manual. The TPC’s operating parameters (HV) are the same for laser runs
and physics runs. The TPC drift velocity is automatically calculated online from event pool events. The
result shows up in the online histograms. Typically, ~ 2000 laser triggers are sufficient to calculate a drift
velocity. For long stores (typical of pp) take a laser run every ~ 4 hours after the first one.

1.5 Frequency and method for TPC Pulser Runs

Pulser runs are used to check the TPC FEE’s and RDO’s. They can be taken at any time by reconfiguring
trigger and DAQ for a pulser run. A pulser run should be taken once a day, typically during times with no
beam. For a pulser run:

Use the LOCAL oscillator (not the RHIC clock)

Make a TPC pedestal run, then a pulser run.

FEE’s and MWC FEE’s ON

Gated Grid On

Cathode On or Off

Anode Off or at or below pedestal values (Inner = 500V, Outer = 500V)



2. Operations for Various Subsystems:

2.1 Boot & setup of Control Computer

All operations for the TPC are controlled from the PC Chaplin-XXX.starp.bnl.gov located in the STAR
control room. To get started, log on to Chaplin (username and password posted in the shiftleader’s
notebook). After boot, start a putty session to sc5.starp.bnl.gov and start the TPC top level control GUI by
issuing the command “tpc_top”. The startup sceen looks like this: (this process is slow — WAIT)

To simplify the controls for the various subsystems. Chaplin is set up to run 9 virtual desktops, each

> TPC_TOP_LEVEL adl
TPC Controls -- Top Level F OPERATOR IN CHARGE:

it !
STAR

RICH sealer

labeled for a specific function:

~NOoO Ok~ WN B

8.VME status

. Gas system

. Cathode and field cage
. Gating grid

9. Pad monitor/General Use.

You can switch between desktops by clicking on the appropriate number in the virtual desktop keypad in
the upper right corner of the screen. Switching desktops will reduce clutter and separate each TPC control.

If you are starting from scratch, you will have to move the different screens to the appropriate desktops.
See the procedure “How to Start TPC Controls.doc” for an explanation on how to do this. The document
should be saved on Chaplin’s desktop (or alternatively it is stored on the TPC Operations page as a “How

To” note. http://www.star.bnl.gov/public/tpc/tpe.html )



http://www.star.bnl.gov/public/tpc/tpc.html�

2.2 VME Crates & Processors

All TPC functions are controlled using VME CPU’s which are located in VME crates on the 2" floor of the
south platform. These crates can be remotely turned on/off using slow controls. To check the status of the
crates, click on desktop 8 and select “2™ floor VME”. This will bring up the VME control GUI:

» vme_2nd_plat.adl

2ND FLOOR PLATFORM CONTROL

2A3 2A4 2A5 2A6-1 247
CATH.GAS/WT  FCC GP-pulser GG-control ANHV/Interlock

HDLC/DEW

DN
kL

Note that crates are labeled by function, canbus number and rack number. Crate 51 is for slow controls and
should not be powered off. The green dot indicates that the crate is powered on (thus, #55 is off.) To turn a
crate on (or off), click and hold on the purple button, drag down and release on the “VME xx” button,
where xx is the canbus number. This brings up the control GUI for that crate:

»( vme_ps_bu adl

To turn the crate on, click the “ON” button. The fan speed, voltages, currents, and temperatures will be

indicated. Kill the window when done.
Before proceeding, make sure all crates for the TPC are ON.



VME PROCESSORS:

Typically, there is one VME processor for each TPC control task, and one CPU per crate. (Some crates
may have two processors.) These processors run VxWorks and boot from the main slow controls computer
(sc3.starp.bnl.gov). There are two connections for each CPU, one via ethernet and one through a terminal
server. Remote login over ethernet is reserved for the slow controls expert. If problems develop with a CPU
it can be rebooted by four different methods:

1. For the Gated Grid and Inner & Outer Anodes, there is a reset button on the main GUI. Clicking on this
button will reboot the processor. (These three processors crash most often.)

OR

2. Push the sys reset button on the crate’s control GUI — this reboots all processors in that crate.
OR

3. Cycle the power on the crate. (Not recommended, but sometimes necessary.)
OR

4. Login via the terminal server as follows:

On the ASTAIRE desktop, double click on the “putty.exe” icon. In the putty dialog box, double
click on the session “sc5.starp.bnl.gov”. At the sc5 prompt, type the username and password (get these
from the shift-leaders notebook).

On scb, type telnet scserv xxxx, CR where xxxx is the port number for the processor.(see below)

After you are attached to the processor, hit CR. To reboot, type “reboot,CR”

After the reboot, exit the session by typing “CTRL ]” simultaneously to get back to the telnet
prompt. Type quit to get back to sc3. Type exit to logoff.

ALWAYS release these terminal server sessions when you are done!

The current CPU’s and port assignments are as follows:

1.Field Cage Readout Port 9001 Crate 56 Rack 2A4
2. Gated Grid Port 9002 Crate 54 Rack 2A6
3. FEE Power supplies Port 9004 Crate 58 Rack 2B5
4. Cathode HV Port 9005 Crate 57 Rack 2A3
5. Inner Anode HV Port 9006 Crate 52 Rack 2A7
6. Ground Plane Pulser Port 9011 Crate 55 Rack 2A5
7. Interlock/TPC temperature Port 9012 Non Canbus Rack 2A7 RPS3 Plug A4
8. Outer Anode HV Port 9013 Crate 59 Rack 2A6
9. Platform Hygrometer/TPC gas  Port 9015 Crate 58 Rack 2B5

10. Autoramp programs for anode & cathode — STARGATE processor in DAQ room rack DC2
at the bottom of the rack (push the reset button)

Lecroy serial session for inner sectors Port 9037
Lecroy serial session for outer sectors Port 9038
Lecroy serial session for FTPC anodes Port 9023

When a VME processor reboots, a grey MEDM Message Window will pop up with the message “network
connection lost”. Close this window. Also, the relevant GUI will turn white until the processor reboots.



2.3 Interlocks

The interlock status for the TPC can be checked from the control room by selecting the “Interlock™ button
on the top level GUI. (This is a representation of the Allen-Bradley (AB) panel which is located in Rack 4
of the gas mixing room.) The panel looks like:

>( interlock.adl

ALLEN-BRADLEY RediPANEL

Interlock Front Panel

02 in Global #3 TBC Sol. TPCSol. OFC Cocl. Detector TPC Gas Room Gas Room
Gap OK  w/ IFC Air valve 1 valve 2 Water Leaks Flows H20 Flow H20 Leak

. Water Skid 02 Water Skid Flow Water Skid pH
CH4 in Gap

MR Giobal 21 [ | Global 22 |8

TPE Puree OFC HY
RACK 1T D) | "o |
_——

INPUTS 0 1 a

Watte)rl(skid TPCglI’(ater “Q.ats RISI(
i TPC Flow
L & "

Pi Glabal #1 Global 2 Global #2 ; . v
Hanser abal Gas Bystem Sy or Gop Gng | Wator Skid  TRC Woker

Power
Aloeem RAGK 11 Ot Al ot Al Al arm 1 Eact Top

[

| Water OK

4
9 0 11 12 12 14 5

I 2 East Bottom

2 West bottom

4 West Top

Control Rm input word

8
o Toke Signal ko
5

OUTPUTS T o1 o o8

Monitor Cathode Water
Chamber HV System
Ot Off Al arm

29 20 21

Foree On Force On

The round lights across the top and the top row of rectangular lights are status lights for the inputs to the
interlock panel. The bottom two rows of rectangular lights show the status of the outputs to the various
subsystems of the TPC. Under normal circumstances, ALL lights should be green. In the above example,
the gas system is off, so no system can run.

Note that if, during a run, one or more of the inputs changes from OK to “not OK”, the AB PLC will take
automatic action to shut down the affected subsystem or HV. NO OPERATOR ACTION IS REQUIRED to
put the system into a safe state.

If one or more of the inputs changes from OK to “not-OK”, then the outputs will latch off and most TPC
system cannot be operated without intervention from an expert or a trained detector operator. See the
document “How to recover after a gas alarm.doc” This document explains how to recover from a simple
gas alarm condition. More complex gas alarm conditions require intervention by an expert. The procedure
for recovery should be saved on CHAPLIN’s desktop and is available on the TPC operations web page
http://www.star.bnl.gov/public/tpc/tpc.html.
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2.4 FEE’s and MWC FEE'’s

To operate the main TPC FEE’s and RDOs, go to desktop 4 and select “FEE Voltage” on the toplevel GUI.
The FEE control looks like this:

286 | 1-2:0H]| 1.3:0FF| “3iy4 | 4-6:0N] 4-6:0FF | 7-5:0N]| 7-9:0FF] . ./ 10-12:0M| 10-12:0FF .1

TPC FEE
2B1 |12-15:0N]| 12-15:0FFf 2Bz|—|—L0w VOltl—l— 283 22.24:08] | 22.24:0F 1

[on [oFF |[on [oFF |[on [oFF | [[on [oFF |[on [oFF |[on [oFF | |[on [oFF |[on [oFF |[on [oFF | [[on [oFF |[on [oFF [on [oFF | | RESETIIMER
TPC only

1
[on [orr |[on [one [ox [orr | o [orr |[ox [orr |[ox [orr | |[ox [ore |[ox [ore |[ox orr | fon [ore |[ox [ors [low [ors|  Controls

MWPC
[on [or [[ox osr o [om | [ox Tore [ [orw |[ox Tore | [ox-orr [fon [o [[ox orr | o [ofs [[ox o [ov [or7 | gy
g =

To turn all the FEE’s and RDOs on click on the “global” on button. Each of the supplies will turn green in
turn. There are also “on” buttons for each rack (= 3 supersectors), east and west ends, and individual
supplies. To turn off, click the corresponding “off” button.

The MWPC FEES, listed on the bottom of the screen, are obsolete and are not used. Please ignore them.

Each TPC RDO is read out by a DAQ receiver card. These cards are in VME crates and are visible from
the control room. During normal data taking the LEDs on the receivers flash green as data comes in. It
sometimes happens that a DAQ receiver/RDO pair will hang. This will be indicated by a slowing or
stopping of DAQ and red lights on the affected receiver. For the TPC there are 12 crates of receivers with
12 cards per crate. The crates are labeled TPC 1,3,5..... Since there are 6 RDOs per TPC supersector (inner
+ outer) each crate reads out 2 supersectors. You can sometimes clear the bad RDO/receiver pair by cycling
the power for that RDO. STOP THE RUN FIRST! As an example if the 8" card in crate TPC 3 is hung
you would cycle the power for RDO S6-N2. (Crate 3 reads out supersectors 5 & 6. The first 6 cards from
the left are 5-1 through 5-6, the next 6 cards are 6-1 through 6-6). If the run still freezes after cycling the
power and also rebooting DAQ it may be necessary to mask out this RDO/receiver in the run. The
shiftleader has instructions for this.



2.5 Gated Grid

To turn on the gated grid, go to desktop # 3 and click on “Gating Grid” on the top level GULI. This brings up
the main gated grid GUI:

¢ star_tpe.adl

Expert Controls |

Star TPC Gating—Grid
Monitor

Default Sequences

HELP!!! |th

1. Click on the “Default Sequences” button. This brings up the control screen:

»{ auto_sequence.ad|

Gating Gri.

Status :

2. Click on the “Grid On” button. This will run a program to set all the GG power supplies. You should see
the message “Downloading Setpoints”. It should take ~3 minutes for all sectors to come up to voltage.
When the gated grid is ready, all sectors on the main screen turn green:

¢ star_tpc.adl

Expert Controls [

Star TPC Gating—Grid
Monitor

Reconfigure ||

Default Sequences

HELP!!! |
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3. If the status remains “idle” after clicking on the “Grid On” button, you will have to regain control of the
program. First, run the TPC anodes to zero and click “Grid Off”. When the anodes are at zero volts, click

and hold on the “Reconfigure” button, drag down to “Recover control” and let go. Try the “grid on” button
again. If this still doesn’t work, reboot the crate by clicking and holding on the “Reconfigure” button, drag
down to “Reboot control crate” and let go. The processor should reboot.

NOTE: Before rebooting the Gated Grid processor run the TPC anodes to zero if there is beam in RHIC.
Rebooting causes the GG voltages to turn off, causing high currents in the TPC.

4. To check on the voltage setpoint for a sector, click on the button for that sector. This brings up the
control window:

» TPC_inputs adl|

Sectors 1 Outer

Set [ ]
Setpoints Monitor High Voltage Z Eli'lfﬁ}i}ae
VGG hi 75
-: —

VGG 111
Common to groups of four sectors

4 Disghle
VME Gate | [ Disz lie Gate NORMAL

. F| Disgble
External Ga €5 Ena;‘J R

VGG lo

5. The display for the main GG panel is color coded — a sector whose voltage deviates 2% from the setpoint
will turn yellow, 5% will turn red. You will also get an alarm from the TPC alarm handler. For yellow, the
run can continue — for red, STOP the run.

6. To turn the GG off, click the “Grid Off” button in the Default Sequences window.

7. For normal running the gated grid stays ON all the time, even when there is no beam.
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2.6 Cathode HV & Field Cage

AUTORAMP MODE

1. To turn on the cathode HV using autoramp mode, first go to desktop # 2 and click on “cathode” to open
the cathode GUI. Also click on “Field Cage” to open the field cage current read back screen.

2. The cathode control looks like:

> cathode_control.adl !Em

0.020 F

-0.020
-200.0-240.0-180.0 -120.0 -60.0 0.0

-0.0050 5.4
240.0-180.0-120.0 -60.0 0.0 -200.0 -240.0 -180.0 -120.0 _560.0
020
0.00
-0.20
-20:0.0 -240.0 -180.0 -120.0 60.0 0.0
"0 CONVERT TO D
0.000 DRIFT SPEED
DIGITAL & A
FILTER
m 5.4000 5.4000 5.5000
l:|

HIGH VOLTAGE GLASSMAN HIGH VOLTAGE SUPPLY

—] / OFF e i"'\"\"r"", """" e h
“ ale o:ooo 100, o%o o:ooo 60’070 Ls— ——
VALUE I8 oN 000 100, OO d §  CATHODE
10.000 {0.000 o — b ey
JOUT OF RANGH

UTORAMP TO SETPOINT

SET | zERO| STOP [HAUTO-ON
0.0 0.0 35.0 0.450 |

KILOVOLTS MILLFM]’S

Fooco TR

3. Make sure the slider switch is set to 0 and then click the HV button if the HV is off. The HV will turn on
and the light will go to red. Note that it is not possible to turn the HV back off again by pushing this button!

4. Make sure that the RHIC beam is stored, cogged and stable before proceeding.

5. Click on the “Auto-On” button. This brings up the GUI:

> auto_on.ad|

CATHODE CONTROL

K 3
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6. Click the “ON” button. The program will then automatically do the following:

Ramp to 10 kV

Check that the four field cage currents are all equal.
Ramp to 20 kV

Again check the currents

Ramp to final HV (currently 28 kV)

Check the currents

This process takes ~ 10 minutes.

If the currents are not equal, the program will stop and ramp the HV back to 0. The operator can also stop
the autoramp at any time by clicking on “STOP”. Clicking “OFF” ramps the HV back to 0.

IF AT ANYTIME THE AUTORAMP REPORTS A PROBLEM OR THE CURRENTS ARE NOT
EQUAL (TPC ALARM HANDLER), RUN THE VOLTAGE IMMEDIATELY TO 0 AND CALL AN
EXPERT!

REMEMBER: The cathode HV should not be turned ON until the RHIC beams are stable at collision
energy and it should be ramped to ZERO before the beam is dumped.

AUTORAMP PROCESSOR

The VME program that controls the autoramps for the cathode and anodes is running on a processor
(STARGATE) that is located in rack row DC2 in the DAQ room. If the autoramp program stops working it
may be necessary to reboot this processor. First, try and run the cathode voltage to zero using the GUI for
the cathode. Then go to the DAQ room and press the reset button on the STARGATE processor. After it
reboots the autoramp should work again.

MANUAL MODE

The HV can also be set manually as follows:
1. Turn on the HV as before.
2. Drag the slider switch to the desired HV (this should be done in 10 kV steps max).

3. Click on “SET” above the slider bar and the voltage will ramp up. You can stop the ramp by clicking on
“STOP” and go back to 0 by clicking on “ZERO”.



4. When the HV stops ramping, check the field cage GUI:

TPCfcc.adl

West

Current

OFC Curreni ts

0.0 e

| e—
-4000.0 -2000.0 0.0
£l

IFC Currents

0.0 uA

| ——
-4000.0:-2000.0 0.0
s

uA OFC 1
EBE& na Delta

l'_ Strip Chart
-0.00045 PG iR R |
nA  Delta

[T Strip Chart

Voltage

OFC Voltagas

-250.0 VZ
-4000.0 0.0
s

IFC Voltages

-250.0 ‘V:
-4000.0 0.0
s

-0.00044 ST}
v
-0.00030 FoIZel1

v
[T Strip Chart

-0.00043 JTZeR]
127 |
-0.00062 FTER]
= e

[ Strip Chart

RiII 182

IFC O [Ring 182

Field Cage

OFC_1 QRNUIER] uA

Delta nA
Strip Chart [T

IFC 1 QIRGIEP] uA

—
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-4. 10000 FiT:Y
GV
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Delta R na
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| —|
-4000.0 -2000.0 0.0
s
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v -250.0
[o1 2ol -0.00040

b
Strip Chart [T

i el]-0.00049
W 280.0

1o 1-0.00052

Strip Chart |S'L

OFC Voltagss
v
| S—
-4000.0 0.0
s

IFC Voltages
v
——

-4000.0 0.0

s

Ring 182

This program is reading the 4 field cage resistor chain currents, the current going to the ground shell (GV
current) and the voltage on the next-to-last and last stripes. It also checks that all four resistor chain currents

are equal within 100 nA (Delta green lights.)

5. After the HV stops ramping, confirm that the currents are equal before ramping further.

6. Once the HV is set to the final value, the currents are monitored by the TPC alarm handler. For an alarm,
immediately ramp the cathode to zero and call an expert.

Typical Field cage currents and voltages at 28.0 kV nominal.

OFCW 76.555 pA

IFCW  76.547

WOFC_0 -33.43V
WOFC_1 -177.21
WIFC_0 -23.774
WIFC_1 -177.58

OFCE 76.553
IFCE  76.552

EOFC 0
EOFC_1
EIFC_0
EIFC_1

-33.74

-177.66
-23.779
-177.47

If the TPC has a short circuit across one of the resistors in the field cage, then you may see different values

than listed above. Deviations by up to 0.5 pA may be normal. Check with your shift leader or a TPC
Expert to see if the readings are normal.
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2.7 ANODE & TRIPS

AUTORAMP

To turn the anodes on using the autoramp program:

1. Go to desktop # 1 and click on “Anode Voltage” on the top level GUI. This brings up the Anode GUI:

SINGLECH- """,
4 OUTER CHS
-

TPC-ANODE HV CONTRO

ARCNET-BUS
OUTER INNER

Rezel Rezat

ALL SECS

Q@
Q
Q
Q
=]
-]
=]
=]

A 0000 0000 0000 000C
Ll

DISABLED
ENABLED
ON

E TRIP

GAIN MONITOR &

CURRENT CALIB STATUS MEASURED VOLTAGE
OUTER ovrer [IECEN GLEAR AUTO-ON
INNER TRIES

2. Check the ARCNET-BUS status lights for the Inner and Outer sectors — if either or both are red, click
the corresponding “reboot” button. This will reboot the processor. (The display will go white while it
reboots). WAIT ~ five minutes for the reboot. The state of the anode voltages (on or off) is unaffected by
rebooting the processor — the Lecroy system has local memory.

3. When the status lights have turned green, click on the “Auto-On” button. This gives the GUI:

> anode_on_adl

ANODE CONTROL

FULL VOLTAGE ABORT
PEDESTAL

OFF RESET PGM

I await your command, master
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If the autoramp GUI displays the message “ARCNET connection lost”, click on the “Reset PGM” button.
4. Make sure RHIC has stored, cogged and stable beam!

5. At this point, you can go to pedestal voltage (Inner = 500, Outer = 500) or to full operating voltage
(Inner = 1170, Outer = 1390). Note: as of Run 9, the full voltage values may no longer be 1170/1390.
Check with your shiftleader or a TPC expert for the current settings.

6. To go to pedestal voltage, click “pedestal”. The program will:

Turn on the HV

Enable all channels

Ramp HV to 400 volts

Calibrate the currents (subtract out any DC offset)
Ramp to pedestal voltage

If the HV is already on, the program will just ramp up (or down) to pedestal values.

At any time the operator can stop the process by clicking “Abort”. This will ramp the voltage back to 0.
After the voltages are at pedestal values, the TPC is ready to take a pedestal run (make sure the GG is on!)
7. One can go to full voltage from either the off position or from the pedestal position.

From off, the program will repeat the pedestal procedure, and then:

Check for tripped channels

Check for excessive currents

Ramp to Inner = 1000, Outer = 1200
Check for trips

Check for currents

Ramp to Inner = 1100, Outer = 1300
Wait for 2 minutes

Check for trips and currents

Ramp to final voltage (Inner = 1170, Outer = 1390)
Check for trips or currents.

HV ready for data

This procedure takes ~ 10 minutes.
If a trip or high current is detected during this procedure , the voltage for all channels will be ramped back

to pedestal values automatically.

To turn the HV off, click on the “Off” button in the auto-on window, or click on the red “Ramp to 0 Volts”
button on the main anode GUI.
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MANUAL ANODE OPERATION

> tpchv.adl

SINGLE CH . TPC-ANODE HV CONTRO!

4 OUTER CHS ks ARCNET-BUS
-

Y OUTER INNER
4 INNER CHS*

A1) 0000 00001 0000 000C
(1 B

GAIN MONITOR =

CURRENT CALIB STATUS MEASURED VOLTAGE

S Uncalibraicdl Gl 0 . AUTO-ON
bt Bl T Incalibrated & CLEAR INNER

There are 193 separate anode supplies, 1 for the gain chamber and 192 for the TPC. For each sector, the
anode wires are grouped in sections, so there are four supplies per sector. The operator can control the
voltage for all sectors (including the gain chamber), for the east or west end only, for a sector only (4
sections) or for an individual section (usually necessary to reset a trip.) In the main GUI above, the status of
each power supply (section) is indicated by the round color field surrounding the control button. Thus:

Grey = Channel is disabled. Even if the HV is turned on and you set a demand voltage for that
channel, nothing will happen.

Yellow: Channel is enabled but the HV is off or <10 volts.

Green: Channel is on at some voltage > 10 volts.

Red: Channel has tripped off due to excessive current draw. (> 2 pA)

NOTE: The Anode program is very slow. You MUST wait for each command to be acknowledged before
issuing another command or it will crash!

To turn on all sectors manually:

1. Check the status lights of the Arcnet-Bus. If either is red, click and drag on the reboot button to reboot
the processor. Wait ~ 5 minutes. (There is a separate processor for the inner and outer sectors).

NOTE: The ARCNET link is lost frequently — you will get a TPC alarm when this happens. When this link
is down the program can’t get updated information from the Lecroy HV mainframe, BUT the HV is still on
and the chamber is still protected. Rebooting the processor has no effect on the HV.
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2. When the ARCNET lights are green, click the HV on button for the inner and outer sectors. Wait for the
HV lights to turn green.

3. Open the “ALL SECS” control panel:

> tpchv.all.adl

_I
EUAN
fie [ DIsABLED Show I Innerperee show I

Set Point Set Point

4. Check that the demand voltage DV (V) for inner and outer reads 0. If not, enter 0, CR in each window.

5. Click on “Enabled” for the inner and outer. Wait until the color circles turn green on the main anode
GUL.

6. Type in a demand voltage of 400 V for the inner and outer sectors. Wait until the voltage ramps up and is
confirmed in the readback window.

7.Check the Current Calibration status window in the main anode GUI. If the status is “calibrated” continue
raising the voltage (see below step 10 ). If the status is uncalibrated, click on the Outer “SHOW I” button in
the “ALL SECS” control GUI, drag down to “I (Z > 0) West) and release. This brings up the current
display for all the outer sectors on the west end:

> tpchv.mc.ecl adl !En
Outer| [STOP CURRENT 750
SCANI -

3 4

= [l Bll= H ~He Tl T H =110 ua
i i i VI H H 1ua
H H H T H 100 nA
i i i Pl H a 10 nA
i i H o H 1naA

Ll XY
t

9]
—

7

Wl [T Hi~ Tl [ He [ [T Hi-- T i o= He= [~ [ [} 10 uA
i i a i H 1uA

H 1 H 1 H 100 nA
H - H - H 10 nA

Calibrati d CANCEI.I
allbration done l—
CALIB

8. Click on the “Calib” button. The status window will say “Current is Ready” and then “Calibration in
Progress”. The program will subtract the DC current offsets FOR ALL OUTER SECTORS (east and west).
The status window will then say “Calibration Done”.

9. Repeat this procedure for the Inner sectors, if needed.

10. Set the demand voltage to pedestal values (Inner = 500, Outer = 500). Wait for the voltage to ramp up.
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11. Continue to raise the voltage in steps, checking the currents after each step:

Inner = 1000, Outer = 1200
Inner = 1100, Outer = 1300
Wait ~ 2 minutes

Inner = 1170, Outer = 1390

Note: as of Run 9, the full voltage values may no longer be 1170/1390. Check with your shift-leader or a
TPC expert for the current settings.

12. To turn the Anodes off, either type in 0 for the demand voltage or click on the red “Ramp to 0 Volts”
button on the main anode GUI.

RESETTING TRIPS

Occasionally, one or more channels will draw excessive current (> 2 pA) and automatically trip off. There
will be a TPC alarm. These trips can be random or beam induced. First, STOP the current run. Then, to
reset a tripped channel:

1. Click on the individual control button for the tripped channel in the main anode GUI. This brings up the
channel status panel:

»{ tpchv.ch.adl

Set ST0P
DISABLED SCAN | Measured Values

[ |
ENABLED v (V) I{uA)

-0 -6.800e-03

DV (V) 0

1.0
Trip I (0A) 2e+03
X1
PETipl@d) | 4e+03 20002950 150.0 8.0 0.0

Ramp up (V/s) 10

2. Click on the “SET” button. This brings up the control panel:

> tpchv_setch.adl !Elm

Outer

Sector 3

Channel 8

DV (¥ Trip I (nA)
Sat [0 [0

Ramp up (VA=) PE Trip I (nA)
Sat [0 [0

3. In the demand voltage window “DV (V)”, type in O,cr to set the demand voltage back to zero. Do this
FOR ALL tripped channels.

4. In the main anode GUI, click on the “Clear Trips” button for inner or outer sectors, depending on which
channels tripped. Wait — the tripped channels which were red should turn back to green.
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5. If the tripped channel remains grey on the main GUI after 2 minutes, it is neccesary to enable it
manually. Click the “Enabled” button for the channel on the channel control GUI shown in step 1 above. If
the channel is not green, you cannot raise the voltage.

6. Using the individual channel control windows, slowly raise the voltage in stages back up to the operating
point. Monitor the current for each channel. For any indication of excessive current draw, lower that
channel back to 0 and call an expert. (Excessive current for constant voltage = 50 nA)

7. Record the tripped channels in the “STAR TPC ANODES” binder.

NOTE: The current limits can only be changed by the subsystem manager. If a channel will not stay on
with a limit of 2 uA, LEAVE IT OFF and call an expert.

ALTERNATE METHOD FOR CLEARING MULTPLE TRIPS

Sudden RHIC beam losses can cause multple anode trips. A more efficient method for clearing these trips
is:

1. If the RHIC beam is lost: Use the autoramp to run ALL anode HV down to zero. Then click on the
“Clear Trips” buttons. The tripped channels should clear and be ready for the next autoramp.

2. If RHIC still has beam and the run will continue then:
First, STOP the current run. Use the autoramp program to run ALL anode HV down to pedestal voltage.
Then click on the “Clear Trips” button for inner and outer, depending on which channels tripped. WAIT

for the tripped channels to reset — they should automatically ramp back up to pedestal voltage. You can
then autoramp back up to full voltage if the RHIC losses have stopped.

2.8 LASER

See separate laser manual.
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2.9 TPC ALARM HANDLER

There is a specific TPC alarm handler which is running on a separate PC — the monitor is located up and to
the right of Chaplin. To start the alarm handler, click on the “Shortcut to Alarms_groups” icon on the
desktop. The alarm handler monitors the following TPC parameters:

Anode trips

Excessive Anode currents (any channel)
Cathode HV not on (must be > 25 kV)

TPC FEE temperatures < 80 F

Temperature in the WAH < 82

Dewpoint in WAH < 62

Inner and Outer Arcnet links active

Field cage currents equal

All gated grid voltages at nominal

Inner Anode current sum (all channels) < 10 pA
Outer Anode current sum (all channels) < 4 pA
Anode HV - check whether any channel is not equal to demand voltage.

The alarm handler reads the status of these parameters every few minutes and will sound an audible alarm
if something is out of range. There is a 10 minute snooze button that can be used when bringing up the TPC
voltages to prevent frequent (false) alarms. If an alarm goes off, it can be silenced (acknowledged) by
clicking the button below the alarm.

The alarm buttons are color coded:

Green = OK

Yellow = warning but run can continue

Red = alarm

Grey = the data was not read on this try — this usually clears on the next read.

An alarm condition will automatically clear and revert back to green on the next read cycle IF the reason
for the alarm has been fixed. There is also a “read now” button that will initiate a read cycle.

These same parameters plus many others (gas system etc) are also monitored by the slow controls alarm
handler running on sc5.starp.bnl.gov.
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3. ALARMS

3.1 GAS ALARMS

In case of a TPC gas alarm:

1. Hit the acknowledge button on the alarm box in the control room. This silences the local alarm.

2. Go to the gas mixing room — hit the acknowledge button located n