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CHARGE DIVISION USING CARBON FILAMENTS FOR OBTAINING COORDINATE
INFORMATION FROM DETECTION OF SINGLE ELECTRONS"

F. BIRD, §. Suartno, V. ASHFORP, D. McSHURLEY, R. REIF, D.W.G.5. LEITH, S. WILLIAMS
Stanford Linear Accclerator Center, Stanford University, Stanford, Cahfornia 8{305

ABSTRACT

Seven micron dinmeter Carbon filaments forming the an-
ade of & multiwire proportional chamber have been ured to de-
teet gingle electrons. Charge division %echniques applied to the
5c¢m long wire resulted in 8 position resojuiion of o/ L < 2% for
a collected signal charge of 30{C.

1. Introduction

Concurrent with the development of high energy acceler-
ators such as the Stanford Linear Collider (SLC), basic research
work is progressing on the experimental detectors which will
extract the physics from the particle interactions. The SLD
detector at Stanford is being construcied to permit precise, ex-
haustive studies of the decays of the neutral weak vector boson,
the 2° and as part of its design, a Cerenkov Ring Imaging De-
tector (CRID} is being constructed. The CRID, in coordination
with the SLD vertex detector, will provide excellent particle
identification over a wide momentum range.

Cerenkov Ring Imaging counters, as originally proposed
by 1. Séguinot and T. Yprilantis,! are designed to measure the
Cerenkov angles of photons from relativistic charged particles.
By focussing the Cerenkov light from particles which traverse a
radiating medium, a ring of photoelectrons can be generated in a
detector which is photosensitive in the emission spectral region.
In the CRID case, use of an organic chemical (TMAE) which
photoionizes in the far ultraviolet, i.e., wavelengths < 2200 A,
allows a very efficient, as high as 50%, photogeneration of sin-
gle electrons. These photoelectrons are captured in a gas-filled
time projection chamber {TPC), drifted to a multiwire propor-
tional chamber, and amplified in the gas for readout (Fig. 1).
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Fig. 1. CRID TPC and detector.

The initlal photoconveraion paint of the electrons must be re-
constrected with good accuracy. {Errors must be kept to @y =
oy = g; =1 mm). Two epatial coordinates are meagured, cie
from the drift time of the electran ta the PWC ([relative lo &
trigger), nd the othet (zom the sensing wire pasitian, To svaid
parallax errors in ring reconstruction, third coordinate informa-
tion is esaential. The third casrdinale, the ecanversion paint of
the electron in the depth of the TPC, requizes a knowledge of the
avalanche position along the sense wire. In the CRID,designed
to operate where TMAE has an =2 em absorption length dic-
tating a TPC depth of 5 to 8 cm, the gense wires are very short.

To make the depth measurement, 1.e., to measure the
position of an avalanche along a Bense wire, two methods
have been used successfully in practice, Cathade pad readout,
where the motion of the positive ion cloud as it maves away
from the sense wirc induces a posilive charge on a conduet-
ing electrode, has been extensively used and is well understood.
Also well understood, is the charge division technique, where
the sense wire i8 resistive and the avalanche current is divided
between ends of the sense wire depending on the avalanche lo-
cation. For short sense wires, as in the CRID case, conventional
resistive stainless steel {or tungsten} wires would have very low
resistance, causing the 5/N ratio to be too small to obtain the re-
quired precision in the charge division measurement. A method
of charge division using a carbon fiber as the sense wire has been
developed at SLAC and will be reported here.

This paper will first review the charge division technique
and the relevant noise issues. Then the equipment and experi-
mental technique will be deseribed and results of charge division
performance tests on both the bench, and in a CRID chamber,
presented. A short summary with a discussion of future devel-
opment wark to be undertaken will conclude.

2. Charge Division

harges detected at the two ends of a sense wire to the
tTon of the avalanche alang the wire. The charge asymmetry
Agq is given by

: § -E‘Eﬁfhe charge division technique relates the difference be-
1 c!

Qr—-Qu

T W
where Qp, @z are the right and left charges, respectively. The
charge is measured by integrating the current signal from two
very low noise amplifiers at each end of the sense wire, as shown
schematically in Fig. 2. If the resistance of the wire is large

Ag =

1+-L/2 10 Q@ L2

-

Fig. 2. Charge division measurement.
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compared with the amplifier input impedance, then the position
of the avalanche is just

r= %AQ @)

where s Is the distanco along the wire of length L, with reapect to
the centor of the wire. The amplifier input impedance introducea
a nonlinearity near the end of the sense wire, For the carbon
fibers used here, this effect in negligible since the fiber reshtance
is about 100 times the input impedance of the amplifier. Thia
implies that the range of Ag is from -1 to §.

The error in position is, from (1) and (2),

V._UA_U
=73 @)

whera @ = Qg + Qr Is the total charge, and oy, the error in
the charge measurement, is

]2 Qr
+ (Qn + QL)’U}' * (Qn + Ql.)"'1 “

g = wl o}

for o7 the Johnson mnoiee contribution, which is independent
of the avalanche position along the sense wire, and og, g the am-
plifier input noise contribution of thc right(left) channel
(right and left are arbitrary).

‘Then, by mecsuring Ag as & function of wire position, all
the performance parameters for the carbon wire charge division
can be determined.

3. Naolme

Nolse in the charge measurement limits the resolution.
There are two forms of noise in the charge division technique.
The thenmal, or Johnson, noise of the senge wire is a source of
parallel noise. The electronic noise from the amplifier i a seriea
nolse source.

The equivalent noise charge (ENC) for the RC-CRshaping
electronics used here (see caction 5) is given by:?

ENC = 27 x 2—":-,-’-4-5%"! (5)

where Ry is the sense wire resistance in this charge division
technique (the other end of the wire ls & virtual ground), R,
is the Input FET channel noiye resistanee, (i, is the input ca~
pacitancs, inclading that of the FET, seen by the input atage,
r is the shaping time constant of the cireuit, & Is Beltzmann's
conatant, and T is the temperature.

‘The CRID chamber gain must be kept to & few x 10%,
az higher gains give rise to a large rumber of avalanche in-
doced uitraviolet photons, converting in the TMAE creating
non-Cesenkov photoelectrons; & severe source of hackground.
RMS noise lovels then, must be a few % 10° electrons in order
to achieve resolutions on the order of one percent. The wire
resistance necessary to give s 1% measurement of avalanche for
& signe! of 2 10 electrons can be estimated position vsing (5).
The rms nolse must not exceed 2000 electrons, by (3), for the
warst case of & signal at ane end of the wire. {The FET noise,
for r m50 nsec, is estimated to be m1000 sloctrons; then by (5),
R, m18k0),)

4. Carbon Fibers

For s short sense wire, & high resistivity material must be
uged for the wire, to keep the Johneon noise level smoli, Elemen-
tal carbon has the sppropriats bulk resistivity. For example, a
& cm long 20pm wire would require a material of 9200 pfl-cm
resistivity, a value typical of a semiconductor, to get 16kf}, Cas-
bon has a realsitivity of about 1600 pfi-cm, implying that o Tum
diameter fiber will have a resistance in the right sange, specifi-
cally R,=20 8k11. A comparable 20pm stainless stee] wire would
have about 75¢, resistance, which I far too small.

A sample of 7um diameter wire was obtained from Amer-
ican Cyanamid Corporation. The wire ls & nickel-coated carbon
fiber which ia marketed as & lightweight, rugged conductor for
use as an EMI shield for personal computers, etc. The specif-
cations are listed in Table I. The maximum breaking tenaion is
about 13 grams, corresponding to a breaking strength of 45C,000
psi. The fibers are delivered in & bundle, and the Glaments 1 sed
were selected at random.

TABLE I
Carbon Filament Properties
Source American Cyanami
Diameter T pm
Breaking Strength| 450,000 pai
Elongation 1.5%
Carbon Resistlvit, 1600 u0N-cm
Coated Rulltlvlt:\ 26 ufl-cm

The nickel coating is very important. It allows solder con-
nection with conventional lsad-tin solders to the filaments. The
nickel is easily removed by exposure to nitric acid from the tip of
» hypodermic needle. The fibers do not deform or break during
the nickel etch, and are very resilient to small transverse dis-
placements delivered by the tip of a hypodermic needls, when
viewed with s low power microscope.

5. Experimental Apparatvs and Calibration

A single wire chamber was built to spproximate the one
which may be used in the actual SLD CRID device (Fig. 3). An
aluminum cathode, 5 em in length with a 2 mm wire-to-cathode
spacing, was fit into a G-10 carrier equipped with Lemo connec-
tors, and enclosed in & Faraday cage. Cables routed the signal to
the amplifiers mounted in a nearby NIM crate, The amplifers
were not monnted right at the sense wire for mechanical reasons,
not an optimal desiga. The chamber gas was & 70/30 mixtore
of methane/lsobuiane. The 4.5 cm of carbon used in the test
cell was well within the 90 cm critical length Limit? calculated
at the breaking tension of 13 gm, so that the fiber would not be
subject to electrostatic instability. The carbon fiber was strung
% 11 grams of tension and its resistance was meacured to be
Re=19k{ls,
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Fig. 3. Bench test carbon filament chamber.

The single photoelectrons were produced by illuminating
the cathode with an ultraviolet lamp through a slit and an Aclar
window. The light source was a commercial DC EPROM erasing
lamp. A problem with this method was that the aluminum was
seflective and produced some background to the signal, to be
discussed later.

The Jow noise amplifier used was the HQV810 from LeCroy
Research.* The schematic of the circuit is shown in Fig. 4.
The signal was shaped to have a 26 nnec rise time and a 60
asec decay time. From the LeCroy specification shest, and us-
ing r=45 nsec., the mean time of the shaping filters, the chan-
nel resistance of the input FET is calculated (o be R, =5 4011s.
The capacitance of the input cables was measured to be
23 pF. Assuming 20 pF of on chip capacitance, Eq. (B) gives
ENC = 1588 electrons per channel,
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Fig. 4. Bench test elecironics.

The output of each channel was input to an ADC and to
» low gain amplifier stage (a 733 stage with & main of 7). The
outputa of the two low gain stages were sammed and became &
total pulse helght trigger for the date scquisition system. The
bench data were taken with & LeCroy 2240A ADC, and sent to
sn Apple 1I/Plus computer through 8 CAMAPPLE interface®,
The data analyals and graphics were done with the Apple.

BRRJAN

et e S e o]

[P —

POV —




. The gain of the eloctronica was =sesurcd by attenuating
NIM level pulses and presenting thet voltage to = 5 pil zapaci-
tar, connected to the smpliller input. As the amount of attenna-
tion was changed, the Input charge varied and calibration curves
ware generated foz both signal channels independently. The call-
bration points were fit with & quadratic for low ADC counts
and then mupped onto a linear curve for larger pulso heights
(> 85 counts). ‘The charge galn of the circult was 2500 [C/{C.
‘Then tha two channels were givan known charges simultaneously,
so that churge division could be simulated. From the width of
the measured A9 distribution, which should be = 0, the noise
per channel was axtracted, and found to be about 1600 elec-
trons per channel, conslstent with the expectations based on the
LeCroy specifications.

0. Ckarge Division Performance

With the light source positioned above the slit and over
the wire, single photoelectron pulse height spectra were men-
sured at geveral chamber voltages. The spectra obtained were
well fit by & gamma distribution,

Ny =in

Pln) = gy taIte® 0
where n is the pulse height, 8 is the mean of the pulse height, and
b iz & parameter which was typically sbout 2.5. This behavior
was consistent as long as the chamber gain was high enough to
generate & peaked distribution. For fow volteges and no observed
peaking, a simple axponential pulse height distribution was ob-
served, The mean values of these distributions were defined to
be the charge gaina of the chamber, Since the gamma distribu-
tion is continuous down to sero pulse height, there were always
a number of pulse heights which were too amall to measure be-
canse of electronic thresholds. A peaked distribution indicated
that a majority of the pulse heights were being measured, i.c., a
peaked distribution implied a “plateaued” chamber. The higher
the pesl, the more pulses meoasured, but once peaked, the num-
ber of additional electrons detected as the peak of the spectrum
increased was at the few percent level. A pulse height distri-
butlon and a pulse height mean versus chamber voltage plot
are shown in Fig. 5. Sinee the Johnson noise Is constant, inde-
pendent of pulse height, the 5/N ratio is expected to get worse
a8 the voltage on the chamber is lowered. Furthermore, at a
fixed voltage the charge division preciv’on should vary. Figure 8
shows a scatterplot of pulse height veraus Ag. The distribution
is broad for small pulse heights and very narrow for large pulses.
For the largest pulges, the signals ere saturated and the no mex-
surement is possible. The points in the scattarplot awny from
the central distribution were attributed to photons which were
reflected from the cathode and converted at some other point
in the ce)), away from the collimation slit. There sy also have
been some multiple electron avalanches at different Jocations on
the wire, However, the ratio of the number of noise hits to sig-
na! hits did not vary as a function of pulse height, even though
statistice were low, 8o that the noise hits are just an artifact of
the technique.

For each mnlunﬁeut then, » mean standard deviation,
(04) 1s computed. This number is just the weighted quadrature
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Fig. 5. (a) Typical pulse height spectrum, and
(b) gain versus chambes high voltage.
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sum of the widths of five pulse height regions of the scatterplot,
from threshold to just before saturation. At a mean gain of
2 x 10° the monn error wea caleulated to be 1.7% in the wire
length, the contribution to the error growing quickly as the pulse
height docreasod, as expocted. Figure 7 shows the distribution
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Fig. 7. {oa) versus chamber gain.

of {ga) as a function of chamber gain. The behavior iz as ex-
pected, e, 04 & fﬁ-. A complete understanding of the plot
tequires B knowledge of the contributing error sources. There
are three sources:

1. The Johnson noise of the resistive carbon filament.
2. The electronic noise from the amplifiers.

3. The distribution of avalanches due to imperfect source col-
limation. This spread arises from the fact that a 1 mm slit
introduces a constant o, and hence a constant o4, This is
indicated by o, in the figure.

The contributions of the independent ecror sources, their
quadrature sum, and the data sre shown as a function of pulse
height in Fig. B. The errors have been converted into equiv-
alent position errors along the wire. The plot i for the case
of illumination of the central aection of the wire, and the total
expected nolse, as computed from equations (3),{4), and (5).
The measurement agrees well with the expectation. The errors
In this plot are primarily due to uncertainties in the value of
the total charge (especially at low total charges), and to uncer-
tainties in the extrapoiated value of B, and in the “averaged” r
value of the sheping used.

Figure § in a graphic display of the performance. Figure
9(a) displays the peaks in the Ag distributions as the source in
scanned along the wire. Figure B(b) iz a plot of the linearity of
the measurement for & more complete set of source positions.

7. Mulitiwire Chamber Measurements

Subsequent to the compietion of the eingle Alament bench
tests, a prototype of the SLD CRID TPC was instrumented with
a charge division detector. A multl-wire proportional chamber
was bullt and strung with Tum cerbon filaments at & 3.2 mm
pitch (see Fig. 1). (Sec the talk of V. Ashford, et al., in these
praceedings for a ¢omplete description of the CRID device.)
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The chamber cathode was nickel-plated aluminum. A total of
64 wires were strung to a tension of 6.5 grams each and in-
strumented with the HQVB10 electronics. (Figure 10). Sixieen
of the wires were conneeted to LeCroy 2241 lmage Chamber
Analyzers, (ICAs), which are fnst (50 MHz) CAMAC controllad
waveformsamplers, and enable a pulss helght measurement from
each end of the nense wire, The chasge division parameters and
the avelanche position along the wire are determined in software,
The gas filling used in this beam test was o 90/10 mixture of
methane/isabutane with a emall percentage of TMAE to detect
Cerenkov photons from two radiating sources, a Jiquid radiator
of flaurocarbon, CgFi4, and » gaseous radiator of isobutane.
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Fig. 10. CRID test electronics.

The Cerenkov light from the liquid forms & proximity fo-
cussed image on the drift box. The liquid radister photons are
incident at a steep angle to the drift box. The lang mean free
path for photoconversion in the TMAE gas gives rise to a large
parallax error in the Cerenkov angle measurement which the
third coordinate Information will correct. Figure 11 displays
the improvement ia the width of the measured Cerenkov angle
when the earbon fiber detector infarmation is used. The width
of the Cercnkov angle without the third coordinate information
waa measured to be gy = 2.2°. With the third coordinate data,
a value of gy = 0.73° was expected and the mensurement gave
op & 0.83°. The result is still preliminary and analysis of the
data is continuing to see if further improvements can be made.
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8. Canclusions

A new technique for determining the position of an ave-
lanche along & sense wire in & proportional chamber has been
developed. The method uses carbon filaments as pense wires and
allows better than a 2% measurement of the avalanche position
along the ehort filament from & single electron in a wire cham-
ber operating st & gas gain of about 2 x 10°, The filamentn are
strong and rolinble. However, thicker filamontu would be even
stronger and tests are planned to investigate the performance
of larger radius fibers, subject to their availability. Queations
of lifetime and performance degradation over time remain unre-
solved, but will be addressed in the near future. Nonetheless, the
present studles indicate that the use of carbon filaments in ring
imaging Cerenkov datectors promises to be a robust, accurate,
and inexpensivs solution to the third coordinate problem,
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