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ABSTRACT

A full size prototype cell of a multiwire detector similar in design
to the JADE [2] drift cell geometry was tested in a beam of pions and
electrons at SLAC. The motivation was to explore the possibility of
identifying particles through a measurement of energy loss in the HRS
experiment [1]. The purpose of the test was to investigate the extent of
which the measurement of the energy loss is degraded as one makes the
trans%tion from a small chamber to a full size detector. We also
measured the reduction in gas gain due to saturation effects as a func~
tion of the track angles relative to the chamber-wires éﬁd as a function
of the total gain in the chamber.

We compared our results and data reported by other groups with an
empirical model calculation for the energy loss as a function of various
parameters,

We also developed a program to calculate expected pulse shapes for
different chamber geometries. This program [10] simulates the drift
process of randomly generated clusters of ionization in the electro-
static field defined by the chamber parameters. The resulfs of this
calculation are essential to evaluate the multiple hit capability of

the jet chamber and its dependence on the design parameters.

(Submitted to Nuclear Instruments and Methods)
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‘ INTRODUCTION

Our motivation was to design the detector for the w/e identification

below 4 GeV/c and particle identification in the 1/82 region of the

dE/dx curve. Since we were considering the possibility of using the

prototype in the HRS magnet we had to meet several constraints for the

construction of the chamber,

(a)

(b)

(c)

(d)

(e)

(£

The available space limited the total radial extent of the dE/dx
detector to about 70 cm.

We decided not to instrument the tracking electronics in the pro-
totype, since the HRS spectrometer already has the tracking chambers.
No measurement of the coordinate along the wire by charge division
was attempted. Thus only small capacitors were needed to couple to
the sense wires, which were at positive potential. The side elec-
trodes were at ground potential, which considerably simplified the
construction problems,

The large size of a final dE/dx detector required a strong and light-
weight modular construction. We decided to use Hexel panels in

the construction of the body of the prototype.

Because of very difficult access to the magnet we placed the ampli-
fiers at a distance of 15 ft from the chamber. The cable introduced
noise into the system and prevented us from operating the chamber
with a gain as low as 103 where one does not have angular correc—
tions introduced by the saturation effects.

The allowed space for the detector starts at 1.1 m from the inter-
action point where multiple tracks are already separated. It was
therefore decided that the single hit analog electronics would be

sufficient for the HRS application.
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In'addition to the above specific motivation, we were interested in
investigating the jet chamber concept in general. The main strength of
this particular geometry of a drift cell is a uniform electric field
which is advantageous for resolving multiple tracks. This concept was
pioneered by the JADE [2] and AFS [3] detectors. They used charge divi-
sion, which generally forces one to run the chamber at higher gain. As
a result, one has to deal with angular corrections which are poorly known.
Therefore, we decided to measure the corrections for several gains.

Finally, we compared our results with predictions derived from a
simple phenomenological model which uses measured data for energy loss
as input. It is based on work of Walenta [5] and Allison [4] with addi-
tions by us.

DESCRIPTION OF THE PROTOTYPE

The dimensions of the drift cell are shown on fig. 1. The drift
chamber body was constructed using hexel panels as shown on fig. 2. The
construction technique was modular, based on the use of flat hexel panels.
The hexel panels were made on a precision granite table to ensure the
flatness of the bottom side. The top side was held down by evacuating
a volume confined by a mylar sheet sealed around the edges by zinc
chromate tape sealant. The precision in flatness of the top was
determined by the tolerance on thickness of the aluminum hexel core.

The total variation in the thickness of the panel was measured to be
less than *50 ym. The hexel core and the aluminum skins were glued

together using HYSOL EA9410 glue. It was found to be important that
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the individual hexel core cells were connected to each other through
small pinholes, in order to apply a negative pressure uniformly across
the whole panel. The panels were covered by a Styrofoam sheet during the
drying period to ensure good temperature uniformity. As one can see,

we have used a "cold technique" to produce the hexel panels. For mass
production we would use Hexabond, which is a hexel core with bonding
adhesive already applied and which cures at 260°C.

Imbedded in the central hexel panel was a movable rod holding Fe55
and Cd109 x-ray sources deposited every 1.2 cm (fig.v3). The rod could
be moved back and forth by applying a small gas pressure. In the open
position the x-rays could penetrate the square brass tubing through a
series of small holes and enter the chémber through a 100 ym aluminum
foil. The activity in each source dot was 200 uCurie for Fe55 and
.50 uCurie for Cdlog. This system was essential for correcting the
shifts in gas gain during the test.

The finished hexel panels were glued together, using a precision
jig. It is important to note that mechanical dimensions have to be
tightly controlled. From our previous study [6] we determined that for
the desired tolerance in gain of *1% we had to keep the cathode flat to
about #0.1 mm. In particular, we tried to avoid systematic departures
from flatness. The hexel panels were held at the ends by LEXAN flanges
which also had feed-throughs for the wires. The whole chamber was a
lightweight and mechanically very rigid system. Due to the finite width
of the side hexel panels, the chamber had about 8% of dead space. The

chamber can be seen in fig. 4.
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The advantage of this design is that the cell has a small number of
wires, the cathode plane is perfectly flat and the cell does not have any
boundaries because of supporting members such as JADE.

The total active length of the chamber was 225 cm. The 37.5 uym diam-
eter gold-plated tungsten sense wires were tensioned to 153 grams, the
100 um diameter beryllium—-copper field wires were tensioned to 407 grams
in order to obtain the same gravitational deflection as for the sense
wires. The field wires at the ends of the chamber were made of 150 um
diameter beryllium-copper wire. The wires were held in the Delrin pins
using a crimping technique. We used the crimping tool SP-02 Squeeze-Eze
made by Simonds Machine Co., Massachusetts. To ensure that the side
hexel panels were not bowed due to gas‘over—pressure, we enclosed the
protoEype in an envelope made of Kapton foil.

The wires were run at positive voltages and the aluminum hexel
panels at ground. We used single hit analog electronics available at
SLAC with some modifications. Each sense wire was connected through the
high voltage decoupling capacitor (500 pf) and 15 ft of twisted pair
cable into the charge integrating amplifier [7] operating with ~50 usec
RC decay constant. The resulting pulse was strobed by a 100 ns gate
into an analog sample and hold module SHAM IV [8] . The sampling gate
arrived about 2 usec after the avalanche was formed. The stored analog
data were then scanned and digitized to 12-bit accuracy using the BADC
[9] with subsequent transfer to an LSI-11 computer. The ¢ noise was
typically 2.8 ><104 electrons referred to the amplifier input when
compared with the most probable signal value of 1.1 ><106 electrons at
the chamber gas gain of about 2 x 104. The largest contributor to the

noise was the ~15 ft long cable in front of the amplifier.



—6-

' DESCRIPTION OF THE TEST SETUP
The test was performed in the SLAC Test Beam Facility. The data were
taken at 4 GeV/c by alternating between pion and electron beams. At this
momentum, one expects the relativistic rise to be about 317 in 90%

argon + 94 CO_ + 1% CH4 gas. Our measured relativistic rise is 26.4% at a

2
gain of 2x 104. The selection of a particle was done using a differential
Cerenkov counter and by the insertion of a lead sheet to suppress the elec-
tron background in case of the pion beam. The beam size was about 5 mm
FWHM. Two small coincidence counters in front and behind insured that
the beam passed through the chamber. The suppression of events with two
or more particles per SLAC pulse was done off-line by rejecting doubles
in a pile-up gate and fast scaler couﬁled to the beam defining counter.

The stability of the electronics and the gas gain was monitored by
~using the Fe55 source rod before and after every run, lasting typically
one hour. The chamber was mounted on a table which allowed easy adjust-

ment in the vertical and horizontal directions, as well as rotations in

the two angles 6 and y which are defined in fig. 7.

DESCRIPTION OF THE RESULTS

(a) Analysis of the Data

After the pedestal subtraction the individual measured pulse

heights were corrected for the cross-talk using the matrix.correction:

dE TRUE ] A"l dE MEASURED

dx dx
where ai,i = 1.0, ai,itl = -0.056, ai,iiZ = -0.019, ai,ii3 = -0,007, other
a.. = 0. These values were obtained from the electrostatic program [10]

ik
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by applying an incremental voltage to a given sense wire and obtaining the
relative changes of the charges on neighboring wires compared to their
nominal values. These calculated values were found to be in good agreement
with the measurements [6]. The correction increased the average pulse
height by ~28% and improved the corrected resolution of the energy loss
measurement from o/peak = 9.8% to 9.3% (v's, 6 = 0°, 36 samples, 1.2 cm/
sample). The 7m/e separation was improved on the average by 3% to 4% by
applying the cross-talk correction, i.e., a rather small improvement.
However, this effect becomes more severe if the cross~talk between wires
is increased, which we have done in a model calculation based on our

data. For 147% cross—talk, the particle separation would be reduced by
more than 307 and for 17% cross~talk by a factor of 2. In practice we
would try, of course, to correect the data, but the question remains how
_accurately this can be done. Our conclusion is that one-should not allow
cross—~talk to be larger than 10-12%.

In the next step the data were corrected for gain variations
between the individual wires as determined in the m beam. The typical
necessary adjustment was less than 10%. The next step was to plot the
truncated mean distributions, where we rejected about 30% of the largest
pulse height values. At this point we corrected for the overall gain
shift as a function of time using the Fe55 calibration runs. Typically,
this correction was less than 1.5%. The truncated mean distributions
were then fitted with a Gaussian curve. Figures 5 and 6 show two
examples of such fits, one for the beam going perpendicularly to the

wires (6 = OO) and one for 6 = 45°,



(b) Saturation Corrections as a Function of Track Angles

The saturation effect is one of the most serious corrections if one
wants to combine dE/dx data for different 6's and y's (see fig. 7 for
definitions of these angles). The effect is caused by a modification of
the electric field by the presence of the positive ions from the first
avalanche and its influence on the amplification of the next avalanche
hitting the same spot of the wire, This becomes noticeable above a gain
of about 5x 103 and is particularly important in the jet chamber if charge
division is used, necessitating higher gains (typically 5 x lO4 or more).
We believe that the magnitude of the saturation correction depends on the
diameter of the sense wire, a larger wire diameter yielding a smaller cor-
rection. Diffusion of the drifting charge should also affect the saturation,
althouéh we do not have direct evidence in our data.

We have measured saturation corrections for various gains in the
chamber. TFirst, we wanted to ensure that we did not have a dependency on
the position of the beam in the chamber. We made scans of pulse height
as functions of x and z and we found the maximum variation of pulse height
to be less than 1%. Figures 8 and 9 show the 6 and y angle dependencies
for various gains in the chamber. We can see that the pulse height is
very sensitive to the angle 6. As we change the angle we tend to populate
regions along the wire still free of positive ions. Thus the mean pulse
height increases with 6. This does not happen when we vary the Y angle.
In this case the same region of the wire is populated by the arriving
charge clusters.

However, there are other systematic effects apart from the saturation

which can affect the angular dependence of the pulse height measurement.
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For instance a finite integration time can reduce the pulse height at
large ¢ angles, especially in the presence of the large magnetic field,
see Fig. 11f. Also, the biasing of the field wires must be done care-

fully to minimize the pulse height changes at small § angles. [61

(¢) Multiple Tracks in the Chamber

We did not have appropriate electronics to study the problem of
multiple tracks in detail. Nevertheless, fig. 10 clearly indicates our
ability to recognize mutliple hits in the chamber using the dE/dx
measurement.

We have decided to study the problem of multiple hits theoretically.
We have developed a program which combines a regular electrostatic pro-
gram [10] with a section following the drifting of the charge clusters
in an accurate electric field. The propagation of the chgrge is performed
in small steps and in each step the program modifies the drift trajectory
including the diffusion and the Lorentz angle. The final drift time
distribution can then be convoluted with the effects of avalanche forma-
tion and the response of the amplifier and appropriate filters. Figures
11(a)~(i) show predicted drift time distribution for parallel tracks of
fixed separation in our prototype cell. One can see that the drifting
charge has a considerable tail even before the amplification process,
especially for some track orientations in large magnetic fie}ds. In order
to reduce the overall length of this tail one has to reduce the wire
spacing as, for instance, the AFS [3] detector did. Another possibility
is to run the field wires between the sense wires at such a voltage that
they collect some of the charge thus reducing the sample size collected

on the sense wire. Figure 11(i) indicates the drift time distributions
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for runiing the field wires at the same potential as the sense wires,
i.e., making the effective sample size about half of the original. The
improvement in the charge collection time is obvious. The penalty for
this approach is higher voltages in the cell to obtain the necessary gain.
Another disadvantage is a degradation of the dE/dx performance because
the total effective length of the chamber is half of the original.

To illustrate a possible limit in the jet chamber design, fig. 11(j)
shows an example of 1 mm spacing between the sense and field wires for a
case of two tracks 500 ym apart in a slow gas (we took as an example 90%
argon + 10% methane). Figure 11(k) shows the result of a convolution of
the drift distributions from fig. 11(j), a l/[l+(t/to)] tail due to
positive ions (t0 ~ 0.3 ns for ¢ 10 u seﬁse wires), two zero pole filters

canceling this tail, ~2 ns rise time of the preamplifier and the Gaussian

113

integrator with FWHM = 8 ns according to R. A. Boie [24]). 1In this
example we assume that the field wires are running at +500 volts in order

to collect the charge and reduce the effective sample width on the sense

wire to about 500 um.

COMPARISON WITH AN EMPIRICAL MODEL FOR ENERGY LOSS CALCULATION

There are various theoretical methods used to predict the particle
separation using the dE/dx technique [4],[11],[12],[13]. We have decided
to use a phenomenological approach based on experimental data. While
this approach is not theoretically the most elegant, nevertheless it is
quite simple and it provides a quick prediction for various possible
configurations. The important thing is that all experimental input comes
from the single cell data, because the large experiments very likely have

various systematic errors, which degrade the performance.
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We.want to determine the dE/dx separation in units of standard

deviations:
I s SN Sl B D
o o(n) ’ E, W(n)
where
n =~ total number of samples
E - the most probable energy loss
W(n) - FWHM for n samples
o(n) - standard deviation for n samples.

The n dependence was measured by several experiments [6],[161,[17].

E,~E E
AE 0.43 2 1 1
5 = 2.35n x A X W (2)
where -
W(l) -~ FWHM for one sample
E1 - 1is taken to be the heavier particle.

We assume that the most probable energy loss is given by the following

formula [1471,[151]:

ot Mo cz at 2 2
E = —|&n —=———+ 0.891 + 2Ry - nBg - B -39 (3)
2 2
B I
N
k
where
k - a term containing the properties of the gas
I - mean ionization potential
at - 0.153(z/A)t (MeV for t in g/cm’)
§ =~ density correction term.

Walenta [5] determined the density term from eq. (3) by measuring
ratios of E/Emin for various gases, pressures, and momenta in the single

cell detector.
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At'this point we extend his work. The aim is to find a convenient
parameterization of the density term so we can predict the energy loss
for any gas and pressure. We have replotted his density data as a func-—

tion of log vy and fitted the data for various k, constants using

1

the following function:
2
§ = a(k;) + b(k)) logy + c(k;)(Llog ¥) (4)

where

k1=k—2n(t/t1) , tl=1cm

The fit was constrained by demanding that the density function asympto-
tically approach 2 %n By, as is required if we want to cancel the
relativistic rise of the energy loss — see eq. (3). Table I gives the
list of parameters from eq. (4) for various k1 constants. We used linear
interpolation in between various k1 fits. Now we can predict (E2--El)/E1
function in eq. (2) for any gas and pressure as a function of momentum.

The next quantity to determine is El/W(l) in eq. (2). We will use
Allison's [4] fit to Walenta's single cell data [5]:

e . I (9‘9_0'32 : (5)

Now we have all equations necessary to predict the particle separa-
tion by energy loss for various experiments. Table II shows comparisons
between measured results from this experiment as well as some other
major tests, and our prediction from the simple empirical model. One
can see that most of the large tests are worse by 10-30% compared to

our simple model, presumably due to various systematic problems.
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The table shows the relative quantity AE/0 as well as an absolute
measure of the resolution o/E. We prefer the comparison with the rela-
tive quantity AE/q.

Figures 12, 13 and 14 show various predictions of our simple model

as a function of number of samples, pressure and gases.

CONCLUSIONS

We have measured the energy loss in the jet chamber for 7m's and e's
at 4 GeV/c. The comparison with a simple phenomenological model indi-
cates a reasonable agreement within 20%. We have also mapped the angular
saturation corrections as a function of several gains in the chamber.
The knowledge of these corrections is necessary if one operates the jet
chamber at gains higher than 5 X103. The limited dE/dx measurement can
be useful to resolve TOF ambiguities in the l/B2 region of the energy loss

curve and to determine the multiplicity of the charged tracks in the

core of the jets.
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TABLE I
kl a(kl) b(kl) C(kl) Condition
¢ +10.065 -8.5619 1.82804 log(y) < 3.
-13.63 4.6 0.0 > 3.
. + 4.1334 ~4.5857 1.27579 log(y) < 3.
-12.4 4.6 0.0 > 3.
o + 0.8135 -2.1447 0.93676 log(y) < 3.
-11.33 4.6 0.0 > 3.
9 0.00402 -1.1582 0.79975 log(y) < 3.
-10.36 4.6 0.0 > 3.0
1og§ - 1.7564 0.67256 0.49093 log(y) < 3.
- 9,611 L.6 0.0 _ > 3.
1 - 1.5065 1.0156 0.44805 log(y) < 3.
- 8.6753 4.6 0.0 > 3.
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TABLE 1T
AE AE [¢] g
DEVICE n.t.p PARTICLE P " = % T COMMENT
cm., atm GeV/c exp model exp model
TPC(T) [18] 192 x 0.4 x 10 w/e 0.8 11.8 14.8 2.7% 2.8% 807% Argon + 207 CHA
Is1s(T) [191] 60x 1.6x1 /e 0.5 8.0 10.9 6.0 6.1 80% Argon + 20% COZ
CRISIS(T) [20] 64x1,5%x1 p/m 40.0 2.2 2.8 6.0 6.0 80% Argon + 20% CO2
EPI [21] 128x6.1x 1 p/m 50.0 5.1 4.8 2.8 2.9 95% Argon + 5% CH,
Resolution taken from
JADE [2] 48 x1 x4 /e 0.45 -8.1 10.1 5.9 5.0 Bhabha events with
more than 42 good
samples
JADE [2] 48 x1 x4 nle 0.45 4.2 101 57 5.0 Jet Events
JADE [25] 45 x1 x4 e 2.0 - - - 4,9 5.1 Test beam results
CLEO [22] 117 x 0,667 x 3.0 /e 1.0 8.2 11.5 5.0 4.2 917% Argon + 9% CHA
LEHRAUS [23] /e 3.00 3.4
DRIFT 64x4x] n/p 15.0 5.29 4.9 4.7 4.4 95% Argon+ 5% CHI‘
- _ /e 3.01 3.2
64 x4 x5 o/p 15.0 5.98 6.6 3.0 2.6
Cn /e 1.86 2.6 , .
- 64 x4 x] n/p 15.0 4.35 5.4 4.4 3.8 50% Argon + 507 C2H6
v /e 1.60 2.7
64 x 4 x4 /p 15.0 3.48 5.4 3.5 2,5
THIS TEST Vi v
6 = 0o 36x1.2x1 nle 4.0 2.9 3.7 9.3 g3 0% Argon + 51 C0,
17 CH,
THIS TEST 1.2

8 = 450 36mel /e 4.0 3.4 4.1 8.1 7.4
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' FIGURE CAPTIONS

Dimensions of the drift cell. Two such cells for prototype.
Schematic description of the construction of the prototype using

Hexel panels.

55 109

Method of instrumenting the Fe and Cd x-ray sources in the
central Hexel panel.

Overall view of the finished prototype.

Truncated mean distributions for 7m's and e's at 4 GeV/c for 8 = 00,
Y o= 00, 36 samples used, 1.2 cm/sample, cross-talk correction in,
total gain ~2><104, 10 largest out of 36 rejected.

Truncated mean distributions for 7m's and e's at 4 GeV/c for 6 = 450,

Y = 0°, conditions as in fig. 5 except sample size is 1.2 cm/cos 45°.
Definitions of ¥ and 6 angles, and x,y,z coqrdinate system.
Saturation corrections as a function of 6 angle for-Qarious gains

in the chamber.

Saturation corrections as a function of ¢ angle for various gains

in the chamber.

Multiple hit separation in the prototype for 4 GeV/c e , 35 samples,
no cross-talk correction.

(a)-(h) Drift time distributions of individual charge clusters in
this prototype for various conditions.

o , .
, one track, field and sense wires at the same

(1) v=0% B=0
potential, this prototype (to be compared with 11(a) distribution).
M v = OO, B = 5 kG, pressure 30 atm, 1 mm spacing between the

sense and field wires, the field wire potential +500 volts (possible

design).



12.

13.

14.

-19-

(k) Convolute the fig. 12(j) with 1/[1+(t/t0)] tail due to positive
ions, two zero pole filters to cancel it, 2 ns rise time due to
preamplifier and the Gaussian integrator with FWHM = 8 ns to
symmetrize the pulse shape [24].

Particle separation AE/c in number of standard deviations as a
function of pressure for 907 Argon + 107% CH4, 0.4 cm/sample and

n = 200 samples.

Particle separation AE/o in number of standard deviations as a
function of number of samples for 907 Argon + 10% CH4, 1.0 cm/sample
and pressure 1.0 atm.

Particle separation AE/0 in number of standard deviations as a
function of gas for 1.0 cm/sample, pressure 1.0 atm and n = 40
samples. A modest gain can be seen in l/Bz_region for gases with

lower mean ionization potential.
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