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In this paper we report on a technique to measure the positions of sense wires in low mass drift chambers using electrons from
a collimated 90 Sr source. With this technique a sense wire position can be determined to an accuracy of less than 50 win

1. Introduction

Drift chambers are now among the most important
detector elements in present day high energy physics
experimental detectors . Resolution of 100-200 win per
measurement can be obtained without great difficulty .
Higher resolution can be achieved by pressurizing the
chamber [1].

To achieve good position resolution of tracks, the
position of the sense wires must be known accurately .
There are several ways to measure the wire positions.
If the wires can be seen directly, one method is to
survey the wire using an optical telescope . If the wires
are not visible, one can use X-rays to obtain a picture
of the wires and measure their position on the film .
The optical telescope has limited usage since the sense
wires must be exposed, and perhaps exposed for a long
period of time if a large number of wires is involved .
The X-ray technique has also the drawback of having
to scan and to measure each wire on film, which can be
very time consuming. Both methods require extensive
human intervention .

In this paper, we discuss a technique to measure the
wire position using a collimated 90Sr source . This
method is relatively easy to implement as shown below
and fast enough to measure a large number of wires
with minimum human intervention . Although this tech-
nique was developed to measure the sense wire posi-
tion inside a straw tube, it can be applied to other
types of low mass chambers .

There have been several drift chambers constructed
with straw tubes [2] . One of the main applications of
such chambers m the future is in the SSC (Supercon-
ducting Super Collider) detectors [3] . Since the ex-
pected number of sense wires is between 100000 to
200 000 for a SSC tracking detector, an easy way to

measure and to check sense wire position will be
necessary during and after the construction .

This paper is organized as follows. In the second
section, the experimental setup is presented. In the
third section, a detail discussion of the data taking and
analysis is presented. In the final section we summarize
our results .

2. Experimental setup
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Fig. I shows schematics of the experimental setup
used to measure the sense wire position . A 10 mCi "() Sr
source [4] is placed behind a 6 cm by 6 cm steel block
with a thickness of 4cm . A 2 cm long and 300 win wide
slit is made through the steel block. A chamber with 4
tubes is placed in front of the steel block, followed by
another 1 .3 cm thick steel block. The same size slit as
in the first steel block is made through the second
block. In the other side of the second block, a small
scintillator (2 .5 cm x 2.5 cm x 2.5 cm) is placed for
triggering purpose. The phototube used for the scintil-
lator is XP2262B made by Amperex.

The steel blocks and sources are placed on a plat-
form as shown in fig . lb. The platform is mounted on a
lab jack such that it can be moved vertically . A dial
indicator is attached from the base to the platform to
measure the relative position of the platform with
respect to a reference position . With the help of the
dial indicator, the platform can be adjusted with an
accuracy better than 25 win. The scintillator and pho-
totube are mounted on a separate jack .

The 4 channel chamber is about 15 cm long and
made of 38 win thick mylar tubes with 1500 A thick
copper cathodes [5] . The radius of a tube is 2 mm .
Because the basic construction of this small chamber is
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quite similar to the 2.7 m long prototype described in
ref. [6], only a summary is given here . The schematic of
the chamber is shown in fig. 2. The tubes are mounted
on the inner plate of an end-plate. Each end-plate is
made of two plates and the space between the two
plates serves as a plenum to provide gas flow to straw
tubes. Feed-throughs are inserted in the precision
drilled holes in the outer plate for sense wire connec-
tion . Like the long prototype, 25 wm gold plated tung-
sten wire under 50 g of tension is used for the sense
wire .

With this setup, the trigger rate is about 120-180/s
depending on the slit position with respect to the
position of tubes. About 90% of the triggers are re-
jected after requiring (online) that at least 3 tubes have
hits . The output from each tube is connected to a
LeCroy 2735DC amplifier-discriminator . The discrimi-
nated output is then connected to LeCroy TDC's (2229)
with 100 Ps time resolution . The TDCs are interfaced
to an IBM compatable 386-25 Mhz personal computer
through CAMAC to PC interfaces . (The Camac inter-
face is Model 6002 and the computer interface is
PC0004 . Both are manufactured by DSP Technology
[7].) With this system, one Camac command takes
about 50 lis to be executed . The speed is an important
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Fig . 2. Schematic of the 4 tube prototype chamber used in the
experiment. Only one tube is shown.
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Fig . 1 (a) Schematic diagram of the setup used to measure the sense wire position using collimated 90 SY (b) A detailed figure of
the setup in (a) .

factor if each of a large number of wires must be
measured for a given time . For each slit position about
1500 good events were taken in 1 to 2 min.

The chamber was operated with a gas mixture of
CF, and ethane (50%-50% mixture) and the high
voltage was set at 2100 V. The gas gain corresponding
to this voltage [61 is about 10 5 . Fig. 3 shows the time
distributions for three different slit positions. The solid
line is when the slit is very near the sense wire, the
dashed line is when the slit is about 1 mm from the
sense wire, and the dotted line is when the slit is 1 .7
mm from the sense wire . As seen from the curves, the
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Fig. 3 . The time distributions for 3 different slit positions .
near the sense wire (solid line), about 1 mm from the sense
wire (dashed line) and about 1 .7 mm (dotted line) from the

sense wire .
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Fig . 4 . Average drift time plotted every hour for a fixed slit
position . Each plot corresponds to one channel in the cham
ber . The average drift time is an arithmetic mean of a time

distribution shown in fig . 4 (for example) .

full width at half maximum of the distribution is much
larger than the 300 wm width of the slit . (Using the
drift velocity of about 90 wm/ns for the gas mixture,
the 300 g,m corresponds to 3.3 ns .) This is because
electrons from the source go through multiple scatter-
ing, which then results in the extra spread in the time
distribution . The maximum energies of electrons from
`'()Sr are 0.546 and 2.283 MeV. Because the spread is
dominated by multiple scattering, a smaller slit size will
not reduce the width of the time distribution .

In this technique, the energy of the electrons limits
its usefulness . As will be shown later, the more mate-
rial there is between the slits, the less distinct are the
time distributions of the different slit positions.

For this method to be successful, the chamber un-
der study should be stable during the period of a
complete scan . To study the stability, a time distribu-
tion is obtained every hour at a fixed slit position for 30
continuous hours. From each time distribution, the
average drift time (arithmetic mean) is obtained and
plotted as a function of elapsed time and shown in figs .
4a-4d. Each plot corresponds to one channel. As shown
in the figures, the fluctuation of the average drift time
is about 0.2 ns . The 0.2 ns is added quadratically to the
statistical error of the average drift time .

Fig. 5 shows a typical result of a scan of a tube .
From each time distribution (corresponding to a fixed
slit position), the average drift time is calculated and
plotted as a function of the slit position, which is
measured with the dial indicator . The data points in
fig . 6 is fitted with a function

where t, xo , a, and b are the parameters . The fit is
done using the MINUIT program and the curve fit is
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Fig . 5 Result of a typical scan Plotted is the average drift
time as a function of the slit position . The curve is from the fit

using the function described in the text .

plotted on the same figure . The value of the parameter
so is the position of the sense wire and 9 .620 ±0.018
mm is obtained.

The accuracy of the technique is checked by two
methods. The first method involves measuring the wire
positions using a traveling microscope and comparing
them with the results of a scan . For this study, small
holes are made on the straw tubes to measure the wire
position . From the measurement, we obtain 4280, 4350,
and 4390 p,m for the distance between the adjacent
wires. We estimate the measurement error on each
number to be about ±15 wm.

Fig. 6 shows the result of a scan . For this scan,
tubes are lined up vertically as shown in fig . 7a. The
data in fig . 6 is fit with four separate curves and the
wire positions are calculated . From the fit, 4270, 4320,
and 4410 l.Lm are obtained for the distances between
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Fig . 6. The average drift time plotted as a function of the slit
position of the four tubes lined up as shown in fig . 7a .
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Fig. 7. The two chamber positions used to test the method of
the wire position measurement. In the top configuration (a)
the tubes are lined up vertically, and each tube is scanned one
by one, and m the bottom configuration (b) the tubes are
lined up horizontally and all four tubes are scanned at the

same time .

adjacent wires. These values agree very well with the
measurements of the traveling microscope .

In the second method, the positions of the wires are
measured for a given chamber position and the posi-
tion of wires is remeasured after the chamber is moved
vertically by a known amount . For this study, the
chamber is oriented as shown in fig. 7b . In fig. 8, two
sets of data from a channel are shown. One is from the
scan before the chamber is moved, and the other is
after the chamber is displaced vertically by 160 ± 10
wm. Each curve is fitted and the difference of the wire
position is calculated . We obtain 160, 158, 168, and 180
pm for the 4 channels in the chamber. These numbers
agree very well with the displaced value of 160 Wm.

As mentioned earlier, this method has a limitation
due to the energy of electrons. This is because not only
are the electrons absorbed but also multiple scattering
increases as they traverse the chamber material . In
some of the designs [3] for a SSC tracking detector, the
number of tubes per superlayer is 6 to 8 depending on
the distance of the superlayer from the interaction
point.

To study the effect of intervening material, we added
2 tubes on each side of the 4 tube chamber to simulate
an 8 tube layer. The chamber with 8 tubes is scanned
as previously discussed. In fig. 9, the average time of a
channel is plotted as a function of the slit position . As
can be seen in the figure, the dip at the sense wire
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Fig. 8. The average drift time plotted as a function of the slit
position from a tube with the setup shown in fig. 7b . There
are two sets of data. One set is after the chamber is translated

vertically by 160 wm .

location is not as pronounced compared to the 4 tube
case (which is also shown in the same figure). The data
is fitted with the function previously discussed, and
9.455 ± 0.045 mm is obtained compared to 9.495 ±
0.018 mm obtained using 4 tubes. For other channels,
the differences are also less than 50 [Lm.

Although we have not tried, one could replace 90Sr
by 106Ru to reduce the multiple scattering . The maxi-
mum energy of electrons from 106Ru is 3.541 MeV,
which is about 50% higher than the energy of electrons
from 90Sr . Because of the higher energy, not only is
multiple scattering reduced but also fewer electrons
would be absorbed resulting in more good triggers .

4 Tube case

8 Tube case
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Fig. 9. The average drift time as a function of the slit position
from a channel when the beam traverses eight tubes. For
comparison the result obtained with four tubes 1s also shown.
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3. Conclusion

In this paper we have shown that the sense wire
position can be measured with an accuracy better than
50 win using collimated electrons from a 9( Sr source .
The accuracy is well preserved when there are 8 tubes
in the path of the beam . For this case, the estimated
total material in the tubes corresponds to about 0.75
mm of Mylar. Although the technique was developed
for a straw tube drift chamber, it can be applied to any
low mass chambers .

For a SSC application, this method could be used
while a tracking chamber is being constructed as well
as after the chamber is completed. There are several
schemes proposed for the tracker construction [3] . One
scheme is to construct separate modules first (each
module consists of about 250 channels) and then as-
semble them on a cylindrical base . Another scheme is
to place straw tubes directly on the cylindrical base
rather than constructing modules first .

For the first scheme, this method can be used to
test the wire placement in modules as they are being
constructed . A module is placed on a platform with
slots at the locations where the wire positions are to be
measured . A slit is placed on the top and the bottom of
the module . The movement of the slits (along with a
radioactive source and a scintillator) is controlled by a
computer . As the slits are moved and positioned, data
are taken and wire positions are calculated . With a
source a few times more intense than the one used in
this paper, we estimate that a scan over a module
(about 250 channels) could take less than an hour . Fig.
10 shows a schematic of this concept.

This method provides a way to measure not only the
relative sense are position in a module but also the

Source

Trigger
Fig . 10 . Schematic of a method to measure the sense wire

position inside a module consisting of about 250 tubes .
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absolute position with respect to a reference point (for
example a survey mark on the module). This can be
done by placing a small chamber (preferentially made
of two or more tubes) parallel to the module . The
position of the sense wires of the small chamber re-
spect to a reference point is measured through a small
hole on each tube by a traveling microscope . The
position of the sense wires of the small chamber is also
measured by the technique described in this paper
along with the sense wires in the module . Using the
two measurements, the position of the sense wires m
the module can be obtained with respect to the refer-
ence point. It is worthwhile to note that the measure-
ment error using a traveling microscope is about 15
gym.

For the second construction scheme, a completed
tracking chamber is mounted on an indexing mecha-
nism which rotates the chamber accurately . In this
case, two slits are fixed in space. As the chamber
rotates, data is taken and wire positions are calculated .
Depending on the thickness of the cylindrical base [9],
a radioactive source with higher energy electrons (like
106Ru) compared to `'()Sr may be necessary.
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