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Abstract

The techniques to measure the position of sense wires and field wires, the gas gain and the gas flow rate inside wire

chambers using a collimated and filtered X-ray beam are reported. Specific examples are given using barrel modules of

the Transition Radiation Tracker of the ATLAS experiment.

r 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Wire chambers have been one of the most
important detector technologies since their inven-
tion about 30 years ago [1]. Over the years, many
different wire chambers have been constructed and
virtually every high-energy physics experiment has
one or more types of these chambers. Experiments
at the Large Hadron Collider (LHC) at CERN are
no exception. In both ATLAS [2] and CMS
detectors [3], there will be a large number of muon
chambers and in ATLAS, one of the main inner
trackers is a wire chamber, specifically, a straw
tube chamber called Transition Radiation Tracker
(TRT). It is likely that wire chambers will continue
to play an important role even after the LHC
period.

As chambers get more complicated and are
expected to operate in higher radiation environ-
ments, new materials (low radiation length, radia-
tion hard and less outgassing) are used in the
chambers. In order to achieve the best resolution
in extremely high rate environment with limited
space, new electronics have been designed with
lower power dissipation.

Another limiting factor for the resolution is
accurate placement of the wires, both the field and
sense wires and the chamber itself. Very elaborate
schemes to monitor the position of chambers in
real time are common today. For the best possible
resolution, the wire positions are mapped and used
in the reconstruction program. With a large
number of sense wires, any mapping has to be
done fast and efficiently.

Sometimes the wire chambers are used for
purposes other than tracking. They are used for

calorimeters, particle identification using dE=dx or
transition radiation. For these types of applica-
tions, uniform gain along the sense wire is an
important factor. Before chambers are put in
operation, gain variation within a wire and from
wire to wire should be measured for a calibration.

For very high rate operation and aging, proper
gas flow rate throughout a chamber is important.
The chemicals produced near the sense wire may
not get flushed out fast enough and result in
different operating and aging characteristics. Care-
ful design of the gas inlet and outlet locations can
solve the problem. Although modeling the gas flow
rate for a chamber would be possible, one should
measure the flow rate throughout the chamber.

We have faced all these problems in developing
the barrel TRT for ATLAS because the detector
functions as a tracking device as well as a particle
identification device using transition radiation. In
this paper, we report on the techniques developed
to solve the problems. We report on the techniques
for measuring the wire position, gain and gas flow
rate using a collimated and filtered X-ray beam.
Although originally developed to check the quality
of the TRT modules, they can be easily adapted
for other types of wire chambers.

2. X-ray scanner

The X-ray machine used in the scanner is made
by Pickard.2 The maximum electron current is
10 mA with a maximum potential of 60 kV. The
target is made of tungsten and has a beryllium
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2The company Pickard is no longer in business.
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window with a diameter of 5 cm. It produces a
point-like X-ray source. The beam is collimated
using a 100 mm wide, 2 cm long slit which is made
of 0.63 cm thick brass. The collimator is attached
to one end of a 35 cm long brass tube (0.63 cm
thick and 5 cm outer diameter) and the other end is
attached to the window, thus producing a beam of
angular spread of 0.3 mrad. With the collimator
assembly attached to the window, the radiation
level around the X-ray source is quite low and no
additional shielding is necessary.

The photon energy spectrum from an X-ray
tube is well known. It is basically a 1/E distribution
due to bremsstrahlung with peaks due to the
discrete atomic energy levels (known as K, L,y
peaks). In our application the collimated X-ray
beam is filtered through a 50 mm thick copper
sheet. The reasons are two fold. One is to stop any
low energy electrons associated with the beam and
the other is to narrow the X-ray energy spread
using the K edge absorption. The X-ray spectrum
entering a straw tube gas volume in the test
chamber can be calculated using the transmission
coefficients of material3 between the X-ray window
and the detector.

Fig. 1a shows the calculated energy spectrum
after the X-ray beam passes through the material
including the copper filter. For this distribution,
photons with 1/E distribution are generated and
plotted as a function of energy with weights
calculated using the photon transmission coeffi-
cients. The weight is the product of transmission
coefficients of various materials in the beam’s
path. The types of material used in the calculation
include 35 cm of air, 50 mm of copper, 500 mm of
carbon (material for the shell which houses the test
module), and 60 mm of Kapton (straw tube
material). The sharp drop near 9 keV is caused
by the K edge absorption of the copper filter.

The X-ray tube with the collimator is placed on
a support as shown in Fig. 2. The support is
designed to move vertically (y-axis) to accommo-
date the different size chambers by adjusting the
screws on four threaded rods. Below the X-ray

machine, a chamber stand which can move in two
directions (x- and z-axis) is made of two sliders
attached to stepping motors.4 The travel distance
along the z-axis (along the straw tubes) is 160 cm
and 15 cm along the x-axis (perpendicular to straw
tubes). The dimensions are similar to the size of
the ATLAS TRT barrel modules because the
scanner was originally developed to scan the
modules as a part of the production quality
control. The accuracy and the repeatability of
positioning the chamber stand are about 1 m along
the x-axis and about 5 mm along the z-axis.
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Fig. 1. (a) The calculated photon energy spectrum entering

the ionization gas volume of a straw tube using the product of

the photon transmission coefficients of various materials in the

path of the X-ray beam. (b) The simulated detector response

(with 4 mm diameter straw tubes) to the photon spectrum

shown in (a) using the EGS program. The ionization gas is a

mixture of argon and ethane (50%/50%).

3There are several well-developed web sites for the general X-

ray data, for example, http://X-ray.uu.se/, http://www.csrri.

iit.edu/, http://www-cxro.lbl.gov and references therein.

4The sliders with stepping motors and the stepping motor

controller are made by AeroTech, Pittsburgh, PA, USA.
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Although the entire assembly is on an optical
table, the y-axis accuracy of the assembly is not
critical since our measurements are not sensitive to
the y position. The program to control the
stepping motors is incorporated into the DAQ
system for the chamber readout.

3. Test chamber and readout system

The chambers used to test the scanner are
constructed with 4mm diameter straw tubes and
30 mm gold-plated tungsten wires. There have been
several reports on the construction and perfor-
mance of this type of chamber and the detailed
construction and design of the chambers can be
found in the Ref. [4]. The two test chambers used
here are the prototype modules for the barrel TRT
detector for the ATLAS experiment. The dimen-
sions of the larger (smaller) module are about
15� 15� 150 cm3 (10� 10� 130 cm3) and there
are 520 (329) straw tubes inside. The TRT detector
serves as a tracking chamber and an electron
identifier through TR. For the TR function, the
space between straws is filled with polyethylene

fibers of 20 mm diameter and density of 0.08 g/cm3.
An exploded view is shown in Fig. 3. The module
is supported off the x � z slider by circular rings at
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Fig. 2. A picture of the X-ray scanner. The X-ray tube is housed inside a casing (labeled A). The X-ray beam exit from a window at the

top of the long brass tube (B), and the collimator is at the bottom of the tube. A module is attached to two circular rings (C) which are

sitting on a long aluminum base plate (D). The plate is on the top of two sliders (E and F) attached to stepping motors controlled by

the DAQ PC. One slider (E) moves the chamber along the x direction, and the other slider (F) moves the chamber along the z direction.

Fig. 3. An exploded view of the test chamber (a module). It is a

barrel TRT module for the ATLAS experiment. The straw

tubes end at the inner plate where they are glued to traces (not

shown) using conductive glue. The traces are to provide HV to

straws. Wires are fixed at the tension plates with 60 g of tension.

See Fig. 15 for a detailed end assembly. The partitions (glued to

the shell after being aligned with respect each other) are to align

straws, and are located every 25 cm. The shell provides

mechanical strength. The radiator sheets are to produce

transition radiation photons for particle identification.
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the ends, which are rotated to position the module
with respect to the beam.

The diagram of electronics and readout system
for the scanner are shown in Fig. 4. The signal from
a sense wire is amplified and split two ways. The
pre-amplifiers are the same ones used in the VTX
chamber of CDF for Run I [5]. One part goes
through a 100 ns delay line and is fed into a fast
ADC (Lecroy FERA 4300). The other part is
discriminated and ORed to generate a gate (150ns
width) for the ADC. Because of a lack of
electronics, only 16 channels are read out at a
given time. The readout system is based on
CAMAC interfaced to a PC with a 400MHz
Pentium II processor. Since there is no hardware
trigger to initiate the data taking, the Look
At Me (LAM) of the ADC is continuously tested
for the presence of data. While the event rate can
easily reach 10kHz (with 2mA current and 35kV
setting, the default settings), the maximum data
taking rate is limited by the DAQ speed and is
about 3 kHz. By improving the DAQ readout
system, the data taking speed could be easily
increased by several times, which could be im-
portant if a large number of wires has to be scanned
within a limited time.

The default mixture used for the chamber
ionization gas is 50% argon and 50% ethane.
With the amplifier and ADC, the high voltage
(HV) is adjusted such that the peak of Fe55 source
is at about 500 ADC counts, giving a correspond-
ing HV of 1650 V.

Fig. 5a shows an energy spectrum taken with a
Fe55 source, and Fig. 5b shows the same but with

the X-ray source. Using the 5.9 keV Fe55 peak, the
ADC channel numbers are converted to energies.
As shown in the figure, the most probable photon
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Fig. 4. The diagram for the electronics and DAQ system used in the experiment. See the text for a detailed description.

Fig. 5. (a) Energy spectrum with a Fe55 source. (b) Same as (a)

but the source is the X-ray beam. The horizontal axis is a

converted energy scale from the ADC channel number using the

5.9 keV Fe55 peak as a calibration point. The vertical axis is

divided by 100. The gas is a 50%/50% argon–ethane mixture

with the HV at 1650V. The end point in the X-ray spectrum is

due to the maximum ADC channel count.
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energy produced from the X-ray beam is about
8 keV as expected. Although the X-ray spectrum
shares the general features shown in Fig. 1a, the
second broad peak in the data is somewhat
smaller. This is because the interaction cross-
section with ionization gas drops very rapidly as
the X-ray energy increases. The dominating cross-
section for the X-ray photons is the photoelectric
effect at these energies.

The effect of the interaction cross-section can be
simulated using the EGS simulation program [6].
In the simulation program, the photons are
produced according to the spectrum in Fig. 1a
and sent through a straw tube gas volume. If an
electron is produced, its total energy loss inside the
tube is obtained and plotted. The distribution in
Fig. 1b shows the expected spectrum including the
detector resolution of 13% calculated from the
Fe55 spectrum (see Fig. 5a). The spectrum matches
the data fairly well except at very low energies. It
may be that the simulation does not handle the
very low energy region properly.

4. Gas gain variation measurement

The gas gain variation along a sense wire
basically measures the non-uniformity of the
electric field. The variation in the electric field is
typically caused by improperly positioned sense
wires and/or field wires (or straw tubes). Another
reason could be the variation of sense wire
thickness. The gain uniformity is important if a
chamber is used in a calorimeter or as a transition
radiation detector. Normally, the gain is measured
using photons from a Fe55 radioactive source.
However because the energy of the photons from
Fe55 is low, they do not penetrate much material.
The X-ray beam has an advantage of producing
higher energy and intensity. In this paper, the gain
refers to the relative gain not the absolute gain.

For the gain measurement, the slit is positioned
(the long side) perpendicular to the sense wires.
The chamber (mounted on the x � z slider) is
moved along the z-axis in 2 cm steps and the data
is taken for 2 s. In order to verify that the gain
measured using an X-ray source is not different
from using an Fe55 source, the gain of a channel is

measured using both sources along the length of a
straw tube. Fig. 6a is from the Fe55 source and Fig.
6b is from the X-ray source. A channel with large
gain variation was deliberately chosen for this
study. In order to obtain the gas gain, the peak in
each ADC distribution (similar to the one shown
in Fig. 5) is fitted with a Gaussian function to
obtain the mean of the peak. The mean is plotted
as a function of z position. The mean after
subtracting the pedestal is proportional to the
gain. As shown in the figures, both sources
produced comparable gain variation. The results
are not unexpected since the energy of the filtered
beam is well defined. We should point out that
there is no attempt to measure the absolute gain in
this experiment.

The relationship between the gas gain and the
sense wire position in a straw tube has been
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Fig. 6. (a) Gain measurement using Fe55 source. The vertical

axis is the gain in ADC channel count and the horizontal axis is

the distance along a straw tube. (b) Same as (a) but using the X-

ray beam. Each point is the peak value obtained by fitting the

peak in an ADC distribution (similar to Fig. 5) with a Gaussian

function.
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measured for different gas mixtures [7]. Typically,
the gain increases by about 1% (2.5%) when the
wire is shifted by about 100 (200) mm off center
and the gain increase somewhat depends on the
gas mixture. Although the gain measurement is
not very sensitive to the wire position, it could
provide quick and overall quality checks of a
chamber. The gain variation for six typical
channels from the test module is shown in Fig. 7.
From the figure, we note that there are a few
percent gain variations.

Because our beam is well collimated, another
interesting measurement is the gain as a function
of the drift distance from the sense wire. For this
measurement the slit is rotated by 90� with respect
to the previous measurement as illustrated in
Fig. 8a. In Fig. 8b, the gain variation for every
100 mm step along the x-axis is plotted. The sense
wire is at the valley of the distribution. The gain
clearly decreases as the average drift distance
decreases. This may be due to the different number
of secondary electrons as the primary electrons
drift toward the sense wire. We note that the actual
gain near the wire should be much lower than the
minimum at the middle of the data because the

plotted gain is the averaged gain over the different
drift distances (Fig. 8a). For example, when the
X-ray beam is pointing to the edge of a straw tube
(or to a sense wire), then the average drift distance
is the tube radius (or a half of the tube radius).
The edge in this paper is defined when rBR0: R0 is
the tube radius and r is the distance from the sense
wire along the x-axis.

5. Wire position measurement

One of the factors determining the resolution of
a wire chamber is the wire position accuracy. We
have reported a technique of measuring the wire
position inside a low mass chamber using the
electrons from a Sr90 radioactive source [8].
Because of the limited electron energy, this
application is somewhat limited.

Using an X-ray source to map the wire position
is not new [9,10]. In these schemes, the X-ray beam
is scattered off a crystal to produce a mono-
energetic beam. As the beam moves across a wire,
part of the X-ray beam is scattered by the wire and
results in a change of the counting rate. The
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Fig. 7. The relative gas gain of six typical channels. The gains are normalized such that the overall average gain is 1.0. The statistical

error is less than the size of the triangles. The uncertainty of data points is dominated by the repeatability which is B1.5%. This is

mainly due to the environmental factors such as noise, temperature and pressure variation.
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counting rate can be done either in a passive way
[9] or in an active way [10]. The passive way
requires an external detector (typically a scintilla-
tor) and the active way reads out the rate directly
from the straws. The counting rate is plotted
against the beam position and the wire positions
are calculated. It has been reported that the
accuracy of this wire position measurement is
better than 10 mm.

Our technique is based on a different principle.
We have noticed that when the X-ray beam hits a
wire, low energy electrons are emitted from the
wire as shown in Fig. 9. The middle ADC

distribution (Fig. 9b) is when the X-ray beam is
passing between a sense wire and the edge of a
straw tube (rBR0=2). The distribution on the right
(Fig. 9c) is when the beam hits a sense wire and
there is an enhancement below the main peak.
Simulation with EGS shows that the enhancement
is caused by the knocked out electrons (photo-
electric effect) from the wire surface. The distribu-
tion on the left (Fig. 9a) is when the beam is
passing very near the edge of a straw tube (rBR0).
We also point out that it is not necessary to
produce a mono-energetic beam for our measure-
ment, thus the setup is simplified.

As a first step for the wire position measure-
ment, the distributions like Fig. 10 are taken every
100 mm step across a tube. The slit is positioned
along the z-axis. We define R as the ratio of the
number of entries below the main peak (below
ADC channel number 500) to the total number of
entries in the distribution. This R is plotted as a
function of the X-ray beam position and is shown
in Fig. 10. There are three peaks. The one at
the center corresponds to the wire position and the
other two peaks are due to the straw walls. The
peak values are found by fitting a Gaussian
function with a flat background. In this technique,
not only the wire position is measured but also the
tube end wall positions. The wire is 30 mm
diameter gold-plated tungsten wire and the straw
tube is basically made of 50 mm thick Kapton [4]. It
is important that the slit and the wires are aligned
with an accuracy better than B100 m in order for
the peaks in R distribution to show up well. This is
done using an optical surveyor’s instrument and
the fiducial marks on the module and slit. It is
worthwhile to point out that we only measure the
projected wire position on the plane perpendicular
to the X-ray beam direction. Because the beam
direction is vertical, the sag due to gravity is not
measured. For a three-dimensional mapping, the
chamber has to be rotated (preferentially by 90�)
and mapped one more time. The sag due to gravity
can be easily calculated and added for the final
wire position.

The accuracy of this technique is determined by
measuring the position of a number of wires,
translating the chamber by a known amount, and
re-measuring the wire position. The shift is
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Fig. 8. (a) The slit position for Fig. 8b and the wire scanning.

Also shown in the figure are the electron drift trajectories. (b)

The gain variation as the X-ray beam moves along the x-axis

(across a straw tube). The gains are normalized such that the

overall average gain is 1.0. The size of error bars for all data

points is similar and only some of them are shown.
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measured using a digital dial gauge with resolution
of 10 m. Fig. 11 shows the difference between the
X-ray measurements and dial gauge measurement
for three different shifts, 100, 200 and 300 mm. Fig.
11a shows the differences for eight wires separately
and Fig. 11b shows all wires together. From the
distribution, we conclude that the wire position
can be measured to better than 20 mm (25/21/2, the
error due to the dial gauge is ignored.).

The accuracy of the straw end wall position (and
similarly for the straw inner diameter) determina-
tion is complicated because we do not know the
exact location to which the leftmost and rightmost
peaks in Fig. 10 correspond, since the projected
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Fig. 10. A R plot. The points are calculated from the

distributions shown in Fig. 9 by dividing the number of entries

below the ADC count 500 by the total number of entries. Errors

are statistical only.

Fig. 9. (a) This distribution is obtained when the beam is pointing near the edge wall of a straw tube (rBR0; R0 is the tube radius and r

is along the x-axis. (b) This is when the X-ray beam is between a sense wire and the edge of a straw tube (rBR0=2). (c) This is when the

beam hits a sense wire. The horizontal axis is the ADC channel number and the area of each distribution is normalized to 1.

Fig. 11. (a) The difference in the wire position (Dx) between the

X-ray measurement and dial gauge measurement after the

chamber is translated by 100, 200 and 300mm for eight different

channels. The statistical error of each point is less than 10mm.

(b) This distribution is a projection of Fig. 11a to the vertical

axis. From the distribution, we estimate that the accuracy of

our wire position measurement is better than 20mm.
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wall thickness varies continuously. However, using
the average distance between the two peaks
(3.8570.01 mm) and comparing it with the known
straw tube diameter (4.0070.02 mm), we deduce
that the peaks correspond to the locations slightly
inside the straw inner wall by about 0.075 mm.
Assuming the inner end wall positions can be
calculated from the peak locations (by adding
0.075 mm to the peak positions), we estimate that
the straw end wall positions can be measured with
about 50 mm accuracy following the similar proce-
dure for the wire accuracy estimation.

By adding the two straw end wall coordinates
and dividing by two, and comparing this value to
the corresponding wire coordinate, the deviation
of the wire with respect to the straw center is
calculated. Fig. 12 shows a distribution of the
coordinates of a sense wire and the two straw end
wall locations every 8 cm along the wire. Also
plotted is the center of straws calculated as just
described. The data points for the sense wire do
not form a straight line because the slider moving
along the z-axis is not exactly straight. The figure

indicates that the straightness of the device is an
order of 100 mm. Although it is desirable to
construct a perfect device, the exact straightness
is not necessary because the deviation (from a
straight line) can be calculated and corrected from
the fact that a (sense) wire fixed at two points is
straight between the two points (see Fig. 14a).

We have studied the effect of different gas
mixtures on R: Fig. 13a shows an R distribution
taken with an argon/ethane (35%/65%) mixture
and Fig. 13b shows the same with an argon/CO2

(70%/30%) mixture. The HV is adjusted such that
the gain is about the same for all mixtures. As
shown in the figures, including Fig. 10, R

distributions are insensitive to the type of gas
mixtures.

This technique does not measure the absolute
wire location (with respect to an external fiducial
mark). In order to measure the absolute location,
an external reference chamber with known wire
position with respect to a fiducial mark is
necessary. The external reference chamber could
be another wire chamber, whose length could be
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Fig. 12. The measured wire position (connected with a solid line), and the two straw wall edge positions (two dotted lines, one at the

top and the other at the bottom) as a function of z position (along the straw tube length). Also plotted (dotted line in the middle) is the

center of the two straw tube walls calculated by adding the two wall positions and dividing by two. The difference between the two

curves (solid line and middle dotted line) is the wire offset with respect to the center of the straw tube. The magnitudes of the differences

are also shown as text.
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slightly longer than the slit length. This chamber is
fixed with respect to the beam near the chamber to
be scanned and both chambers are scanned at the
same time. The external fiducial mark on the
reference chamber should be measured optically
with respect to the wires in the reference chamber,
thus the scanned wires can be referenced to the
fiducial mark.

Fig. 14a shows an example in which the sense
wire is not centered along the length of a section of
a straw tube. It is off-center by about 200 mm in the
middle. In this figure, the data points are shifted
such that the sense wire is in a straight line. A
detailed gain map along the straw tube is shown in
Fig. 14b for a comparison and there is about 4%
of gain variation where the offset is maximum.

This technique can also be applied for measur-
ing the field wires inside an open type drift
chamber. Low energy electrons produced when
the X-ray beam hit a field wire would drift to a
sense wire and be detected in a similar fashion.

One of the limiting factors of this technique is
the penetration depth of the X-ray beam. The test
chamber was designed for tracking as well as
transition radiation detection. For the TR func-
tion, the space between straws is filled with
radiator material and the wire position can be
mapped only up to B10 cm depth. For other
chambers without TR material, the scanning depth
should increase. The depth of the scan can also be
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Fig. 13. A R distribution with a 35%/65% argon–ethane

mixture (upper distribution) and 70%/30% argon–CO2 mixture

(lower distribution). Together with Fig. 10, there is not much

dependence on the gas composition.

Fig. 14. (a) The wire and straw wall positions measured from a

straw tube where the wire is off-centered. The data points are

shifted such that the wire data points form a straight line. (b)

The gain is plotted for the same straw tube. In both

distributions the horizontal axis is distance along the straw

tube.
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increased by using a different filter. For example, a
Ge filter rather than Cu will increase the main
X-ray energy component by B20%.

Another limitation arises when wires are stacked
up along the direction of the X-ray beam. Because
the attenuation length of 8–9 keV photons is about
4 mm in tungsten, a sense wire with any reasonable
thickness completely blocks out photons. Thus, in
order to measure the stacked up wires, they have
to be offset at least by B1 wire diameter. In most
chambers this can be accomplished by slightly
tilting the chamber with respect to the X-ray beam.

6. Gas flow rate measurement

The uniform gas flow through any chamber is
an important consideration when gas inlets and
outlets are designed. Some studies show that
stagnated gas could accelerate the aging effect.
The design is especially important for the cham-
bers with straw tubes because straws are isolated
from each other along their length. The typical gas
feed system for chambers based on straw tubes is
to supply gas to all tubes in parallel (Fig. 15). In
this type of design, it is possible that there are
straws with low gas flow, especially the ones at
the corners. Although it may be possible to model
the gas system and calculate the flow rate in each
tube, it is still necessary to measure the actual gas
flow rate in some tubes to verify the calculation.

The principle of measuring the flow rate is to
detect the gain change as the gas composition
changes. The gas gain is quite sensitive to the gas
composition. For example, in Fig. 16, the relative
gain is plotted as a function of the fraction of
argon in an argon–ethane mixture. The points are
normalized with respect to the gain obtained with
50% argon and 50% ethane. When the argon
fraction changes by B1%, the gain changes by
B6%.

After the chamber is flushed with a mixture
(typically 50% argon and 50% ethane mixture),
then the mixture is slightly changed (to 51% argon
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Fig. 15. A typical gas feeding system for a straw chamber.

Because straws are isolated from each other the gas is fed in

parallel from one end and taken out from the other end.

Fig. 16. The gas gain variation as a function of argon fraction in the argon–ethane mixture. The data points are normalized to the

50%/50% mixture.
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and 49% ethane) for a period of time (typically for
5min). After the period, the gas mixture is
switched to the original mixture, thus producing
a square wave of a different mixture. During the
time, the gain of wires is measured at two locations
separated by 20 cm along the tubes.

A typical signal amplitude distribution as a
function of time is shown in Fig. 17. The
horizontal axis is the real time in seconds. There
are two distributions corresponding to the two
locations. The jump in the gain signals the arrival
of the different gas mixture. From the distribu-
tions, the peaks are found and the time difference
between two peaks is calculated. The distance
between two positions is divided by the time
difference and the speed of gas flow is finally
calculated.

Figs. 18a and b show lego plots of gas flow rate
in each tube for two different flow rates. One is for
0.3 cm3/min/straw and the other is for 0.5 cm3/
min/straw. The rate is calculated by simply
dividing the total gas input rate to the module by
the total number of straw tubes in the module.
Using 0.12 cm2 for the cross-section area of a straw
tube, the flow rate 0.3 cm3/min/straw corresponds
to 2.5 cm/min for the gas speed. In the module
used for the gas rate flow study (smaller of the

two), there is one gas inlet and one outlet. The inlet
locations are pointed out in the figures. The gas is
fed to the module through a 0.3 cm diameter tube
and the corresponding gas speed in the feeding
tube is about 1400 cm/min for 0.3 cm3/min/straw
flow rate. As can be seen in the figure, the average
gas flow rate from the measurement matches the
expected flow rate and there is some variation in
the flow rate among straws. It is interesting to note
that the flow rate in the straws near the gas inlet is
not much different from the straws far from the
inlet even with one inlet.

This technique can also be used for open type
drift chambers (with one large gas volume). Using
a similar technique, one could map the mixing rate
of ionization gas throughout a chamber and
identify regions with low gas exchange.

7. Conclusions

In this paper, we have presented techniques for
measuring wire position, gas gain and gas flow rate
using a collimated and filtered X-ray beam. One
advantage of using an X-ray machine is that it
generates a controllable high intensity and high
energy beam. The measurements can then be
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Fig. 17. The gain distribution in two locations separated by 20 cm as a function of time as the gas composition changes (from 50%/

50% to 49%/51%) and returns to the original mixture (50%/50%). The slight slope in the baseline is due to our inability to return to

the original gas mixture exactly.
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performed quickly with proper readout electro-
nics, thus providing valuable information on the
chamber quality in short time.

Among the techniques, first we have shown that
a filtered X-ray beam can be used to measure the
gas gain and the results are comparable to using a
Fe55 source. The gain measurement provides
important information on the uniformity of the
electric field configuration. The gain measurement
along the wire can be converted to a calibration
table if chamber performance depends on the gain
uniformity.

Second, we have demonstrated that the wires
(sense and field wires) inside a chamber can be
surveyed with accuracy better than 20m. The
technique of finding the wire location is to detect
low energy electrons when the X-ray beam hits a
wire. We have also shown that the straw walls can
be accurately located. The location of wires can be
input to a reconstruction program for better track
momentum resolution.

Third, we presented a technique to measure the
gas flow rate, which can be used for not only straw
tube based chambers but also open type chambers.
In the flow rate measurement, the gas composition
to a chamber is changed slightly and the gain
change due to the different gas composition is
measured as a function of time. The flow rate
measurement can locate regions where the gas
exchange is low thus providing information for the
proper gas inlet and outlet locations and/or the
number of gas inlets and outlets.
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Fig. 18. A lego plot for the gas flow rate. The x- and y-axis

correspond to the approximate straw tube positions in the

module and the z-axis is the flow rate per minute. The physical

size of one axis is about 10 cm. The top (bottom) data is taken

when the average gas flow rate to the module is 0.3 (0.5) cm3/

min/straw. The location of gas inlets is indicated in the figures.

The statistical errors for the data points are about 10–15%.
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