
Chinese Physics C Vol. 38, No. 10 (2014) 106001

Development of a sub-millimeter position-sensitive gas detector *
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Abstract: Position-sensitive thin-gap gas detectors have been developed in the laboratory, based on the ATLAS

Thin Gap Chamber. The signal collection structure has been redesigned while retaining other configurations to

keep the good time performance of the detector. The position resolution was measured using cosmic muons for two

versions of the detector and found to be 409 µm and 233 µm respectively. This paper presents the structure of these

two detector prototypes, with the position resolution measurement method and results.
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1 Introduction

The Thin Gap Chamber (TGC) used in the ATLAS
experiment [1] shows good performance in terms of its
fast response and time resolution, but has limited po-
sition resolution. For future experiments, such as the
ATLAS trigger system upgrade, it is desirable to im-
prove the position resolution while retaining the timing
performance. The main goal of the study described in
this paper is to build a prototype detector based on the
TGC, with a position resolution better than 300 µm and
timing performance at least as good as the current TGC.

The TGC detector operates in saturated mode by us-
ing a highly quenching gas mixture of carbon dioxide and
n-pentane, ratio 55%:45%. The TGC has many advan-
tages, such as low sensitivity to mechanical deformations,
small parallax, small Landau tails and good time reso-
lution, but its position sensitivity is around 1 cm, deter-
mined by the geometrical width of the readout channel
and the strength of the induced signal. To improve the
position resolution, we concentrate on improving the sig-
nal readout method by fine tuning the structure of the
detector.

Two versions of prototypes of the new detector,
named the precision Thin Gap Chamber (pTGC), based
on the ATLAS TGC, have been constructed and tested.
We found the position resolution can be improved to be
less than 300 µm, with the second version of the proto-
type, which meets the requirements.

In Section 2, the structure of the pTGC detector is
described. Section 3 describes the position resolution

measurements for the pTGC. Finally, the results of the
measurements are summarized in Section 4.

2 Construction of the pTGC

In developing the pTGC, two versions of the detec-
tor were constructed and tested, the first version being
referred to as pTGC-. and the second as pTGC-/.

A schematic of the pTGC-. structure is shown in
Fig. 1. It is similar to the structure of the ATLAS TGC,
except that the positions of the strips for signal collection
are modified. 48 copper strips of width 0.8 mm, with a
spacing of 0.2 mm between strips, are etched on the in-
ner surface of the 2 parallel PCB boards, which form a
thin chamber. The anode wires, segmented at 1.8 mm
intervals and perpendicular to the strip direction, are
sandwiched in between the two PCB boards. The re-
sulting size of the detector is defined by the number of
wires and strips, which are 290 mm×50 mm.

Fig. 1. Schematic structure of the pTGC-. cham-
ber. The anode wires are placed in the middle of
the chamber; copper strips are etched on the in-
ner surface of the PCB board, perpendicular to
the wire direction.
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While testing pTGC-., it was found that electrical
discharge between the wires and strips resulted in fa-
tal damage to the frontend electronics, even though the
design included a protection circuit between the detec-
tor and the frontend electronics board. This means that
such a chamber would be unstable for a large detector
and for a long time of running. Besides, the induced
charge on the strips spread roughly from 5 to 6 mm,
which leaves limited room for reducing the number of
channels by enlarging the width of the strips. Therefore,
based on pTGC-., the pTGC-/ was developed to deal
with these problems.

The schematic of the pTGC-/ structure is shown in
Fig. 2. The strip width is enlarged to 3.8 mm (spaced at
0.2 mm intervals) with respect to pTGC-., and a thin
(100 µm) insulation layer is pasted onto the strip layer.
The insulation layer is then coated with a thin (≈30 µm)
graphite layer as the electrical ground to build the drift
electrical field, together with the wires in high potential.
This graphite layer protects the frontend electronics from
discharge and can increase the spread size of the induced
charge on the strip layer. We tune the surface resistiv-
ity of the graphite layer to be around 100 kΩ, taking
the diffusion speed of the charge into consideration. The
resulting size of the pTGC-/ is 290 mm×200 mm.

Fig. 2. Schematic structure of the pTGC-/ cham-
ber. Compared to pTGC-., an additional iso-
lation layer and graphite layer cover the etched
copper strips.

Both detector prototypes used a gas mixture of car-
bon dioxide and n-pentane, ratio 55%:45%, as the work-
ing gas, and the anode wire voltage was set to 2900 V.
These configurations are all the same as the ATLAS
TGC detector, to keep the detector’s good timing per-
formance.

3 Position resolution measurement

To test the pTGC-. and pTGC-/ detectors, three
layers of identical chambers were placed in parallel with
two layers of scintillator detectors to build a muon ho-
doscope (Fig. 3). Precisely machined spacers were in-
serted in between the detectors to fix the relative dis-
tance and to keep them parallel. To further reduce rela-
tive rotation between chambers, we used four long rigid
screws to connect pre-designed positioning holes on the

detectors. From our measurements, we found the rela-
tive rotation effects to be smaller than the resolution of
the detector.

Fig. 3. The cosmic muon hodoscope used for the
chamber testing. Plastic scintillator detectors are
used for the trigger, and three identical pTGC
chambers are placed in parallel between the two
scintillator detectors.

The induced charge on each strip is integrated for
the position calculation, based on the charge center-of-
gravity algorithms. The measured hit positions on the
three layers of chamber should form a straight line, due
to the penetration power of muons. The deviation of the
observed hit positions relative to a straight line is then
used to calculate the position resolution of the detectors.

3.1 Signal definition

Using an oscilloscope, we first observed the induced
signal in one wire group and three adjacent strips (lim-
ited by the number of channels on the oscilloscope), as
shown in Fig. 4. It is apparent that the signals are clearly
seen above the noise, and the signals on the strips are of
different magnitudes, as expected.

For the position resolution measurement, we designed
a much more complicated data acquisition (DAQ) sys-
tem based on Gassiplex frontend electronics [2] to read
out and digitize the induced charge from a number of
channels of the three chambers in a more complex ho-
doscope [3]. Once the two scintillator detectors of the
hodoscope are both fired, the DAQ is triggered. The
trigger signal is sent to the detector front end electronics,
which then close the gate to discharge the capacitor on
which the signal charge has been integrated. The capac-
itor charges are then read out one by one, controlled by
the clock distributed from the DAQ system. The charge
is then digitized and saved to the computer.

The digitized charge, denoted by Qi where i is
the channel number, consists of three parts: electronic
pedestal, noise, and charge induced by the muon hit.
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First of all, we need to figure out the pedestal and
noise for each channel. The method is to histogram
the integrated charge for each channel using a soft trig-
ger where no real muon-induced signal appears in the
data. Fitting the histogram with a Gaussian function
then gives the pedestal and the noise, denoted by Pi and
σi respectively, as shown in Fig. 5, where the height of
the histogram represents the pedestal and the error bar
represents the noise of that channel.

Fig. 4. The observed signals on the wires and sev-
eral copper strips, induced by the same incident
cosmic ray. The signal on the wire is negative,
while the signals on the strips are positive.

Fig. 5. Noise and pedestal distribution of 96 sig-
nal strips in one chamber (the x-axis is the sig-
nal strip number, the vertical coordinate is the
pedestal value and the error bars represent the
noise of that channel.)

In the analysis, if Qi>Pi+3σi, the channel is consid-
ered to be fired by a real muon hit, and the signal charge
is calculated as:

Si=Qi−Pi. (1)

The distribution of signal magnitudes of the largest
signal in each cluster (cluster is defined in the next sec-
tion), called the peak signal, is shown in Fig. 6. The
distribution of signal magnitudes of the second largest
signal in each cluster, called the second peak signal, is
shown in Fig. 7. The distribution of the sums of all the
charges in a single cluster is shown in Fig. 8. The corre-
spondence between the magnitude of the signal and the
charge is 1 fC/3.6 bits. We can then calculate that the

most probable charge of the peak signal in one cluster is
190 fC, and the most probable total charge of one clus-
ter is 470 fC, which is consistent with the measurement
given in Ref. [1].

3.2 Cluster definition

The charge induced by an incident muon is dis-
tributed over several adjacent strips, which are grouped
in a “cluster”, used for the hit position calculation. For
any given event, we search all the fired channels of one
detector to group into clusters. To suppress fake sig-
nals from noise, if the cluster contains only one strip,
it is dropped. The cluster size and number of clusters
per detector per event are shown in Fig. 9 for pTGC-.
and Fig. 10 for pTGC-/. It can be seen that in both
cases, a single cluster contains an average of six strips,
and almost all events consist of only one cluster, which

Fig. 6. Distribution of signal magnitudes of the
peak signal in each cluster. The x-axis is the dig-
itized charge collected.

Fig. 7. Distribution of signal magnitudes of the
second largest signal in each cluster.

Fig. 8. Distribution of total charge induced in each
cluster.
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Fig. 9. (color online)For pTGC-.: (Left) Distribution of cluster sizes (number of strips in a single cluster). (Right)
Number of clusters in a single chamber per triggered event.

Fig. 10. (color online)For pTGC-/: (Left) Distribution of cluster size (number of strips in one cluster). (Right)
Number of clusters in a single chamber per triggered event.

is consistent with our expectations. The hit position is
then calculated for each cluster using the formula

x=
∑

i

(Si∗xi)
/

∑

i

(Si), (2)

where xi is the position of the centre of the ith strip.

3.3 Position resolution

For safety in the design, the strips are etched on both
inner surfaces of the PCB boards. A single event
will then induce signals on both surfaces, giving dou-
ble measurements of that hit, where the one with less
problems is used in the later analysis. To compare the
two measurements, denoted as x1 and x′

1, we fill x1–x′

1

into a histogram to check the broadness of the distribu-
tion. From a simple Gaussian function fit, we observe a
narrow width of around 36 µm, which means that the
effect of electronic noise on the resolution is very small.
This is consistent with our expectations from Fig. 5 and
Fig. 6, where the signal magnitude is much higher than
that of noise.

After the three hit positions x1, x2, x3 are calculated
for the three parallel chambers, to simplify the calcula-
tion, we first use x1 and x3 to calculate the expected hit

position on the second layer x2c:

x2c=x1

L23

L12+L23

+x3

L12

L12+L23

, (3)

where L12 and L23 are the vertical distance between de-
tectors 1, 2 and detectors 2, 3 respectively. Assuming
the same position resolution σ for the three identical de-
tectors, we know the resolution of x2c, with error propa-
gation, is:

σ2c=

(
√

L2
23

(L12+L23)2
+

L2
12

(L12+L23)2

)

σ ≡ kσ. (4)

Filling x2–x2c into a histogram and then fitting with a
Gaussian function, the width of the Gaussian is deter-
mined by the resolution of x2 and x2c:

w=
√

σ2+(kσ)2=
√

1+k2σ. (5)

We can then directly calculate the position resolution of
the detector as

σ=
w

√
1+k2

. (6)

From Fig. 11 and Fig. 12, we obtain the position resolu-
tion as 409 µm for pTGC-. and 233 µm for pTGC-/.
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Fig. 11. The distribution of x2–x2c for pTGC-
.. The corresponding position resolution of the

chamber is σ=
w

√

1+k2
=

500 µm

1.22
=409 µm.

Fig. 12. The distribution of x2–x2c for pTGC-
/. The corresponding position resolution of the

chamber is σ=
w

√

1+k2
=

286 µm

1.22
=233 µm.

Fig. 13. The Gaussian width (defined in formula
5) relative to the cosmic ray incidence angle.

In tests, we see that the pTGC-/ is more stable, with
the protection of the extra graphite layer, and achieves
a better resolution even with broader channels.

To look at the dependence of the detector position
sensitivity on the incident angle of the muon, we divide
the data into several groups. Each group of data con-
tains events in which muons arrive with a specific
incident angle. The analysis above was redone for each

group, and the result is shown in Fig. 13. It shows that
the position resolution of pTGC-/ is insensitive to the
incident angle of muons.

Fig. 14. The Gaussian width (defined in formula 5)
relative to the number of strips per cluster used
for position calculation. The x-axis is the number
of strips per cluster used for position calculation.

To check the effect of electronic noise, we use subsets
of the top highest signals in a single cluster to calculate
the position resolution. The result is shown in Fig. 14,
which shows that the resolutions are similar and that
there is little effect from electronic noise.

4 Summary

Two pTGC prototypes, pTGC-. and pTGC-/,
have been constructed and tested. With the basic struc-
ture and working gas unchanged from the original TGC,
the new detector can attain the existing features of good
time resolution and fast response, which are essential for
triggering. The counting capability of the detector is
affected by the speed of charge diffusion on the cath-
ode plane. In the design of both prototypes, the cath-
ode plane has a much lower resistance than the previous
TGC, which will help to increase the counting capability.

By revising the signal collection structure and
method, the position resolution is improved from the
level of centimeters to be around 200 µm in the sec-
ond version of the prototype, which also works stably for
long runs. The measured worse resolution of the first ver-
sion detector suffers from the much smaller signal spread
and the less precise testing system. It should be noted
that the resolution measured even for the second version
detector is the global resolution of the detector, which
includes the effects of detector non-uniformity over the
whole sensitive area. This means that the measured res-
olution presented here is rather conservative and robust.
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