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1. Introduction

The LAXPC payload for ASTROSAT consists of 3 large area X-ray proportional coun-
ters for X-ray timing and spectral studies over an energy range of 3–80 keV. The payload
consists of 3 co-aligned identical detectors, each with a multilayer configuration. Cal-
ibration of the first unit, LX10, was done at ISAC thermovac during December 2013,
using 3 radioactive sources. GEANT4 (Agostinelli et al. 2003) simulations of the detec-
tor were also performed and matched with actual data from calibration sources. Using
these simulations some characteristics which cannot be determined using radioactive
sources have also been estimated.

The rest of the document is organised as follows: Section 2 describes the basic
detector geometry, Section 3 describes setting of electronics parameters and STBG
calibration, Section 4 describes the results obtained using radioactive sources, while
Section 5, describes the results of GEANT4 simulations. Finally, Section 6 gives the
summary of the calibration results.

2. The Detector Configuration

The detector has 5 Anode layers, each of 12 anode cells of size 100 × 3 × 3 cm. The
top two layers are divided into 2 parts with alternate cells connected. We denote the
axis along the length of anode cells as x-axis, the y-axis is in the horizontal direction
going across the 12 anode cells, while z-axis is along the vertical direction going across
the anode layers. The main anodes are surrounded on 3 sides (bottom and on x − z
sides) with veto cells of thickness 1.5 cm. There are 7 main anodes, A1, A2 in the
top layer, A3, A4 in the second layer from top and A5, A6, A7 in the remaining three
layers. The anti-anode A9 covers the bottom area (100× 39 cm), while anti-anodes A8
and A10 cover the x− z sides (100× 15 cm). The configuration of anodes is shown in
Fig. 1. The cells are labelled as C1, C2, . . ., C11, C12 from right to left in the figure.
Thus the cell C1 is adjacent to the anti-anode A8, while the cell C12 is adjacent to the
anti-anode A10. The entire volume of the detector is filled with a mixture of Xenon
(90%) and Methane (10%) at a pressure of 2 atmospheres. The lower energy threshold
is kept at about 3 keV and any event that deposits more than 3 keV in a given anode
is recorded. In the LX10 detector which was used for calibration, the veto anode A10
has been disabled. This can increase the background event rate and may cause other
differences in performance as explained in the following sections. The effect of this has
been studied using simulations.

3. Setting of Electronics parameters

Before performing the calibration using radioactive sources, the following parameters
have been adjusted in electronics:
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Fig. 1: Configuration of anodes in LAXPC detector. The figure shows projection on y − z plane. All

anodes have a length of 100 cm in x-direction, perpendicular to the plane of figure.

3(a) Fixing the Energy Range of the detector

The LAXPC detector is designed to cover energy from 3 keV to 80 keV. The CSPA
amplifier used in LAXPC has o/p dynamic range from ∼ 0.2 V to 9 V. The detector
resolution is a function of gas gain used. The gas gain is adjusted by changing the High
Voltage (HV) applied to the anode wires. The energy resolution deteriorates at higher
gas gains and hence one is constrained to use the range of output from ∼ 0.24 V to 6.4 V
range for 3–80 keV band. After the adjustment of the HV and equalisation of the gain
of the 7 X-ray detection channels, the stretched pulses are fed into signal Processing
Electronics (PE). For the 0–10 V analog input, 10 bit ADC used in PE, gives a step
resolution of 9.76 mV per channel (10 V/1024 = 9.76 mV). The corresponding values
of the peaks and the output of the ADC after fixing the value of the operating HV for
the different X-ray line energies are as under.

Table 1: Peak position for different energies

X-ray line Pulse height at Position of the X-ray peak at
Energy the input of PE the output of the ADC
(keV) (Volts) (channel No.)

5.9 0.46 47
22.0 1.85 189
29.8 2.47 253
59.6 4.92 504

With the above adjustment, the gain of the LAXPCs is such that it covers 3–80
keV energy range in 24 to 640 channels of the ADC in PE.

3(b) Adjustment of Energy Thresholds in the Signal Processing Electronic
units

As mentioned above the LAXPC detector covers energy range of 3–80 keV. Within
dynamic range of 0.245 V to 6.53 V, depending on the optimum balance between gas
gain and energy resolution at a given gas gain, we have determined the CSPA o/p
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voltage corresponding to say 30 keV energy to be about 2.5 Volts at room temperature.
Based on that both Lower level Discrimination (LLD) threshold volts (corresponding
to 3 keV) and Upper Level Discrimination (ULD) threshold (corresponding to 80 keV)
is fixed. The DAC used to set the various voltages used for level comparison has 0
to 10 V dynamic range and 8 bit resolution, thus the step resolution of DAC is about
40 mV (10 V/256 = 39.06 mV). Since the LLD can only be set in steps of about 40
mV and keeping in mind that 3 keV corresponds to about 247 mV or 25th channel of
ADC, the LLD channel for DAC is fixed at 6 (6× 39.06 = 234 mV). Similarly, the ULD
corresponding to 80 keV, is fixed at 167 channel (167× 39.06 = 6.52 V).

For X-rays with energy above the K-edge of Xe, the K-electron may be ejected and
the ion can radiate K X-rays in energy range 29.4–34.4 keV. These X-rays may escape
from the detector or be absorbed in a different anode. In order to include these events
the anti-coincidence logic is modified to detect this energy range. If two anodes register
an event and at least, one of them is in the range of 25–35 keV, then the energy of the
two anodes are added and the event is registered. The lower threshold for this (KLLD)
and the upper threshold (KULD) can be set through tele-command. It may be noted
that both Gas gain of LAXPC detector and the values of various threshold can be set
by tele-commend at any time throughout the mission life. The following settings are
used for this calibration:

Table 2: Setting of Energy Thresholds

S. No. Energy Volts PE channel No. DAC channel No.
(keV) (ADC o/p) for threshold

1. 30 2.47 2.47/(9.766× 10−3) = 253 · · ·
2. 3 (LLD) 0.247 0.247/(9.766× 10−3) = 25 0.247/0.039 = 6 (06H)
3. 25 (KLLD) 2.06 2.06/(9.766× 10−3) = 210 2.06/0.039 = 53 (35H)
4. 35 (KULD) 2.88 2.88/(9.766× 10−3) = 295 2.88/0.039 = 73 (49H)
5. 80 (ULD) 6.52 6.52/(9.766× 10−3) = 667 6.52/0.039 = 167 (A7H)

3(c) Calibration of Pulse Height Analyser (PHA) in Signal Processing Elec-
tronics

As mentioned earlier the Processing Electronics (PE) box of LAXPC has a PHA
that records the pulse height in 1024 channels (10 bits). This PHA is calibrated by
feeding pulse from a Pulse Generator and then measuring the output pulse height and
recording the channel number of the peak of PHA. The PE has a self-test calibration
mode by which a known level pulses are fed to input and corresponding event is digitised
and sent as standard Event Analysis mode data.
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3(d) Pre-calibration Qualification Tests of the Processing Electronics (PE)

a. BBC count rate of genuine event and event data count rate derived from time
tagged data has been matched and they agree for a range of count rates. (from
about 140 Counts/sec background rates to 500 Counts/sec with Fe55 source). The
events are also matched at rate of 10 K counts/sec.

b. Fast count rates are to be matched by comparing with standard low latency counter.
c. For background spectrum, channel to channel variation is examined to ensure that

there are no abnormalities / anomalies in the data.

3(e) Equalisation of Gains of the 7 channels of X-ray detection layer and 3
channels of Veto layers

Channels 1 and 2 represent the even and odd connected anodes of the Layer 1.
Similarly, channel 3 and 4 represent the even and odd connected anodes of the Layer
2. Channels 5, 6 and 7 represent all the connected anodes of the Layers 3, 4 and 5,
respectively. Channels 8 and 10 represent the Veto Layer anodes of the two sides of
the Anode assembly while channel 9 represents the Veto Layer at the bottom of the
Anode assembly. The overall gain of the 7 X-ray detection channels will be equalised.
Similarly, gains of the 3 Veto Layer channels are also equalised.

High Voltage (HV) is supplied to all the 7 X-ray detection layers from the same
point and its value is, therefore, the same. The overall HV supplied to the anode layers
can be adjusted and changed in appropriate steps. But HV of an individual Anode
layer cannot be adjusted. Hence the gain equalisation is realised by varying the gain of
corresponding CSPA of the Anode layer. In a similar way the overall gain of each Veto
Layer is also equalised by adjustment of gain of the corresponding CSPA.

The following procedure is followed for the gain equalisation and adjustment of
3–80 keV energy range of LAXPCs.

a. Preliminary gain equalisation is done by adjusting the individual CSPA gain to
have the 30 keV K-escape background peak of each individual channel. We then
use a collimated Am241 source mounted on X-Y source motion jig and place it on
the FOVC. The source is shined at a fixed location for 100 sec and the pulse height
spectrum is recorded with MCA. The HV is adjusted such that 30 keV Xenon K-
alpha peak in MCA corresponds to desired pulse height. The process is repeated
for all the 10 channels. Since HV of the 7 individual X-ray detection channels and
the 3 Veto layer channels cannot be adjusted individually, differences in the pulse
heights for 30 keV X-rays is removed by adjusting the gains of individual CSPAs of
the different channels. This is done by using trimmer of each CSPA. After the gain
equalisation and the adjustment of the overall HV supplied to the anodes of each
channel, the peak of the 30 keV Xenon K-alpha peak should be ∼ 2.4 V. Similar
adjustment of the HV and equalisation of gain is carried out for the 3 Veto channels
also.

b. The equality of gain of all the 7 channels of the X-ray detection layers and the 3
veto channels is checked through the on-board Signal Processing Electronics (PE)
unit. The electronic unit uses a 12 bit ADC but we are using only 10 bits, i.e.,

79



1024 channels that cover 0–10 volt range implying a voltage step of 9.766 mV per
channel. Since our CSPAs have useful range of ∼ 0.24 – 9 V. The peak of the 29.8
keV X-ray peak for each of the 10 channels is at 253± 4 channel.

3(f) Calibration of the System Time Base Generator (STBG)

One of the principal scientific objectives of the LAXPC instrument is to carry out
accurate and detailed time variability analysis of various cosmic sources. This requires
a stable and accurate on-board clock to generate calibrated absolute time.

The STBG system is required to provide a stable and accurate time reference for
each one of the three LAXPC Detectors Systems. This time reference clock needs to
have a resolution of 10 µs. The system needs to have a low drift as well as low ageing
effect. It should also generate a continuous time reference scale throughout the mission
life of the LAXPC instrument. The STBG has to also generate command selectable
timing BIN periods for the LAXPC post processing electronics. Being a crucial and a
common package, it has a passive redundancy to avoid single point failure.

This system provides a stable and accurate timing reference for the LAXPC elec-
tronic sub-systems as well as time reference for other X-ray payloads. It also provides
command selectable time bins for broadband counters and pulse height histograms of
post-processing electronics. It uses a stable low drift temperature compensated crystal
oscillator of 10 MHz frequency. It is designed to accept and synchronise with a Pulse
Per Second (PPS) signal from an on-board Global Positioning System (GPS) receiver
and achieve a synchronisation level of less then 3 µs to the Coordinated Universal Time
(UTC). The 100 KHz clock frequency for driving the STBG clock circuit is derived from
the basic crystal frequency of 10 MHz.

The time correlation between STBG time and UTC time is achieved by having an
on-board SPS time (UTC) and corresponding BMU OBT time, as well as STBG time,
being latched on a rising edge of (PPS %16) pulse and all three time stamps are made
available in AUX packet stream. A detailed time correlation test was carried out at
ISAC with all three systems i.e, STBG, BMU and SPS systems interconnected as per
design and data acquired for continuous 24 hrs stretch for each one of the four TCXO.
The measured frequency and its stability parameters are as under.

Table 3: STBG TCXO characteristics

Package Nominal frequency Average bin frequency Variance Variance
(Hz) (Hz) (Hz) (ppm)

FM-EL-04 (Main) 99998.500000 99998.459258 0.03125 0.3125
FM-EL-04 (Redt) 99998.750000 99998.726060 0.035038 0.35038
FS-EL-07 (Main) 99998.500000 99998.500395 0.06375 0.6375
FS-EL-07 (Redt) 99998.687500 99998.703070 0.03125 0.3125

The STBG time was compared with SPS and all four TCXOs show some drift with
respect to the SPS, at a rate of about 1.1–1.3 s per day. The drifts are shown in the
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top sub-panels of Fig. 2 (of top four panels). This amounts to a frequency offset of
about 1.3–1.5 Hz. After making a linear correction for the respective clock offsets, all
the four TCXOs show some non-linear trend, amounting to a maximum of 100–600 µs
time offset w.r.t. to the SPS in one day. These are shown in the middle sub-panels of
top four panels (Fig. 2). These data lead to following interpretation:

a) If the maximum break in SPS data is in the range of 1000–2000 seconds, all the four
TCXOs will give local linear solutions with the required absolute timing accuracy
of 10 µs.

b) If SPS data has larger breaks, it may result in larger uncertainty in absolute timing,
up to a few times 10 µs.

c) From the calibration data, Main-EL04, Main-EL07 and Redt-EL07 appear to have
better timing characteristics compared to the remaining TCXO Redt-EL04.

Analysis of the STBG drift data by linear interpolation shows that with three of
the STBG units (MAIN-04, MAIN-07 and REDT-07), an absolute timing accuracy of
10 microseconds can be achieved for SPS data gap less than 3000 seconds and absolute
timing accuracy will be 20 microseconds for SPS data gap of 10,000 seconds (bottom
panel of Figure 2). The absolute timing accuracy figures are about a factor of 2 larger
for the unit REDT-04.

4. Calibration of Detector using Radioactive Sources

To obtain the energy response of detectors, 3 radioactive sources at different energies in
the range of LAXPC detector were used. The calibration was repeated at 3 temperatures
of 10◦ C, 20◦ C and 30◦ C to study the temperature dependence of detector response.
The following 3 sources were used:

1. Fe55 with energy 5.9 keV. These X-rays are absorbed in the top layer and hence
only the two top anodes A1, A2 register these events.

2. Cd109 with energies, 22.1 keV (54.5%), 21.9 keV (28.8%), 24.9 keV (13.7%), 88.0
keV (3.0%). The first two peaks cannot be resolved by the detector, while the
third one gives a small feature at the high end of the main peak, which can be
fitted with some effort. The last peak is beyond the range of the detector, but it
can give a small contribution when the Xe-K X-ray escapes the detector. However,
the resulting peak is too weak to be detected.

3. Am241 with energy 59.6 keV. This sources also gives additional peaks because of
loss of energy due to Xe-K X-rays escaping the detector. The detector logic is built
to add contributions in 2 channels if one of them is in the range of Xe-K (25.5–34.5
keV). Hence, the 59.6 keV peak consists of 2 parts, one where the entire energy
is absorbed in the same anode and second where the Xe-K X-ray is absorbed in a
different anode and the two contributions are added to one of the anode. If only
one anode is in the Xe-K range the energy deposited in that anode is added to the
other anode where remaining energy is deposited. If the energy deposited in both
anodes is in the Xe-K range then the lower of the two energies is added to the anode
which has higher energy. The Xe Kα X-rays have energies of 29.8 keV and 29.5 keV
which account for about 81% of Xe-K X-rays, while the remaining fraction comes
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Fig. 2: Performance of the 4 TCXOs of STBG flight and flight-spare units are shown in top four panels.

The top sub-panels in each show the drift in time w.r.t. SPS, the middle sub-panels show the residue

after making a linear correction. The lowest sub-panels (in top four panels) show the offset of OBT

time w.r.t. the SPS. The absolute timing accuracy vs SPS data gap is shown in the bottom panel.

as Xe Kβ with energies 33.6–34.4 keV. Thus in addition to the 59.6 keV peak we
also get two peaks when Xe-K X-rays escape from the detector giving the energies
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Fig. 3: The x–y motion platform on the detector and the path of source on detector top used for

scanning. One traverse of the path takes about 2 hours.

of about 30 keV and 26 keV. Because of limited resolution of the detector, the last
two peaks are not well separated.

In order to estimate detector background, the counts are recorded without any source,
before and after the source measurements are done. The background counts over a
time interval equal to that for source are then subtracted from counts with source to
get the net contribution from the source. All these measurements were done inside the
thermovac.

In order to perform the calibration inside the thermovac chamber, an x–y motion
platform for movement of radioactive sources above the Field of View (FOV) Collimator
was designed. This can hold all three sources and expose one or more of them at a
time. The x–y motion platform can function in vacuum and its movements and source
on/off status can be controlled remotely. The movement of sources is controlled by a
programme to move the source at predetermined rates in x or y direction. To cover
the entire area of the detector the source was moved along the y direction which moves
it across the 12 cells followed by a movement along x axis. The sequence is repeated
until the entire range is covered. Figure 3 shows the route traced by the source. To
determine the characteristics of individual cells some scans were also done along each
of the 12 cells, where the movement was restricted to x direction only along the wire.
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Fig. 4: The peak position as a function of time for all anodes.

4(a) Stability of Detector

To check for long term stability of detector periodic measurements were made over
several months to check for drift in peak channel position. Some of the results are
shown in Fig. 4. These observations were made in lab when the detector had top
cover which was evacuated. There is a slow decrease in peak channel with time as the
performance of detector degrades because of accumulation of impurities in gas. The
original position is restored when gas is purified.

84



4(b) Energy Resolution of LAXPC

For each of the X-ray lines, the energy resolution, R of the LAXPC detector, averaged
over the entire area was measured. The energy resolution is defined by

R =
FWHM (channels)

Peak (channel)
× 100%

To estimate the resolution the observed spectrum for the source is corrected for back-
ground, by subtracting spectra obtained without source over the same time period. The
background corrected spectrum is then fitted to a sum of Gaussian profiles to obtain the
resolution which is 2.3548σ, where σ is the standard deviation of the Gaussian peak.

The observed spectra for the 3 sources and the background is shown in Fig. 5 which
shows the counts in all 7 anodes added together. These spectra are fitted to obtain the
peak position and resolution and the results are shown in Fig. 5 for three different
temperatures. These spectra were taken about 6–7 days after purification of gas. The
χ2 per degree of freedom for these fits is close to 1 in all cases. This figure also shows the
resolution for anode A2 when the scan was done along the C5 cell at room temperature.
It can be seen that for a single anode scanned along single cell the resolution is about
10%, but it degrades when all cells are combined and degrades further when different
anodes are combined. Some of this contribution can be accounted for if peak position
in different anodes is shifted to match the gain, before adding the counts. The results
using this correction, for temperature of 10◦ C is also shown in Fig. 5. It can be seen
that the resolution improves by about 2%. Since there is no record of which cell in
a particular anode is triggered, it is not possible to correct for the variation between
different cells.

There is some difference in the peak position for different cells as can be seen from
Fig. 6. In particular, the two end cells C1 and C12 have somewhat different gains and
peaks are shifted by about 5% with respect to the middle cells. Further, the cell C1 in
anode A4 has gain shifted downwards by about 25%, which shows as separate peak at
lower end. Because of this the peak height for this cell is also reduced. It is not clear
why the two end cells have gain shifted on opposite side with respect to the mean. The
cell C12 is adjacent to the veto anode A10 which has been disabled in this detector and
this may be the reason for the difference. The variation of peak position with cells is
also shown in Fig. 6.

4(c) Effect of Varying Temperature

To study the variation in detector characteristics with temperature, the spectra for all
three sources and background were obtained at three different temperatures, 10◦ C,
20◦ C, 30◦ C and the results are shown in Fig. 7. The peak position shifts to lower
channel while the resolution improves slightly with increasing temperature (Fig. 5). The
results are summarised in Table 4. The peak height increases with temperature but that
is due to improvement in resolution and some difference in total time over which the
spectra were integrated at different temperatures. The total counts under the peak
normalised to same time duration is essentially independent of temperature. Thus the
overall efficiency of the detector is independent of temperature.
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Fig. 5: The upper panel shows the spectra of the three sources and background obtained from obser-

vations over 4 hours for Am241 and for 2 hours for others taken at temperature of 10◦ C. The counts

in all anodes are added to get these spectra. The lower panel shows the resolution and peak position

for the 4 main peaks in the spectra (scanned over the entire detector) shown in the upper panel. The

results are shown for three different temperatures. Also shown is the resolution at room temperature

for anode A2 when scanned along the cell C5 only, as well as at 10◦ C when peaks in different anodes

are shifted for gain difference before adding.
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Fig. 6: The upper panel shows spectra of Cd109 obtained from scan over individual cells. The counts

in all anodes are added to get these spectra. The lower panel shows the peak position for all 12 cells.
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Table 4: Energy resolution and peak channel for different temperatures

Energy Energy Resolution Peak Channel
10◦ C 20◦ C 30◦ C 10◦ C 20◦ C 30◦ C

(keV) (%) (%) (%)

5.9 23.4± 0.6 22.9± 0.7 22.2± 0.7 48.2± 0.6 47.4± 0.6 46.3± 0.6
22.1 12.9± 0.3 12.5± 0.4 12.1± 0.6 194.2± 2.5 189.5± 2.3 184.6± 2.4
29.8 13.3± 0.3 12.9± 0.4 12.5± 0.4 259.0± 3.4 253.0± 3.0 247.0± 3.2
59.6 12.9± 0.4 12.4± 0.3 11.8± 0.3 513.9± 6.7 504.5± 6.1 491.2± 6.4

Fig. 7: Spectra of all three sources and the background obtained at 3 different temperatures as marked

in the figure. The black, red and green lines show the results for 10◦ C, 20◦ C, 30◦ C, respectively.

The counts in all anodes are added to get these spectra.
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Fig. 8: The upper panel shows the spectra of Cd109 obtained with 6 different voltages applied. The

HV values are marked in the figure. The counts in all anodes are added to get these spectra. The lower

panel shows the variation in peak position and resolution with applied voltage. The arrow marks the

voltage used in the detector for calibration.
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4(d) Effect of Varying Voltage

To study the effect of applied high voltage the spectra were obtained with different
voltages. The peak position is very sensitive to the voltage, while the resolution varies
only gradually with voltage. The results are summarised in Fig. 8. The peak position
shifts to higher channel by about 50% when the HV is increased from 2451 V to 2523 V
(about 3% increase). The peaks also become broader at higher HV, but the difference
in resolution is not much as this is a relative definition. The total counts under the
peak do not change significantly with HV. The HVM value adopted for the detector is
1.783 V (HV of 2496 V). It is possible to improve the resolution marginally by choosing
a lower voltage, but in that case the peak position will shift to rather low channels.

4(e) Calibration of the Timing Accuracy of the LAXPC Events

The count rate during scan across the detector for a radioactive source is shown in
Fig. 9. Apart from some fluctuation, there are prominent periodic dips in the count
rate. These dips are due to the fact that during these times the source was shining
outside the active area of the detector. Apart from these, there are a few smaller dips
in between. These are most probably due to some blockage in collimator. These smaller
dips cover a few seconds of time which corresponds to few mm movement across the
cell of collimator. The total duration of these dips is about 60 s, during the total scan
of about 2 hrs. Thus the region covered by these blockages is about 1% of the region
covered during the scan. The scans cover only a small part of the total detector, but
we can expect similar rate for blockages elsewhere.

To test the timing accuracy, count rate profile from a non-varying source is recorded
and its Fourier transform is calculated to check that there are no peaks in the power
spectrum above certain significance level. This exercise is repeated over a wide range
of count rates. Event mode data was acquired at different count rates up to 12,500 s−1.
X-rays from an AMPTEK mini X-ray tube was shined from the backside in a region
near the gas filling port of LAXPC. At a constant current and voltage applied to the
X-ray tube, X-ray generation rate is constant, as was verified from data.

The timing characteristics of LAXPC event mode data is as expected (featureless)
at frequencies below 390 Hz corresponding to bin size of 2.56 ms. The power density
spectra obtained from light curves at different rates are shown in Fig. 10. At higher
count rate, the spectra shows lesser power which is expected due to the dead time of
the LAXPC processing electronics. At higher frequencies, due to the two problems in
the event mode data described below, the power spectra (Fig. 10) show artifacts at
390.625 Hz and its harmonics. Other than these artificial peaks, the shape of the power
spectrum is as expected, showing the effects of the finite dead time.

There are some known problems in time tagging of events. When the lowest time
byte in time, T1 roles over from FF to 00, occasionally the next higher byte T2 does not
change. If an event occurs during this time, incorrect time stamp is recorded and if the
count rate is sufficiently high, apparent time ordering of events may also get disturbed
as apparently this event will precede the previous event. This basically arises as there is
a short time delay between updating the two bytes of time. In most cases this problem
may be corrected by increasing the value of T2 by one when the value of T1 is 0 or 1.

90



Fig. 9: Count rate during scan across the detector for Fe55. The lower panel shows a part of the curve

after magnification.
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Fig. 10: Power spectra obtained from event mode data at different count rates. The left panel shows

the results for high count rate when no correction is applied for time. The right panel shows all results

after ‘correcting’ for time error.

Time (ms) Time (ms)

Fig. 11a: Distribution of time interval between two events in event mode data. The left panel is before

correcting for timing problem, while the right panel is after correction.

The power spectra after applying this correction are also shown in right panel of Fig. 10.
This problem may be there even at low count rate but it is not possible to detect it as
there may not be any count in the preceding 2560 µs.

Similarly not all 256 possible values of lowest time byte, T1 appear at equal rate.
There are fewer values of ‘1’ and more occurrences of ‘2’. This effect is independent
of the count rate in the detector. This results in an artificial power in the Fourier
Transform at a frequency of 1/(2560µs) = 390.625 Hz. To circumvent this problem it
has been decided to extract light curves from event mode data with bin size of 20 µs or
its multiples. For this, the events recorded with T1 value of 1 and 2 (not 0 and 1) and
every subsequent pair will be added.

The distribution of the time difference between events in the LAXPC follows the
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Fig. 11b: Fast mode data in 3-6 keV, 6-8 keV, 8-12 KeV and 12-20 keV bands using commercial mini

X-ray gun (MINI X) mounted on specially designed X-Y source motion jig. The PDS for total counts

is shown in the left panel.

expected exponential shape for Poisson distribution for different count rates (Fig. 11a).
It also shows the cutoff at 50 microseconds, in agreement with the dead time measure-
ment done for LAXPC. Due to the negative time jump mentioned above the distribution
shows two additional, smaller components on either side.

In BBC mode, counts in time bins ranging from 8 to 1024 ms are provided, in
different energy bands. In addition, the data also includes various other diagnostics and
the time for every sub-frame. It has been noted that the count rates in the first two of
the 32 subframes within each frame are added together and recorded in the second sub-
frame. As a result, the BBC count rates show a spike in every 31 bins. To overcome this
problem it was decided to extract light curves from BBC data at 2 times the nominal
bin size. In other words, if the BBC light curves are required at a specific time bin size,
the BBC mode corresponding to half this bin size will be operated. In this case the
time bins would be in the range of 16 to 2048 ms.

Fast mode data in 3-6 keV, 6-8 keV, 8-12 KeV and 12-20 keV bands is taken using
commercial mini X-ray gun (MINI X) mounted on specially designed X-Y source motion
jig. This data is shown in Figure 11b along with total counts in 3-20 keV band. The
PDS for total counts is shown in the left panel of Figure 11b.
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Fig. 11c: Distribution of time interval between two events in event mode data. The left panel is before

correcting for timing problem, while the right panel is after correction.

4(f) Dead Time Measurement of LAXPC Detector

For detection systems that record discrete events, the dead time is the time after each
event during which the system is not able to record another event. The LAXPC Pro-
cessing Electronics (PE) package is designed to accept input from detector (7 main and
3 anti anode), do the event qualification for background reduction and process the same
in BBC and Event mode simultaneously. From the operational sequence and the con-
version time for ADC used the total pulse processing time is ∼ 53 microsecond + 2 to
3 microseconds. The LAXPC PE is a non-paralysable system, so an event happening
during the dead time since the previous event is simply lost, so that with an increasing
event rate the PE will reach a saturation rate equal to the inverse of the dead time.
The dead time measurement is carried out as explained below.

The Test has been carried out using commercial mini X-ray gun (MINI X) mounted
on specially designed X-Y source motion jig. The jig allows movement of the X-ray gun
in controlled speed along both X and Y axis over the complete area of LAXPC detector.
To avoid overexposure at one spot on detector, the X-ray gun is kept moving at slow
speed along the 20 cm length of C3 cell (From X=800 to X = 1000). A commercial
MCA (MCA8000A) is used to record the spectrum and counts, from single top layer
anode (A2) CSPA, for different event rates as shown in the Table 5. The MCA provides
dead time corrected event rate. The same setting of X-ray gun and jig is then used and
event data from same A2 anode is acquired with LAXPC PE and STBG unit. The PE
is operated in default mode i.e., both BBC and Event mode running in parallel and
counts obtained are tabulated in Table 5. The counts as measured by MCA 8000A is
used as actual input counts to the PE and using the measured counts the dead time of
the PE is calculated as shown.

As can be seen, the counts measured by both BBC and Event mode in PE matches
to within 10 counts in about 340000 counts. The PE data is for 1000 frames each at
given KV. The PE dead time is between 52 to 55 µs. The 3 µs variation is due to
uncertainty added by conditional loop execution time while tagging the incoming event
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Table 5: Measuring the dead time of LAXPC detector

MCA Data PE Data Relative Dead
KV Counts Time Rate BBC Count EM count Time Rate Efficiency time

(s) (s−1) (s) (s−1) (µs)

10 91681 49.48 1852.89 292047 292045 173.95 1678.89 0.90609 55.9
11 149558 49.16 3042.27 322318 322322 122.75 2625.77 0.86309 52.1
12 229816 48.72 4717.08 337945 337946 89.98 3755.61 0.79617 54.3
13 335908 48.13 6979.18 342540 342549 67.46 5077.98 0.72759 53.6
14 483177 47.32 10210.8 349423 349433 53.12 6577.99 0.64422 54.1
15 642072 46.44 13825.8 340876 340869 42.88 7949.53 0.57498 53.5

time. The PE uses majority logic in reading the T1 time stamp from STBG, i.e., it
reads the time multiple times till at least two sample of same time is read. This is done
to mitigate the transition in time stamp which happens every 10 µs. The variation in
the estimated dead time can be considered as error in its measurement. The expected
count rate with 54 µs dead time is shown in Figure 11c along with measured dead time
data.

At 2000 counts per sec (about 300 mCrab), the dead time effect is about 10%.
This means deadtime correction will be required for many sources. This dead time
measurement will be especially useful for study of the thermonuclear bursts as well as
the flaring/outburts in BHXBs during which the X-ray intensity increases by a factor of
upto 10. For very bright X-ray pulsars, this will also help correcting the pulse profiles.

5 GEANT4 simulations of LAXPC detector

To understand the detector response, GEANT4 simulations of the LAXPC detector
were carried out. The detector configuration as described in Section 2 was used in these
simulations. More details of the simulation are described in a previous report (Antia et
al. 2013). These simulations were validated by comparing the results with data acquired
during calibration. In addition, simulations were also used to estimate the Field of view
and efficiency which cannot be determined from radioactive sources.
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Fig. 12: Contours of constant efficiency (relative to the vertical direction) are shown as a function of

angle from vertical in the x, y directions for photons of 15 keV (left panel) and 50 keV (right panel).

The axes are marked in arc minutes. The red contour encloses the region where count rate is more than

half of the peak value and gives the FWHM of the field of view. The black contours are at interval of

10%, while the blue contours are at level of 5%, 1%, 0.1% and 0.01%.

5(a) Calibration of the Field of View Collimator (FOVC)

Calibration of FOVC cannot be done by using a radioactive source as the required
source strength is rather high for safe handling in the laboratory. The best alternative
is to use an X-ray beam line, but this was not available. Hence, this was done using
GEANT4 simulations including the collimator.

The simulation was done by including the FOV collimator as well as the window
support collimator. Each simulation included 106 photons of fixed energy which were
uniformly distributed over the detector top and incident at a fixed angle. The number
of events registered in the detector were noted for each angle. The secondary particles
produced in the collimator are also tracked and all events which satisfy the selection
criteria for PE are counted. The maximum counts were obtained when the photons
were incident normal to the detector surface. The counts at other angles were divided
by this maximum number to get the relative efficiency of detector in different direction.
Figure 12 shows the contours of constant efficiency for photons of 15 keV and 50 keV.
The red contour which marks the region of half the maximum counts has a full-width of
about 43′ = 0.72◦ at 15 keV. This value is consistent with expected field of view. This
region is not particularly sensitive to photon energy. At higher energies the contours
tend to move outwards as some part of the collimator becomes transparent to high
energy X-rays. At energy of 50 keV the FWHM increases to 47′ = 0.78◦.

The FOVC will be calibrated after launch of ASTROSAT by scanning across a
non-varying point-like source with angular extent less than 0.05◦. It is planned to scan
across the bright X-ray source, Crab nebula in the pitch and yaw directions at a slow
but constant rate. The plot of count rate vs time for each of the two directions will give
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Fig. 13: The left panel shows the efficiency of LAXPC detector. The red line shows the efficiency

without collimator, while the blue line shows the value when collimator is included in simulations. The

right panel shows the effective area of combined detector (3 units).

a measure of the field of view.

5(b) Effective Area of LAXPC Detectors at Different Energies

It is difficult to estimate the efficiency of detectors using radioactive sources as the net
flux of X-rays in the Field of View is difficult to estimate. Hence, this was done using
GEANT4 simulations. From the efficiency it is possible to estimate the effective area
also.

The simulations for this purpose were done with and without the collimators. In
both cases each simulation included 106 photons of fixed energy which were uniformly
distributed over the detector top and incident perpendicular to the top face. The basic
efficiency of detector is obtained when the collimator is not included. This basically
gives the fraction of photons that are absorbed in the gas volume. When collimator is
included about 20% of the photons are blocked by the collimator material and hence
the counts are lower. This is consistent with the expected fraction based on collimator
geometry. In real detector there could be some difference due to imperfections in the
collimator. Figure 13 shows the results for both cases. The dip at low energies is due
to absorption in the Mylar window at the top of the detector. At energies of about 15
keV the efficiency is close to 98% while the middle dip is at energy corresponding to the
K-edge of Xenon.

Using the efficiency with collimator, it is possible to estimate the effective area
which is defined as (efficiency) × (geometric area). The effective area depends on the
transmission of the collimator and on the detection efficiency of the detector. Both
these factors are included in the simulations with collimator and this can be multiplied
with the geometric area of the detector to get the effective area. The active area of each
LAXPC detector is 100× 36 = 3600 cm2. Combining 3 detectors, the geometric area is
1.08 m2. The effective area of the full detector is shown in the right panel of Fig. 13.
Maximum effective area of 0.8 m2 is achieved for energy range of 8–20 keV and drops
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Fig. 14: The sum of squares of relative difference in count rates in different layer as a function of

density of the gas.

to about half this value at both ends.
The effective area of detector will be estimated after launch of ASTROSAT by

observing the Crab nebula which is a standard calibration source, whose flux and energy
spectrum are well known.

5(c) Simulating the Detector Response for Radioactive Sources

Before using the GEANT4 simulations to estimate detector response at different energies
the response was calculated for each of the 3 radioactive sources and results were com-
pared with observed spectra to validate the results and fix the resolution and mapping
of energy to channel number. For each source the known energy distribution was used
in the simulation. Each simulation had 106 photons which were incident perpendicular
to the face of the detector. About 80% of the events were uniformly distributed over the
top of the detector, while the remaining were near the four edges of the detector. This
was done to approximate the scanning sequence used with radioactive sources, as the
scans spent significant fraction of time near the edges. This distribution is relevant only
for Am241 source, as near the edges there is a higher probability of Xe-K X-ray going
out of the detector. This affects the ratio of counts in the two peaks of the spectrum.
For each of 106 events the energy deposited in each cell of anodes is written out for
further processing.

The relative counts (total counts under a peak) in different anode layers depends
on the absorption coefficient and density (or pressure) of the gas. Using this ratio for
Cd109 source which shows systematic variation in counts with layers. The relative count
rates in different layers of the detector is determined by the absorption coefficient of
the gas which depends on the density. It was found that varying the density by a few
percent can get the relative count rates in better agreement. To estimate the density of
the gas, simulations were done with different values of density and the relative difference
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in count rates
5∑
i=1

(
Oi − Si
Oi

)2

where Oi and Si are respectively, the counts in the observed and simulated spectra.
The sum is over the 5 layers. This function shows a well-defined minimum as a function
of density as shown in Fig. 14. The best agreement is achieved at a density of about
10 mg cm−3. The difference in density could arise due to a small variation in pressure
or temperature. Assuming a pressure of 2 atmosphere, the density corresponds to a
temperature of 10◦–15◦ C. Hence all further simulations used this value. Further, some
other deviations in the detector were also incorporated in the simulations. Since the veto
anode A10 is disabled in LX10 unit, the simulations also disabled this anode. Similarly,
from the scans along each cell, it was found that for the first cell, C1, the gain is about
5% less, while for the last cell, C12, it is about 5% more. This is also incorporated in
simulations. Ideally we would have expected the gain of both end cells, C1 and C12 to
be similar. The difference is most likely because C12 is adjacent to the veto anode A10
which is disabled. Further, it is found that the cell C1 of anode A4 has a gain which is
about 25% less and this is also incorporated in the simulations.

GEANT4 simulations give the energy deposited in each cell, which has to be trans-
lated to the channel No. for each anode. This will depend on the number of electrons
produced by the X-ray. On an average about 22 eV is required to create an electron-ion
pair in Xenon, but this depends on the energy. This is incorporated through a function
w(E) which gives the averaged energy required to generate an electron-ion pair (Jahoda
et al. 2006; Fig. 4). Following their prescription an effective energy

Ep =
22.0

w(E)
E

is calculated. The effective energy in all cells of an anode are added to get the total
energy deposited after accounting for any adjustment in gain, if required. In order to
simulate the effect of finite energy resolution a random number is added to the energy in
each cell. This random number is selected to have normal distribution with zero mean
and a standard deviation of Epσi. Here the relative standard deviation, σi, are treated
as free parameters, which are chosen to get the best fit to observed spectrum. For each
peak in the spectrum we use a different σi. This gives 4 parameters, one each for Fe55

and Cd109 peaks, while the remaining two are for the two peaks in Am241 spectrum.
Although, some of these peaks have multiple energies which are not resolved, we use
the same σi for the entire peak. The total energy in each anode is translated to channel
number using

nc = e1Ep(1 + e2Ep)

where e1, e2 are two parameters which are determined by matching the observed spec-
trum. Here, e1 determines the gain for anodes, while e2 is a small nonlinear term.
In principle, each anode has a slightly different gain, but for simplicity we treat these
parameters to be the same for all anodes.
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Channel No.

Fig. 15: Fit to the observed spectra for the 3 radioactive sources taken at 10◦ C. The y-axis shows

counts per channel. The black lines show the observed spectra, while the red lines show the simulated

spectra. In the panel for total counts the counts are divided by an appropriate factor to fit in the same

scale. For Fe55 all anodes are not shown as there are no significant counts in these anodes.
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The anti-coincidence and K-escape logic as used in the LAXPC software are applied
to get the counts in each anode. Since the total counts in simulated and observed spectra
will not match, we multiply the simulated spectra by a constant factor to match the
counts. For this purpose we take the total counts over all anodes in one peak for each
source. The factor is chosen to match the total counts in observed and simulated spectra.
Only one factor is used to match counts for all 7 anodes. It should be noted that this
is not a free parameter as it is chosen at the beginning and is not adjusted to get the
best agreement. Thus only 6 parameters, σ1, σ2, σ3, σ4, e1, e2 are fitted to match spectra
for all 3 sources. The background was subtracted from the spectra before fitting. The
three spectra for different sources were fitted separately. Since the nonlinear term in
energy response only affects the spectrum for Am241, e2 was determined by fitting this
spectrum and the same value was used for the other two spectra. The parameter e1 was
adjusted to get the peaks in approximately correct position and was not adjusted to
fit the spectra in detail. The parameters σi were adjusted to fit the respective spectra.
Since it is impossible to match the peak position exactly in simulated and observed
spectra, a small offset of a few channels was used to get the best fit.

The results obtained for the 3 sources are shown in Fig. 15. It can be seen that the
agreement is reasonably good for all spectra and this validates the simulation. The χ2

per degree of freedom for fits to Cd109, Am241, Fe55 are about 3, 7, 15 respectively. Most
of the deviation comes in the wings of lines. The best fit values of e2 = −1.9 × 10−3,
which gives a small nonlinearity in peak channel as a function of energy. The calculated
resolution, 2.3548σ is consistent with that obtained in Section 4(b), except for σ4 which
is for the 60 keV peak of Am241. For this energy the resolution obtained from the
observed spectrum is better than that obtained here. This is because this peak has two
contributions, one where all energy is deposited in one anode and another when energies
from two different anodes is added as the Xe-K X-ray is absorbed in a different anode.
The fitted σ4 refers to the first contribution. The second part is the sum of two energies
around 30 keV and hence has a resolution that is σ3/

√
2. The position of the two peaks

is also slightly different because of the small non-linear term. The combination of these
two contribution gives an intermediate resolution which agrees with that obtained in
Section 4(b). To demonstrate this effect, Fig. 15 shows observed spectra using two
different algorithms to treat the double events where the energy is divided between two
anodes. The top panel shows the normal spectrum where the energies in double events
is added when it is in the right energy range. The lower panel shows the same when all
double events are rejected. It can be seen that in the latter case the peak around 60
keV is shifted to lower channel and is also broader. This is consistent with what is seen
in simulations.

In order to study the effect of energy thresholds for Xe K X-rays on the spectra
simulations were done with different ranges and some results are shown in Fig. 17. If
the range is reduced some events are rejected and the height of 60 keV peak is reduced
and its shape also changes.
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Fig. 16: Observed spectra for Am241 in each anode. The top panel shows the normal spectrum when

events where energy is deposited in two anodes is added together under appropriate conditions. The

bottom panel shows the spectrum when all these events are rejected.
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Fig. 17: Total counts in all anodes for simulated spectrum of Am241 with varying threshold for Xe K

X-rays as marked in the figure. The energy values are in keV.

Fig. 17: Fit to the resolution (2.3548σ) as a function of energy E for different temperatures. The solid

lines shows the fit to a linear spline in 1/E (to σ2) with knots at 1/3, 1/28, 1/80 keV−1. The points

show the resolution at the four energies as obtained by fits in the previous subsection.
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Fig. 19: Energy response of the detector for different energies as marked in the figure. The counts of

all 7 anodes are added. At each energy 106 incident photons were simulated.

5(d) Simulating the Detector Response for Different Energies

Using the fitted parameters obtained in the previous subsection it is possible to simulate
the response of detectors to different energy spectra. For this purpose we need to
estimate the resolution as a function of energy. With only 4 points in energy, it is
somewhat difficult to obtain this function over the entire range. Following Jahoda et
al. (2006) we try a fit to σ2 by a linear function in 1/E. Since one linear function is not
enough to fit all 4 points we use a linear spline in 1/E using 3 knots at 1/3, 1/28, 1/80
keV−1 and the results for the 3 temperatures are shown in Fig. 18. This gives a piecewise
linear approximation in 1/E.

Using the resolution calculated as described above, it is possible to estimate the
detector response for different energies and results for a few different energies are shown
in Fig. 19. For each of these simulations, 106 photons of fixed energy were used. The
peak height in these spectra are determined by the efficiency of detector and the energy
resolution.

In order to estimate the response of detector to Crab X-ray source, we simulate the
spectrum

N(E) = N0E
−2.1

where N(E) is the number of photons cm−2 s−1 keV−1. The simulated spectra for
this source is shown in Fig. 20, which shows the estimated counts in about 100 s.
The spectrum is distorted because detector efficiency depends on energy. Most of the
counts are recorded in the top anodes, A1, A2. These counts are not corrected for dead
time effect. Considering that about 6000 counts per second are expected, these will
be reduced by about 25% due to dead time correction. In order to recover the actual
spectra from observed spectra an inversion is needed. In this case no background is
added.
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Fig. 20: Energy response of the detector for X-ray flux from the Crab. The black line shows the

estimated counts in the detector over a period of 100 s, while the red line in the top left panel shows

the Crab spectrum normalised to match the observed count at some point. The counts of all 7 anodes

are added. The other 3 panels shows the spectra from a source with strength 10mCrab, 2mCrab,

1mCrab as marked in the panels.

In order to study the effect of background on detection of weak sources the Crab
spectrum with reduced intensity is used and fluctuating part of background is added. For
this purpose we take the background spectrum with the same duration of 100 s and apply
random variations on that background. Since the background should be subtracted to
get the source spectrum, only the fluctuating part is added. These results are also shown
in Fig. 20 where we have simulated source strength of 1mCrab, 2mCrab and 10mCrab.
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While 10mCrab spectra at low energy clearly stands above the background, 1mCrab
barely shows up and longer integration time will be required for such sources.

6. Summary

The first unit of LAXPC detector has been calibrated using radioactive sources. The
performance is satisfactory, with an energy resolution of about 12% at high energies
(>∼ 20 keV) and about 22% at 6 keV. One of the veto anode A10 is not functioning in
this unit, while one cell of anode A4 has a gain that is 25% lower than other cells. These
deviations can be incorporated in simulations to get the correct detector response. The
GEANT4 simulations of the detector agree well with observed spectra and can be used
to calculate the response matrix. The FWHM of the field of view is about 43′ at 15
keV and about 47′ at 50 keV. The total effective area of all 3 units is about 0.8 m2 at
energies of 10–20 keV and decreases to about half this value at the low and high energy
end of the detector range.
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Calibration Matrix for LAXPC

Parameter Expected Observed Tests done Remarks Details Subsystems

values values in test setup

1. Stability ±10% ±10% Done for FM & FSM tested Done for Detector

of peak ch at 30 keV months time for stability all +FE

& qualified

2. peak channel After 4 hrs LLD = 24 Sec. 4(a) Detector+

at 5.9 keV 47 ± 2% of purification ULD = 640 FE+PE+
at 22 keV 189 ± 2% and at based on STBG

at 29.8 keV 253 ± 2% 10−b mbar operating

at 59.6 keV 504 ± 3% gain
Temp dependence 5% (10◦–30◦C) Sec. 4(b)

3. Energy resolution After 4 hrs for FM Done with Detector+
at 6 keV 20 ± 2% 23 ± 2% of purification AS-LX-DT-10 full chain FE+PE+

at 20–60 keV 10 ± 1% 13 ± 1% and at after qualification STBG

Temp dependence 2%(10◦–30◦C) 10−6 mbar Sec. 4(b)

4. Purifier tested on FM qualified

& FSM

5. Field of view 1◦ 43′ at 15 keV FWHM of peakto be checked Sec. 5(a) Simulations

47′ at 50 keV profile during PV phase

6. Efficiency 97% at 10–15 keV to be checked Sec. 5(b) Simulations

40% at 80 keV during PV phase

7. Effective area 0.6 m2 0.8 m2 at 10–20 keV to be checked Sec. 5(b) Simulations
0.4 m2 at 80 keV during PV phase

8. Health Standard Standard Every time Done for FM qualified Detector+

parameters values values package is & FSM FE+PE+
switched on STBG

9. Dead time & 55 µs Sec. 4(f) Detector+

power spectrum FE+PE
characterisation of PE +STBG

10. STBG timing 10 µs 10 µs over 2000s Sec. 3(f)

error 100–600 µs over 1 day

11. Validation of BBC time tagged PHA Tests done To match the counts & spectrumDetector
data acquired in fast counter modes with ETE from detector measured with +FE+PE

various modes set-up independent PHA with PE +STBG
BBC & Event modes etc.
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