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Calibration of the second unit (LX20) of the LAXPC detector was carried out in
the 2 m thermovac chamber at ISAC during July 2014. The procedure followed was
the same as that for the first unit (LX10). The results are described in the following
sections.

1. Calibration of Detector using Radioactive Sources
The three radioactive sources, i.e., Fe55, Cd109 and Am241 were used for calibration. In
order to estimate detector background, the counts were recorded without any source,
before and after the source measurements were done. The background counts over a
time interval equal to that for source were then subtracted from counts with source to
get the net contribution from the source. All these measurements were done inside the
thermovac.

1(a) 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 after correcting for the background. The spectrum
and resolution as well as the peak channel position for the detector are shown in Fig. 1.

The observed spectra for the 3 sources and the background is also shown in Fig. 1
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. 1 for three
different temperatures. The χ2 per degree of freedom for these fits is close to 1 in all
cases.

There is some difference in the peak position for different cells as can be seen from
Fig. 2. 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. In LX20 both C1 and
C12 have gain about 5% less than the other cells which may be expected as they have
veto anodes on one side. In LX10 detector the gain in C12 was 5% larger than that in
middle cells. Since LX20 does not show this behaviour, it is clear that this anomaly
was due to the fact that in LX10 the veto anode A10 which is adjacent to cell C12 is
disabled.

1(b) 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. 3. The peak position shifts to lower
channel while the resolution degrades slightly with increasing temperature (Fig. 1). The
results are summarised in Table 1. 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.



Fig. 1: 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.



Fig. 2: 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.



Table 1: 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 20.1± 1.5 20.7± 1.6 21.5± 1.5 42.6± 0.1 42.0± 0.1 41.6± 0.1
22.1 13.5± 0.5 14.1± 0.5 15.0± 0.4 161.4± 0.3 158.5± 0.2 158.8± 0.4
29.8 13.7± 1.4 14.4± 1.6 14.9± 1.6 212.9± 0.5 207.8± 0.5 207.8± 0.5
59.6 11.0± 0.7 11.0± 1.1 11.5± 1.1 423.3± 0.2 414.9± 0.2 415.8± 0.2

Fig. 3: 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.



Fig. 4: The upper panel shows the spectra of Am241 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 (blue line) and resolution (red line) with applied voltage.

The arrow marks the voltage used in the detector for calibration.



1(c) 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. 4. The peak position
shifts to higher channel by about 25% when the HV is increased from 2716 V to 2751 V
(about 1.2% 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
1.953 V (HV of 2734 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. The
peak positions in LX20 are lower than those in LX10 for the same energy because of
differences in gains and HV used.

1(d) 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. 5. 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 70 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. This scan cover only a part of the total detector, but we can
expect similar rate for blockages elsewhere. Apart from this, scans were done along
each anode and the results are similar. All scans added together cover about 30% of
the detector area.

To test the timing accuracy, count rate profile from a non-varying source, i.e.,
background, 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
for both BBC and fast mode for background and the results are shown in Fig. 6. The
timing characteristics of LAXPC event mode data is as expected (featureless). Since
the count rate was rather low the highest frequency attained is limited and the effect of
dead-time is not seen.

In the fast mode counts are recorded in 4 energy bins, i.e., 3–6, 6–8, 8–12 and 12–20
keV. In order to check the boundaries of each bin the background spectrum in the event
mode was used to calculate the ratio of counts anodes A1 and A2 in different energy
bins. This ratio was compared with observed ratio in the fast mode and the boundaries
of bins were adjusted to get best agreement. The resulting boundaries were found to
be within 0.2 keV of the specified values, thus confirming the settings for these energy
bins.

Fig. 7 shows the distribution of the time difference between consecutive events in
the detector in the event mode. This shows the expected exponential shape for Poisson
distribution for different count rates.



Fig. 5: Count rate during scan across the detector for Fe55. The lower panel shows a part of the curve

after magnification.



Fig. 6: Power spectra obtained from event mode and fast mode data.

Fig. 7: Distribution of time interval between two events in event mode data.

2 GEANT4 simulations of LAXPC detector

To understand the detector response, GEANT4 simulations of the LAXPC detector
were carried out. More details of the simulation are described in a previous report
(Antia et al. 2013) and the calibration document for LX10. These simulations were
validated by comparing the results with data acquired during calibration.

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



Fig. 8: The sum of squares of relative difference in count rates in different layer as a function of density

of the gas.

were compared 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. This ratio for Cd109

source 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 in
count rates

5∑
i=1

(
Oi − Si

Oi

)2

where Oi and Si are respectively, the counts in the observed and simulated spectra in
ith layer. The sum is over the 5 layers. This function shows a well-defined minimum
as a function of density as shown in Fig. 8. The best agreement is achieved at a
density of about 10.7 mg cm−3, which is 7% higher than that in LX10. The difference
in density could arise due to a small variation in pressure or temperature. Hence all



further simulations used this value. Further, some other deviations in the detector were
also incorporated in the simulations. From the scans along each cell, it was found that
for the first cell, C1, and the last cell C12 the gain is about 5% less and this is also
incorporated in simulations. For the detector LX10 the gain in last cell C12 was found
to be 5% larger. This is clearly due to the fact that veto anode A10 is disabled in LX10.

In order to simulate the effect of finite energy resolution, a random number is
added to the energy (Ep) 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.

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. 9. It can be seen that the
agreement is reasonably good for all spectra and this validates the simulation. There are
some differences for Fe55 spectrum as the two anodes appear to have different resolution
with energy resolution of A1 being worse than that for A2. The total counts appear to
fit reasonably well by the simulation. In fact, the HV and nonlinearity of the detector
were adjusted to get better agreement between the two anodes at low energies. The
best fit values of e2 = −2.5 × 10−3, which gives a small nonlinearity in peak channel
as a function of energy. The nonlinearity in LX20 is about 50% larger than that in



Channel No.

Fig. 9: 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.



Fig. 10: 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.

LX10 detector. As a result the peak near 60 keV in the spectrum for Am241 has a more
pronounced hump on the lower energy side. This hump which is due to events where
entire energy is deposited in one anode is shifted to lower energy due to nonlinearity.
Because of larger nonlinearity in LX20 the peak shifts by a larger amount giving a more
pronounced feature at lower energy.

The calculated resolution, 2.3548σ is consistent with that obtained in Section 1(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 1(b).

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. 10. This gives a piecewise
linear approximation in 1/E as shown in Fig. 10.



3. Summary

The second unit of LAXPC detector has been calibrated using radioactive sources. The
performance is satisfactory, with an energy resolution of about 14% at high energies
(>∼ 20 keV) and about 21% at 6 keV. This resolution is within about 2% of that for
LX10 detector. At 6 keV LX20 has slightly better resolution as compared to LX10,
while at 22 keV it is slightly worse. The peak channel for the same energy in LX20
is about 15% lower as compared to that in LX10. The GEANT4 simulations of the
detector agree well with observed spectra and can be used to calculate the response
matrix.
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