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UVIT:	Twin	Telescope,	1.8	arcsec	
38	cm	each,	filters	
130-180,	200-300,	320-550	nm	
	
SXT:	SoA	X-ray	Telescope,	2	arcmin	
0.2-8	keV,		CCD:	150	eV	@	5.9	keV	
150	cm^2	at	1.5	keV	
	
CZTI:	CdZnTe	pixelated	detectors	
2-D	coded	mask,	15-150	keV	
6%	@	100	keV,	480	cm^2	
	
LAXPC:	3	ProporDonal	counters	
FOV	42	x	42	arcmin,	10	microsec	
12%		@	22	keV,	6000	cm^2,	3-80	
	
SSM:	3	Posi;onal	Sensi;ve	PC	
1-D	coded	mask,	2.5-10	keV	
~50	mCrab	per	staring	

ASTROSAT	

Launch:	28	Sep,	2015	
650	km,	6	degree	inclina;on	
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Ultra	Violet	Imaging	Telescope	(UVIT)	
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OPTICAL LAYOUT -- FUV CHANNEL
f/12 Cassegrain, ~ 380 mm aperture

/grating
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OPTICAL LAYOUT – NUV & VIS
f/12 Cassegrain, ~ 380 mm aperture

/grating
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SoT	X-ray	Telescope	(SXT)	

Parallel beam
of X -rays

CFRP Forward
Tube

Optics Assembly

CFRP Rear Tube

Focal Plane
Camera Assembly

Soft X -ray Telescope
on ASTROSAT

Thermal
Baffle

4

2 meter
focal length

Converging Beam

CCD chip+ TEC sitting
on Cold- finger

150 x 150 pixels of the CCD are read out and that will also be useful for observing very strong cosmic sources to avoid 
pile-up; a Bias Map Mode (BM), and a Calibration Mode (CM) reading from four small windows in the corners (each of 
size=80 x 80 pixels) and a central 100x100 window. X-ray spectral information is available in all the modes, and the 
time resolution in the PC, PCW, CM modes is 2.4 s, and 0.278 s in the FM mode.  A energy threshold is applied to the 
events recorded in the PC, FW, and PCW modes only. A schematic of the SXT is shown in Figure 1 and a more detailed 
description of the SXT has been given in [1]. 

 
Figure 1.  Schematic of the Soft X-ray Telescope (SXT) showing all its main parts, and with actual photographs of the optics 
assembly and the inside of the camera assembly shown on the right 
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energy hot plasma components and their attendant line
emission in active stars, supernova remnants, and the
hot intra-cluster gas, and study the physics of shocks
and accretion disks, coronae, photo-ionised regions and
their density, temperature, ionisation degree, and ele-
mental abundances.

Here, we give an overview of the SXT1, and its sci-
entific capabilities based on a preliminary post-launch
evaluation of its characteristics. The details of the post-
launch calibration will be published elsewhere. This
paper is organised as follows. In §2 and §3 we discuss
the overall instrument configuration and the optics re-
spectively. The detectors and electronics are discussed
in §4 and §5 respectively. Observational constraints are
discussed in §6 followed by pipeline processing and
products in §7. The in-orbit operations carried out and
the performance of SXT showing its scientific capabil-
ities are given in §8.

2. Configuration

A photograph of the fully assembled SXT is shown in
Figure 1 and a schematic of the SXT is shown in Figure
2. SXT has a focal length of 2 meters and geometric
area of ∼250 cm2. The X-rays are focused on a CCD
in the focal plane camera assembly. The CCD is cooled
by a thermoelectric cooler (TEC) connected via a cold
finger and a heat pipe to a radiator plate. The radiator
plate is always facing the dark side of the satellite and is
being maintained at a temperature in the range of -48◦C
-60◦C. The CCD is being maintained at a temperature
in the range of -81◦C to -85◦C after launch.

3. X-ray Optics Assembly

The overall design of the optics, the development and
testing of mirrors and the assembly of the mirrors for
the SXT was carried out at the Tata Institute of Funda-
mental Research and a brief description is given here.
The optics assembly of X-ray reflecting mirrors is housed
in a tubular structure made of CFRP (carbon fibre rein-
forced plastic) developed at the Vikram Sarabhai Space
Centre. A deployable door at the top end of the tele-
scope covered the optical elements protecting them from
contamination before launch. This was deployed 2
weeks after launch, in a one time operation, and is perched
at an angle of 256◦. A Thermal Baffle lies between the
door and the mirror assembly made of anodised alu-
minium alloy 6061 T6. The baffle protects the tele-

1More details about the SXT can be found at http://astrosat-
ssc.iucaa.in/

Figure 1. The fully assembled SXT before integration with
the satellite.

scope from the Sun, and provides a base for mount-
ing the heaters to maintain the optics within 20±5◦ C.

Singh	et	al.	2016	
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SoT	X-ray	Telescope	(SXT)	
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Figure 8. The point spread function (preliminary) of the SXT based on observations of Mrk 110 within 1 arcmin of the bore sight 
(top), and observations of Cyg X-3 imaged about 6 arcmins from the bore sight (bottom). The curves represent a double King profile 
fitted to the data and the fitted values of the parameters are shown along side the figures. 

4.3 Point Spread Function  

The point spread function (PSF) of the SXT has been derived from several observations of point sources.  In Figure 8 we 
show two examples of the PSF derived from observations of Mrk 110 (with 1 arc min of the bore sight) and Cyg X-3 (~6 
arc min away from the bore-sight).  The current data still need to be properly corrected for the attitude variations during 
the observations, and therefore these results are preliminary. These data have been fitted with double King profiles as is 
usually the case in such optics used in ASCA and Suzaku X-ray Observatories. The central parts of the PSF are well fitted 
by the core radius given by the central King function, which is determined to be 40 arcsec for Mrk 110 data and 54 
arcsec for the Cyg X-3 data.  If expressed in terms of the full width half maximum (FWHM), the PSF is ~100 arcsec – a 
value that compares quite well with the ground based observations carried out with a parallel beam of optical light 
incident on-axis on the full aperture of the optics.  The simulations of the SXT optics model, however, had indicated a 
PSF of  <70 arcsec (FWHM).  The second King model is indicative of the scattering in the mirrors and has peak 
brightness of 7% of the central King profile and core radius of ~577 arcsec in case of Mrk 110 (11% and 617 arcsec, 
respectively, in the case of Cyg X-3). The PSF and the vignetting are yet to be incorporated in the modeling of the 
effective areas for spectral fitting. 

4.4 Testing the Spectral Calibration: X-ray Spectra of Supernova Remnants 

Supernova remnants are among the best calibrators for X-ray astronomy.  Crab nebula, which is normally used, is too 
bright for the SXT. We have obtained spectra of Tycho and Cas A supernova remnants with SXT and these are shown in 
Figures 9 and 10. A comparison of the spectra with spectra obtained from other X-ray observatories is also shown here. 
Please note that the exact area calibration of the SXT is not available yet, and therefore this comparison is very 
preliminary. Please also note that SXT spectrum of Cas A was obtained at a large offset from the center of the foV of the 
SXT.  A calibrator for low energy (0.5 – 1.0 keV) X-rays used by the IACHEC (International Astronomical Consortium 
for High Energy Calibration) is the supernova remnant 1E0102.2-7219 in the SMC [6].  They have used data from 
Chandra, Suzaku, Swift and XMM-Newton and provided a spectral model based on observations with these satellites. We 
have also observed this source extensively (see above), and fitted our spectral data obtained from this source with the 
model given by this consortium [6]. The results of this exercise are shown below in Figure 11.  It can be seen from Figs. 
9, 10 and 11, that the spectral capability is as expected and that a fairly good spectral calibration has been achieved. 

This research has made use of data and software provided by the High Energy Astrophysics Science Archive Research 
Center (HEASARC), which is a service of the Astrophysics Science Division at NASA/GSFC and the High Energy 
Astrophysics Division of the Smithsonian Astrophysical Observatory. 
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4.2 Bore sight and vignetting 

PKS 2155-304 and 1E0102.2-7219 sources were used to point on different parts of the CCD to determine the bore-sight 
of the telescope, the point spread function (PSF) and vignetting in the SXT as a function of the off-axis angles.   The use 
of PKS2155-304 was not very successful due to the intensity variations in the source from one pointing to another. The 
use of the supernova remnant 1E0102.2-7219 in the Small Magellanic cloud required extremely long observations, as the 
source is very weak in the SXT.  This source emits mostly soft X-rays and is seen in 0.3 – 3 keV energy band only. The 
results from one of the scans are shown in Figure 7 below. The data suggests that the bore sight of the SXT is close to 
center of the foV at X=302(+-7) and Y=285(+-7) pixels. It also gives the vignetting of the telescope area as a function of 
off-axis angle.  

 

 
Figure 7. Count rates obtained for different pointing positions on the CCD frame of 600 x 600 pixels. The maxima give the position 
where the telescope area is maximum, and thus the location of the bore sight of the telescope. [1 pixel = 4 arcsec] 
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The sun avoidance angle with the thermal baffle is -45◦.
A forward tube of CFRP covers the thermal baffle as-
sembly and 1 alpha section (see below) of the mirrors
assembly. Several rings and rear tube of CFRP provide
an interface between the middle flange of the optics to
the FPCA (Focal Plane Camera Assembly). The entire
telescope is held at its centre of gravity by a Deck In-
terface Ring (DIR) made of Al alloy 6061. There is
a Charge Coupled Device (CCD) in the FPCA at the
common focus of all the mirrors in order to image the
cosmic sources. A schematic of the SXT is shown in
Figure 2.

Figure 2. A schematic of the SXT showing the complete
assembly of all the components of the SXT.

The SXT optics consists of a set of coaxial and con-
focal shells of conical mirrors approximating paraboloidal
and hyperboloidal shapes and arranged behind each other
in Wolter I geometry. X-rays are first reflected by inter-
nally reflecting paraboloidal (1α section) mirrors and
then reflected to the prime focus of the telescope by an
internally reflecting hyperboloid (3α section) mirrors.
At grazing incidence, the active region of the mirror is
just a thin annulus giving a small collecting area even
for a large diameter mirror. Thus nesting of Wolter I
shells is incorporated to improve the filling factor of
the circle defined by the outermost shell. Higher nest-
ing is achieved by using shells made of very thin mir-

ror elements. SXT has 40 complete shells of thin foils
(0.2 mm thickness) of aluminium with replicated gold
surfaces on the reflecting side for each section. Each
shell consists of four quadrants, therefore, there are a
total of 320 mirrors. Each mirror is 100 mm long. The
radius of the outermost shell is 130 mm, while that
of the innermost shell is 65 mm. The focal length of
the telescope is 2000 mm measured from the middle
of the two sections. The design is based on that de-
scribed in e.g. Westergaard et al. (1990) and Kuneida
et al. (2001). The mirrors were tested and evaluated ex-
tensively using X-ray reflectivity measurements as de-
scribed in Sagdeo et al. (2010). The mirrors showed
roughness of ∼7−10 Angstroms.

Figure 3. On-axis effective area of SXT at various energies.
Only the filter transmission is included here but not the QE
of the CCD. A radius of 12 arcmin is used for the collection
of photons incident on the CCD from a point source. The
effective area is maximum between 1−2 keV.

3.1 On-Axis effective area and Vignetting

The on-axis effective area of the telescope has been cal-
culated based on simulations of the telescope after in-
corporating the latest reflection coefficients for the gold
and a scattering function matched to the point spread
function (see below) as determined from observations
of point sources. The on-axis effective area of the tele-
scope including the transmission though the thin fil-
ter but excluding the CCD Quantum Efficiency (QE) is

Singh	et	al.	2016	



9	

SoT	X-ray	Telescope	(SXT)	

data and folded model

5

Energy (keV)

Observational Constraints and Screening Criteria 
Constraints  Screening Criteria  
Sun angle  >=45 degrees CCD Temperature  <= -81, >= -85 oC 
Bright Earth angle  >=110 degrees CPM rate (due to SAA) <=12 counts/s
Elevation  >=5 degrees Event Grades: 0 – 12 (see XMM-Newton) 
RAM angle  >=12 degrees   

 
Figure 4.  Data from calibration sources summed over from April 14 -25, 2016. The two strongest peaks correspond to the 
5.9 and 6.5 keV X-rays from Fe55 sources.  

 

3.2 Observational Constraints and screening criteria 

The SXT is pointed at a particular source if it meets the observational constraints as listed below in Table 2. 

 

 Table 2. Observational constraints and screening criteria for the SXT 

 

 

 

 

 

 

4. FIRST LIGHT AND SUBSEQUENT PERFORMANCE 
The SXT was pointed towards a blazar known as PKS 2155-304, and the first X-ray image with the SXT was recorded 
on October 26, 2015. Here, we provide the results from this observation and other observations carried out so far. 
 
4.1 First Light: the image quality, background and sensitivity  

The first light image and the X-ray light curve of PKS2155-304 for photons between 0.3 – 8 keV are shown in Figure 5. 
The X-ray background was ~0.03 counts/s. The source was monitored by the Swift Observatory from 25 – 30 October, 
2015 and was found to be at a low intensity of ~1 mCrab and varying by ~20% in the XRT.  The detection level of this 
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Figure 5. The quantum efficiency of the CCD

2.62, and 4.51 keV respectively and serve as secondary
calibrators. Four corner sources illuminate areas of the
CCD outside the circular Field Of View (FoV) defined
by the optical blocking filter. The fifth source mounted
on the cryostat door facing the CCD is no longer avail-
able following the deployment of the door which was
permanently opened on October 26, 2015. An image
of the calibration sources taken in orbit after launch is
shown in figure 6. The calibration source data are used
in orbit to determine

1. the gain and energy scale for the ADC output
of the electronics. The zero point of the energy
scale is taken from the bias offset noise peak .

2. a measure of the energy resolution of the detector
and the read-out noise of the electronics system.

3. the charge transfer inefficiency of the CCD.

Ground calibration measurements of a number of mono-
chromatic X-ray sources using a low noise laboratory
electronics system were also madde to determine the
energy resolution of the CCD and its energy depen-
dence to inform the Monte Carlo modelling process dis-
cussed above.

Figure 6. In flight image of corner and door calibration
sources prior to door opening

5. The Processing Electronics

The SXT processing electronics (PE) housed in a sep-
arate box consists of ten cards of circuits (EL-01 to -
08, EL-3A, Motherboard), including three Field Pro-
grammable Gate Arrays (FPGAs). During the CCD
”readout” the electrons from each pixel capacitor are
transferred out of the imaging array to a readout array
where the voltage caused by the charge accumulation is
sampled and converted into a digital number (the num-
ber of Analog-Digital Units or ADUs), using an ana-
logue to digital converter (ADC). The science data and
the bias map data from the CCD are passed on to the
EL-03, where the analog to digital conversion happens.
The science data are then stored in a memory (M1) in
EL-05 via the 1st FPGA (EL-04). This memory has two
portions: upper and lower. When the 1st FPGA stores
the data in the upper memory, the 2nd FPGA (EL-06)
takes the previous set of data from the lower portion
of memory M1. Next, when the 1st FPGA stores in
the lower portion of memory M1, the 2nd FPGA takes
from the upper portion of memory M1. This way data
are continuously passed on from the 1st FPGA to the
2nd FPGA. For bias map generation, separate dedicated
mode can be enabled which sends the entire CCD frame
in 24 seconds. In the 2nd FPGA, the data are packaged
in 2 Kbyte blocks (see below), and passed on to the 3rd
FPGA (EL-07). Here the data are sent to the satellite
memory (allocated for SXT) via high bit rate teleme-
try (HBT; rate is 4 MHz). The housekeeping (HK) data
from the FPCA are passed on to the 3rd FPGA via EL-
3A, and eventually sent to the satellite memory via low
bit rate telemetry (LBT; rate is 40 kHz). The power
from the satellite interface is supplied to various cards
via the relay card (EL-02) and the DC-DC tray (EL-01).
The input of the DC-DC tray is between 28 V and 42 V,
and its output to each card is a regulated voltage. The
tele-commands from the satellite interface are passed
on to the various cards, and eventually to the FPCA via
EL-3A and EL-02.

5.1 Data acquisition modes

SXT data can be acquired in several modes by com-
manding the CCD. The different modes are based on
the observers’ requirements. The main mode used for
regular observations is the Photon Counting Mode (PC)
that covers the entire FoV and is the default mode for
observations; a Photon Counting Window Mode (PCW)
with 5 pre-defined windows centred on the CCD; a Fast
(or Timing) Mode (FM) in which only the central 150
×150 pixels of the CCD are read out and can be useful
for observing very strong cosmic sources to avoid pile-
up; a Bias Map Mode (BM), and a Calibration Mode
(CM) reading from four small windows in the corners

150	eV	@	5.9	keV	

Singh	et	al.	2016	



10	

SoT	X-ray	Telescope	(SXT)	

54::*9

-- X19:549 --

__35ÿg9

01:12.0

ension

Swift -XRT (Red) &

iµß.+ + + ++
t

r Ph1= 2.27 +/- 0.03
= Eb= 1.65 +/- 0.2
- Ph2= 2.78 +/- 0.1
- C=1.19 +/- 0.03

I I_-I+Itl-
IT- I+ illl

2

21:5

HBL F
ASTROSAT-SXT (BI

to

O
4000

b7F

.KS 2155 -304 [z^
lack)

1

Energy (key)

5000 600

art Time 17321 16 :55:5

0.116]

SXT: 2013 -1.

Swill: 20151

WS 2155-304

IO 7000 8
Time (s)

54:140 Stop lime 17;

.0-26 16:46:39 (2943 s)
10-25 20:40:40(1466 s)

5

*CO

21x1 timo: lodi

ocelo

3'21 1 Fi:4.':F4:1A0

source in the 

5σ in integra

contemporane

law spectral m

 

Figure 5. 

 

Figure 6. 

25
th

 and Oct 26

 

SXT, and the

ation of ~2000

eous observat

model. 

 First X-ray im

A preliminary 

6
th

, 2015 respec

e background 

00s.  A very p

tions is shown

age and X-ray l

comparison of 

ctively. 

level observe

preliminary co

n in Figure 6, w

 

light curve (tim

f the SXT (black

ed, show that a

omparison of 

where the two

me bin=100s) tak

k color) and Sw

an X-ray sour

the SXT spec

o spectra have

ken on 26
th

 Oct

wift XRT (red c

rce at ~1μCrab

ctrum and Sw

 been fitted w

tober 2015.with

color) spectra o

b level will be

wift XRT spec

with the same b

h SXT of PKS 2

of PKS 2155-30

e detectable a

trum from the

broken power

 

2155-304 

04 taken on Oc

at 

e 

-

ct 

Proc. of SPIE Vol. 9905  99051E-6

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 08/05/2016 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx

Figure 9. A pre
(grades 0 – 12,

eliminary comp
, all X-ray types

parison of the SX
s).

XT and Swift XXRT spectra of TTycho for g0 (zzero grade – sinngle pixel) even
 

nts and g0-12 

Figure 10. A ppreliminary commparison of thee SXT (black), Swift XRT (redd) and NuStar (green) spectraa of Cas A fitteed to a commonn 
spectral model (Bremsstrahlunng + 10 Gaussiian lines and 2 ppower-laws (Γ==2.4 for SXT+XXRT and Γ=3.33 for NuStar) hiigh energy tailss. 
Only grade 0 (single pixel) evvents are shownn for SXT and XXRT. Swift and NuStar data eree obtained fromm public archivees, 

Proc. of SPIE Vol. 9905  99051E-9

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 08/05/2016 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx

Figure 9. A pre
(grades 0 – 12,

eliminary comp
, all X-ray types

parison of the SX
s).

XT and Swift XXRT spectra of TTycho for g0 (zzero grade – sinngle pixel) even
 

nts and g0-12 

Figure 10. A ppreliminary commparison of thee SXT (black), Swift XRT (redd) and NuStar (green) spectraa of Cas A fitteed to a commonn 
spectral model (Bremsstrahlunng + 10 Gaussiian lines and 2 ppower-laws (Γ==2.4 for SXT+XXRT and Γ=3.33 for NuStar) hiigh energy tailss. 
Only grade 0 (single pixel) evvents are shownn for SXT and XXRT. Swift and NuStar data eree obtained fromm public archivees, 

Proc. of SPIE Vol. 9905  99051E-9

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 08/05/2016 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx

.1

.01

Thermal SNF

+ ++ ++

-FF

Reduced chi-squared

111 I }fill

f 1}1}.

1E 0102-7217 & I

I = 2.31632 for 99,dege

Energy (key)

WCHEC model

SXT Ezposm

rees of freedom

Figure 11. SX
preliminary. 

[1] Sing
Ultra

[2] Wes
deve
Opti

[3] Kun
Shib
Yam
optic

[4] Arch
X-ra
Astr

[5] Koth
astro

[6] Pluc
“SN
CCD
subm

XT Spectrum o

gh, K. +48, "
aviolet to Gam
stergaard, N. 
elopment of 
ical Engineeri

nieda, H., Ishi
bata, R., Furu
mashita, K., Yo
cal design and
hana Sagdeo, 
ay Characteriz
ronomy, 28, 1
hare, A., Mirz
onomy payloa
cinsky, P. E, B

NR 1E 0102.2-
D Instruments
mitted. 

of E0102.2-721

" ASTROSAT
mma Rays (20

J., Byrnak, 
a thin-foil hi
ing, 29, 658-6
ida, M., Endo

uzawa, A., Ha
oshioka, T., S
d fabrication o
Rai, S. K., Lo

zation of Thin
1-23 (2010). 
za, Irfan, Sing
ads,” Nuclear I
Beardmore, A
-7219 as an X
s aboard Cha

9 fitted with t

R

T mission ", 
014).  
B. P., Chris

igh-throughpu
65 (1990). 

o, T., Hidaka,
aga, K., Ogas
Serlemitsos, P.
of thin foil mir
odha, G. S., S
n Foil Gold M

gh, K. P. and A
Instruments a

A. P., Foster,
-ray Calibrati

andra, Suzaku

the IACHEC m

REFERENCE

Proc. SPIE 

stensen, F. E
ut X-ray teles

, Y., Honda, 
saka, Y., Okaj
. J., Soong, Y
rrors,” Applie

Singh, K. P., Y
Mirrors of a S

Abbey. A. F., 
nd Methods in
A., Haberl, F
on Standard i

u, Swift and X

model provided

ES 

9144, Space 

., Grundsoe, 
scope for the

H., Imamura
ajima, T., Taw
. and Chan, K

ed Optics, 40, 
Yadav. N., Dh
Soft X-ray Te

“FPGA-base
n Physics Res
F., Miller, E. 
n the 0.5–1.0 
XMM-Newto

d by Plucinsky

Telescopes 

P. and Horn
e Soviet Spec

, K., Ishida, J
wara, Y., Tera

K-W., “X-ray T
4, 553-564 (2

hawan, R., Ton
lescope for A

d flexible CC
search A, 604,

D., Pollock, 
keV Bandpas
n,” Astronom

 

y et al. [6]. Th

and Instrume

nstrup, A., “
ctrum X-gam

J., Maeda, M
ashima, Y., W
Telescope onb
2001). 
npe, U. and V

ASTROSAT,” 

CD control sys
, 747-754 (200
A. M. T. and

ss and Its App
my & Astroph

hese results are

entation 2014

“Status of the
mma mission,”

M., Misaki, K.
Watanabe, M.
board Astro-E

Vahia, M. N., “
Experimenta

stem for X-ray
09). 
d Sembay, S.
plication to the
hysics (2016)

e 

4: 

e 
” 

, 
., 

E: 

“ 
al 

y 

, 
e 
), 

Proc. of SPIE Vol. 9905  99051E-10

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 08/05/2016 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx

Singh	et	al.	2016	



11	

CdZnTe	Imager	(CZTI)	

Bhalerao	et	al.	2016	

2 Bhalerao et al

Figure 1. The fully assembled Cadmium Zinc Telluride Im-
ager before integrating with the spacecraft.

100 keV–300 keV X–rays undergo Compton scattering
in CZTI, creating two–pixel events. We can exploit the
directionality of double events to measure polarisation
of bright X–ray sources and GRBs. With this unique
capability, CZTI can securely measure > 40% polarisa-
tion at 3-� level for bright sources (500 mCrab) in just
100 ks exposures (Chattopadhyay et al. 2014; Vadawale
et al. 2015).
The layout of this paper is as follows. In §2 we dis-

cuss the overall instrument configuration and the coded
aperture mask. The detectors and electronics are dis-
cussed in §3. Instrument data, processing pipelines and
default products are discussed in §4. We conclude by
giving brief information about in–orbit performance of
the instrument in §5.

2. INSTRUMENT CONFIGURATION

The instrument consists of four identical independent
quadrants A–D, to give design safety and redundancy
(Figure 2). Each quadrant consists of a Coded Aperture
Mask (CAM; §2.1) at the top. Sixteen CZT detector
modules (§3.1) are mounted at a distance of 48 cm be-
low the CAM. Each quadrant also has an alpha–tagged
241Am source for gain calibration just above and to the
side of the detector plane (§3.2), and a CsI (Tl) veto
detector below the CZT modules (§3.3). Each quadrant
has an independent Front end Electronics Board (FEB;
§3.4) for providing power and processing all signals. All

the four quadrants are connected to common Process-
ing Electronics which act as the interface to the satel-
lite. The overall dimensions of the payload are 482 mm
⇥ 458 mm ⇥ 603.5 mm. In addition to the four quad-
rants, the instrument also has a radiator plate a�xed
on a side to dissipate heat and provide a cold bias for
maintaining CZT module temperatures.
Next, we discuss the structural elements critical for

source localisation with CZTI.

2.1. Coded Aperture Mask

A Coded Aperture Mask (CAM) is basically a mask
with a pattern of open and closed squares/rectangles
that cast a unique shadow on the detector plane for each
source direction (Caroli et al. 1987). The CZTI CAM
is made of a 0.5 mm thick Tantalum plate with square
and rectangular holes matching the pitch of the CZT
detector pixels. Additional support bridges of thickness
0.2 mm are introduced at a number of places within the
pattern to improve its mechanical stability. The pat-
terns are based on 255-element pseudo-noise Hadamard
Set Uniformly Redundant Arrays. Of sixteen possible
such patterns, seven were chosen on the basis of the
mechanical support for individual pixels in the pattern.
These seven patterns, with some repeats, were placed
in the form of a 4 x 4 matrix to generate the CAM for
Quadrant A (Figure 3). This same pattern is placed
on other quadrants, rotated clockwise by 90�, 180� and
270� respectively.
The CAM is mounted horizontally on top of a collima-

tor housing made from Aluminium alloy (AA6061T6).
The detector plane is 481 mm below the lower surface
of the CAM. The inter–detector boundaries are lined
with vertical collimator plates extending for a distance
of 400 mm below the CAM. The Collimator plates are
made of 0.07 mm thick Tantalum sheet mounted on
2 mm thick precisely machined Aluminium alloy plates,
and terminate 8 cm above the detector plane to accom-
modate the calibration housing. These plates prevent il-
lumination of any detector through the mask of a nearby
detector.
The simple box–type design of the CZTI CAM2 and

the collimators together provide a collimation of 4�.6 ⇥
4�.6 FWHM. However due to the 78 mm gap between
the bottom of the collimator and the detector plane, a
certain amount of illumination leakage occurs from one
collimated module to its adjacent neighbours. When
this illumination overlap is taken into account, the net
field of view works out to be 11�.8⇥ 11�.8 (Full Width at
Zero Maximum). The typical 2.46 mm mask elements

2 A ‘box–type’ system is such that the size of the mask plate is
the same as that of the detector itself.

Cadmium Zinc Telluride Imager 3

Figure 2. Layout of the Cadmium Zinc Telluride Imager. Left Panel: The instrument consists of four identical quadrants
with coded aperture masks at the top. The collimator housing for three quadrants is hidden for clarity. CZT detectors (blue)
are located in the detector housing. The spacecraft co–ordinate system is marked in the lower left, with Z axis oriented with
the instrument bore sight. A radiator plate (red) is located along the �X axis, along with side coding masks on the detector
housing. Alpha–tagged 241Am sources (cyan) are placed near the CZT detectors, in ±Y directions. Right Panel: An exploded
view of CZTI to show all components. The Coded Aperture Mask is located at the top. Two walls of the collimator housing
(grey) are hidden to show the collimators (salmon / pink) aligned with each module. Sixteen CZT modules (blue) in each
quadrant are mounted on an electronics board (red). CsI(Tl) veto detectors (green) located below the CZT modules serve as
active anti–coincidence shields to reject charged particle events and very high energy photons. 241Am alpha–tagged radioactive
sources (cyan) are mounted alongside the detector housing are used to monitor the CZT module energy response in orbit.

yield a geometric angular resolution of 170.

2.2. Side coding

To aid localisation of sources located o↵ axis, CZTI
carries a set of one dimensional coded patterns on one
side of the calibration housing. This mask is attached to
the underside of the walls of the housing between the ra-
diator plate and the detectors, inclined at an angle of 18�

from the vertical (Figure 2). Thus, normal incidence on
these patterns occurs for sources located 72� away from
the instrument bore–sight in the �X direction. The
mask is made of 0.5 mm thick Tantalum plate, which is
bonded to the 1.5 mm thick Aluminum housing wall. An
additional shielding of 0.07 mm thick Tantalum is also
provided on this surface. The radiator plate and the
housing wall block lower energy photons, and the side
coding is most e↵ective in the 60–200 keV range. The
mask next to Quadrant A has vertical slits with 2.5 mm
pitch, while the part next to Quadrant D has 1.5 mm
pitch horizontal slits (Figure 4). Both mask patterns

are designed from 63–element pseudo-noise Hadamard
Uniformly Redundant Arrays, as in AstroSat Scanning
Sky Monitor (Singh et al. 2014).
The side coding e↵ective area peaks around 300 keV,

with the maximum e↵ective area projected in the direc-
tion of the source being about 140 cm2 within the side
coded field of view. The positional accuracy provided
by the side coding is about a degree for a source with
about a thousand counts.

2.3. O↵ axis response

The housing of CZTI, being made of Aluminium al-
loy and thin Tantalum shields, is transparent above
⇠ 100 keV. This makes CZTI an excellent wide–angle
monitor, covering roughly one third of the sky at all
times (Figure 5). This monitoring capability has been

Cadmium Zinc Telluride Imager 3

Figure 2. Layout of the Cadmium Zinc Telluride Imager. Left Panel: The instrument consists of four identical quadrants
with coded aperture masks at the top. The collimator housing for three quadrants is hidden for clarity. CZT detectors (blue)
are located in the detector housing. The spacecraft co–ordinate system is marked in the lower left, with Z axis oriented with
the instrument bore sight. A radiator plate (red) is located along the �X axis, along with side coding masks on the detector
housing. Alpha–tagged 241Am sources (cyan) are placed near the CZT detectors, in ±Y directions. Right Panel: An exploded
view of CZTI to show all components. The Coded Aperture Mask is located at the top. Two walls of the collimator housing
(grey) are hidden to show the collimators (salmon / pink) aligned with each module. Sixteen CZT modules (blue) in each
quadrant are mounted on an electronics board (red). CsI(Tl) veto detectors (green) located below the CZT modules serve as
active anti–coincidence shields to reject charged particle events and very high energy photons. 241Am alpha–tagged radioactive
sources (cyan) are mounted alongside the detector housing are used to monitor the CZT module energy response in orbit.

yield a geometric angular resolution of 170.

2.2. Side coding

To aid localisation of sources located o↵ axis, CZTI
carries a set of one dimensional coded patterns on one
side of the calibration housing. This mask is attached to
the underside of the walls of the housing between the ra-
diator plate and the detectors, inclined at an angle of 18�

from the vertical (Figure 2). Thus, normal incidence on
these patterns occurs for sources located 72� away from
the instrument bore–sight in the �X direction. The
mask is made of 0.5 mm thick Tantalum plate, which is
bonded to the 1.5 mm thick Aluminum housing wall. An
additional shielding of 0.07 mm thick Tantalum is also
provided on this surface. The radiator plate and the
housing wall block lower energy photons, and the side
coding is most e↵ective in the 60–200 keV range. The
mask next to Quadrant A has vertical slits with 2.5 mm
pitch, while the part next to Quadrant D has 1.5 mm
pitch horizontal slits (Figure 4). Both mask patterns

are designed from 63–element pseudo-noise Hadamard
Uniformly Redundant Arrays, as in AstroSat Scanning
Sky Monitor (Singh et al. 2014).
The side coding e↵ective area peaks around 300 keV,

with the maximum e↵ective area projected in the direc-
tion of the source being about 140 cm2 within the side
coded field of view. The positional accuracy provided
by the side coding is about a degree for a source with
about a thousand counts.

2.3. O↵ axis response

The housing of CZTI, being made of Aluminium al-
loy and thin Tantalum shields, is transparent above
⇠ 100 keV. This makes CZTI an excellent wide–angle
monitor, covering roughly one third of the sky at all
times (Figure 5). This monitoring capability has been

FWHM:	4.6	x	4.6	degree,	CsI(Tl)	veto	detector	
	
Angular	resolu;on:	17	arcmin	
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Ø  On	the	first	day	of	operaDon.		
Ø  Incident	at	60°.7	from	verDcal	
							(θx		=	34°;	θy	=	58°)	
Ø  Material	around	CZT		detectors	are	

transparent	to	X-rays	above	100	keV.	
Ø  Significant	detecDon	area	for	off-axis	

sources.	

Rao	et	al.2016	

CZTI	detecDon	of	151006A	



Crab	PolarizaDon	

Vadawale	et	al.	in	prepara;on	



Large	Area	X-ray	ProporDonal	Counter	(LAXPC)	

I rit ó." '
\

threshold (KULD) can be set through tele-command.  A blocking shield  (1 mm tin + 0.2 mm Cu) is
used  on four sides and bottom  to reduce background  further.

There are seven anode outputs from the X-ray detecting cells and three veto outputs from 
each detector that are fed to ten charge sensitive preamplifiers (CSPAs). High voltage to the anodes 
is supplied from a command controlled HV unit whose HV output can be varied by command. The
outputs from the CSPAs are sent to the peak detectors and events satisfying the selection logic as
true X-ray events are further processed by signal processing electronics. This is a part of processing 
electronics. The signals generated by the instrument after detection of X-rays are processed and 
stored in any of the following modes. 

• Normal (or Default) Modes of Operation :

In Normal operation there are two modes running simultaneously and data are acquired from
each LAXPC.

(a) Broad Band Counting Data: Records the rate of occurrence of events in various energy
bands with selectable time bin (16 msec to 2048 msec). Default value is 128 msec.

(b) Event Mode Data: In this mode arrival time of each event is time tagged to an accuracy of   
10  microseconds. Simultaneously, the energy and identity of each event is also recorded.
This mode generates 5 bytes data for each accepted  and analyzed event.  In this mode the
dead time of the detector  is around  50  microseconds.

• Fast Counter Mode:  In this mode the event rate is measured only from the top layer of each
LAXPC detector in 4 energy channels covering 3-20 keV band with a fixed time bin of 160
microsecond. In this mode dead time is about 10 microsecond. Each of 4 counters are 8 bit
deep and  cover 3-6, 6-8 , 8-12 and 12-20 keV energy bands. This mode is to be used for
studying rapid variability at very  high flux. 

Figure 3: All the three LAXPC  Space flight detectors in Assembly, integration and testing lab 
(AIT) lab after successfully completing all flight tests and final calibration (20th October, 2014).
The purification pump is seen as black box in each detector.
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4U	1636-536:	Thermonuclear	X-ray	bursts	
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4U	1636-536:	Thermonuclear	X-ray	bursts	
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4U	1636-536:	Thermonuclear	X-ray	bursts	
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4U	1636-536:	QPOs	
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HMXBs:	Vela	X-1	
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HMXBs:	Vela	X-1	
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HMXBs:	Vela	X-1	
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Spectroscopy	with	LAXPC	

Crab	total	spectrum	
LAXPC	layerwise	spectra	

Mul;ple	Crab	spectrum	

Transparency	of	LAXPC	layers	
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Vela	X-1	
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HMXBs:	4U	0115+63	
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HMXBs:	4U	0115+63	



LAXPC	Dming	



High	frequency	signlas	with	LAXPC	
2 Chauhan et al.
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Fig. 1.— Lightcurve of 4U 1728-34 in the energy range 3–20 keV
is shown where the count rate from all three LAXPC detectors are
combined.

burst oscillations, that we know the spin of the neutron
star. Thus for new X-ray transients, it is important to
have the capability to measure the BO and hence have
an estimate of the spin. The burst and the oscillation are
by themselves an interesting phenomenon, giving rich in-
formation on how the burning occurs, with several not
well understood features like why the oscillations per-
sists for as long as 5-10 s. Broad band observations of
these bursts and energy dependent time-lags will provide
crucial information.
With an effective area similar to that of RXTE at

low ∼ 5 keV and significantly larger at higher energies
(∼ 50 keV), the Large Area X-ray proportional Counter
(LAXPC) (Yadav et al. 2016a; Agrawal et al. 2016; Antia
et al. 2016) on board the Indian X-ray mission, AstroSat
(Agrawal 2006; Singh et al. 2014), is expected to detect
and discover milli-second variability in X-ray binaries,
leading to significant enhancement on our understand-
ing of the phenomena. Moreover, the other instruments
on board AstroSat will provide wide band coverage from
UV to hard X-rays. LAXPC data of black hole systems
GRS1915+105 and Cygnus X-1 have already revealed the
capabilities of LAXPC to study variability of high energy
photons (Yadav et al. 2016b; Misra et al. 2016).
4U 1728-34 (GX 354-0) is a well studied atoll type low

mass X-ray binary for which RXTE has detected kHz
QPOs during several occasions (e.g. Migliari et al. 2003;
Strohmayer et al. 1996; Mukherjee & Bhattacharyya
2012). The frequency of the lower kHz QPO covers a
wide range from 300 to 1100 Hz. The source exhibits
frequent Type-1 bursts for which burst oscillations have
been detected at ∼ 363 Hz (Strohmayer et al. 1997) and
extensively studied (van Straaten et al. 2001; Muno et
al. 2001, 2004; Zhang et al. 2016). Here we report the
first detection of both kHz QPO and the burst oscilla-
tion for a short ∼ 3 ksec observation of 4U 1728-34 by
AstroSat/LAXPC, thereby underlining its capability to
detect milli-second variability.

2. DETECTION OF KHZ QPO

The 1 second binned lightcurve generated using data
from AstroSat orbit number 2398 during March 8th 2016
is shown in Figure 1. 4U 1728-34 was detected at a level
of ∼ 1500 c/s and near the end of the observation there
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Fig. 2.— Dynamic power spectra of 4U 1728-34 in the energy
range 3–20 keV. A drifting khZ QPO whose frequency changes
from ∼ 815 Hz to ∼ 850 Hz is clearly visible.
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Fig. 3.— Time lag as a function of energy for the kHz QPO.
The reference band here is 5-10 keV. Even for the short duration
of ∼ 2500 seconds data the time-lag can be constrained to < 100
microseconds.

was a Type 1 burst where the flux reached ∼ 10000 c/s
at the peak.
The power spectrum for the first 2500 secs showed evi-

dence for features around ∼ 800 Hz which suggested the
presence of a drifting khZ QPO. This was confirmed us-
ing dynamic power spectra analysis; the results of which
are shown in Figure 2. The dynamic power spectra were
created by splitting the lightcurve into 16 parts of 147.97
seconds each. Each part was then divided into 289 seg-
ments of 0.512 seconds. Power spectra were created for
each of the 289 segments and averaged. Hence, the error
on the power at each frequency is 1/

√

(N) = 1/
√

(289)
or 5.9 %. Thus, the detection of the QPO for each part
at a power of ∼ 8× 10−4 compared to the noise level of
∼ 5× 10−4 is highly significant. Figure 2 shows that the
QPO frequency drifts from ∼ 815 Hz at the beginning to
∼ 850 during the end.
One does not expect to obtain tight constrains on en-

ergy dependent time-lag from such a short duration data,
especially when the frequency of the QPO is drifting.
Nevertheless, in Figure 3 we show the time lag of the 10–
20 and 3–5 keV band with respect to the 5–10 keV band
photons. The time-lag in both bands are constrained to
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Fig. 4.— Lightcurve of the Type I X-ray burst observed in 4U
1728-34 in the energy range 3–20 keV. The count rate from all three
LAXPC detectors are combined and the time bin is 0.128 seconds.
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Fig. 5.— Dynamic power spectra of the first 5 seconds of the
Type 1 burst. A coherent feature at 363 Hz is seen.

be less than 100 microseconds which indicates the capa-
bilities of the LAXPC to undertake such analysis with
larger or better quality observations.

3. DETECTION OF BURST OSCILLATIONS

Figure 4 shows the lightcurve of the Type-1 burst at a
finer time resolution of 0.128 seconds. The burst profile
is typical with a fast rise and slower decay lasting for
about 20 seconds. Since burst oscillations are typically
detected in the early phase of the burst, we looked for
high frequency signatures in the first 5 seconds of the
burst by computing the dynamic power spectra. The
first 5.12 seconds of the burst was divided into 10 parts
and the power spectra were computed for each of them
to get the dynamic power spectra. A coherent feature
is observed at 362 Hz which is referred to as the burst
oscillation. Its r.m.s is highest close to the beginning
before dropping off.
To confirm the presence of the Burst Oscillation, the

lightcurve was folded at different frequencies and binned

into five phase bins. A constant was fitted to the binned
data and χ2 as a function of frequency was obtained. In
the absence of any signal one would expect the χ2 to be of
the order 5 while larger values will indicate the presence
of a coherent signal. Figure 6 shows the variation of χ2
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Fig. 6.— The χ2 obtained by folding the lightcurve at different
frequencies into five phase bins and fitting a constant. A large χ2

indicates the presence of a coherent signal at that frequency which
in this case is at 362.7 Hz.

with frequencies and a clear peak is seen at ∼362.7 Hz
confirming the presence of the Burst Oscillation as seen
in the dynamic power spectra.

4. DISCUSSION

Our intention here is to report the first detection of
both kinds of milli-second variability i.e. kHz QPOs and
Burst Oscillation by AstroSat/LAXPC for a single ∼ 3
ksec observation in order to demonstrate that the instru-
ment has the expected capabilities. Clearly, like RXTE,
one expects that LAXPC will detect a significant num-
ber of such oscillations both for known sources and new
transient ones that will be discovered.
We defer detailed analysis and interpretation of the

data to later works where the properties of the kHz QPO
and Burst Oscillations will be studied separately. The
short observation described here will be combined with
other data of the source, along with crucial spectral in-
formation from LAXPC and other instruments especially
the Soft X-ray Telescope (SXT) on board AstroSat. Our
first look results show with confidence that the RXTE
legacy of studying milli-second variability of X-ray bina-
ries will be effectively carried forward by AstroSat and
one can look forward to new exciting discoveries in the
near future.
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1728-34 in the energy range 3–20 keV. The count rate from all three
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Fig. 5.— Dynamic power spectra of the first 5 seconds of the
Type 1 burst. A coherent feature at 363 Hz is seen.

be less than 100 microseconds which indicates the capa-
bilities of the LAXPC to undertake such analysis with
larger or better quality observations.

3. DETECTION OF BURST OSCILLATIONS

Figure 4 shows the lightcurve of the Type-1 burst at a
finer time resolution of 0.128 seconds. The burst profile
is typical with a fast rise and slower decay lasting for
about 20 seconds. Since burst oscillations are typically
detected in the early phase of the burst, we looked for
high frequency signatures in the first 5 seconds of the
burst by computing the dynamic power spectra. The
first 5.12 seconds of the burst was divided into 10 parts
and the power spectra were computed for each of them
to get the dynamic power spectra. A coherent feature
is observed at 362 Hz which is referred to as the burst
oscillation. Its r.m.s is highest close to the beginning
before dropping off.
To confirm the presence of the Burst Oscillation, the

lightcurve was folded at different frequencies and binned

into five phase bins. A constant was fitted to the binned
data and χ2 as a function of frequency was obtained. In
the absence of any signal one would expect the χ2 to be of
the order 5 while larger values will indicate the presence
of a coherent signal. Figure 6 shows the variation of χ2
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indicates the presence of a coherent signal at that frequency which
in this case is at 362.7 Hz.

with frequencies and a clear peak is seen at ∼362.7 Hz
confirming the presence of the Burst Oscillation as seen
in the dynamic power spectra.

4. DISCUSSION

Our intention here is to report the first detection of
both kinds of milli-second variability i.e. kHz QPOs and
Burst Oscillation by AstroSat/LAXPC for a single ∼ 3
ksec observation in order to demonstrate that the instru-
ment has the expected capabilities. Clearly, like RXTE,
one expects that LAXPC will detect a significant num-
ber of such oscillations both for known sources and new
transient ones that will be discovered.
We defer detailed analysis and interpretation of the

data to later works where the properties of the kHz QPO
and Burst Oscillations will be studied separately. The
short observation described here will be combined with
other data of the source, along with crucial spectral in-
formation from LAXPC and other instruments especially
the Soft X-ray Telescope (SXT) on board AstroSat. Our
first look results show with confidence that the RXTE
legacy of studying milli-second variability of X-ray bina-
ries will be effectively carried forward by AstroSat and
one can look forward to new exciting discoveries in the
near future.
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Figure 5. Top left panel shows the time-lag spectra as a function of photon energy at the fundamental QPO frequency. 4-5.5 keV
energy band is selected as the reference band to compute lag in higher energy bands for LAXPC. Second right panel from top shows the
background-subtracted fractional rms (in percent) of the ∼0.58 Hz fundamental QPO as a function of photon energy. No high energy
time-lag is observed at the QPO frequency. Third left panel from top shows time-lag as a function of energy at the harmonic frequency
∼1.18 Hz. The lag spectrum shows hard lag above 10 keV at the harmonic frequency. The energy-dependent fractional rms at the
harmonic frequency, shown in the bottom left panel, is nearly independent of photon energy. Very different timing properties at the QPO
and its harmonic frequencies have not been studied in details so far. For RXTE/PCA similar plots are presented in corresponding right
panels

MNRAS 000, 1–10 (2016)

7

No significant hard or soft X-ray lag is observed in all en-217

ergy bins till 50.0 keV. Top right panel of Figure 5 shows218

the background corrected root mean square (RMS) variabil-219

ity of the fundamental QPO as function of photon energies.220

Unlike the lag spectra, the RMS spectra shows low variabil-221

ity till 20.0 keV and decreases rapidly at higher energies.222

Such rms variability have never been studied till 70.0 keV.223

To check the lag behaviour at the harmonic, we plotted lag224

spectra as a function of energy at the first harmonic QPO225

frequency which is shown in the bottom left panel of Fig-226

ure 5. Above 10.0 keV, the time lag increases with energy227

i.e. hard lag is observed. The energy dependent rms spectra228

show nearly constant fractional rms at ∼1 percent which229

is shown at the bottom right panel of the Figure 5. Such230

diversities in the energy dependent time lag and rms be-231

haviour between fundamental QPO and harmonic frequen-232

cies have never been explored so far. The difference in lag233

behaviour between fundamental and harmonic QPOs has234

also been observed when lag spectra is computed using one235

of the three LAXPC instruments while the reference band236

is choose from other LAXPC. The independent electronics237

of different detectors in LAXPC allows such measurements238

whether observed time lag values are affected by the instru-239

ments itself. The time lag or more conveniently the phase240

lag (= 2πfτ )can be measured as a function of the Fourier241

frequency which is shown in the top panel of Figure 6. Here242

the phase lag is measured between 3.0-5.0 keV and 12.0-20.0243

keV. The zero lag at the QPO frequency and hard lag at the244

harmonic frequency are shown by two vertical blue lines.245

Using the fitted Lorentzian parameters of QPO in different246

energy bands the quality factor as function of photon energy247

is calculated which is shown in the bottom panel of Figure 6.248

the quality factor of a QPO is defined as the ratio of the full249

width at half maximum (FWHM) of the QPO and its cen-250

tral frequency. The quality factor is found to increase with251

energy till 10.0 keV and then decreases significantly. Such252

behaviour of energy dependent quality factor has never been253

reported earlier.254

3 SPECTRAL ANALYSIS255

Along with LAXPC, Swift/XRT also observed H 1743-322256

simultaneously on 9 March, 2016 with an effective exposure257

of 1.2 ksec. We performed the time-averaged joint spectral258

analysis of Swift/XRT data in 0.4-8.0 keV energy range and259

AstroSat/LAXPC 3.0-70.0 keV energy range respectively.260

Following the standard procedure of filtering and screening261

criteria, Swift/XRT data are reduced using the xrtpipeline262

v. 0.13.0 tool. A 30 arcsec circular region is used to extract263

the source spectrum and a 30 arcsec source-free region is264

used to extract background spectra using XSELECT v 2.4.265

The latest Swift/XRT spectral redistribution matrices are266

used. The xrtmkarf task is used along with the exposure267

map file to generate an auxiliary response file for the current268

observation. While the details of the LAXPC performance269

and calibration will be presented elsewhere (Yadav et al.270

2016a), here some basic points are highlighted. The response271

function for each of the LAXPC units was computed using272

GEANT4 simulations and the background for each of the273

unit was modeled. Typical model background count rate in274

LAXPC10 detector unit is 239 ± 11 counts per sec. Using275
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Figure 6. Top panel panel shows the quality factor for LAXPC of
the ∼0.58 Hz fundamental QPO as a function of photon energy.
The quality factor, calculated from fitted model parameters, is
observed to increase significantly till 10 keV and then decreases.
Such behaviour have not been reported earlier for any QPOs.
Bottom panel shows the quality factor for RXTE/PCA of the
∼0.68 Hz fundamental QPO as a function of photon energy

criteria like Sun angle and moon angle restricion, exclusion276

of SAA transit period etc, good time intervals (GTIs) were277

determined and the 3.0-80.0 keV source spectra, lightcurves278

and background spectra were extracted using tools which279

will become part of the standard LAXPC pipeline. The spec-280

tral fitting was done using the XSPEC v 12.8.1g spectral281

fitting package. As an example of check on spectral cali-282

bration, we checked that joint spectral fitting of LAXPC10283

and simultaneous NuSTAR observation of Crab produced284

the expected best fit power-law index of 2.08± 0.1 with the285

normalization constant of LAXPC being 1.029 ± 0.01 rela-286

tive to NuSTAR. For the fitting a 4% uncertainty was added287

to the background (Which needs to the dead time corrected288

for bright sources) and a 1.5% overall systematic is added289

to the spectrum to account for the uncertainty in the re-290

sponse. We use these values throughout this work. Figure 7291

shows the spectra from SWIFT/XRT and LAXPC jointly292

fitted by a model consisting of a disk blackbody compo-293

nent (diskbb in XSPEC ), a thermal Comptonization com-294

ponent (nthcomp in XSPEC )and a broad Gaussian feature295

(gauss in XSPEC ) to represent the Iron emission line at 6.4296

keV. The disk blackbody temperature is considered to be297

MNRAS 000, 1–10 (2016)

4

10−3

0.01

0.1

P
o

w
e

r 
x 

fr
e

q
u

e
n

cy
 (

rm
s/

m
e

a
n

) 2

3.0−8.0 keV PDS
[LAXPC]

0.1 1 10

−2

0

2

χ

Frequency (Hz)

10−3

0.01

0.1

P
o
w

e
r 

x 
fr

e
q
u
e
n
cy

 (
rm

s/
m

e
a
n
) 2

RXTE/PCA PDS

3.0−8.0 keV PDS
[RXTE]

0.1 1 10

−2

0

2

χ

Frequency (Hz)

10−4

10−3

0.01

0.1

P
o

w
e

r 
x 

fr
e

q
u

e
n

cy
 (

rm
s/

m
e

a
n

) 2

8.0−30.0 keV PDS
[LAXPC]

0.1 1 10

−2

0

2

χ

Frequency (Hz)

10−3

0.01

0.1

P
o
w

e
r 

x 
fr

e
q
u
e
n
cy

 (
rm

s/
m

e
a
n
) 2

8.0−30.0 keV PDS

[RXTE]

0.1 1 10

−2

−1

0

1

2

χ

Frequency (Hz)

10−4

10−3

0.01

P
o
w

e
r 

x 
fr

e
q
u
e
n
cy

 (
rm

s/
m

e
a
n
) 2

30.0−80.0 keV PDS
[LAXPC]

0.1 1 10

−1

0

1

2

χ

Frequency (Hz)

10−4

10−3

0.01

0.1

P
o
w

e
r 

x 
fr

e
q
u
e
n
cy

 (
rm

s/
m

e
a
n
) 2

30.0−60.0 keV PDS
[RXTE]

0.1 1 10

−2

0

2

χ

Frequency (Hz)

10−4

10−3

0.01

P
o
w

e
r 

x 
fr

e
q
u
e
n
cy

 (
rm

s/
m

e
a
n
) 2

3.0−80.0 keV PDS
[LAXPC]

0.1 1 10

−2

0

2

χ

Frequency (Hz)

10−3

0.01

0.1

P
o
w

e
r 

x 
fr

e
q
u
e
n
cy

 (
rm

s/
m

e
a
n
) 2

3.0−60.0 keV PDS
[RXTE]

0.1 1 10

−2

0

2

χ

Frequency (Hz)

Figure 3. All panels in left column show power density spectra from AstroSat/LAXPC while all panels in right column show PDS from
RXTE/PCA. RMS normalized, poisson-noise subtracted PDS are fitted with Lorentzians and broken powerlaw and shown with their
residuals in the energy range 3.0-8.0 keV, 8.0-30.0 keV, 30.0-80.0 and 3.0-80.0 keV for LAXPC while the same are shown in the energy
range 3.0-8.0 keV, 8.0-30.0 keV, 30.0-60.0 keV and 3.0-60.0 keV for RXTE/PCA.
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The	first	year	of	ASTROSAT	

•  Six	months	PV	phase	
•  Six	months	GT	
•  30	Ms		
			Efficiency	:	
			~10%	(UVIT)	to		
			~	55%	(CZTI)	
•  140	sources,	337	targets	

34	Courtsey:	A	R	Rao	



Looking Forward 

SSM		
	
Leak	in	one	LAXPC	Detector	
	
UVIT	Constraints	
	

	Ram	Angle:	+-	12	degree	of	satellite	orbit	
	

	Bright	Earth	Avoidance	
	
Limited	maneuver	
	
UVIT	obs	in	crowded	field	
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POLIX: Thomson  X-ray  Polarimeter 

• Photoelectron/Bragg: < 10 

keV 

• Thomson: 5-50 keV 

• Compton :> 30 KeV 

• 3% MDP for 50 mCrab 



Polarisation is unexplored in High Energy Astrophysics 
 
X-ray emission from the following processes should be 
polarised 

• Emission, transmission through magnetic field 
• Emission, scattering from non-spherical plasma 
• Synchrotron, Cyclotron , Non-Thermal Bremsstrahlung 
 
These objects should produce polarised X-ray radiation 
• Accretion powered pulsars 
• Rotation powered pulsars 
• Magnetars 
• Pulsar wind nebulae 
• Non-thermal supernova remnants 
• Black holes, micro-quasars and active galactic nuclei 
• Solar X-rays 

 

X-ray Polarisation 

Crab nebula is the only source for 
which high S/N X-ray polarisation  
Measurement exists.  
This was made in 1976 !! 



  DETECTORS

CNC ROTARY TABLE

CNC CONTROLLER

rotation axis

Laboratory Unit 
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Test Results 



Cylindrical detector 
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POLIX Detectors 
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Spectrum (Det-1) Spectrum (Det-2) 

Position (Det-1) Position (Det-2) 



The Satellite Bus 
•  3 Axis Stabilised 
•  200 kg Payload 
•  800 W power 
 
0.1 degree pointing 
Spin 
Long staring 

 

Project Proposal 

XPoSat 

(An X-ray Polarimeter Satellite for Astronomical Research) 
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Figure 3.1:  XPoSat Mission elements 

 

Spacecraft bus: XPoSat will be configured on ISRO’s IMS-3 Bus with POLIX 

payload. The IMS-3 Bus is designed with modularity, miniaturization and 

standardization. Spacecraft bus configuration is similar to IMS-3 bus, consists of 

Platform Module and Payload Instruments Module (PIM). Deployed view of the 

spacecraft is shown in Figure 3.2. It is an operational class satellite bus with 

complete redundancy in mainframe systems. There is a standard four point interface 

provided on top deck top side of the bus for accommodating PIM deck with payload/s 

mounted on it. POLIX detector and its related electronic packages (i.e. all the 

payload elements) will be mounted on this PIM deck. 

Platform module accommodates all the housekeeping packages. Thermal 

design and analysis of platform module and PIM is the responsibility of ISAC team. 

 

Figure 3.2:  Deployed view of XPosat spacecraft 

 

Ground systems: The mission control centre is responsible for on-orbit 

operations and maintenance of the spacecraft. ISTRACK/ISSDC network of 

POLIX detector 

Payload viewing axis 

PIM deck 

Platform 
module 

POLIX related 
electronic 
packages 

Solar array 
panels 

X (+Yaw) 

Z (+Pitch) 

Y (+Roll) 



POLIX: Sensitivity 
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POLIX: Sensitivity 
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Accreting X-ray Pulsars 

Meszaros et al. 1988	
Image: NASA	



X-ray Polarisation in Black Holes 

Schnittman et al.	



X-ray Polarisation and Corona 

Dovciak et al.	


