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PKS 2155-304, Raster Observations
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1E 0102-7217
E0102: Second X-ray 
brightest source in the SMC  
Size: 0.77X0.77 arcmin, 
13X13 pc 
t ~ 2,000 yr (Finklestein et 
al. 2006)  
LX(0.3-10.0 kev) = 2.5x1037 

ergs s-1 no compact object 
“O-rich” core-collapse  
No compact object
 



1E 0102-7217 & ASTROSAT Calibration  

T~342 ks 
Useful Time ~ 83 ks



1E 0102-7217 & ASTROSAT Calibration  

(March 
2016)



Bore-sight of SXT Using SNR 2E0102-7217

5

same. We will use the word “count rate distributions” to refer to such plots (position on the detector

v/s count rate) throughout the report. The Figs. 2,3,4,5 represent the scan directions and count rate

distributions for the Nov15 scan, the Feb16 scan, the March16 scan quad 24, and the March16 scan

quad13 by using unbinned data, respectively. The top panel of each set of plots shows the pointing

position on the detector fitted with a line to show path used for pointings. The bottom panels are

the count rate distribution over-plotted with an inverted parabola, fit to the data (individually for

RAW X & RAW Y) with its vertex showing the position of the peak count rate. The dotted vertical

lines are shown to signify the position of the vertex. The equation of the parabola used for fitting

the data is as follows:

y = −a(x− h)2 + k (1)

where (h,k) represents the coordinates of the vertex, and (h, k-a) represents the focus of parabola

(1).

The parabolic fit was optimized using the least squares fitting algorithm available freely as a

python tool ’curve fit’ and distributed as a part of scipy package. The optimization seems to provide

satisfactory values except for the case March16 scan quad13, due to the scarcity of data. This

analysis on unbinned/ungrouped data (individual orbit data) led to the following positions of peak

count rates, listed as (X, Y) values in pixels.

Nov15 scan quad24 = (292.3, 271.8)

Feb16 scan quad24 = (312.0, 283.6)

March16 scan quad24 = (307.3, 290.0)

March16 scan quad13 = (257.4, 235.7)

26

Figure 14. Feb16 scan quad24 count rate distribution with weighted mean peak position.

APPENDIX

A. UNBINNED DATA FOR VARIOUS SCANS
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Figure 14. Feb16 scan quad24 count rate distribution with weighted mean peak position.

APPENDIX

A. UNBINNED DATA FOR VARIOUS SCANS

Singh et al. 2017, (Telescope Description and Calibration Status), In preparation

190 Useful Orbits
 = 326 ks Special Mode of data analysis required







(301.8 +/- 2.6, 287.1 +/- 7.2)
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PKS 2155-304, Raster Observations
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Vignetting function Using SNR 2E0102-7217

Figure 3. On-axis effective areas for different modes, LrPD (grades 0-5; left), WT (grades 0-2; center), and PC (grades
0-12; right).

Figure 3 shows our on-axis effective areas for the different observing modes, LrPD (grades 0-5; left), WT
(grades 0-2; center), and PC (grades 0-12; right).

3.2. Off-axis: Correction for Vignetting

The XRT mirrors suffer from a reduction of the off-axis collecting area which is not taken into account in the
distributed ARF files. We can however quantify the correction for vignetting by defining a vignetting function
V (θ),

V (θ) = 1 − Cθ2 (1)

where θ is the off-axis angle, and the coefficient C is a function of energy (in keV),

C(E) = P0 × EP1 + P2 (2)

where P0, P1 and P2 are parameters to be confirmed observationally. The XRT vignetting parameters we first
measured during the on-ground calibration8 and are now being tested by fitting Crab data observed at different
off-axis pointings from 1.9′ up to 7.5′ off-axis angles. The best fit parameter values (absorbing column NH,
photon index Γ and 0.2–10 keV flux) as a function of θ are reported in Table 2, and illustrated in Figure 4. The
best-fit values of NH are shown to vary by 0.3–10%, Γ by 0.3–4% and the flux by 0.7–10% (the higher value is
for θ = 4.9′).

Table 2. Crab nebula best fit parameters at different off-axis angles. The quoted errors are at 90% confidence level for
one interesting parameter.

θ NH Photon Index 0.2–10 keV Flux χ2
red (dof)

(′) (1022 cm−2) (10−8 ergs keV−1 sec−1)
1.9 0.360± 0.002 2.099± 0.002 5.89 ± 0.02 1.7 (939)
2.9 0.361± 0.002 2.105± 0.004 5.85 ± 0.03 1.1 (662)
4.9 0.397± 0.010 2.190± 0.020 6.36 ± 0.10 1.1 (334)
5.8 0.354± 0.002 2.074± 0.005 5.32 ± 0.04 1.1 (627)
7.5 0.384± 0.007 2.140± 0.010 6.16 ± 0.10 1.0 (325)

4. INTER-CALIBRATION WITH XMM-NEWTON AND BEPPOSAX

An initial approach to inter-calibration with other observatories was performed between XRT and XMM-Newton
and BeppoSAX using PSR B0540-69 as a standard candle. We retrieved archival data obtained with the

P0 = -2.492e-06 
P1 =  0.9996 
P2 =  9.6120e-06

Singh et al. 2017, (Telescope Description and Calibration Status), In preparation

PKS 2155-304
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ra
d
ia
l
p
ro
fi
le
.
T
h
is

p
lo
t
ca
n
d
ir
ec
tl
y
b
e
se
en

by
h
it
ti
n
g
th
e
“R

ad
ia
l
P
ro
fi
le
”

b
u
tt
on

in
“A

n
al
ys
is
”
op

ti
on

(S
ee
.
F
ig
u
re

??
).

T
h
e
d
at
a
fr
om

th
e
p
lo
ts

ca
n
ea
si
ly

b
e
sa
ve
d
in

te
xt

fi
le
s
(f
or

E
qu

al
ar
ea

op
ti
on

s
al
so
).

T
h
e
d
er
iv
ed

d
at
a
fr
om

ra
d
ia
l
p
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fi
le
s
u
si
n
g
ab

ov
e
m
et
h
od

ar
e
th
en

u
se
d
to

m
od

el
th
e
P
S
F
af
te
r
tr
an

sf
or
m
in
g
th
e

d
is
ta
n
ce

an
d
su
rf
ac
e
b
ri
gh

tn
es
s
(c
ou

nt
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p
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2
fo
r
ea
ch

st
ri
p
)
in
to

ar
cs
ec

an
d
co
u
nt
s/
ar
cs
ec

2
by

u
si
n
g
1
p
ix
el

=
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2
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cs
ec

co
nv

er
si
on

.

T
h
e
fi
tt
ed

eq
u
at
io
n
is

g
iv
en
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y
:

S
(r
)
=

i 0
1
×
[1
+
(
r r c
1
)2
]α

1
+
i 0

2
×
[1
+
(
r r c
2
)2
]α

2
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)
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h
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e
S
(r
)
is
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e
su
rf
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e
b
ri
gh
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s
of
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e
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e
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rr
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p
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d
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g
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e
p
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r
en

er
gy

b
an

d
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2
F
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n
g
P
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d
u
re

T
h
e
d
ou

b
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n
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’
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n
ct
io
n
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n
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eq
u
at
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n
1
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an

d
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m
p
le
x
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n
in
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rm
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d
u
e
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b
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d
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en
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t
va
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T
h
e
ri
sk

b
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in
d
u
si
n
g
th
e
si
m
p
le

n
on

-l
in
ea
r
le
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t
sq
u
ar
e
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L
S
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m
et
h
od
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p
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L
ev
en
b
er
g-
M
ar
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ar
d
t
m
et
h
od

)
is

th
at
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is

p
ro
ce
d
u
re
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ay

p
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k
th
e
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st
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l
m
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an

d
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iz
e
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e
fi
tt
in
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w
h
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h
m
ay

b
e
th
e
w
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n
g
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ti
m
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io
n
of
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e
p
ar
am

et
er
s.

T
h
is
ca
n
ea
si
ly

b
e
ch
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d
by

lo
ok

in
g
to

th
e
tr
ac
e
of

co
va
ri
an

ce
m
at
ri
x
ge
n
er
at
ed

d
u
ri
n
g
th
e
N
L
S
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tt
in
g.

T
h
e
er
ro
r
es
ti
m
at
io
n
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r
th
e
va
ri
ou

s
p
ar
am

et
er
s
w
il
l

b
lo
w
-u
p
if
th
e
co
va
ri
an

ce
m
at
ri
x
h
as

n
ot

co
nv

er
ge
d
to

a
gl
ob

al
m
in
im

a.
W
e
in
ve
st
ig
at
ed

th
e
va
ri
ou

s
fi
tt
in
g
p
os
si
b
il
it
ie
s

u
si
n
g
se
t
of

in
it
ia
l
va
lu
es

to
p
ro
b
e
th
e
p
os
si
b
le

gl
ob

al
m
in
im

a.
F
or

th
is
te
st
in
g
h
ig
h
S
/N

d
at
a
of

H
B
L
19

59
+
65

0
(∼

70
ks
)
ar
e
u
se
d
.
T
h
e
va
ri
ou

s
se
t
of

in
it
ia
l
va
lu
es

fo
r
th
e
p
ar
am

et
er
s
w
er
e
ex
p
lo
re
d
to

op
ti
m
iz
e
th
e
ob

se
rv
ed

p
ro
fi
le

w
it
h

n
on

-l
in
ea
r
le
as
t
sq
u
ar
e
fi
tt
in
g
m
et
h
od

s.
T
h
is

w
ay

w
e
en

d
u
p
h
av

in
g
a
se
t
of

va
lu
es

fo
r
w
h
ic
h
th
e
tr
ac
e
of

co
va
ri
an

ce
m
at
ri
x
d
oe
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’t
d
iv
er
ge

fu
ri
ou
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y.

A
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o
th
e
er
ro
r
es
ti
m
at
io
n
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r
va
ri
ou

s
m
od

el
p
ar
am

et
er
s
al
so

d
on

’t
b
lo
w

u
p
fo
r
th
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e

in
it
ia
l
va
lu
es
.

T
h
is
w
ay

of
m
od

el
li
n
g
th
e
p
ro
fi
le

se
em

s
to

en
ga

ge
a
lo
t
of

m
an

u
al

in
te
rv
en
ti
on

s
in

b
et
w
ee
n
.
A

p
os
si
b
le

so
lu
ti
on

is
to

u
se

so
m
e
fa
st
er

an
d
co
ar
se
r
m
et
h
od

w
h
ic
h
is

p
oo

rl
y
aff

ec
te
d
by

lo
ca
l.

A
n
d
th
en

u
se

th
e
fi
tt
ed

va
lu
es

fr
om

ab
ov
e

m
et
h
od

as
in
it
ia
lp

ar
am

et
er
s
fo
r
th
e
ri
go

ro
u
s
N
L
S
m
et
h
od

s.
W
e
op

te
d
“N

el
d
er
-M

ea
d
”
(N

M
)
m
et
h
od

to
ge
t
th
e
n
ea
re
st

b
es
t
fi
t
va
lu
es

fo
r
th
e
p
ar
am

et
er
s.

T
h
is
m
et
h
od

is
al
re
ad

y
av
ai
la
b
le

w
it
h
th
e
“L

M
F
IT

”
m
od

u
le
.
T
h
e
fi
tt
ed

p
ar
am

et
er
s

ar
e
u
se
d
as

in
it
ia
lg

u
es
s
va
lu
es

to
p
er
fo
rm

th
e
N
L
S
p
ro
ce
d
u
re
.
F
or

N
L
S
p
ro
ce
d
u
re
s
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st
ea
d
of

m
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im

iz
in
g
th
e
fu
n
ct
io
n
s,

w
e
h
av
e
m
in
im

iz
ed
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e
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si
d
u
al
s,

w
h
ic
h
p
ro
vi
d
es

a
re
la
ti
ve
ly

fa
st
er

an
d
m
or
e
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cu

ra
te

w
ay

of
fi
tt
in
g
th
e
p
ro
fi
le
.
T
h
e

co
nv

en
ti
on

al
χ
2
m
in
im

iz
at
io
n
is

al
so

p
er
fo
rm

ed
an

d
th
e
co
rr
es
p
on

d
in
g
χ
2 ν
va
lu
es

ar
e
sa
ti
sf
ac
to
ry

(1
.0
-1
.5
).

Ju
st

to
ch
ec
k
th
e
go

od
n
es
s
of

fi
t,
w
e
h
av
e
al
so

ch
ec
ke
d
fo
r
th
e
A
ka
ik
e
In
fo
rm

at
io
n
C
ri
te
ri
on

(A
IC

)
an

d
B
ay
es
ia
n
In
fo
rm

at
io
n
s

C
ri
te
ri
on

(B
IC

)
st
at
is
ti
cs
.
T
h
es
e
b
ot
h
qu

an
it
ie
s
gi
ve

sl
ig
ht
ly

d
iff
er
en
t
m
ea
su
re
s
of

th
e
re
la
ti
ve

qu
al
it
y
of

a
fi
t,

tr
yi
n
g

to
b
al
an

ce
of

fi
t
w
it
h
th
e
nu

m
b
er

of
va
ri
ab

le
s
u
se
d
in

th
e
p
ro
ce
d
u
re
.
T
h
es
e
ar
e
d
efi

n
ed

as

A
IC

=
N

ln
(χ

2
/N

)
+
2 N

v
a
r

(2
)

an
d
,

B
IC

=
N

ln
(χ

2
/N

)
+
ln
(N

)
∗
N

v
a
r

(3
)

w
h
er
e
χ
2
=

∑
N i

[f
(x

)−
y
]2

ey
2

T
h
e
p
ar
am

et
er
s
es
ti
m
at
ed

fr
om

th
e
N
L
S
m
et
h
od

(f
ol
lo
w
in
g
th
e
N
M

m
et
h
od

)
is
al
so

u
se
d
to

p
er
fo
rm

th
e
p
os
te
ri
or

d
is
tr
ib
u
ti
on

u
si
n
g
M
ar
ko
v
C
h
ai
n
M
on

te
C
ar
lo
.
T
h
is

p
ro
ce
d
u
re

is
fa
ci
li
ta
te
d
by

th
e
“E

M
C
E
E
”
m
od

u
le
.
It

ca
lc
u
la
te
s

th
e
lo
g-
p
os
te
ri
or

p
ro
b
ab

il
it
y,

ln
(p
(F

tr
u
e
/D

))
),

of
th
e
m
od

el
p
ar
am

et
er
s
(s
ay

F
w
it
h
gi
ve
n
d
at
a
D
).

T
h
is

’p
os
te
ri
or

p
ro
b
ab

il
it
y’

is
ca
lc
u
la
te
d
as

:
ln
p(
F
tr
u
e
/D

)
∝

ln
p(
D
/F

tr
u
e
)
+
ln
p(
F
tr
u
e
)

(4
)

w
h
er
e
ln
p(
D
/F

tr
u
e
)
is
lo
g-
li
ke
li
h
oo

d
an

d
ln
p(
F
tr
u
e)

is
th
e
lo
g-
p
ri
or
.
T
h
e
d
ef
au

lt
lo
g-
p
ri
or

en
co
d
es

th
e
p
ri
or

in
fo
rm

at
io
n

al
re
ad

y
kn

ow
n
ab

ou
t
th
e
m
od

el
.
H
ow

ev
er
,t
h
is
m
et
h
od

as
su
m
es

th
at

th
e
lo
g-
p
ri
or

p
ro
b
ab

il
it
y
is
-n
p
.i
n
f(
in
fi
n
it
y
d
efi

n
ed

in
nu

m
py

li
b
ra
ry

w
h
ic
h
re
fl
ec
ts

to
im

p
os
si
b
le
)
if
on

e
p
ar
am

et
er

is
ou

ts
id
e
it
s
li
m
it
.
T
h
is

is
ze
ro

if
al
l
th
e
p
ar
am

et
er
s

ar
e
w
it
h
in

th
e
b
ou

n
d
s.

T
h
e
lo
g
li
ke
li
h
oo

d
fu
n
ct
io
n
id

gi
ve
n
by

:

ln
p(
D
/F

tr
u
e
)
=

−
1 2

∑ n

[ (g
n
(F

tr
u
e
)
−
D

n
)2

s2 n

+
ln
(2
π
s2 n

)]
(5
)
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an
n
u
la
r
re
gi
on

of
(r

in
=

3
p
ix
,
an

d
r o

u
t
=

18
0
p
ix
)
is
d
iv
id
ed

in
to

35
se
gm

en
ts

w
it
h
eq
u
al

d
is
ta
n
ce
s
(i
t
ca
n
b
e
ch
an

ge
d

to
“E

q
u
al

A
re
a”

b
y
u
si
n
g
“M

et
h
o
d
”
op

ti
on

in
d
ia
lo
g
b
ox

).
T
h
e
to
ta
l
co
u
n
ts

d
er
iv
ed

fr
om

ea
ch

st
ri
p
af
te
r
n
or
m
al
iz
in
g

to
th
e
st
ri
p
ar
ea

is
u
se
d
to

m
ak

e
th
e
ra
d
ia
l
p
ro
fi
le
.
T
h
is

p
lo
t
ca
n
d
ir
ec
tl
y
b
e
se
en

b
y
h
it
ti
n
g
th
e
“R

ad
ia
l
P
ro
fi
le
”

b
u
tt
on

in
“A

n
al
y
si
s”

op
ti
on

(S
ee
.
F
ig
u
re

?
?
).

T
h
e
d
at
a
fr
om

th
e
p
lo
ts

ca
n
ea
si
ly

b
e
sa
ve
d
in

te
x
t
fi
le
s
(f
or

E
q
u
al

ar
ea

op
ti
on

s
al
so
).

T
h
e
d
er
iv
ed

d
at
a
fr
om

ra
d
ia
l
p
ro
fi
le
s
u
si
n
g
ab

ov
e
m
et
h
o
d
ar
e
th
en

u
se
d
to

m
o
d
el

th
e
P
S
F
af
te
r
tr
an

sf
or
m
in
g
th
e

d
is
ta
n
ce

an
d
su
rf
ac
e
b
ri
gh

tn
es
s
(c
ou

n
ts
/p

ix
2
fo
r
ea
ch

st
ri
p
)
in
to

ar
cs
ec

an
d
co
u
n
ts
/a
rc
se
c2

b
y
u
si
n
g
1
p
ix
el

=
4.
12
2

ar
cs
ec

co
n
ve
rs
io
n
.

T
h
e
fi
tt
ed

eq
u
a
ti
o
n
is

g
iv
en

b
y
:

S
(r
)
=

i 0
1
×
[1
+
(
r r c
1
)2
]α

1
+
i 0

2
×
[1
+
(
r r c
2
)2
]α

2
(1
)

w
h
er
e
S
(r
)
is

th
e
su
rf
ac
e
b
ri
gh

tn
es
s
of

th
e
im

ag
e
co
rr
es
p
on

d
in
g
to

th
e
p
ar
ti
cu
la
r
en
er
gy

b
an

d
.

2
F
it
ti
n
g
P
ro

ce
d
u
re

T
h
e
d
ou

b
le

k
in
gs
’
p
ro
fi
le

fu
n
ct
io
n
,
as

gi
ve
n
b
y
eq
u
at
io
n
1
is
a
n
on

-l
in
ea
r
an

d
co
m
p
le
x
fu
n
ct
io
n
in

te
rm

s
of

fi
tt
in
g
d
u
e

to
la
rg
e
n
u
m
b
er

of
in
d
ep

en
d
en
t
va
ri
ab

le
s,

n
am

el
y
6.

T
h
e
ri
sk

b
eh
in
d
u
si
n
g
th
e
si
m
p
le

n
on

-l
in
ea
r
le
as
t
sq
u
ar
e
(N

L
S
)

m
et
h
o
d
s
(s
p
ec
ifi
ca
ll
y
L
ev
en
b
er
g-
M
ar
q
u
ar
d
t
m
et
h
o
d
)
is

th
at

th
is

p
ro
ce
d
u
re

m
ay

p
ic
k
th
e
n
ea
re
st

lo
ca
l
m
in
im

a
an

d
m
in
im

iz
e
th
e
fi
tt
in
g,

w
h
ic
h
m
ay

b
e
th
e
w
ro
n
g
es
ti
m
at
io
n
of

th
e
p
ar
am

et
er
s.

T
h
is
ca
n
ea
si
ly

b
e
ch
ec
ke
d
b
y
lo
ok

in
g
to

th
e
tr
ac
e
of

co
va
ri
an

ce
m
at
ri
x
ge
n
er
at
ed

d
u
ri
n
g
th
e
N
L
S
fi
tt
in
g.

T
h
e
er
ro
r
es
ti
m
at
io
n
fo
r
th
e
va
ri
ou

s
p
ar
am

et
er
s
w
il
l

b
lo
w
-u
p
if
th
e
co
va
ri
an

ce
m
at
ri
x
h
as

n
ot

co
n
ve
rg
ed

to
a
gl
ob

al
m
in
im

a.
W
e
in
ve
st
ig
at
ed

th
e
va
ri
ou

s
fi
tt
in
g
p
os
si
b
il
it
ie
s

u
si
n
g
se
t
of

in
it
ia
l
va
lu
es

to
p
ro
b
e
th
e
p
os
si
b
le

gl
ob

al
m
in
im

a.
F
or

th
is
te
st
in
g
h
ig
h
S
/N

d
at
a
of

H
B
L
19
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+
65
0
(∼

70
k
s)

ar
e
u
se
d
.
T
h
e
va
ri
ou

s
se
t
of

in
it
ia
l
va
lu
es

fo
r
th
e
p
ar
am

et
er
s
w
er
e
ex
p
lo
re
d
to

op
ti
m
iz
e
th
e
ob

se
rv
ed

p
ro
fi
le

w
it
h

n
on

-l
in
ea
r
le
as
t
sq
u
ar
e
fi
tt
in
g
m
et
h
o
d
s.

T
h
is

w
ay

w
e
en
d
u
p
h
av

in
g
a
se
t
of

va
lu
es

fo
r
w
h
ic
h
th
e
tr
ac
e
of

co
va
ri
an

ce
m
at
ri
x
d
o
es
n
’t
d
iv
er
ge

fu
ri
ou

sl
y.

A
ls
o
th
e
er
ro
r
es
ti
m
at
io
n
fo
r
va
ri
ou

s
m
o
d
el

p
ar
am

et
er
s
al
so

d
on

’t
b
lo
w

u
p
fo
r
th
es
e

in
it
ia
l
va
lu
es
.

T
h
is
w
ay

of
m
o
d
el
li
n
g
th
e
p
ro
fi
le

se
em

s
to

en
ga
ge

a
lo
t
of

m
an

u
al

in
te
rv
en
ti
on

s
in

b
et
w
ee
n
.
A

p
os
si
b
le

so
lu
ti
on

is
to

u
se

so
m
e
fa
st
er

an
d
co
ar
se
r
m
et
h
o
d
w
h
ic
h
is

p
o
or
ly

aff
ec
te
d
b
y
lo
ca
l.

A
n
d
th
en

u
se

th
e
fi
tt
ed

va
lu
es
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om

ab
ov
e

m
et
h
o
d
as

in
it
ia
l
p
ar
am

et
er
s
fo
r
th
e
ri
go
ro
u
s
N
L
S
m
et
h
o
d
s.

W
e
op

te
d
“N

el
d
er
-M

ea
d
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(N

M
)
m
et
h
o
d
to

ge
t
th
e
n
ea
re
st

b
es
t
fi
t
va
lu
es

fo
r
th
e
p
ar
am

et
er
s.

T
h
is
m
et
h
o
d
is
al
re
ad

y
av
ai
la
b
le

w
it
h
th
e
“L

M
F
IT

”
m
o
d
u
le
.
T
h
e
fi
tt
ed

p
ar
am

et
er
s

ar
e
u
se
d
as

in
it
ia
l
gu

es
s
va
lu
es

to
p
er
fo
rm

th
e
N
L
S
p
ro
ce
d
u
re
.
F
or

N
L
S
p
ro
ce
d
u
re
s
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st
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d
of

m
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im

iz
in
g
th
e
fu
n
ct
io
n
s,

w
e
h
av
e
m
in
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ed

th
e
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si
d
u
al
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w
h
ic
h
p
ro
v
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es

a
re
la
ti
ve
ly

fa
st
er

an
d
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Source Name Coordinate Mode max radius Number of cells
(pix,pix) (pix)

1ES 1959+650 (298.56201,291.64582) A02a 280 40
(300.50042,293.53624) A02b 280 40
(298.42818,290.5263) G06 280 40

Faiall 9 (302.42527,278.3769) G06 280 40
GX13+1 (142.38307,169.47535) G05 120 40

IGRJ17091-3624 (204.66133,203.52306) T01 200 40
LMCX-2 (265.62066,167.51322) G05 170 35
Mrk 110 (301.4574,294.72462) G05 280 40
Mrk 421 (267.53592,185.48931) G05 180 40
Mrk 501 (301.54029,294.61479) G05 280 40

PKS 2155-304 (270.50215,287.71113) PV01 280 40
4U 1728-34 (268.34081,171.5014) G05 170 40
Cyg X-3 (259.56974,189.50537) G05 200 40

(262.40972,187.35579) G05 200 40
NGC 4051 (303.628,293.519) G05 280 40

Table 1: The bright sources investigated for PSF work. There are many other sources for which same analysis is
repeated but not included in the list because of the low count rates (<0.2). A subset of this table is used to get the
averaged and summed PSF profile.

The first part in the square brackets represents the residual for a given data point (g being the generative model)
. This term represents χ2 when summed over all data points. The objective function used to create lmfit.Minimizer
should return the log-posterior probability, lnp(Ftrue/D). However, since the in-built log-prior term is zero, the
objective function can also just return the log-likelihood, unless you wish to create a non-uniform prior.

The values reported in the table are the parameters corresponding to the maximum likelihood probability. These
values sometime differ to the median values but mostly are within the uncertainties.

The above mentioned procedure is scripted in python and is capable to provide the fitted profile plots. It accepts a
set of initial values for the parameters. In order to keep the consistency in the parameter estimation the initial values
of the parameters are updated after running it for all the energy bins file. The tables only contain the χ2

ν values, other
goodness of fit parameters are not displayed because of space constraints and usefulness. The χ2

ν are robust enough
to infer the goodness of fit.

Note that the PSF profiles are subtracted by the constant background (surf. bright-
ness) obtained from the 183.45 ks observations of GD419. The profile of the background
images in the respective bands were extracted and the median surf. brightness values
was adopted for bkg subtraction. We had also cross-checked for the background esti-
mated from the outermost strip but this most of the time reflected as over-subtraction,
resulting a bad fit.

3 The Energy Dependence of PSF profile

A number of bright X-ray sources are used to model the PSF for central as well as off-centred positions (see. Table
??). The merged events files, based on OBS IDs, for all the source are used to derive the PSF for four energy bins,
identical to the last procedure. These profiles are again fitted with the python code mentioned in the last section. The
profile data and model are shown in several figures at the end of this document. The model parameters from these
modelling, corresponding to four energy bins, are tabulated in Tables ??, ??, ?? and ??, respectively.

The nearby central positioned profiles are merged to give the averaged and summed profile, to enhance the S/N.
The averaged and summed profiles do not converge to provide a satisfactory fit (χ2

ν > 3). The energy dependence is
then investigated after averaging the parameters from individual fits.

3
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Figure 9: The best fit parameters for various pointing of PKS 2155-304 corresponding energy bin 0.3-7.0 keV. The
X-axis is the angular distance in arc min, estimated using bore sight = (300, 287)
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1E 0102-7217
Fantastic Spectral Calibration 
for low energy side (0.3-2.0 
keV) 
  
Effective Area Calibration 
using Raster Scanning mode 
observations   

Celebrated IACHEC SNR for 
low energy spectral calibrations   
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The SXT has observed several X–ray sources like
PKS2155-304, Tycho SNR, 1E 0102-73.2 – a SNR,
AB Dor – an active sun-like star, A1795 – a cluster
of galaxies, and several AGN etc. SXT was pointed
such that 1E0102.2-7219 and PKS2155-304 were in-
cident on different parts of the CCD to determine the
bore-sight of the telescope and the vignetting in the
SXT at different off-axis angles. Since PKS2155-304 is
variable we have mostly relied on the use of the super-
nova remnant 1E0102.2-7219 in the Small Magellanic
cloud which, however, required 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. The results from these observations showed that
the bore sight of the SXT is close to centre of the FoV
and the CCD detector coordinates at X = 302±7 and Y
= 285±7 pixels. The vignetting of the telescope or the
projected area as a function of off-axis angle was also
determined.

The on-axis point spread function (PSF) in the fo-
cal plane has been determined from observations of two
AGN: Mrk 110 and Mrk 501 in the GT phase and are
well characterised by a double King function. The two
King functions have core radii of ∼ 50 − 60 and ∼ 700
arcsec respectively with the broader King function hav-
ing ∼ 8% of the intensity compared to the narrower
King function. The The PSF has a FWHM (Full width
Half Maximum) of ∼100 arcsec while the half encircled
energy radius is ∼5.5 arcmin (or Half Power Diameter,
HPD is∼11 arcmin). Care must be taken while carrying
out the spectral analysis to include as much of the en-
circled energy as possible while extracting a spectrum
and optimising the background component simultane-
ously, and then use the corresponding response for the
telescope area function from those provided. For very
bright sources, the user may have to include a radius as
large as 18 arcmins to get all the photons and then use
background from a deep field with no detectable ob-
jects. Data from deep fields will be made available to
the observers.

The in-orbit performance and some of the prelim-
inary results were reported in Singh et al. (2016). In
Figure 8, we show our recent result from the joint anal-
ysis of SXT, Swift XRT (Burrows et al. 2005) and
NuStar (Harrison et al. 2013) observations of Tycho
supernova remnant. The spectra were fitted with a com-
mon spectral model having an absorbing column den-
sity of 9.3×1021cm−2, a bremsstrahlung component of
kT=0.27 keV, Gaussian lines at 0.64, 1.85, 1.90, 2.23,
2.43, 2.99, 3.77 and 6.41 keV. The addition of the NuS-
tar data required an additional cut-off power-law (very
flat with photon index=-2.5) component with energy
cutoff at 1.03 keV. The SXT Spectrum of E0102.2-7219
fitted with the model developed by the International

Figure 8. The X-ray spectrum of Tycho SNR as obtained
with the SXT, Swift XRT and the NuStar. The SXT spectrum
was extracted from a radius of 18 arcmin for this bright
source

Figure 9. The X-ray spectrum of 1E0102-72.3 as fitted with
the IACHEC model derived from several X-ray observatories
carrying a CCD camera in the focal plane of a telescope.
The SXT spectrum was extracted from a radius of 10 arcmin.
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                                                                                                                                                                    SXT-corner_src    

Objective: 
This document contains a description of the calibration of the CCD detector done at TIFR. 

Analysis: 

This analysis is performed on SXT-CCD(E2V CCD-22), which has 4 calibration sources of Fe55 mounted on it at 4 corners 
of CCD. Level2 corner source spectral (.pha) files of the  onboard data are used for the period of 445 days from 26 Oct 2015
to 13 Jan 2017, average of counts per channel  is taken on an interval of 5 days from spectral (*.pha) files for PHA and PI 
channels.

 

                        
 Here  five  ASTROSAT  SXT data  sets  of  corner  sources  (four  sources  separately,  and  then  all
combined) are analyzed. The four sources are shown in above  CCD image denoted by cs1,  cs2, cs3
and  cs4, and combinedly as  csall. The extraction regions are circles, with (X, Y, radius) in pixel as
cs1(594, 18,  57),  cs2(8,  23,  61),  cs3(585, 591, 37) and cs4(27, 595, 35) for cs1,  cs2,  cs3 and cs4
respectively.  
There are main 2 python scripts.See Annexure No.3 and 4.
1.python corner_src_spec_merge_fit_v02.py -f INPUTFILENAME -t NO. OF DAYS
for example :python corner_src_spec_merge_fit_v02.py -f config_pi.conf -t 5
                         here   INPUTFILENAME is  configuration file(*.conf) as per PHA or PI mode where









Summary
• The optical axis of SXT, determined, is approximately along the 

detector axis  

• The energy dependent vignetting functions are generated and are 
updated in CALB 

• The PSF determinations is almost done and are updated in CALDB  

• The spectral comparison with the IACHEC model shows that the 
area and response matrix are constrained within satisfactory 
limits…a refinement is going on and soon will be updated with 
CALDB 

• A gain shift of around 30 eV has been noted since the launch of 
AstroSat 
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