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Eﬁgl Total 97 satellite probes, till April 12, 2018

- INDIA'S FIRST MISSION TO MODN

| CHANDRAYAAN‘_I | Launched on 22 Octob.er 2008

Total 10 month 6 days life:
Discovery of water on moon..

, '_ i = . - ¥ Lunar Insertion
Toachieve 100 X 100 km Lunar Pélar Orbit. ' +«  Manoeuvre

PSLV to inject 1050° kg in GTO of 240 x 36000 km.
Lunar Orbital mass of 523 kg with 2 year life time.
Scientific payload 55 kg.._

Lunar Transfer
Trajectory

" Initial Orbit

~ 1000 km

Propaiient Tank

Reactfon Wieel —

G i .:% N 1 Solar Panels
i ) With ISAD gearing up bo lsunch the MM profect six months

Y .Moon at Launch - ° « ' from mow, here's your step-by-step gulde to the ogency's

* Mid Course

Trans Lunar o . malden mission tothe fourth plaset from the sun L4F Payload
Injection . o
i : ; i MENCA Paryload
Expanding the scientific knowledge about the moon, upgradingindia’s technological capabiliity s liEre LAUNCH VEHICLE :
I PSLV-XL wilt b slx axt endid strap-om enotors TIC Anfamns

and providing challenging opportunities for planetary research for the youriger deneration

MIESSI0M COST : 7450 crore MARS ORBITER
 LIFTOFFMASS: 13%0kg MISSION |5 ISRO'S
= o FIRST INTERPLAN-

In i final
DAY MASS: 500 k] 4 3 stage. the ETARY MISSION
NUMBER OF PAYLOARS: Five n;| b e o g T0 THE PLANET
FOWER SYSTEM: il:ll-lrlrf-l'r' with threa pamels X

 ON-BOARD PROPULSION: B-propellant system
far Mars arbit ksertion

- The satellite dreles
g thie carth soveral times,
Each thae T:III'I-IH further
oy From tha sarth £

| In orbit, Launched on Nov 05, 2013

L]

_________

Mars Colour Camera (MCC)
Thermal Infrared Imaging Spectrometer (TIS)

-
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-
-

i L - -
- = 4 -
o dl - 372
| . This is the distance the
' " 2 raft has (o Cover

SAACEC i
arpnd ars in an eflip=
tical oriit of 50,000 km

17.864 uegree

Methane Sensor for Mars (MSM)
Mars Exospheric Neutral Composition Analyser (MENCA)
Lyman Alpha Photometer (LAP)

Bhardwaj A., at al., GRL, 43, 1862, 2016 ++ 3[Ry e o A I
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™ LAXPC (3.0-80.0 keV)

Energy (keV)

(zur0) waxw 2a109)5

M ) r
"t Hofder

Co/;,b’ato
>

(2 HO{;S ’hg

Ous;,

CZTI (10.0-150.0 keV)




General information

Launched into a nearly circular orbit with Altitude: 640 - 650 km;
Inclination : 6 deg.

Orbital period : ~98 minutes;
Eclipse period : 35 minutes; Sunlit period : 62 minutes

Orientation by 4 reaction wheels and 3 magnetic torquers

(capacity: 60 A m?) + inputs from 3 dual gimbal gyros, 2 star
sensors and 2 magnetometers.

Pointing accuracy of ~1 arcsec with star sensors.
Drift rate is expected to be 0.2 arcsec/s.

Maximum slew rate will be 0.6°/s.

Solid-state recorder with 200 Gb storage (4 orbits).

Operational life of > 5 years




Cadmium Zinc Telluride Imager |
976 cm?

16384 (64 modules of 256 pixels each)
Pixel size 2.46 mm X 2.46 mm (5 mm thick)

Imaging method Coded Aperture Mask (CAM

4.6° X 4.6° FWHM (primary FOV)

11.8°X 11.8° FWZM (incl. illumination leakag
~ 8 arcmin

~ 8% @ 100 keV
10-100 keV

Up to 1 MeV (Photometric); no imaging abov
100 keV

0.5 mCrab (5 sigma; 10%s)

https.//arxiv.org/pdf/1608.03408. pdf



Payloads, LAXPC

-~ I 1 1 ]
aoo0 - » — =
%, | s
— '|I H =
N:E { 1 b JI he -
= L
e \ "'-i .
s 4000 H \ "+ ASTROSAT-LAXPC .
E ! -"*-.
da \ ‘N
& 2000 \ I~ pxTE-PCA ~.
N I L )
“ ™
0 L - I I -‘ T e = i
=0 <0 80 a0

Energy (keV)
FOV: 1° x 1° E ~ 3.0 -80 keV
High Detection Efficiencies
(100% E<15 keV & 50 upto 80 keV)
| - Moderate Energy Resolution
i Timing accuracy: 20 micro sec
' Sensitivity : 0.1 mCrab at 5 sigma forl04,
Small Internal Background

150000 1 T T | T T T I T T L—

100000

. 50000 |
5 layers, 60 anode cells; veto layer on 3 sides -

II|III|L|I|I.II|I.II_
150 200 250 30C

http://lanl.arxiv.org/pdf/1702.08624v2 ) S




Payloads, Ultra-Violet Telescope (UVIT

DEPRESSURISATION PORT  poprs VIEWING
WITNESS SAMPLES

HADLAL
PURGING SUPPORT for
FHRIMARY
BAFFLE

UVIT DO R SUN
SHIELD

MAIN BAFFLE
(AL alloy) 910
mim

SEC. MIRROR
ASSEMBLY

BEAM
SPLITTER

3100 MM
SEC. BAFFLE *-w&
! OPFTICAL TUBE ;
Table 1 Specificetions of Witre Viole: [Imoaging Telesoope (MADE of INVAR) :I-:.II:'TLJLII;E
o T . a 15040 .
FLY NUY Y15 SC
— i — ADAPTER
Detectoe [nrensified  CROS  Photon | Jotensi Aed CrOS | [nrensified CHxiE
Cranting’ linegratian Phioton Counting’ | Plates Couittinge’
Inbepration [ntegration SIDE
CMOS chip | Fillfactoey’ Cypross STAR2SQ, $12x512, 28pm pincls SICINTERFACE  BRACKELS
lelesoppe Cptics Ritchey-Chertian Batchey-Chertaan Rirclew-Chertian ¥ 475 MM
2 mifroe System 2 parror Sysbein 2 rarroe Svanent
FRIMARY
Handwidih 130-180 s 200-300 e F-5500mm FINC AL VOLUME (500 MIRROR
_ ; m) : - Fia
Ceoumctoee Arca (oo | —RED ~ER] ~RED A : 7 . . rmmrmmmaaans . SEFERATION PLANE OF 5/C
Effeetive Arca (o™} = 1% an peak = =50 a1 peak = 500 al peak Jr ® I
Ficld of Wiew =287 -1 —28° FOCAL PLANE
Spectral Resalutien <L000 A (depesds oo Choiee | <1000 A (depends  on | <1000 A (depends on THEEMAL COVER HODE (INVAR)
af Filters) Chieice of Filters) Chavee of Filuers)
Spatial Resalution | <18 arc seond «1.8 ane secoid | <18 are second B L
Time Resalutien | =10 ms [ for Partizl field) <10 ma (for Partal Gield) | <10 ms  (for  Parbal i FILTER WHEEL
Ficld) = \bb,?
-V aw
F-'tc e s
Twpreal  Observation | 30 oo AL 30 ki DETECTORS
Litrss pr lacpet - I HIGH
T Igure 1 ! ocabpurak-n TAGE e
Sensitivity (obatime) | »20° Magnitude (5a) in 200 8 VOLTAGE UNIT
Photamelry Accuracy 108
Total Mass (Kg} 130 Kg T - 3 8 I
Total Power [walls] f5 wans (peak 11T wans) WI n CI I I te es c OP e
Sun-aveidance angle A% deg

http://www.iucaa.ernet.in/~astrosat/uvit_specs.htmi



Payloads, Soft X-Rays Telescope (SXT)

THERMAL
BAFFLE
HOP
CONNECTOR TOF LiD
_ (COVER)
FORWARD \'.
TUBE .
NITROGEMN
Optics PURGING
INLET
ALIGNMENT
REAR CUBE
TUBE-1
DECK
INTERFACE
RING
THERMAL
SPACER
REAR
TUBE-2
{CFRP)
2 m foc;
Approx | Type
MITROGEN
CCD PURGING
INTERFACE OUTLET
RING
Focal Plane
) CCD
ﬂ CAMERA
. _ PCB
. CONNECTOR

HEAT PIFE

-

0.3-8 keV
Focussing Telescope
FOV 40 arcmin
Resoln 3 arcmin
Sensitivity

~|0 microCrab

PARABOLOID

#ﬁ I
R »*  HYPERBOLOID

‘

~— HYFERBOLOID

- L — -ll—I_P—I--‘

| . .e-::;.q.,_
F i R
T INCIDENT
T P AR AXI AL
RADIATION
?ﬂ

& FoCAL v
4 SURFACE

v~ X

Mirrors: Nested &
Segmented conical

[* 7

\DRIEIH
o y

surfaces in

Walter type | Telescope
geometry working at

Grazing incidence. PSF

39 nested shells

1.5 - 2.5 arcmin (rms)



UVIT NGC 40 (Bow Tie Nebula)

* Stunning UV Images of extended structures in our nearby universe : (Courtesy:
U IT Team aI'ld ASU‘OSEI'[ PiCtUI'e Of the 1'1101'1'[1’1; e.g. https:,fh-wwmism.gm-tin;’update;’OZ—jul—EO]8;’)

Ha + Olll +RVB.

Irmge Crodfl Slewe Carsuine

UVIT MZ19 M LAT MZTSN
LW B13 RLIY B 2

FalRLIRL




* Hard-Xray (>100 keV) polarization from Crab, GRBs and Cygnus X-1 (Example
Phase-resolved X-ray polarimetry of the Crab pulsar, vaawale et al., Nature Astronomy 2, 50, 2018)

©

o
o - - =
1

o

£

Polar ization fraction (%) »

P

o -
1

4

&

-
=

b -
& U
L © (- (] - - (-
1 [l
- )
i
I| &
1
| & -

P
U_L'

it
(4]

Polarzation angle (deg) o

>

Q
(=]




Spectral and Timing Studies of XRBs(Example Cyg X-3, pahari et a1 20184, 2018b)
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== ry high state N -
5 "W, [0-40 ksin Fig 2] r [50-%ihks in Fig 2 I o1 3.0-60.0 eV PDB (03)_:
0.1 ) ‘\ o SXT 01 o SXT = FE  TTrerttes.. 2
&l | . LP.XPC'! g
: £
s 0.01 "g 0.01
10-3 ‘-g ". ::‘ - -
g .', --‘ 1 i & T l o
i+ x 107 S LS AT
2 F 3
-1F "E
-5 J. 1 " " P A | " " .I -2 I- al i A i P T | l P T -:
1 2 b 10 20 50 103 0.01

Energy (keV) Energy (keV) Frequency (Hz)



Yadav et al. 2016
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Fis. 7.— Power density spectra at three different energy bands 3.0-8.0 keV (first column), 8.0-20.0 &V (second column) and 20.0-80.0
®V (third column) are shown for three observations when strong QFOs are detected at ~ 2.55 Hz (top rows), ~ 4.53 Hz (middle rows) and
« 6.55 Hz (bottom rows) respectively. Due to observed break in noise continoum, broken powerlaw model is wsed to fit the noise component
while Lorentzians are wsed to fit QPO and harmonic features. It may be noted that a significant, excess noise component (modeled with

woad Lorentzian) appears mn the PDS with higher QPO frequencies at the energy > 8.0 keV. Such features were not detected by RXTE
hue to its hirhlv reduced efficiency in 8.0-20.0 keV enerev band.



HBL PKS 2155-304; SXT Lightcurves
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Rate [c/s]

1ES 19594630 (SX1+LAXPC)

1ES 1959+650: 2016-Flare 6 SXT and LAXPC LightCurves; 1ES 195948650
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EM SPECTRUM COVERED BY ASTROSAT & tlfr

Broadband coverage in a single
mission CZTI

SXT

UVIT
' Photon energy
10° /_Lrb'\ 10 ( 102
103 I I I I
% UV  Extreme UV Hard X-rays
IR E Soft X-raysf Gamma rays
l | | | SSM I I
103 102 10? 10° 10~ 10-2
103 Wavelength (nm)

Typical Electromagnetic
Spectrum
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BROAD COVERAGE OF INSTRUMENTS ONBOARD ASTROSAT & tlfr

ASTROSAT AND BLAZARS??

-9 Uniquenness of ASTROSAT and a possible impact on understanding the blazars with ASTROSAT

10 SED [MJD: 57045.5-57047.5] —e—
UVIT Model: HMFM =
'w 10'10
o
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AstroSat Observations Cycles

0 - 6 months (Oct. 2015 — Mar. 2016): Performance Verification (Complete)
6-12 months (Apr. 2016 — Sep. 2016): Guaranteed Time Observations (GTO) (Complete)
Year 2 (Oct. 2016 — Sep. 2017): AO: Indian Pls: 35% and GTO: 50% (complete)

Year 3 ( Oct. 2017 — Sep. 2018): AO: Indian Pls: 45%, International Pls: 10% and
GTO: 30% (Ongoing....)
Year 4 (Oct. 2018 — Sep. 2019): AO: Indian Pls: 65%, International Pls: 20% (Proposal

selection don, observations starting next month)

Year 5 ( Oct. 2019 - Sept 2020 ) AO : Indian Pls: 65%, International Pls; 20% _
From Year 2. CSA: 5%, Leicester: 3%,

. . 20
AtroSat Proposals Accepted for A0O4 & GO8 Cycle: Target Of Opportumty (TOO) 5 /0
01 October 2017 - 30 September 2018 (Throughout the mission) Calibration: 2%

others |5“ PH

Stars & Stellar System

AGN & Quasars

SNRs & SNs

30%

Cyg X1 1.5 Ms
GRS 1915+105 1.3Ms

Galaxies

Compact Binaries

AGN
17%

PES2155 77 0hs

1st year : 140 sources, 337 targets



AST ROSAT SXT . e Home ; Team. _Instrument. SXT PIPE.LIHE' Data Analysis  Quick Lnnk. More ~  Caréer _Cn-niai:t :

tifr res. in/~astrsat_sxt

ASTROSAT

News

ASTROSAT is the first dedicated
Indian astronomy satellite. It
was launched from
Sriharikota, India on
September 28, 2015. It is a
multi-wavelength (Optical + UV
+ X-ray) astronomy space
mission in a near-Earth, near-
equatorial orbit. For more detail
click : HERE

Dec 2017

Oct 2015

SXT Level2 pipeline version 1.4a released on 06

SXT Camera Door Opened (First Light Seen) on 26

SXT Telescope Door Opened on 15 Oct 2015
SXT switched on 30 Sep 2015

SXT aboard ASTROSAT launched on 28 Sep 2015

X-RAY TELESCOPE

Telescopes make clear images of cosmic objects by collecting large
amount of light using mirrors and by focusing them on a detector at
the focal point. In case of X-rays, the reflections from the mirrors have
to be at very small (grazing) angles. So the geometry of an X-ray
telescope is quite diffrent from that of a telescope which works in
visible light.

One such geometry is the Wolter-l geometry, in which X-rays are
reflected twice, first by a paraboloid mirror and then by a hyperboloid
mirror, before being focused. Usually many nested mirror shells are
used to increase the collecting area. The surface quality of the mirror

Is required to be very good (roughness of a few Angstroms) to avoid
scattering, and therein lies a challenge.

THERDMAL
BAFFLE

HOF
COMNNECTOR o
{COVER)

FORWARD
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NITROGEN
PURGING
INLET

Opties

ALIGNMENT
REAR CuBE
TUBE-1 "
DECK
INTEREACE
RING

THERRMAL
SPACER

REAR
TUBE-2
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ASTROSAT SXT

Prelim. SXT Data Quality Check Report

Last updated on: 2018-09-14T10:54:20
Created by: Sunil Chandra
Maintained by: Nilima Kamble

Important Links : a) SXT POC TIFR
b) IUCAA Science Support Cell

FIRST X-RAY IMAGE BY SXT ON 26-0CT-2015
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c) ISRO AstroSat
Right ascensian
Data Folder OBSID Observer Object RA Dec Exposure [s] | Mode ‘ Date/Time Start | MJD Start | MJD Stop
LH¥h A02_005T01_9000000948sxtPCO0_level2 AD2_005TO01_9000000948 ritaban MRK421 166.114 38.209 110692.33 PC 2017-01-03T13:31:35 | 577536.6 57761.4
AS1A02_006T01_9000000776sxtPCO0_level2 AD2_006TO1_ 9000000776 gulabd NGC1365 53.402 -36.14 22645.6 PC 2016-11-07T11:11:30 | 57699.5 57700.4
AS1A02_006T01_9000000802sxtPCO0_level2 AD2_006TO1_9000000802 gulabd NGC1365 53.402 -36.14 20065.87 PC 2016-11-17T04:40:28 | 57709.2 57709.9
AS1A02_006T01_9000000934sxtPCO0_level2 A02_006TO1_ 9000000934 gulabd NGC1365 53.402 -36.14 22612.55 PC 2016-12-27T08:32:32 | 57749.4 57750.3
AS1A02_024T01_9000001044sxtPCO0_level2 AD2_024TO01 9000001044 labani NGC4388 186.445 12.662 52177.97 PC 2017-02-19T22:32:33 | 57803.9 57806.0
AS1A02_027T01_9000001084sxtPCO0_level2 AD2_027T01_9000001084 dleahy HERX-1 254.458 35.342 25462.73 PC 2017-03-15T15:39:50 | 57827.7 57829.0
AS1A02_028T01 9000000724sxtPCO0_level2 AD2_028TO1_ 9000000724 dleahy M31NO.1 10.711 41.25 16333.24 PC 2016-10-10T07:06:5 57671.3 57671.8
AS1A02_028T03_9000000788sxtPCO0_level2 AD2_028T03_ 9000000788 dleahy M31NO.2 11.037 41.557 22902.35 PC 2016-11-11T14:51:55 | 57703.6 57704.5
AS1A02_029T01 9000001058sxtPCO0_level2 AD2_029T01 9000001058 sudip 4U1724-30 261.889 -30.802 223.48 PC 2017-02-27T07:00:30 | 57811.3 57811.3
AS1A02_029T01_9000001082sxtPC00_level2 AD2_029T01_ 9000001082 sudip 4U1724-30 261.889 -30.802 1635.66 PC 2017-03-14T22:17:16 | 57826.9 57827.0
AS1A02_029T01_9000001386sxtFWOE_level2 AD2_029T01_9000001386 sudip 4U1724-30 261.889 -30.802 12175.42 FW 2017-07-16T00:30:46 | 57950.0 57950.6
AS1A02_029T01_90000014165xtPC00_level2 AD2_029T01_9000001416 sudip 4U1724-30 261.889 -30.802 216.35 PC 2017-07-29T15:31:34 | 57963.7 57963.7
AS1A02_031T01_9000001014sxtPC00_level2 AD2_031TO01_9000001014 sarita NGC35053 199.113 17.7 8839.39 PC 2017-02-08T17:31:33 | 57792.8 57793.1
AS1A02_046T01_9000000814sxtPC00_level2 AD2_046T01_9000000814 rita HOLMBERG-IIX-I 124.54 70.698 11842.14 PC 2016-11-21T10:05:38 | 57713.4 57713.8
AS1A02_046T01_9000000864sxPCO0_level2 AD2_046T01_9000000864 rita HOLMBERG-IIX-I 124.54 70.698 13026.17 PC 2016-12-08T16:09:32 | 57730.7 57731.4
AS1A02_055T01_9000001114sxtPCO0_level2 AD2_055T01_9000001114 veeresh B31702+457 255.877 45.68 82170.49 PC 2017-03-25T05:43:26 | 57837.2 57840.7
AS1A02_058T02_9000001030sxtPCO0_level2 AD2_058T02_9000001030 omkar NGC4262 184.877 14.878 6713.98 PC 2017-02-14T15:39:2 57798.7 57798.8
AS1A02_058T03_9000000856sxtPCO0_level2 AD2_058T03_9000000856 omkar NGC1533 62.466 -56.118 3592.36 PC 2016-12-07T13:20:18 | 57729.6 57729.6
AS1A02_058T03_9000001870sxtPCO0_level2 AD2_058T03_9000001870 omkar NGC1533 62.466 -56.118 4060.72 PC 2018-01-24T18:16:42 | 58142.8 58143.0
AS1A02_063T01_9000000702sxtFWOE_level2 AD2_063T01_9000000702 sriramou CYGX-2 326.171 38.321 12957.97 FW 2016-10-02T22:31:25 | 57664.0 57664.5
AS1A02_070T01_9000000832sxtPCO0_level2 AD2_070TO1_9000000832 savithri MRK0926 346.181 -8.686 21663.8 PC 2016-11-26T22:32:40 | 57718.9 57720.3
AS1A02_071T01_9000001078sxtPCO0_level2 AD2_071TO1 9000001078 sudip GX349+2 256.435 -36.423 309.07 PC 2017-03-12T14:05:20 | 57824.6 57824.6
AT AMT ATITAT OAAANAANSIrETIAUNE  loaenl AN ATITAT ONAANANODT it 3R ANE 17TE OoNE AN NNE AET20 T& () ANAT A1 ARETA-0-1 3 ETTT0 N E7T7T0 T
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Summary : Observation Details | Lightcurve + Image | Attitude + Spectrum |

- AR IR o

= exposure: 6183.80701277 second
= sourceid: PK52155-304
= observer: DANIELA
« ra_pnt: 329.716937
= dec_pnt: -30.225589

Lightcurve (count rate v/s time) and Image ~TOP

Full Frame Lightcurve Sky Image
S)l('g Lightcurve; Object : PKS2155-304; E: 0.3-7.0 keV; Exp. : 6.2 ks

+ | binsize | 1427648374 5

1.2 =it f : | i g ~ PKS 2155-304
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SUMMARY

>

ASTROSAT provides a unique facility with unprecedented energy
coverage over the EM spectrum

All the instruments on-board are now working in optimized mode
The results from all the instruments are very much encouraging

The simultaneous broad-energy energy ... ideal Iinstrument for
correlation studies ...connection s between Synchrotron, SSC and EC

The MW campaigns ... expected to provide us unigue asset to improve
the understanding of physical processes in a range of astrophysical
systems

The International community Is having a dedicated block for
observing time



Sunil Chandra
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