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Plan of the talk

A Scope of UV observations
A Technical elements
Transmission in atmospheric gases
Materials for UV
Detectors
Need for contamination control

A About ASTROSAT

A UVIT Telescope
Configuration
Specifcations
Design
Limitations

A Capabilities of UVIT

A lllustrative results



Scope of UV Observations

A Planets to far reaches of thumiveres
A Earth

A Sun

A Hot stars

A Accretion on compact objects

A Star formation in Galaxies

A Observation of interstellar medium
A Intergalactic material
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JUPITER: AURORA
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SOLAR CORONA IN FUV



http://upload.wikimedia.org/wikipedia/en/4/4a/SOHO_EIT_ultraviolet_corona_image.gif
http://upload.wikimedia.org/wikipedia/en/4/4a/SOHO_EIT_ultraviolet_corona_image.gif

MESSIER 2 GLOBULAR CLUSTER:
FUV& NUV




GLOBULAR CLUSTER: M2
VISIBLE GALEXIUV& FUV
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Atmospheric Transmission

A Oxygen absorbs wavelengths < ~ 250 nm

A Ozone absorbs wavelengths from ~200 nm to
~300 nm

A Nitrogen has only few bands of absorption
between 200 nm and 120 nm.

In laboratory work for wavelengths > 120 nm,
a nitrogen bag can be used around the optics
( Safety precautions are required while using N2)
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Status of the STUDIO UV balloon mission and platform
A.Pahlera, M. Angermannb J.Barnstedt¢ S.BouguerouagaA.Colind L.Contig S.Dieboldg
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Materials

A For transmitting elements
~used Silica works for wavelengths >~ 170 nm

—or wavelengths >120 nm, Sapphire and
fluorides are common materials

-or wavelengths <~ 110 nm transmitting optics Is
not used

A Aluminium coated, with a protective coating, of
thickness for constructive interference, mirrors
can be used for wavelengths >~ 100 nm




Detectors

A Solid State Imagers
Silicon CCDs
Solar Blind CCDs?
A Photon Counting Intensified Imagers



Far Ultraviolet Sensitivity of Silicon CMOS Sensors
Michael W. Davis, Thomas@®reathouse Kurt D.
Retherford and Gregory S
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QE plot for a 2Ddoped
EMCCD with the fiviayer FIREBa?l AR coating
ShoulehNikzadet al 2017
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Solar Blind Detectors: Materials

TABLE IV. Comparison of mportant semiconductor properties for hgh-temperature electronics (after Refs. 57
and 58).

3IC-5C
Parameter St Gads GaP  (6H-S51C)  GaN Diamond
Lattice parameters (4) a=54301 a=56533 a=436 a=3.189
(@=3.08) ¢=5185
\ c=15.12)
Band gap (eV) 1.1 14 23 22 339 3.5
at 300 K (29)
Coetheient of thermal 359 6.0 559
expansion (10'K™Y) 4.2) 317
(4.68)
Maximum operating 6007 7607 12507 1200 14007
temperature (K) (1580

Melting pomt (K) 1690 1510 1740 Sublimes Phase



Limitations of Solid State Detectors

A Red leak
A Read noise of a few electrons/pixel (IMPROVING)
Typical PSF would havd 6pixels and photon
rate could be <4/(s pixel), except for very
bright stars or very large telescopes
Exposure per frame should be ®3, and very
good pointing Is required
A Good cooling for low dark current, and hence
good contamination mitigation

A Cosmieray generated Cherenkov showers contribute to
the backgrouna more later




Photon Counting Detectors

A CCD/CMOS with read noise << 1 e?
A MCP intensifier based detectors are common
MCP has a grid of ~ 10 micrdia holes
Photo-cathode kept close (< 0.5 mm) to MCP
or deposited on MCP

MCP multiplies the photelectron to a pulse of
few million electrons

Position of the pulse detected by a grid of wires
or converted to pulse of light for a C€fe



t K202y [ 2dzy 0

A Spatial resolution Depends on:

Cross drift of photeelectron,

(Depends on gap from MCP, voltage drop to MCF
and energy of the photon/phot@&lectron)
Diameter of MCP holes
Multiplication in MCP
Detalls of Wire grid or CCD etc.

Typically 20- 50 microns



UV PHOTON COUNTING DETECTOR
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Limitations of Detectors for UVIT

A Low QE, 5% at130nm:;
could be >10% for photecathode on MCP
A Saturation
Multiple photo-electrons (inl0g) in a frame
Local reduction of multiplication in MCP for
high rates of photeelectrons, say 200/s

A Frame rate 29s for full field, max 60Q's for
partial field.(~10"5 for Wire-grid readout)

A Spatial resolution 25 micron
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The HSTCOS Far Ultraviolet
Detector: Final Ground Calibration

JohnVallergag JasorMcPhatea Adrian Martina , Geoftainesg Oswald
Siegmunda ErikWilkinsonb, SteverPentonb, andStephanéélandb
The measured QE's for FUV-01 and FUV-02, Segment A and B are given in Figure 10. They exceed the
specifications everywhere measured. Measurement errors (not shown) are typically 1% or less, but do not
include the relative or absolute errors of the absolute reference FUV diode calibrated by the National
Institute of Standards and Technology (NIST) which are estimated to be 5% (1 standard deviation). The

QE numbers are consistent with previous measurements of Csl coated plates of the same type of COS
microchannel plates. The variations of response between the plates observed are not uncommon.

QE Comparison: FUV-01 and FUV-02
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About ASTROSAT

A ASTROSAT is an Indian satellite for multi
wavelength astronomy with emphasis on High
Energy Astronomy

A For simultaneous observations there are four co
aligned telescopes: 3 forrdys and one for
ultraviolet, and one Xay Scanning Sky Monitor

A The three Xay telescopes cover a range from
1 ¢ 100keV, and the ultraviolet telescope (UVIT)
covers a wavelength range 125nm to 300nm

A The project started in 2004 and launch was on
September 28, 2015
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ASTROSAAPACECRAFT

A Altitude : 650 km

A Inclination to Equator: 8 deg.

A Mass : 1500 kg. (780 kg. Payloads)

A Power generated : 1900 watts

A PSLV launch from India

A Launch September 28, 2015

A Operational life of minimum 5 years

At 2AY U AY 3 SNNENJ f 0oQX




Current Status of ASTROSAT

A Targets awarded time iA02to AL0¢ cycles: CZT
¢ 9, LAXPR64, SXT183 andUVITF380

A Targets observed till Jui®, 21: ®R21%

A Papers published132 till March 2021,
Including instrumentation and p#erints

A Instrument€status:
CZT and SXT: Fully Operational
LAXPC and UVIT: Partly Operational

A UVIT Status: Of the two UV channels, NUV failed
In 2018and now only FUV channel is operational

All the quality parameters for FUV are unchangec



Wide field UV Imaging Telescopes

A Galex(decommissioned)Swift UOT& UVIT
A Comparisiorof some key features

Galex UOT UVIT
Telescope 500 mm 300 mm <{WB@5mm
CAStR da MTQ- mT Q dia TpQ

<(nm) 13479/ 1780/
177-280 > 160 2e{11)
Multi-Filters NO Yes Yes
SlitlessSp. Yes NO Yes
[ LI OAFET wSao P ¢

Zero point mag 18.8/20.1 18.1/19.8



Collaboratoringnstitutes for UVIT

A Indian Institute of Astrophysics

A Inter University Centre for Astronomy &
Astrophysics

A Tata Institute of Fundamental Research
A Many Centres of ISRO
A Canadian Space Agency




Configuration of UVIT

A Two telescope of- 375 mm aperture

A Simultaneous imaging of the field in 3 bands:
Far UV, Near UV, and Visible

A Visible only for tracking drift of pointing every
~1s

A Mass ~ 200 kg



UVIF Configuration
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FUNCTIONAL SPECs of UVIT

A SPECTRAL CHANNELS: FUV NUV VIS
125180 200300 3206550nm

A FIELD OF VIEW 280~
A Aperture of Telescopes 375mm
A SELECTABLE FILTERS . for Part of the Band

A SPECTROSCO®l¢s3 : ~100res. in FUV/INUV
A TEMPORAL RESOLUTIONs ms-

A OBSERVING MODE - STARE
A SENSITIVITY IN FUV . 20ag200s
A PHOTOMETRIC ACC. - 10% <

A SPATIAL RESOLUTION . FVIHR <



Design of UVIT

See the next few slides
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Focussing Optics

A Pair of cealignedCassegraiffelescopes, each of
~ 375 mm aperture with f/12 beam

' 3A8FdA TASt Rdia

Plate Scale ~ 0.025anmusec
Telescope 1 for FUV-{825nm)
Telescope 2 for NUV (Z0D nm)

& VIS (32650 nm)
Multiple filters for selecting part of the band in all
A Structure made of Invar

A No focus adjustment in orbit
A VIS for only for tracking aspect every ~1 s



Optics of UVIT

I - PRIMRERY HIRROR

2- SECOMDRREY HMIRROR

- FroTer (grating
T H4- DETECTOR WIMDOW
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|_= 6- WIS CORRECTOR

7- WIS FILTER

8- YIS DETECTOR WINDOW
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Detectors

A Pointing of the S/C drifts by 2

A Track the drift on 4 S timescale (VIS band)
A Combine <4 S exposures by Shift and Add
A Faintest sources could givd001le/s

Thus the read noise should be £<€lectron
and Photon Counting detectors are needed

Dark current too should be <Ks per PSF,
solar blind detectors with high worfunction
are convenient as these do not require
cooling and redeak Is not an issue.



UV PHOTON COUNTING DETECTOR
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DETECTOR MODULE




A Detector€Performance

A Spatial resolution 25 microns ~1€

(Centroid of light pulse of FWHMI-pixel to get
accuracy of 9.1 pixel for each photon)

A Distortions (due to fibréaper) up to 5¢
After correction with calibration 0~4€ rms

A Read rate 29s for full and up to600Q's for
partial frames

A Saturation due to multiple photons withit0¢
A Saturation due to MCP impedance
<5% for150 C/S for a point source



Scattered Light from out of the Field

A All direct light from out of the field is avoided
A After one scatter: Only for angles < 10 deg

A Scattering from optical surfaces are minimisec
by minimising micr@oughness

A All thestructuresareinorganicblack treated

A In the absence of any overlaying atmosphere

this scattered light can be attenuated by very
large factors



Baffle system for UVIT

Main Baffle Telescope tube Primary bafile
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Scattering processes :

Scattering from mirrors ﬂ

due to : micreroughness 5 g Detctr

Light from
an off-axis
source

Scatter

from dust MIcro-roughness

Various scattering paths via baffle :

large angle scattering small angle scattering




Attenuation (log_10)

Calculation; micro-roughness : 30 A; reflectivity : 5% & 10%;
Measred Half size model with 2 mirrors of micro-roughness 30 A

11.5

1

10.5

10

9.5

(Half size UVIT Baffle; 30A rms; 0.1/0.05; exponent = -1.5)

Comparing measureattenuation fact@with calculations :
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Contamination Control

A This was an important global issue to be
controlled in all the parts contained within
structure of the telescope, and for all locations
of testing and assembly, storage, and
transport, and launch and 4arbit

A For Far UV even a monomolecular layer of
organics can reduce transmission a lot

A Invisible devil, took years to convince people
that it was real devil and not imagination



What did it involve

A Minimise use of plastics , and test any plastic
to be used

A Avoid exposure to ultraviolet agoundand in
the orbit

A Isolate the telescopes with a door from the
rest of ASTROSAT for the fitshonths in the
orbit.



What did it involve

A A special clean laboratory was constructed at
lIA between 2003 and 2008 for all testing and
assembly activities

A A lot of preparations were done at the
different centres of ISRO too for this control

A All the hard work at 11A and ISRO paid, and if
any contamination reduced the efficiency on

ground it was < 20% for Far UV, and in 4 yrs
of orbit by < 3%

A If an ant had entered the telescope cavity?



MGKM Clean Laboratory, 1A
“u-\q




Testing Materials: Exposing MYF
window to heated sample in vacuum




Contaminatioamonitoring Coupon In
centre of PM




Purging of Focal Plane with
Nitrogen for Motor Lubrication
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Working In Clas$000cleanroom

-



Calibrations

A Photometric: with HZ
A Flat field (Ideal: scan with a standard star)

High frequency variations for the detectors
calibrated on ground

Filters were checked on ground for lack of any
variations of 6% on scale of few arcminutes

Low frequency variations checked in orbit with
multiple exposures with shifts to a part of SMC

A Distortion

On gd. with a grid of holes kept close to window
In orbit with images of SMC



Limitations:Commenten
Observations
A Safety factors

Doors closed ti2 months spent in the orbit to avoid
contamination
Open doors act as stshield to minimise UV falling on PM

Bright Object Detected Detectors OFF, blinfilter,
manual intervention for reset

Optic axisorbit tangent angle 310deg

Detectors OFF during day of orbit

Sun angle 80deg brightearth angle 20deg

Fast drift in the beginning : due to drift of Gyros and sudden
correction by Star Tracket-in effect the PSF might have
Invisible tail and loss of exposure time

A Frames with Cosmic Ray Showeirscrease the background
(~150events/s), but the frames can be discarded

statistically.



Cosmic Ray Shower
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A As there is no active transmitting optics, there
are no ghosts

A In some cases laright streakis seen for NUV
when a very bright object is present close to
edge of the field



Streak in 81 Image




Limitations: X

A Saturation If >1 photon is detected in a
frame within  40eX10¢ (3X3 pixels of
Sta250) area, these are detected assingle
event

A Thus a correction is required for any point
sources which give®:1c/frame

A For bright sources ,it is best to observe with
partial frames to get a higher rate of
frames/second



Limitations: X

A Filter for VIS band: the filter should be
selected such that the signal for the brightest
star is within the desired Iimid800events/s),
and yet signals for the stars are not attenuatec
too much else tracking suffers

(For VIS band the detectors are used with low
value of multiplication in MCP as the photon flux
IS high.)




An early Image (NGC 2336)

File Edit Options UVIT  About




Image(NGC2336) with shift and add




Capabilities of UVIT

A Basic features

Imaging in FUV& NUV with multiple filters, anc
SlitlessSpectroscopy (res. 00 in 28iafield

DSF FIWHM <
_ow Dark Current 10-50c/s

_ow Distortion over the field &4¢€ rms

_ong term stability of effective areas

Thus good for Deep Imaging with long
exposures and imaging of crowded fields




Performance parameters

A Targets observed so far 806
A Image Quality
Spatial Resolution 1.5¢FWHM

Zero Point Abhagfor FUVCak 18.1
stable to <3% over years
Zero Point AB mag for Nt8ilica 19.8

Background FUVfCaR2 ~ 200C/S

Background NUWSilica 2500C/S
Distortion in final images 0.4€ rms
Flatfield variation in the field 5%0rms

Except for NUV Bofilter



Some lllustrative Results

M D22R { LI} GAFEf wS&azft .

2 Low instrumental dark/noise: allows very
long exposures for high sensitivity

3 D22R fAYSFNMNOGE 2F &
to match sources in crowded fields

4 Differential between filters to estimate
bright emission lines

5 Spectral information Slitlessspectroscopy
6 Temporal correlation Xay and UV
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NGCA0 Spectrum (N Raoet al )
(Emisionines in FUV and NUV filters)
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NGCA0 Spectrum (N Raoet al )
(Emisionines in FUV and NUV filters)

Fig. 1. IUE low-resolution nebular spectrum of NGC 40 (blue line)
obtained at 6" north and 13" west of the central star. FUV and NUV
are plotted at the top and bottom, respectively, with UVIT-filter effec-
tive areas (relative ) shown. In the iop panel, green denotes FI169M FUV

Sapphire and magenta denotes FI172M FUV Silica, and in the bortom

nanel. oreen 18 N2TOM NITV B15 and macenta 1s N279N NIV N2
8.27x11.691n L




NG0: H2 Cloud
Credit: N KRaoet al
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NGC 40 (N Raoet al)
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NGC 40 (N Raoet al)
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Fig.4. Crosscuts in the images of the nebula in three filterd 6BV
(blue), BA72M (green), and R19M (red) made along the white lines

shown in the slightly smoothedlB9M image of the nebula (top).
Crosscuts

of 8 pixel widths were obtained in all the images at the same

locations (coordinates). The bottom cremst, which passes through the
nebular core, is on a logarithmic scale and has been smoothed. We note
the faint quasicircular extended halo around the core of the nebula (on
the southeast side). This region has been shown with a grey overlay

In the plots. Despite having similar core fluxes in all three filters, only
FL69M shows the presence of the halo.
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UVIT Imaages of GCs
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Hot UV-bright stars in GC NGC 2808

Cluster members detected in UVIT F154W
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UVIT F154W image of NGC 2808
with the 34 UV-bright stars marked
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e 18 UV-bright member stars are detected using UVIT photometry. All these are 1 mag or more brighter
than the ZAHB in FUV and have FUV - NUV < 0.6 mag.

¢ 16 additional UV-bright stars (located within 30" from cluster center) are identified using HST photometry.
Total of 34 UV-bright stars are identified.

Deepthi et al. 2020, ApJ



UVIT photometry of variable EHB stars in NGC 2808
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A comparison of FUV magnitudes
of the already reported variable
EHB stars (VEHBS) shows that the
longest period VEHBs are the
faintest, along with a tentative
correlation between rotation period
and UV magnitudeof spotted stars
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NGC 7252: "Atoms-for-Peace"”

Post-merger galaxy

Red shift ~ 0.0159

Distance ~ 68 Mpc

UVIT spatial resolution ~ 400 pc
UVIT integration time:

NUV Silica ~ 7915s
FUV Silica ~ 8138s

Aim: To study the spatial variation of star formation in the galaxy and the tidal tails.
Koshy George Conference on 5 years of AstroSat 19

— 21 Januarv 2021



NGC 7252: "Atoms-for-Peace"
(George Koshy et al
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NUV image Star forming regions in the tidal tail are of dwarf galaxy size






