
Current and Future Instruments 
on 3.6 DOT

A. N. Ramaprakash
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DOT Instrument suite

Â Current

Â CCD Imager (this talk, S. B. Pandey)

Â ADFOSC  (A. Omar)

Â TIRCAM2 (this talk, D. K. Ojha)

Â Under Construction

Â TANSPEC (this talk, D. K. Ojha)

Â DOTIFS (this talk, Ram)

Â Planned

Â HRS (J. C. Pandey)

Â Fast Multiband photometer (?)

09/10/2018 A. N. Ramaprakash, IUCAA 2



CCD Imager

S. B. Pandey
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CCD Imager
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CCD Imager

Â Field of view: 6.5 x 6.5 arcminute

Â CCD

Â 4k x 4k, 15 micron STA, back illuminated, 16-
bit ADC

Â Full well capacity: 250K + electrons

Â Gain settings: 1, 2, 3, 5, 10 electrons/ADU

Â Read noise

Â 7-9 e @ 1MHz

Â 4-6 e @ 500kHz

Â 2-3 e @ 100kHz

Â Binning: 2x2, 3x3, 4x4

Â Dark Current: 0.0005 e at -120C (LN2 cooled)

09/10/2018 A. N. Ramaprakash, IUCAA 5
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Filters: Bessel UBVRI and SDSS ugriz

Â Bessel UBVRI
Â Bessel U    3663 / 650

Â Bessel B    4361 / 890

Â Bessel V    5448 / 840                                            

Â Bessel R    6407 / 1580                                          

Â Bessel I     7980 / 1540

Â SDSS ugriz
Â SDSS u         3596 / 570

Â SDSS g         4639 / 1280

Â SDSS r          6122 / 1150

Â SDSS i 7439 / 1230

Â SDSS z          8896 / 1070

09/10/2018 A. N. Ramaprakash, IUCAA 6
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Angle Bracket

Stepper 
motor

Filter Housing 
Assy.

Stray light 
cover

Muffett Gear

Filter Wheel 
Assy.

4Kx4K CCD

Imager Mechanical Structure

09/10/2018 A. N. Ramaprakash, IUCAA 7
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Geared Filter 
wheel

Stepper 
Motor

Detector

Bearing 
housin
g

Mounting 
bracket

Imager Filter Wheel Drive
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Imager GUI

09/10/2018 A. N. Ramaprakash, IUCAA 9



B
IN

A
 2

0
1
8

: 
In

s
tr

u
m

e
n

ts
 o

n
 D

O
T

Imager Linearity
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Imager BIAS stability
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Imager Photon Transfer Curves

300 ms to 3000 ms exp time

09/10/2018 A. N. Ramaprakash, IUCAA 12
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Wavelength (Å units)          = (3652,       4448,     5505,       6588,          8060)

Wave width = (526,         1008,        827,       1568,         1542)

Zero points (erg/s/cm2/Å) = (428.0,      619.0,      360.0,     215.0,       111.0)*10^ -11 

Extinction Coefficients        = (0.49,        0.32,        0.21,      0.13,          0.08)

Sky_mag (mag/arcsec2)      = (22.1,        22.4,        21.3,      20.5,          18.9)

QE (STA, 15 micron)            = ( 0.75,        0.96,       0.91,      0.86,          0.60)

Filter transmission              = (0.62,         0.70,       0.88,       0.80,          0.88)

Imager Throughput Simulations

09/10/2018 A. N. Ramaprakash, IUCAA 13
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Exp: 3600sExp: 60sExp: 300s

Imager Throughput Simulations
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TM1, Crab,

V-band, 
180 sec,
1 MHz,
Gain 5,
Single,
raw,
fwhm 9 pixels

Imager First Light ï11 Dec. 2015
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M53 GC, R-band, 300 sec M101 spiral galaxy, R-

band,

300 sec 

M106 spiral galaxy, R-

band,

300 sec 

RGB image of NGC 488,

3*200 sec 
RGB image of NGC 613,

3*200 sec 

Imager Inaugural Images (March 2016)

09/10/2018 A. N. Ramaprakash, IUCAA 16
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NGC 4147 & PG 1525 data taken during 21-25 March 2017:

09/10/2018 A. N. Ramaprakash, IUCAA 17

Imager Calibration
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(1) V_obs = V_std + A0 + A1*(B -V) + A2* secz + A3*(B -V)^2  
(2) B_obs = B_std + B0 + B1*(B -V) + B2* secz + B3*(B -V)^2 
(3) I_obs = I_std + C0 + C1*(V -I) + C2* secz + C3*(V -I)^2 
(4) R_obs = R_std + D0 + D1*(V -R) + D2* secz + D3*(V -R)^2 
(5) U_obs = U_std + E0 + E1*(U -B) + E2* secz + E3*(U -B)^2

A0 =   1.0792911   0.0282283 <<      26 degrees of freedom
A1 =   0.0170883   0.0465882 <<      26 degrees of freedom
A2 =   0.2917612   0.0160971 <<      26 degrees of freedom
A3 =   0.0098620   0.0594779 <<      26 degrees of freedom
B0 =   1.2294023   0.0394798 <<      26 degrees of freedom
B1 =  -0.2056862   0.0644789 <<      26 degrees of freedom
B2 =   0.3901343   0.0233035 <<      26 degrees of freedom
B3 =   0.0821885   0.0826595 <<      26 degrees of freedom
C0 =   1.1620899   0.0365582 <<      22 degrees of freedom
C1 =  -0.1137448   0.0553932 <<      22 degrees of freedom
C2 =   0.1704361   0.0175504 <<      22 degrees of freedom
C3 =   0.0865365   0.0874015 <<      22 degrees of freedom
D0 =   0.9856818   0.0194722 <<      26 degrees of freedom
D1 =  -0.1145924   0.0626537 <<      26 degrees of freedom
D2 =   0.2217724   0.0103587 < <      26 degrees of freedom
D3 =   0.4332882   0.1429975 <<      26 degrees of freedom
E0 =   3.1185503   0.0499368 <<      37 degrees of freedom
E1 =  -0.1132049   0.0312343 <<      37 degrees of freedom
E2 =   0.6405796   0.0309702 <<      37 degrees of freedom
E3 =   0.0870577   0.0445099 <<      37 degrees of freedom

09/10/2018 A. N. Ramaprakash, IUCAA 18

Imager Calibration
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Comparison of the 

photometric 

accuracy of six Landolt

standard stars in 

PG0231+05 after calibration.  

Imager Calibration

09/10/2018 A. N. Ramaprakash, IUCAA 19
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Photometric accuracy  of the NGC 

1513 cluster field after applying 

the transformation equations and 

coefficients determined in UBVRI 

filters.

09/10/2018 A. N. Ramaprakash, IUCAA 20

Imager Calibration
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Imager Colour-Magnitude Diagram 

Globular Cluster
NGC 4147
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In the field of NGC 4147, many new variables 
including RR Lyre and Cepheids up to 20 mag 
were  detected (see Lata S. et al. 2018). 

09/10/2018 A. N. Ramaprakash, IUCAA 22

Imager Early Science Results 
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CV follow -up on 18 March 18, Preliminary results:

IP, SW Uma, R -band, 
60sec*90 frames

IP, SW Uma, R -band, light curve having
Multiple periods, spin/orbital/etc.

09/10/2018 A. N. Ramaprakash, IUCAA 23

Imager Early Science Results 
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NGC 5486 along with neighbouring galaxy NGC 5487. The contour levels are 22, 23, 
24, 25 and 26 mag/arcsec2. The interaction features between the two galaxies are 
clearly seen as an extended low -surface brightness feature between the two 
galaxies. 

09/10/2018 A. N. Ramaprakash, IUCAA 24

Imager Early Science Results 

SDSS DOT Imager
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SN 2016coi, V -band, 300 s 

SN follow -up on 22 Nov 17

09/10/2018 A. N. Ramaprakash, IUCAA 25

Imager Early Science Results 
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NGC 613 R-band 100 sec 

image on 03 Nov 16

SN 2016gkg, a core -collapse TYPE II SNe was observed in one of the 
frames around 30 days post burst at R ~ 17 mag. The object faded to 
R ~ 21 around a year later.

09/10/2018 A. N. Ramaprakash, IUCAA 26

Imager Early Science Results 

NGC 613 R-band 100 sec 

image on 22 Nov 17
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GRB  030329, host galaxy, R -band 600 sec (22.59+ -0.14 mag )

Gorosabel et al. 2005
09/10/2018 A. N. Ramaprakash, IUCAA 27

Imager Early Science Results 
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B and R data points using 
3.6m DOT and the CCD Imager

Pandey S. B. et al. 2018

09/10/2018 A. N. Ramaprakash, IUCAA 28

Imager Early Science Results 
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300 sec, R, on 3.6m DOT

SGRB 170428A ( z@0.45 ), ~ 10.5 
hours post -burst
R ~ 21.9+ -0.15 mag 

(astrometry gives RA ~ 
22:00:18.5, Dec ~ +26:54:56.4, 
embedded host ?)

09/10/2018 A. N. Ramaprakash, IUCAA 29

Imager Early Science Results 

First short -duration GRB detected by the 3.6m DOT

30 sec, r, on 10.4m GTC

mailto:z@0.45
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TIFR Near -Infrared  Imager Camera -II

Baug et al. + DKO, JAI, Vol. 07, No. 01, 1850003 (2018)

Filter 
name

ɚcen (ȉm) ȹɚ(ȉm)

J 1.20 0.36

H 1.65 0.30

Br-Ȃ 2.16 0.03

K-cont 2.17 0.03

K 2.19 0.40

PAH 3.28 0.06

nbL 3.59 0.07

TIRCAM2

09/10/2018 A. N. Ramaprakash, IUCAA 31

512 x 512 InSb array with
27mm pixel size
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TIRCAM2 on 3.6m DOT

09/10/2018 A. N. Ramaprakash, IUCAA 32

First Light on DOT

2nd June 2016

TIRCAM2
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TIRCAM2

DOT -TIRCAM2  Jan2017,  

Jupiter, Callisto , K-filter ~ 1.3s

DOT-TIRCAM2  Jan2017,  

Trapezium, K filter ~ 25  Sec.

Saturn image taken using TIRCAM2 on DOT on 

2 June 2016 (exp ~ 5 sec)

FoV of TIRCAM2 on DOT is 86.5 x 86.5 arcsec2

09/10/2018 A. N. Ramaprakash, IUCAA 33

TIRCAM2 images from 3.6m DOT
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Seeing Ḑ0.ſſ6

FWHM of the stellar imageCut-out of a stellar image in K-band

Seeing Ḑ0.ſſ45

09/10/2018 A. N. Ramaprakash, IUCAA 34

DOT Site Characterization with TIRCAM2 (2017)

3.6m 
DOT Alt:
~2540m
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A color -composite image (K- band,
H- band, J - band) of M92, constructed
using the frames observed with the
TIRCAM 2 attached to the 3.6-m DOT.

A color -composite image for the
same area generated using the 2MASS
K- band, H- band, J - band images is
also shown for comparison.

TIRCAM2 FoV on 3.6 - m DOT ~ 1.44 arcmin x 1.44 arcmin

09/10/2018 A. N. Ramaprakash, IUCAA 35

M92 Galactic Globular Cluster
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Masaiced image using four
TIRCAM 2 J-band images (FoV Ḑ
2.5ô× 2.5ô)of twin galaxies,
NGC 4567 and NGC 4568 ,
observed on 2017 May 15 .

09/10/2018 A. N. Ramaprakash, IUCAA 36

Mosaicing
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Limiting mag (TIRCAM2@DOT):

Å J-band :  19.0 mag (S/N ~ 10; 550s)              

Å H-band : 18.8 mag (S/N ~ 10; 550s)

Å K-band:  18.5 mag (S/N ~ 10; 1000s)         

Å L-band:   9.2 mag  (detection limit; 125s)
09/10/2018 A. N. Ramaprakash, IUCAA 37

M92 Galactic Globular Cluster Limiting Magnitude
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Mosaic of the nbL-band images (100 × 100 pixel cut -outs) . Brighter sources (W1 Ò
5.0 mag) were observed on 2017 May 13 with effective exposure time of 15s, and
the remaining sources were observed on 2017 October 24 with effective exposure
time of 125s.

09/10/2018 A. N. Ramaprakash, IUCAA 38

Detection of L-band (nbL: 3.6 mic.) point sources
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The left panel shows the continuum-subtracted PAH-band image of 30ſſ
× 30ſſarea around the Sh 2-61 region. Contours are overlaid for clarity .
Spitzer 3.6 ŀmimage for the same area is also presented for
comparison (right panel).

(3.3 µm)
µm

09/10/2018 A. N. Ramaprakash, IUCAA 39

Detection of PAH emission
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DOT Axial Port 

TIRCAM2 on DOT side port

09/10/2018 A. N. Ramaprakash, IUCAA 40

TIRCAM2 on side port of DOT (June 2018)



TANSPEC

D. K. Ojha



B
IN

A
 2

0
1
8

: 
In

s
tr

u
m

e
n

ts
 o

n
 D

O
T

0.6 ï2.54 microns

2048x2048 H2RG array for 

Spectrograph

1024x1024 H1RG array for Slit 

Viewer Camera (1 arcmin FoV)

In collaboration with ARIES & MKIR, Hawaii

09/10/2018 A. N. Ramaprakash, IUCAA

TANSPEC (TIFR ARIES Near-IR Spectrometer)

42
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0.5ó slit 0.5ó slit

09/10/2018 A. N. Ramaprakash, IUCAA 43

TANSPEC Performance
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TANSPEC Specifications:

Å Site: 3.6-m DOT, Devasthal , Nainital , India.
Å Wavelength coverage (spectroscopy): 0.6-2.54 microns.
Å Broad-band (imaging): rõ, iõ, Y, J, H, Ks; Narrow-band: 
H2 and BrG
Å Imager Field of View (FoV): 1x1 arcmin2

Å Spectral Resolution: ~2750 (XD mode) and 
~100-350 (prism mode).

Modes of operation:

Spectrograph operates in two modes. The spectrum is imaged 
on a 2K x 2K H2RG array.
Å Prism mode: High throughput mode, low resolving power.
Å XD Mode: High spectral resolution, combination of a grating 
and two prisms.

09/10/2018 A. N. Ramaprakash, IUCAA

TANSPEC Specifications and Modes

44



B
IN

A
 2

0
1
8

: 
In

s
tr

u
m

e
n

ts
 o

n
 D

O
T

09/10/2018 A. N. Ramaprakash, IUCAA 45

TANSPEC Dispersion Maps
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TANSPEC

Cryostat

TANSPEC first Cooldown test

TANSPEC will be shipped to DOT, 
installed and tested in the last 
quarter of 2018. 

09/10/2018 A. N. Ramaprakash, IUCAA 46

TANSPEC Update (October 2018)
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DOTIFS Project ïKey People

Â Co-Is : S. Ravindranath (IUCAA) & A. 
Omar (ARIES)

Â Project Scientists

Â Prof. C. Park at Korea Institute for 
Advanced Study (KIAS)

Â Interests in BigBOSS

Â Haeun Chung (currently finishing his grad. 
school requirements in S. Korea) ïworking 
for his Ph. D. at IUCAA building DOTIFS

Â SabyasachiChattopadhyay

Â IUCAA Ph.D. student

09/10/2018 A. N. Ramaprakash, IUCAA 48
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2D spectroscopy techniques

09/10/2018 A. N. Ramaprakash, IUCAA 49

http://www.cfai.dur.ac.uk/new/spectroscopy/spectroscopy.html
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Science Drivers

Â Multi-Object IFU

Â HII regions in nearby galaxies

Â Galaxies in clusters & groups

Â Sixteen 8ò x 8ò IFUs deployable over a field 
of ~ 8ô diameter

Â Mosaic IFU

Â Circumnuclear rings in barred galaxies

Â Merging, interacting galaxies

Â ~50ò x 50ò edge-butted IFU mosaic

09/10/2018 A. N. Ramaprakash, IUCAA 50
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DOTIFS Requirements Specifications

Â About 2300 optical fibres

Â16 Deployable IFUs each ~8òx8ò in sky

Â0.8ò per fibre in the sky, ~ 8ô field of view

Â 370-740 nm spectral coverage

Â 1500-2000 spectral resolution

Â Side port compatible IFU assembly; 
Direct port mounted spectrographs

Â Sensitivity:  SNR ~ 5 for 10 -17 ergs cm-2

second-1 angstrom-1 from a 0.8ò source

09/10/2018 A. N. Ramaprakash, IUCAA 51



8 arcmin
7.4Ř

8.7Ř

IFU:
(12x12)

ȵ16 (hexagonal
microlens

array)

09/10/2018 A. N. Ramaprakash, IUCAA 52
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Spectrograph unit - optics

09/10/2018 A. N. Ramaprakash, IUCAA 53
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Slit and Detectors

09/10/2018 A. N. Ramaprakash, IUCAA 54
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Throughput

Â Mean Throughput : 26.5%

09/10/2018 A. N. Ramaprakash, IUCAA 55
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DOTIFS on DOT

09/10/2018 A. N. Ramaprakash, IUCAA 56
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09/10/2018 A. N. Ramaprakash, IUCAA 57

Single Micro Lens (300 ȉm)
corner to corner

Centre to centre distance between
any 2 micro lens is 260 ȉm

260 ȉm

DOTIFS Microlens Array
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Spectrograph Mounts

09/10/2018 A. N. Ramaprakash, IUCAA 58
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Lenses

09/10/2018 A. N. Ramaprakash, IUCAA 59
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