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Background-Limited Imaging in the Near-Infrared with Warm InGaAs Sensors:
Applications for Time-Domain Astronomy

Robert A. Simcoe, et al., submitted to AJ

We describe test observations made with a customized 640 x 512 pixel Indium Gallium Arsenide
(InGaAs) prototype astronomical camera on the 100” DuPont telescope. This is the first test of InGaAs
as a cost-effective alternative to HgCdTe for research-grade astronomical observations. The camera
exhibits an instrument background of 113 e-/sec/pixel (dark + thermal) at an operating temperature
of -40C for the sensor, maintained by a simple thermo-electric cooler. The optical train and mechanical
structure float at ambient temperature with no cold stop, in contrast to most IR instruments which
must be cooled to mitigate thermal backgrounds. Measurements of the night sky using a reimager
with plate scale of 0.4” /pixel show that the sky flux in Y is comparable to the dark current. At J
the sky brightness exceeds dark current by a factor of four, and hence dominates the noise budget.
The sensor read noise of ~ 43e~ falls below sky+dark noise for exposures of ¢ > 7 seconds in Y
and 3.5 seconds in J. We present test observations of several selected science targets, including high-
significance detections of a lensed Type Ia supernova, a type IIb supernova, and a z = 6.3 quasar.
Deeper images are obtained for two local galaxies monitored for IR transients, and a galaxy cluster
at z = 0.87. Finally, we observe a partial transit of the hot Jupiter HATS34b, demonstrating the
photometric stability required over several hours to detect a 1.2% transit depth at high significance.
A tiling of available larger-format sensors would produce an IR survey instrument with significant cost
savings relative to HgCdTe-based cameras, if one is willing to forego the K band. Such a camera
would be sensitive for a week or more to isotropic emission from r-process kilonova ejecta similar to

that observed in GW170817, over the full 190 Mpc horizon of Advanced LIGO’s design sensitivity for DuPont 100" %ﬁﬁ%h—-ﬂy D{T_nj' 5“72’:?&%
neutron star mergers.

- IETRNSILREZE KA T — 1 DEBMNSEE 0 TL\SHURHER (HgCdTe) ia 9 & CRERICILREFCTEEL

- K-band Z&T T InGaAs IRH#EEEH S5 FLIR TE X SRHERICHOTE T FPGA B ZRIFR U CRXADBRENNTET L DI Lz

-EUBIRIVFIRFEL DDFTA5CIIBH 3 I—D ALY RIHHLZF 110e s pix! &3ZRK (FSED HoCdTe & D FEEIRIICAE L)

- BiEEAFR0EE BREHE(CEVD I TEERERI on the 100" DuPont telescope % SEfith

- Y-band Tl& dark ~ sky, J-band T sky-background limit ‘TOELAIZ SE3] (limiting magnitude ~ 21.5 ABmag for 10 min integration)
MEZCZEC ]IBREEBRORERET 1% %D hot Jupiter transient event MR (CERIH

- ZI(CTRNSES 1 D A A SEVER TE S 3 NS-merger X0 SPRITES 78& DIRNTEES L\ transient DIFE TEE S

- SPIE 3 Ground-based and Airborne Instrumentation for Astronomy VIl TIRX A —&EH UL TULB LS TT (#10702-133)

NEl[aety e
BRAESERL TREEEMIEI S5 LU Y-band sky-background J-band sky-background :
field flattener ~ camera: L6 and L4/L5 field lens telescope 6 = T T T '
L7;silica  LAH64  N-PKS1/S-TIHL 12/13 collimator L1; S-LAH64 o focal 10 E ! 1.0 =1
s N-PK51/ silica | plane " H ] )
g = - o) 1 - 0.8 ©
3 B X T =-45C 4 s
: £ PO
=— ~ 5 Median = 113 e—/sec/piX 0.6 P
= = 1 1 =
/7= VA M == == S M I = i 1773
fitter” L= 600mm 2 i do2 €
i 17 5
1 ‘ # (15 -, 949
. 100 300 400 178
S i 0.8
X T =-40C . ] <
£ R P
\ FWHM: \ FWHM: FWHM: FWHM: FWHM: e Median = 122 e—/sec/ pixX 0.6 )
Z |\ 259pix 2.53 pix 2.60 pix 2.70 pix ». 270 pix o 1 b >
£ 1.04" 101" 104" N 108" 1.08" ) H J04 =
% — il i = i 1773
pixels:2 4 6 8 = i ]
z ! —02E
Figure 1. Photograph of the InGaAs reimaging camers assembly (upper right) and cross-sectional view of the lens configuration ;1] FUUH r‘j‘ 0,09
(upper left). The DuPont telescope focal plane is to the right of the field lens, and the sensor is located at left. The camera L L 0.0
requires only boas voltages, separate power for the backing TEC, and USB3 (which is converted and transmitted over fiberoptic 100 200 300 400
lines to the control room). Bottom row indicates PSF image quality across the field, measured using the globular cluster shown N
at bottom right for indicated field positions. Dark Current (e—/pix/sec)

100

InGaAs MKO-Y Detections InGaAs MKO-J Detections

+ NGC1809, 9.8 mins + NGC1313, 10.4 mins

° + APT-CL J0102-4915, 17.0 mins g + iPTFl6geu, 5.7 mins
i g

: :

S 2

T 10 T 10

'(_‘VS [

5 5

52 S N S SN &

17 18 19 20 21 22 23 17 18 19 20 21 22 23

Y . Magnitude Jas Magnitude



