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AST3-3 IR Camera and KISS

» AST3-NIR is version of AST3 dedicated to conduct the KISS infrared sky
survey at Kdark.

» Technical concept developed during early 2014.

» China responsible for telescope hardware and control, logistics,
deployment.

» Australia responsible for instrument hardware and control, and power
generation system.

» AST3-3 telescope already funded and currently is at manufacturing. IR
camera funded by Australian government LIEF grant 2014(PI:Jeremy
Mould) .

» Project Kick-off meeting happened during 2015 International
Collaboration Meeting on Antarctic Survey Telescopes (AST3), March,
Hong Kong 2015.



% Key parameters

(thanks to Jeremy, Jon and Xiangyan)

A (AA) 2.36 (0.18) pm (K, )

Diameter 68cm

Image Quality 1.9” (11 xdiffraction limit)

Array 2048 X 2048, 18um pixels
H2RG Teledyne preferred

Sampling 1”

Field of View 30 x30°

Achieving:

Background limited integration time 25 secs

10 25 seconds 18.0 mags.

100 1 hour 18.5 mags.

Saturation limit (in 25 sec) K44 = 11.1 mags.

With Background Sky [South Pole] K., = 17.0 mags/arc?>=100p]y/arc?
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AST3-3 IR Camera Preliminary Design
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Optical design of IR camera
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T asphere.
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IR camera Concept

1 — Detector assembly

2 — Optical Camera

3 — mirror

4 - Vacuum window

5 — Focusing Mechanism

6 — Cold Strap

7 — Cryocooler (Sunpower Stirling)
8 — Electronics Thermal Cabinet

9 — Vacuum vessel



%‘ AST3-3 IR Camera Layout

Overall Dimensions, approx: 700 x 500 x 300

Mass approx 30 kg



IR Camera on AST-3 telescope




Stray light and thermal analysis

 Scattering light analysis
* Thermal self emission

Surface property parameters(thanks to NIOAT)

material absorptance Specular Transmittance BRDF A BRDF B BRDF g Emissivity
Reflectance
mirror 0.03 0.956 0 0.00096 0.01 2 0.03
lens 0.001 0.015 0.984 0.00001 0.015 2 0.001
Tube/baffle 0.95 0.00001 0 0.0318 1 0 0.95

ITO 0.13 0.00187 0.85 0.0001 0.015 2 0.13



Point Source Transmittance

PST: Standard for stray light rejection evaluation.
PST(0) = focal plane irradiance/entrance aperture irradiance(8)
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PST for IR camera

PST AST3-3_X direction

PST IR Camera_Y direction
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Thermal self emission

Flooded Light from Detector Surface(Solid angle)

Three Temperature Zones:

v Zonel: Ambient temperature.

v’ Zone2: IR camera relay lens body.
v’ Zone3: Filter and FPA.
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LOG10(Thermal irradiance(W/mm?))

Thermal irradiance when the IR camera body painted
with Acktar vacuum black

Thermal irradiance vs IR camera chamber at different ambient Temp
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Thermal Self Emission

2.51E-14

iance(w*mmn~-2)
N9
o
WY
ik
[N
D

1.51E-14
5
©
= 1.01E-14
(12}
§ Sky back d(16.89
@ 5 1QF-15 |~ - bakeroundUsEs)
= Y

1.00E-16 ® ®

190 200 210 220 230 240

Ambient Temperature(K)

250

14



AST3-3 IR camera Exposure time Calculator

AST3-3 IR Camera Exposure Time Calculator (V.0.1)

Object Magnitude

Observation Wavelength(um)

Target flux distribution 13 538
Target Geometry Point source Extended sour... 01
Pixel size Dark Current Read noise Quantum Full Well
CCD parameters Efficiency N
18 0.1 10 07 80000
Sky conditions Seeing [ 5 Sky Background 174212 Mag 0.0001 Jy
Instrument Setup Filter Setup  Start Wavelength Stop Wavelength T Sl deiin MEreE
emperature
227 245 0 0

Signal to Noise 10
Ratio(Defined by
User)

Photons from

Results Object

3.9309

Exposure Time(s)

300

Exposure Time(s) Within Full Well

Depth

250.19i

Maximum Exposure

Timaminal

4482.2(

Photons from Sky Photons from

Background Telescope
16.3654 0
SN_GivenTime
10.969

Ready to calculate!!

Signal to noise ratio

SN vs magnitude of star, Observation time:300s.
Ambient temperature:0K. Zenith:0 degree.
AST3-3 IR Camera Preliminary
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Key performance achieved with
current design

» FOV: 0.584 degree”?

> 10 25 seconds: 18.5 mags at 235K(-38C)
»100 1 hour: 18.7 mags at 235K(-38C)

» Kdark sky background: 10opJy/sec”2
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Where are we now?

Milestone Completion | Due Date
1 Preliminary discussions with DoS re: ITAR Jan-13
2 Project Kick-off (Meeting in Hong K ong) Mar-15
3 Detector & Interface Specification Jul-15
4 Requirements Eeview Aug-15
5 RFQ Teledyne Aug-13
6 Contract Negotiation (Detector) Sep-15
7 Purchase Order (Detector) Oct-15
8 CDE. (De-Scope Option) Dec-15
9 Final Design Review Apr-16
10 |Procurement Lead-time (Detector) Nov-16
11 |Telescope shipped to Australia Dec-16
12 |Float Procurement Lead-time (Detector) Jan-17
13 |AIT (@ AAO Facility (location TED) Feb. — June
NiA |Schedule Float ~4 months
14 |Camera Pre Delivery Eeview Late 2017
15 |Shipping to Antarctica Nowv. 2017
16 |Commissioning Jan 2018
17 |Science Survey commences Feb. 2018







