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The CHARA Science Meeting 2021

'Science Motivation

Primary Science goal is to image the inner disks of Young Stellar Objects

* K band sensitivity better for T
Tauri Stars and will allow
“temperature mapping” of
the inner disk when
combined with MIRC-X

MWC275 V1295 Aql SU Aur

(Herbig Ae) (Herbig Be) (T Tauri)
J/H/K uncorrelated |{6.2/5.5/4.8 7.2/6.6/5.9 7.2/6.6/6.0
Visibility (V) on 0.3?7/0.2/0.1 0.57/0.3/0.2 0.67/0.5?7/0.4
longest baseline
J/H/K correlated 75/72/7.3 80/79/7.6 78/73/7.0

Secondary Science goal is to detect exoplanets with precision closure phases

Tertiary Science goal is to explore Spectro-Interferometry
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* YSOs, Be stars (Br-gamma); cool stars (CO)

Requirement: MYSTIC integration with MIRC-X and SPICA for

simultaneous V+R+J+H+K observmg W|th aII 6 telescopes (')
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The CHARA Science Meeting 2021

"MYSTIC Instrument Architecture

* CRED-One e-APD Camera (80K)
* Low readnoise (yes!), low background (not so much)

e Custom Cryostat (200K, cryocooled) for
Combiners/Spectrograph

* Fed by single-mode fibers
* TWO COMBINERS:

* 4-beam mode for high sensitivity R=20 R=278
* Using spare GRAVITY IO chip, No cross talk R=50 R=981
* 6- for snapshot imagin
6 beam modg or snapshot ?‘lg g E—— E——
* Using “classic” MIRC-style combiner (CO + Br-y)

» Wollaston mode for polarization experiments
* Many options for prisms/grisms for spectroscopy
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® Amazing Team Effort

* John Monnier (Pl, UM)

 Jean-Baptiste le Bouquin (IPAG -> UM -> IPAG)

e Narsireddy Anugu (Exeter -> Arizona)

 Stefan Kraus (Exeter)

* Ben Setterholm (UM graduate student)

 Jacob Ennis (UM undergraduate -> UM alum)

e Cyprien Lanthermann (IPAG -> Leuven -> CHARA)
* Laurent Jocou (IPAG)

* Theo ten Brummelaar + whole Mountain team
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The CHARA Science Meeting 2021

Progress Report — How we started

2=1.0" Mctarizes dickotf on fcm
rresliv bon stage Nenwsrn S0P foe M
ncgenco angloe ¥om 3.05 to 3 17dag

O=15" kld werror hold by Newgort
JI00A (deporied down Dy 27 10 kecp
ccagnee). Can have piza

1" gmall FSM
from OM

MIRCx CAP

P NOIR > i B o viversiry o
Lab "'@Vdé‘%?,!!e LESIA €D e B SVBNEY

R 5 A K

KYOTO UNIVERSITY

TY OF

ER

5




The CHARA Science Meeting 2021

Progress Report — Where we are!
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MYSTIC Update (Monnier)
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& \Warm Optics Status

* Lab 6-beam Star Simulator

* Updated Arduino-based Shutters
* New Custom Dicroics to pick-off MYSTIC light =28, o)
* New Lithium Niobate Plates for Polarization Control |and tested

Installed, motorized, and tested

Installed, motorized, and tested

* Folded differential delay lines w/ stepper motors | Installed, motorized, and tested

* Voice-coil actuated tip-tilt mirror for fiber injection

 Custom diamond-turned Off-axis Parabolas Installed, motorized, and tested.

* Original plan to use Edmund Optics OTS mirrors failed

Full system working
end-to-end
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ur of Warm Optics
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Fibers

Extensive testing of PM1950 fiber (silica, not fluoride)
* NAO0.2, cutoff 1.7mu
* Large NA required custom lenslet arrays $SSS

* 3 fibers: OAP Patch (0.45m), Feedthrough (0.4m), V-
groove (0.2m)

* Throughput between 80%-60% (1.9->2.4mul)

* Coastal Connections was a great vendor to work with for
length matching and feedthrough

 We measured of every fiber length (using Luna
backscatter reflectometer)
* Mixing/matching: <75mu Combinerl, <0.5mm GRAVITY

* Late addition: Adding 4 ‘extra’ OAPs on moving periscope
so we can switch between the GRAVITY and V-groove
combiners w/o unplugging fibers

* We should develop a 5|m|Iar system for MIRC- X 10 frlngetracker
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MYSTIC 1
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Feedthrough 1

Patch 2
Feedthrough 1

Patch 1
Feedthrough 2

Patch 2
Feedthrough 2

Patch 1
FT 3 w/o #6

Patch 2
FT 3 w/o #6
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Two COLD combiners:

« MIRC-Style * GRAVITY
4 beams = 6 fringes
4 outputs/fringe ABCD => 24 outputs

* 6 beams = 15 fringes
* w/ photometric channels split

with custom pol-neutral BS * 180 mu separation

* MORE SENSITIVE: fewer pixels, lower
spectral resolution

u-lens

fringe forming lens
— f=200mm

[ "

Fiber holder

toward slit

e

{20 mm
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'MYSTIC Cryostat

* From Design to Build

photometric channels positioning mirror

Kk photometric channels imaging lens

cylindrical lens

80/20 beam-splitter

@ I £ 100 mm

e GRAVITY combiner not installed

i g igNoR | . i
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MYSTIC Cryostat

* From Design to Build

collimator

flip/flap mirror

photometric channels positioning mirror
photometric channels imaging lens

Kk cylindrical lens
80/20 beam-splitter

& f £ 100 mm

e GRAVITY combiner not installed
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The CHARA Science Meeting 2021

Preparing the GRAVITY Chip in IPAG

» Gluing v-groove to integrated optics chip
* Gluing beam-shiping micro-lens arrays to output of chip
* Robust packaging and mounting for shipping and cryogenic shrinkage

— P

(3 B K % EXETER

5/ KYOTO UNIVERSITY

14



The CHARA Science Meeting 2021

System is fully tested end-to-end (WARM
All 6 beams

Mode 20 CutRow ¢ SumRov () SumCo Bias Ghost / Boxes Fit | Mode e 2D CutRow SumRos () SumCol [ | Bias Ghost v/ Boxes |V Fit Mode: 2D ) CutRow SumRow () SumCol | | Bias Ghost v/ Boxes v/ Fit
Data: Full Fringe ‘o Xchar PS 1D PS 2D PS Tre Flux Vis FlxTr Data Full o Fringe Xchan PS1D PS 2D PS Tre Flux Vis FixTr Data Full o Fringe Xchan PS1D PS 2D PS Tre Flux Vis FixTr
Cols (x Rows (y) Flux Cols () Rows (y) Flux Cols () Rows (y) Flux
26 21l 76 <9 21130 21100 210.0 : 100 <1300 -9 <1130 2l0.0 =ll0.0 5 100 <1300 21121 =l 21 - ‘l‘l 0 =ll0.0 &

DOWN ->

max +4.6e+03 sum: 3.6e+04 mean 706 rms: 1.32e+0 min:  -1.84 max 5! sum: 2.48e+05 6. T 67.8 i -1 +450 sum: 1.38
pos=3943 fwhm=245686 max=687825 offset=-687008 No fit No fit
Refresh (Hz) |3-0 = Start RTD Stop RTD | Refresh (Hz): 3.0 = StartRTD Stop RTD Refresh (Hz): = Stop RTD

PING REOPEN QuIT PING REOPEN QuIm PING

Lon Rersiue nuronfin an Recenm rtdimn an Receive rtdimn
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2D
Full
Cols (x

System is fully tested end-to-end (WARM

Just 2 beams to see nice fringes!

CutRow ¢ SumRos () SumCol Bias Ghost f Boxes Fit Mode: * 2D CutRow SumRos (' SumCol Bias Ghost / Boxes |V Fit Mode 20 o) CutRow SumRow ) SumCol Bias Ghost v/ Boxes
Fringe ¢ Xchan PS1D PS2D PSTre Flux Vis FxTr Data Full o Fringe Xchan PS1D PS 2D PS Tre Flux Vis FixTr Data Full o Fringe Xchan PS1D PS2D PS Tre () Flux Vis
Flux Cols (0 Rows (y) Flux Cols (x) Rows (y) Flux

21 sl0.0 -

Rows (y)
- - - ‘ allo0 a1 00 2l 300

0.0 =i 100

9 30

200

DOWN ->

sum: 5.26e+03 mean
No fit

sum: 9.09¢e+04 mean: 206 rms 0128 max +101

No fit

1.44e+04 mean +112
13423 offset=

623 max +4.37e+03 sum
pos =33.17 fwhm = 10.80

max =
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Software is mature, based on M

25 [3] Nstep

744.9 seconds

Step size [um] |1

Add to last

2| Coadd

= |V W1 active 1 |V 52 active

~ W2 active

|| E1 active 1

1

[l S1 active 1

IRC-X

<|/E2actve  [pal Tabs Help

Currentxy ~ -398.07 -2548.06 -817.00 -1686.68 81815  -641.85 -987.58  -1370.78 31198 1360.24 -1417.39 102535
flux 23621 27172 35298 35410 29481 37444
- mirex_super_gtk -+
Mode: (s 2D CutRow O SumRov () SumCol (] Bias Ghost [/ Boxes [/ Fit Mode: (s) 2D CutRow () SumRov () SumCol (] Bias Ghost [/ Boxes [] Fit
MIRCX FLIP MYSTIC FLIP MYSTIC DIC
Data Full Fringe () Xchan (&) PS1D (O Ps2D () PSTre O Aux () Vis FixTr | Data: (o) Full Fringe O Xchan O PS1D O Ps2D O PSTre O Flux () Vis FixTr
Cols (x) Rows (y) Flux Cols () Rows () Flux [ STS IRFOLD Il ARMADA |
2175 = [} ll21 2l00 2[00 0 ‘\3\9 = 2l 62 /oo 2l0.0 :\ HALOGEN ’ STS-PICO ” MIRCX-PICO J
Reset BG Take BG MIRCX 0 BG MYSTIC 3BG
Reset FLAT Take FLAT MIRCX 0 FT MYSTIC 0 FT
FILE TYPE MIRCX MYSTIC sec
DATA 5 =
BACKGROUND - 5 2
BEAM - - 5 &
FOREGOUND - - 0 =
P2VM - - 0 >
NONE
ETW2WI1S251E2 EIW2W1S251E2 send
VBl VB2 VB3 /B4 v/ B5 +/B6
IRB1 IRB2 IRB4 s | mes
DATA SHUTTERS ABORT 15 ACQUIRED
AUTO BASE SAVE BASE SAVE LABAO SAVE TELAO
Automatic saving of DATA every 10min (expert only)
mircx_super_server is connected to:
mircx mystic  shutters  mircxddl LABAOS1  wfsS1
PING REOPEN CONNECT ALL QuIT
Failed to open server wfs_E2
Receive exc from mystic
| 4
E2W1  E2W2  WIW2 ¥V PumpRunni
167 -59.2 236
1375 -32.57 -2488  £0.0% Hstatus:0
018 0.62 009 [.01e+03mb
P b 006 Fsarery DISABLED |5e-03 mb
19.8 165 %63 &
+298 max:+1.52e+04 sum: 4.41e+05 mean: 275 rms: 1.21e+03 +209 sum: 128e+05 mean: 635 rms: bsa S0 s CErEER QuIT
Nofit No fit bo - - -
200 |3200 [3f200 |3
Refresh (Hz) 30 |3 Start RTD Stop RTD | Refresh(ha) 30 |3 Start RTD Stop RTD cac | cac | cac
PING REOPEN 1 PING REOPEN Qum * m
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'Thermal Background
* At first we had 1200 e-/sec background

oF

.camera/cryostat

* Originally expected <50 e-/sec
* Higher than MIRC-X 150 e-/sec

* Now: 350e-/sec background
e Equivalent to rms 4e- read noise t= 50ms

Background Test
T

T

60% of signal entering
‘near interface between

26 28
Temp of Case using Variac (C)

30

ADU/sec

10000

1000

© 2019Sep

100 + 2020Mar04

O bgplot_2020Aug03
|

¥ 2020Mar15~ ~ " T T

T T T T T T T T T

fit results to T<280K )
background (ADU/sec): 354
max_wave fixed (mu): 2.40000
emmissivity: 1.26029

fit results to T<280K
background (ADU/sec): 269

L L 1L 111l

max_wave free (mu):  2.64027
emmissivity:  0.204117
+
+
° o 3
% o
BT £ ° < Z ¢ 00 j

GOAL 100 ADU/sec
R | . . : |
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& |Interventions to lower background

* New Sapphire window

e Custom “Singularity Black” Baffle

* Custom-designed Baffling w/ Singularity Black Coating ;\
* Extensive cryostat baffling of warm entry points r

* Remaining options to get last factor of 2 in noise
 Carefully clean sapphire window
* Optimize size of cold stop in camera
* Cool camera body (problem with vacuum sensor)
* Take window out completely
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Remaining Steps

* Test science combiner cold

* There is risk something will break ®
* First cryo Test next week ©

* Finish mounting then install/test GRAVITY chip
* GRAVITY OAP Periscope Subsystem

* IR guider with new “STS” (stretch goal)
* Need enw funding for decent commercial IR camera

* Carefully ship/drive to CHARA and install
* Best case 2021 June (??)
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@Y Final words

Huge Acknowledgment to the amazing TEAM EFFORT to build MYSTIC
* Looking forward to moving out of lab and getting on-sky as soon as we can!

Preliminary Design Review Lookback (marked in red have indeed impacted development)

Warm Optics Risk Matrix Cold Optics Risk Matrix

Tolerance analysis medium Lose some spectral resolution;
insufficient crosstalk

Equalisation of fibre length Medium High We will use 3-sections of fibres. Second
mitigation: glass plates

Cryogenic mounting medium Gravity experience

Image quality of parabola Medium High Buy better quality parabola. Make stiff
Poor thermal baffling for medium Medium Detector placed as close to dewar mount of fiber.
camera as physically possible

Med

Vignetting in the warm optics Medium High Help CHARA to control the pupil shear

Gluing lenslets ium Extra prototype wor

OTS optics fail when cold medium  Medium Custom optics and mounting
Impact on CHARA beams (vignetting, heat) High Low Motor do not dissipate heat when not

Alignment strategy difficult low Medium Many warm/cooling cycles; add moved. Vignetting will be avoided by
cryomotors design.
Vibration from cryostat High Medium  Pre-sale discussion with provider.

Accumulation of delays high High Prototype with MIRCx, meet
schedule...
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