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MIRC-X Overview

Combines light from 6 telescopes of CHARA in J/H bands

- 15 baselines simultaneously, up to 330m
- Resolution: ~0.5 milli-arcseconds
- Limitations: Can only observe objects with H < 7.5

An upgrade of Michigan InfraRed Combiner (MIRC)
- Monnier et al (2006; 2010)
- Goals of upgrade: 1) Maximize sensitivity, 2) Extend wavelength coverage to J-band, 3) Enable
polarization interferometry
Observing modes currently offered:
- H-band PRISM (R~22, 50, or 102)
- H-band GRISM (R~190)
- J-band, polarization modes to come

MIRC-X is explained in detail in upcoming paper by Anugu et al (submitted)



MIRC-X Science Programs

- A wide variety of science interests currently underway with MIRC-X:

Stellar diameters
Imaging!
- Rapid rotators, RS CVn, RSG, YSOs, novae
Binary stars — orbits, multiplicity surveys, planet searches with precision astrometry

- Be Stars
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MIRC-X Instrument

Imaging lens

‘I’I‘ % Prism/Grism T ringes

Microlens array

V-groove Detector
. Slit
Fibers .
80/20 beam splitter Positioning mirror Photometric channels

Focusing optics
using op Cylindrical lens

Off-axis parabolas Polarization plates Incoming CHARA beams
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Planning Observations

- MIRC-X is a slow cadence beam combiner
- Observations on a single object take 20 minutes at the bare minimum for recording data

- Calibrator selection
- Make sure your calibrators are ~30 min to an hour before your target is in delay
- Within the same mag range as your object (exception: very bright targets)
- Typical Observing sequence
- Cal1-Obj-Cal2
-  MIRC-X designated beam order (as of 2018)
- E1-W2-W1-S2-S1-E2



Planning Observations

- Aspro2 & searchcal

(XX ) Aspro2 - 2019pt01_6T. altair [c1]
File Edit Interop Help
Targets Main settings Configuration(s) Constraints
| CHARA - E1 W2 W1 S2 S1 E2 | Night restriction

& /Altair

Editor Period |CHARA 20188 o Date 2019/08/09 =
M- HD 173667 (cal)

- Ko 182572 (cal) Instrument |MIRC_6T = Min. Elevation 35| wind ]
M- HD 185018 (cal Y | 5
& 1D 1ools e} O | sk feis 151432 [enuay |~ status: () Information

[ Notebook | Map | Observability UV coverage |

CHARA 2018B - MIRC_6T - E1 W2 W1 S2 S1 E2 + PoP1 PoP5 PoP1 PoP4 PoP3 PoP2
Day: 2019-08-09 - Moon = 76.1%

Altair

HD 173667 (cal)

HD 182572 (cal)

HD 185018 (cal)

HD 194937 (cal)

19:45 20:00 20:15 20:30 20:45 21:00 21:15 21:30 21:45 22:00 22:15 22:30 22:45 23:00 23:15 23:30 23:45 00:00 00:15 00:30 00:45 01:00 01:15 01:30 01:45 02:00 02:15 02:30 02:45 03:00 03:15 03:30 03:45 04:00 04:15 04:30 04:45 05:00 05:15 05:30 05:45 06:00 06:15
Local [America/Los_Angeles]

M Science M Calibrator|

Hid librator &
loht only i Baseline limits R ml Detalls ‘ Filters: | Hide calibrators 2]

[[IHide ancillary stars|v|

Scroll view

[ OfFits done. provided by JRARAC




Planning Observations

Various modes for MIRC-X

-  PRISM 50 (default mode)
- GRISM 190

- Polarization coming soon...

- J-band mode coming soon...

- Future plans with MYSTIC
(K-band)
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Standard Observing Sequence

ok owbdh-=

o

Acquire star at the telescopes

Perform a fiber explorer map to align light into the fibers

10 minutes of DATA, with all shutters open and fringes tracked

1 minute of BACKGROUND with all shutters closed

1 minute of each beam where the shutter of only one of the six beams is
open sequentially

3 minutes of FOREGROUND frames where all shutters are open but the
optical path is set to a large value to ensure that no fringes are present in the

data set

Taken from Anugu et al (submitted)



Startup & C-RED-ONE GUI

- User manual for MIRC-X
observing on CHARA wiki

- Always start servers before
opening any GUIs

- C-RED-ONE GUI used to monitofss
camera but not used throughout
the night

* 1 1000.0000 me5



[ ] ® mircx_server_gtk -~
‘ LOAD CONFIG FILE GET FROM SERVER |

@ [ ] mircx_server_gtk -
LOAD CONFIG FILE GET FROM SERVER

| SAVE /home/observe/MIRCX_L,

Ircam | parameters l

Cl
-A Server .
Crop Cols  Crop Rows %t Cols Det Rows
o sz~ [l R

1-10 9-102

Load in parameters for mode and el o e
send e g ot s
Now you can start operations and C \; ST
send your parameters to the ‘
camera

Monitor this GUI throughout the

o 0

Coadd parameters:
NFrames/file Coherent PS coadd

Nbin

20002 2000 [10 3] 10 [20 [ 20 [1 1] 1

‘ Update DAQ Config Camera 1 Configured
. . ‘ Start Exposure Stop Exposure ‘ Running
night to make sure settings are T o e

‘Reset FLAT | Take FLAT = 0O FLAT1 | FLAT2

fine! |

Track Polar GD Track Polar Phase

SAVE /home/observe/MIRCX_H

Ircam parameters

Parameter  Current values Value(s)
lambda 1.614000 -
bandwidth ~ -0.256000  |-0.256 q

Combiner

ALL-IN-ONE ALL-IN-ONE ‘
Cpeak 627 426072213{62742607221 ‘
Cpeak0 627425971 213/62742597121 ‘
Cpeakl 627426173213(62742617321]

BGNoiseCol 50 50 \
Filter1 H_band |H_band
Filter2 OPEN |open

ConfigName ~ H_GRISM190 |H_GRISM190 |

Xchan pos 48 44 36 30 22 17 |48 44 36 30 22 17‘

Observer [Sllmfrlnge ‘

Comment 1 | \

SEND ‘

Disk free space  MeanTint ~ Mean Mywork

33.6% 2.735 0.070
fDetSatratio DetADU Frame Rate T_FE
0.31 20182.43 364 24.25
Tcamera Twater Tpelt T_MB
79.88 22.03 27.73 39.75

Pcamera  Ppfeiffer Pionpump EM valve
2.0E-05 2.330e-01 2.300e-08 CLOSE
Servers status:

fiber  vacuum ddi ople  shutters
PING REOPEN | RECONNEC QuIT
fiber mapping finished
Receive parameters

Disk free space  MeanTint ~ Mean Mywork

33.6% 2.734 0.066
DetSatratio DetADU Frame Rate T_FE
0.31 20032.00 370 24.00
Tcamera Twater Tpelt T_MB
79.88 22.02 27.72 39.25

Pcamera  Ppfeiffer ~Pionpump EM valve
2.0E-05 2.330e-01 2.400e-08 CLOSE

Servers status:
fiber  vacuum ddl ople  shutters
gps tiptiit  stepper LABAO_S1 wfs_S1
PING REOPEN | RECONNEC QuIT
fiber mapping finished

Recelve parameters



MIRC-X fiber explorer GUI

- Use this to make sure that you are getting light in the fibers
- Can adjust Step size, Nstep, and Coadd throughout the night

- Good seeing: Beams are compact & produces nice 2D gaussian profiles
- Bad seeing: Light from beams are spread out

® mircx_fiberexplorer_gtk

Step size [umj |4 E1 active w2 active |4 |7 W1 active [4 [-|[d S2 active [ +|4 s1 active +|4 E2 active

2
54.3 seconds

Currentx/y 253.25 282.67 288.35 236.47 359.87 436.39 281.00 229.64 272.44 227.78 274.11 233.44

flux 4431.5 4804.3 2164.6 2519.9 940.27 1743.7

x0 252.31 285.12 356.66 278.59 271.07 273.49

yo 283.37 237.12 437.81 230.82 228.53 233.17
fwhm1 7.0617 8.1527 6.6319 7.1099 7.9637 6.7711
fwhm2 10.355 6.6903 7.5549 7.7933 7.3283 8.5512
_AO-focus 0.000 0.000 0.000 0.000 0.000 0.000

" Xchan Map | Fringe Map | Abort Map I Goto to fit | Goto to max | SAVE STS s | Save map
PING MIRCX | PING FIBER | REOPEN | QuIT l Receive daq

Writing current positions to /home/spooler/LogData/MIRCX_FIBERS_STS.pos



MIRC-X super gtk GUI

Can reset/take backgrounds
Can reset/take flats (for bright
objects to avoid issues with
cross-talk)

Use this to record data

[ oW ) mircx_super_gtk -

MYSTIC FLIP
ARMADA

‘ Reset BG l Take BG I MIRCX 0 BG | MYSTIC 0 BG l

|

| ResetFLAT | TakeFLAT | MIRCKOFT | MYSTICOFT |
FILE TYPE MIRCX MYSTIC sec

DATA : - 600 |

BACKGROUND - - 60 -

BEAM - - 60 -

FOREGOUND - - 180  °

NONE
EIW2WIS251E2 | ETW2W1S2S1E2 | Send |

vl B1 vl B2 vi B3 vi B4 vi B5 v B6

‘ DATA | SHUTTERS ABORT | ACQUIRED

‘ AUTO BASE I SAVE BASE I SAVE LABAO | SAVE TELAO I
mircx mystic  shutters mircx_ddI LABAO_S1  wfs_S1
‘ PING l REOPEN | CONNECT ALL | QUIT

Failed to open server LABAO_E2
Recelve exc from mircx




MIRC-X GDT GUI

This GUI lets you control
offsets between carts
When the fringe is found,
fringe lights up “yellow”;
locking on a fringe will turn
the fringes “green”

on a fringe

You can lock on cross-fringes
but ultimately want to lock
with ref cart

You have the option to “track”

mircx_gdt_gtk =
~_beam, pops cartposerror  DDLpositon ~ stepsize linkbeams¥ S1 S2 E1 E2 w1 w2
| s1 !5 0 MAN.OFF. | x ‘« < Ho 12.198 ‘ > | >> ‘ 0.002 | Loop- | Loop+ &2 s1 X X x x x
‘;}4 0 MAN.OFF. | x ‘« < Hg 12.910 ‘ > | >> ‘ 901.4| - x x x x
‘?}1 o:' MAN. OFF. | x ‘« < H; 16.280 ‘ > >>‘ 1041.|2424.| - X x x
a6 O‘Rllﬁiogi‘ X ‘<< < H; 8.048 ‘ > >>‘ 991.6|1601. 1501.‘ = X X
‘ms 0 MAN.OFF. | x ‘« < H; 14.414 ‘ > | > ‘ X 2| Loop- 647.2|1252./1831./759.6| - x
z 0 MAN.OFF. | x << TH; 16.101 ‘ > | >> \ l0.010 2| Loop- Loop+E‘Z w2 -

refbeampol |1 polforgdt 0 | MASTER |  GdtGain 0.600.60 :|  SearchThresh. 2.0 2.0:
S1s2 SIEl STE2 SIWI SIW2 S2El S2E2 S2W1 S2W2 EIE2 EIWI EIW2 E2WI E2W2 WIW2
opD: 07 o5 02 01 02 01 05 07 -08 04 05 08 02 05 02
POL_OPD: X X X X X X X X X X X X X X X
POL_PHI: X X X X X X X X X X X X X X X
MEANVIS: 096 072 100 088 085 074 0.8 091 080 055 089 097 071 066  0.90
SIGNAL  18028.5 20830.0 19832.0 12944.9 15087.9 48488.2 32032.6 25057.5 31542.7 30029.6 36638.3 60566.6 15192.9 26259.7 23073.0
_ NOISE 200 200 200 200 200 200 200 200 200 200 200 200 200 200  20.0
GET |senD|200 :[200 3200 3200 :[200 :[200 :[200 :[200 [200 [200 :[200 :[200 :|200 :|200 :|20.0

CALCALL l CALC I CALC | CALC | CALC | CALC | CALC I CALC ‘ CALC

CALC | CALC | CALC | CALC | CALC I CALC I CALC ‘

Target:

PING MIRCX I

X Mag:  x RA: X

RA: ~ DEC: X HA: X utc X r0 = 0.00
PING OPLE |

REOPEN | QuIT ‘ Receive gdtloop




o mircx_rtd_gtk ~ | mircx_rid_gtk
-_—
Mode: © 2D CutRo ' SUmR ' SumC [ Bias Ghost V' Boxes ¥! Fit Mode: ® 2D O CutRowO SumRe O SumCc Boxes
Data: Full Fringe ' Xchan _' PS1D ® PS2D ' PSTre _ Flux Vis Data: QFull O Fringe O Xchan O PS 1D O PS2D ® PSTrerQ Flux O Vis
Cols (x) Rows (y) Flux Cols (x) Rows (y) Flux
= ~ > ~ [0 o BES [o.0 [F1.0 Bl
3 -175 -0 35 .10.0 ~11000.0

- Using this GUI allows you

S1-S2 45 S2-E2 | 46 S1-E2 56
. . o =ty it i T e
to find fringes in “waterfall & Riuaiaie b
S2-W1 34 S1-wW1l 35 E2-W1 36
plot MMWHWWW
- Many different type of | SRR R
plots to help with | i "" H
observations e Wé-.ﬁrwrﬁm'-
W%ﬁ#‘%ﬁ
Refresh (Hz): 3.0 = Start RTD Stop RTD Rafresh (BT 3.0 - S:J::;; Stop RTD
Log: . RES;T\Z rtdps el Log: re | ::CZTfeN confi i




Fiber Mapping — Make sure flux injected into MIRCX

mircx_rtd_gtk

10 B B BIES /0.0 200 E|

Poan B2 s
Mode: (e 2D ) CutRov () SumRc () SumCc[ ] Bias [ ] Ghost [vf Boxes |V Fit
Data: O Full O Fringe (o) [Xchan O PS1D O PS2D O PSTrerO Flux O Vis
Cols (x) Rows (y) Flux

vl R WY il

Add a on-sky map here

(maybe move up this slide in
presentation?)

L e ESELE m e e

min: -22.8 max: +71.6 sum: 3.18e+03 mean: 1.58 rms: 9
No fit...
Refresh (Hz): [3.0  [3] Start RTD Stop RTD
| PING I REOPEN QuIT
Log:

Receive rtdimg



rex_rtd_gtk

Mode: (® 2D O CutRow O SumRe O SumcCe [[] Boxes

nircx_rtd_gtk

Mode: (® 2D QO cutRow O SumRe O SumCe [¥] Boxes

Data: O Full Q Fringe O Xchan O PS 1D @ PsS20 O PSTerQ Flux O vis Data: O Full Q Fringe O Xchan O PS1D OPS2D ®PSTrerQ Flux O vis
Cols (x) Rows (y) Flux Cols (x) Rows (y) Flux
BIEE [l El7 0.0 [flo0 B B [][209 [l [][3¢ [flo.0 [e][1.0

S1-S2 45 S2-E2 46 S1-E2 56
|
S2-W1 34 S1-W1l 35 E2-W1 36
| | |
H i I | I" | I Il l | ] |
S2-W2 24 S1-W2 25 E2-W2 26

E1-E2 16 W1l-w2 23

rcx_gaot_gtx --> mircx_server

step size link beams [7] S1 S2 El E2 wl w2

> | >>| [o002 [ & s1 - x x x X x El-W2 12 El1-Wl 13

> | >> 0.002 |3 S2 | 480 - x x X X

> | >> 0.006 |+ El [185 [ 102 - x x x

> | >> 0.006 | E2 | 242 | 82 93 - X X

> | >> 0.010 :] [ wl| 164 | 123 | 152 | 137 - X

> |>>| [0.010 [f] Loop- | Loop+ 136 | s8 | 180 | 85 | o725l - I e T g

Search Threshold [2.0  [3] 3.00 | FRINGE LOGK CLEAR MATRIX No fit...

52E1 S2E2 S2W1 S2w2 El1E2 Elwl Elwz E2wl E2w2 wiwz | Refresh(Hz): |30 [S Start RTD Stop RTD
-4.2 1.9 -3.1 2.0 -0.4 0.5 T 0.1 1.3 0.6 PING I REOPEN QuUIT
0.06 0.06 0.07 0.06 0.04 0.09 0.09 0.06 0.04 0.11

o, ™ P b



https://docs.google.com/file/d/1vvsnMjoSL7r7qstmFT7AS6rQYVHWDC1L/preview

A binary star in GRISM mode:

Mode:

. )
mircx_rtd_gtk (on ctrscru i i
Rl )

CutRov O sumR SumCc

O Fringe O Xchan O Ps 1D ®PS2D O PSTrer() Flux

Rows (y) Flux

|
|
|

§126

=
v

E
%

cum = 5.4e+05 ms =

- 0O x

[] Boxes
O vis

16

|
|
1
I
|
|
|
|
|
|
|
|
|
|
'
|
|
1
|
|
|
i
'
|
'
|
|
|
|
|
|
'
1
'
|
|
|
|
'
I
|
|
'
|
|
|
'
i
i
|

Mode:
Data: O Full
Cols (x)

*l[299 <0
|

$1-S2 45 | S2-E2
e AT

‘;ﬂﬂ.’iaﬁ -hpw‘h -f'f“"- o f et
S2W2 24 | s1w2
'-"-!‘.15\‘_ 5

SI1-E1 15

E1W2 12 E1-W1

O CutRovO SumRe O Sumcc

Q Fringe O Xchan O ps 1D QO PS2D ® PSTrer( Flux

Rows (y) Fl

u
[*]|179 |~]|0.0 [+j{1.0

A6 Is1E2 56

25

13, |S2El 14

Lo a5

P S e i

+1

ary, a,“l.- P L R )

sum = 6.37e+03 ms = 0.203

No fit...




- . Internal light source for checking MIRCX
SIX TeIeSCOpe S|mUIatOr (STS) performance, switching modes, testing
Used each night before observations
Installed in May 2019

Telescope
tube

FC/PC adapter

Q

Fiber
Halogen white light

8 beam N Six 1" beams

Figure 9. Layout of the six telescope simulator (STS, not to scale).
Six coherent beams are extracted from an 8-inch collimated beam
created by a Classical Dobsonian telescope acting in reverse. The
telescope eyepiece is fed by a single-mode fiber. which is injected
light from a halogen lamp.

Anugu et al (submitted)




Six Telescope Simulator (STS

mircx sequencer atk >
€ mircx fiberexplorer gtk -

‘,—gi \%/‘ \4 Stepsize[um]4 . ¥ Slactive 4 .V S2active 4 .V Elactive 4 .|V E2active (4 .|V Wilactive 4 |V W2 active
C L\ . - x

L\

AIRCX_FIBEREXPL | MIRCX_RTD_GTK | MIRCX_SEQUENCE || MIRCX_GDT_GTK
ORER_GTK R_GTK

Add to lastf] SHUTIERS

SPOOLER@MIRCX | POGO@MIRCX | OBSERVE@CTRSCR | UBL
uT

5 . Nstep

2 Coadd

mircx _server gtk -
25.5 seconds|

LOAD CONFIG FILE GET FROM SERVER | .
SAVE save_mircx.cfg | Currentx/y 278.15 29135  293.03 247.14 30037 301.91 285.40 22125 29378 244.56  318.54 22858  fIRCX FIBER ENG
flux 51077 1.1177e+05 43030 61180 39226 40103 INEERING_GTK
x0 278.15 293.04 300.37 285.4 293.78 318.54 s s
Ircam parameters 201 3 g 7 SR > e Terminal - mircx_stepper_server
yo 291.35 247.14 301.91 221.25 244.56 228.58
L — T fwhm1 7.1048 6.3415 7.0865 6.5659 6.4941 7.0049 File Edit View Terminal Tabs Help
g fwhm2 8.5783 6.6024 6.4663 8.9418 7.2123 7.606 jed May 1 02:52:16 2019 MESSAGE: 1: Outlet -> 1
led May 1 02 2019 MESSAGE: 2: Outlet -> 1
o +s10008 Xchan Map Fringe Map Abort Map Goto to fit Goto to max Save pos ed May 1 02 6 2010 MESSACE: 3: Outlet - 1
gy o PING MIRCX PING FIBER REOPEN QuIT Recelve daq - fWed May 1 02:52:16 2019 MESSAGE: 4: Outlet -> 1
" ) i
bandwidth _0.24000( Data: Full Fringe ' Xchan C) PS1D * PS2D _ PSTre  Flux _ Vis Mode: '/ 2D CutRo " SumR '/ 'sumC| | Blas ' Ghost ¥' Boxes ¥ Fit mircx_gdt_gtk
Cols (x) Rows (y) Flux Data: Full ' Fringe  Xchan ' PS1D ' PS2D ' PSTre  Flux ' Vis beam, pops cart pos error DDL position step size link beams ¥ st s2 Bl E2 W1 W2
3 ‘|75 ‘o ‘|35 -|o.0 ‘|00 : Col= () ROWS (Y) Flux S1 /1 0 MAN. OFF. x <<| < |lo] 11500 | > |>>| |0.050 v s1 - x x x x X
Cpeak 627426072 . 70 21310 ila NEL) 2loo 2o & .
S2 |2 0 MAN. OFF x <<| < |lof 12992 | > | >> [ |0o.050 vl s2 [§4S% - x x x X
Cpeak0 627425971 E1 '3 0 MAN.OFF. x <<| < |lo| 15774 | > | >> [ |0.005 : v E1 [1144[1957 - x x X
E2 4 0 MAN. OFF. x <<| < |lo| 13608 > |>> | |0.050 v E2 |237.2(216.1|246.7 x X
Cpeakl 627426173 W1 5 0 MAN. OFF. X <<| < |lof 12.833 | > |[>> | |o.050 v W1 |161.6|208.9(230.3|264.5 - X
W216 0 MAN. OFF. x <<| < ||0] 13.184 > | >> 0.020 -| Loop- | Loop+ ¥ 112.6(151.4|127.2 265.Z|232.8 -
BGNoiseCol 50 S = . . .
refbeampol 1 ©| polforgdt |1 : MASTER Gdt Galn 0.60 0.60 - Search Thresh. 10.0010.0 - | FRINGELOCK | CLEAR MATR
1
Fliter H.band S1S2  STEl  S1E2 SIW1 STW2 S2E1  S2E2 S2W1 S2W2 ETE2 EIW1 EITW2 E2W1 E2W2 WIW
OPD: 222 253 176 -16.1 0.0 2.5 4.9 6.8 224 8.0 9.7 253 13 178 16.3
Filter2 OPEN POLOPD: 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.
POLPHE 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.0
MEANVIS: 019 017 049 016 012 020 022 020 015 026 021 017 031 027  0.27
ConfigName  H_GRISM14 SNR: 29138.1 22880.5 47445.3 32319.6 22511.0 39145.5 43220.6 41771.1 30287.4 49332.9 46052.7 25447.4 52893.3 53033.5 46564
THRESHOLD 200 200 200 200 200 200 200 200 200 200 200 200 200 200  20.

Xchan pos 48 44 36 29 2
CALCALL | cALc | cac | calc | cawc | carc | calc | cac | calc | cac | calc | calc | cac | calc

Observer |slimfringe

| . i » lay :40 20 I A M ative command sent: rel a 63 g
Commentt \ g i - ’ : MESSAGE: AXIS 1 >> : hostname=192.168.3.150, driver=as,
MESSAGE: Velocity set: vel a5 6=1000
MESSAGE: Move relative command sent: rel a5=-863 g
o led May 1 02:41:44 2019 MESSAGE: AXIS 1 >> : hostname=192.168.3.150, driver=a5,
E T L T T T h motor=0, pico_socket=6
Disk free space  Mean | 1 02:41:44 2019 MESSAGE: Velocity set: vel a5 0=1000
61.1% 2.73min: +3.02e+03 max: +2.75e+06 sum: 2.84e+07 mean: 3.89e+05 rms: DOWN -> 1 02:41:44 2019 MESSAGE: Move relative command sent: rel a5=-863 g

min:  -22.8 max: +949 sum: 7.11e+05 mean: 82 3 - 8 1 62:41:46 2019 MESSAGE: AXIS 1 >> : hostname=192.168.3.156, driver=a5,

B
DetSatratio DetADU | pos=21.3 fwhm=32.0 max=696683 offset=90919.9 3
0.35 23045.8 > 5 No fit... / , Ppico_socket=6
Tcamera Twater : : 1 02:41:46 2019 MESSAGE: Velocity set: vel a5 0=1000
7988 22.00 SIS - it ill SiopRID e O P— meT— 41:46 2019 MESSAGE: Move relative command sent: rel a5=-863 g
Pcamera  Ppfelffer PING REOPEN QuIT - - = = P MESSAGE: AXIS 1 >> : hostname=192.168.3.150, driver=a5,
5.0E-05 s PING REOPEN QuIt LE
5.0E-05 X Log: Recelve rtdps WNARD Z & - x o
Servers ST r— —— 0 ronrdl Log: Recelve rtdimg ! 1 02:41:5 MESSAGE: Velocity set: vel a5 0~100!?
solute position In um = absolute motor units (from fil — | SMALLER | i 1 MESSAGE: Move relative command sent: rel a5=-863 g

flber vacuum  ddl ople |
g = . T -

Target: x Mag: x RA: x DEC: x HA: x uTC: x 0=
PING MIRCX PING OPLE REOPEN QuiIT Recelve pyconfig

‘9\ GET |SEND{20.0 -[20.0 /200 {200 :{20.0 /200 :|20.0 -[200 /200 >{20.0 -|200 :|200 >|20.0 -|200 :|20.0

CALC | CALC
0.00+-0.00 cm




Remote Observing

=
@ Applications I mir
- i

m mircx_gdt_gtk ]

novadel:3 (vroc) - TigerVNC

VNC connection through machine in Atlanta
Most MIRC-X runs are done remotely now

mircx_gdt_gtk

LOAD CONFIG FILE [ GET FROM SERVER SumRo () SumCo | Bias [ | Ghost v/ Boxes o/ Fit pops Idc offs ople cart pos err DL offset step size link beams v/ s1 s2 Bl E2 Wi oW
SAVE | /homevroc/MIRCX_H_PRISM50_2( Fringe O Xchan (O PS1D (O PS2D (o) PS Tren O Flux Vis s1/5 1 x MAN. OFF. 8nm <<| < |lo] os8a3 |> [>>] (0003 [4 v os1 - x x x x x
Rows (y) Flux p——————
o oo w0 s2 |41 x MAN.OFF._|  20m <<| < |[o] -0:000 [ > |[>>] [0:002 [ Loop- | Loop+ | % R %
ircam ran e —
L E1]11 x MAN OFF._| -lnm << | o 1221 [ > |> ~ x x x
Credone Detector: 200 o
Set standby a ; E2]63 x FF. 9nm <<| < |lo] 139 | > |>> v x x
il i Eil‘ il l |if i ‘h w32« o] om <o ome [>]>] v (0] x
_ CropCols ___ Crop Rows Det Cols Det Rows. | s .
270 116132 T = * * (‘ !#ﬂmﬂ*ﬁ W2 s« MAN. OFF. | -140nm <</l <Jlo] 0000 | > |>>] [000 [ Loop+ | 131][ 708
110 116132 * I I | LDCLOCK | refbeampol [1]2] potorgdt (o] (MMMASHERNN) GotGein 0.60 (060 |3  Search Thresh FRINGEROGKI CLEAR MATRIX
NReads ps NFrames/reset “ | =
12 [ 12 8 |20 B 20 N H\ I S1s2  S1El S1E2 S1W1 SIW2 S2El S2E2 S2W1 S2W2 E1E2 EIWl E1W2 E2W1 E2W2 WIW2
Windows: OPD: 1.2 0.6 47 3.0 12 302 281 187 335 73 32 13 0.1 6.3 47
fringeColl fringeCol2 fringeRowl fringeRow2 POL_OPD: x x x x x x x x x x x x X x x
- 2 - Vg el (e Ao POL PHI X x x x x x x x x x x x x X x
o [f 70 [ 310 [« JJ 4 [u [ nu OREAIGTA MEANVIS. 004 044 060 060 095 003 004 004 004 037 025 060 025 038 082
XchanColl ~_xchanCol2 _xchanRowl __ xchanRow2 SIGNAL 118 674 537 3230 4552 80 17 6.7 65 1367 4021 8184 1468 886.3
10 giioles Gllean« LAl Gt NOISE 145 144 114 110 134 134 109 117 111 120 128 171 136 125
JaitaPolRow . GET || senp (145 [3f14.4 |2 1o [g13.a [g13.4 [gfro0 [f117 [ 120 [gfr29e [Fi7a [r3e 125 |2
o 1] o [ cAlcAL | caic | caic | oaic || calc | caic | oaic | caic || caic | cAlc | caic | oaic || cac | calc || calc | caic
Coadd parameters eaIeo Torget: HD 168322 Mag:  3.940000  RA 2741642.21 DEC: 40561221 HA: -010547.541 UTC: Tuejun 2 08:19 X
NFrames/file Coherent PS coadd Nbin ( PING MIRCX PING OPLE REOPEN QuIT Receive pyconfig
S| 2000 (10 |3/ 10 (20 |3 20 S &
Gain 15 9 15 Step size [uml [6 |2]v E1 active JvwW2active [6 |3V Wlactive [6 2]V E2 active
Update DAQ Config Camera Configured oatsint B !
Start Exposure Stop Exposure Running -10 =iy
‘9 < Nstep M L
Reset BG LkeBG | 3 Use BG i 7 2] cosda
Reset FLAT TkeFLAT | 0 FLAT1 FLAT2 ‘ \ d 1014 seconas L
1 |
il 1 -

Track Polar GD | Track Polar Phase

| curentxy 21514 277.49 289.09 248.38 33227 312.00 222.86  223.99
| flux 9081.6 16891 13465 60.124

M- 8 4
Disk free space Mean Tint Mean Mywork . | f HENTRE-o %0 21515 289.09 33227 223.13
83.0% 2.815 0.023 | v 2775 248.38 312 233.95
DetSatratio  Det ADU Frame Rate TFE fwhm1 23.347 1073 6.5391 51.97
032 ZDYZ']]L:PZ) £ 2450 R — fwhm2 10502 5.4089 10.161 53679 11.496 11.292
amera 2 ek M No f Xchan Map Fringe Map AvortMap | Goto to fit Goto to max SAVE/GOTO| 2 Save map |
Pcamera Pionpump EM valve - G "
1.0E-05 5.700e-0: LOS! Refresh (Hz) 30 & Start RTD Stop RTD. PING MIRCX PING FIBER REOPEN QLT necelvede
mircx_server \sﬂ:lurmecled o e T TR e
stepper  LABAO S1  LABAO_S2 Log Receive rtdpstrend
LABAO E1  LABAO E2 wis_S1 MIRCX FLIP MYSTIC FLIP
wis Wi E1 wfs E2
= = — 2 M Gt
PING REOPEN | RECONNECT Quit SEIRFOLD, o ARMOA il i, HALOGEN
Saving /datal Reset BG Take8G | [IIMIRCKSBGNN MvsTIC 0 BG
Receive vacuum Reset FLAT Take FLAT MIRCX 0 FT MYSTIC 0 FT
FILE TYPE MIRCK MYSTIC sec
101 - 600
BACKGROUND 60 =
BEAM 60
FOREGOUND - -
P2VM
jgatal 00113 fit:
EIW2W1S251E2  [E1w2w1s251E2 Send
VBl ~/R7 v B3 (]84 v/ B5 v/ B6
IR81 e e (EES IRB6
DATA SHUTTER: ABORT 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 mircx ddi LABAO_S1

PING REOPEN CONNECT ALL

Wait for SAVEFITS to finish on servers
oceive exc from mircx

wis 51
QuIT




¢
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What we measure at the detector:

l Photometric channels l Fringes

(stored in FITS files)




What we measure at the detector:

l Photometric channels l Fringes

(stored in FITS files)

Data Pipeline

Interferometric Observables for Imaging / Modeling:

Squared Visibilities q\e’ (OIFITS files)
Closure Phase

,@Q “Differential” Phase (19




MIRC-X Data Reduction Pipeline - Overview

- Raw FITS files of night — Calibrated OIFITS files for imaging/modeling

- Written by Jean-Baptiste Le Bouquin

Python 3.7

Maintained on git repository: https://qitlab.chara.gsu.edu/lebouquj/mircx_pipeline
- Pipeline divided into 3 steps:

Pre-processed files (PREPROC)

Real Time Signal (RTS)

Raw and calibrated OIFITS

- MIRC-X and its data reduction pipeline are detailed in an upcoming paper
Anugu et al, 2020 (submitted)


https://gitlab.chara.gsu.edu/lebouquj/mircx_pipeline

How to Run the MIRC-X Pipeline

Run via command line in terminal, designed to be automated
Many different user input options / modes

[ J #i tgardne — ssh monnier-mini.astro.lsa.umich.edu — 137x23
(python3) monnier-mini:~ tgardne$
(python3) monnier-mini:~ tgardne$ cd /Volumes/monnier-mini-raid48/PUBLIC/reduced/2020Jun04/
(python3) monnier-mini:2020Jun@4 tgardne$
(python3) monnier-mini:2020Jun@4 tgardne$ nohup mircx_reduce.py —-—ncoherent=10 —-max-integration-time-oifits=30 —-vis-reference=spec-diff
——o0ifits-dir=oifits_ncoh1@_30sec --raw-dir=/nfs/Monnier2/MIRCX_DATA/MIRCX_ 2020Jun/2020Jun@4/ &
[1] 45093
(python3) monnier-mini:2020Jun@4 tgardne$ appending output to nohup.out

(python3) monnier-mini:2@020Jun@4 tgardne$
(python3) monnier-mini:2@020Jun@4 tgardne$ tail -f nohup.out
Git branch: um-develop + uncommited changes:
oifits.py preproc.py vis.py
Matplotlib backend: MacO0SX
Total memory: 68.7G

NFO 2020-06-25T12:01: - : End compute_vis in 14.32s
NFO 2020-07-07T10:54: 5 : Start mircx_reduce
2020-07-07T10:54: - : bbias is TRUE so force save-all-freqs=TRUE
NFO 2020-07-07T10:54: : : Start loaddir
2020-07-07T10:54: 5 : Load directory: /nfs/Monnier2/MIRCX_DATA/MIRCX_2020Jun/2020Jun@4/

2020-07-07T10:54: - : Load header log /nfs/Monnier2/MIRCX_DATA/MIRCX_2020Jun/2020Jun®4//mircx_hdrs.txt

[1
[1
[
[1r
[

[




RAW DATA

detector cleanup detector cleanup detector cleanup

BACKGROUND """"""" dark-remove  SEEIIIIii dark-remove
’.TI(')[) wWINaows

’ BEAMMAP PREPROC SPEC. CALIB
1. Pre-processing

............ profiies

...... extract flux
................................. ka“)pd-”':a“ X

FET ViAol s d

2. Real-time-Signals RTS

intermediate product Seckon
PRODUCT written on disk F—

.............. > association (e.g same 3. OIFITS

spectral setup...)

OIFITS



RAW DATA

detector cleanup detector cleanup detector cleanup

BACKGROUND ------------- dark-remove = ZITTLTEETTELTER dark-remove
Crop winaows

’ BEAMMAP PREPROC SPEC. CALIB
1. Pre-processing

exract 1nux
Kappa-matrix

2. Real-time-Signals

intermediate product
PRODUCT written on disk

.............. > association (e.g same 3. OIFITS

spectral setup...)

OIFITS



1) Pre-Processing Step

Associate detector setups; targets / shutters
- Detector cleanup, bad pixel removal
- Creates PREPROC data files, beam maps,

Background Files: spectral calibration
G40-L6-R8 59004.4673 HD_199766

Create “Cleaned” Data preproc files:

\ G40-L6-R8 59004.4606 HD_199766

Mean (adu) +-5sig

Create Beam Maps:

0.03

0.02

Flux

— fringe
—— photo
—— shifted photo

0.01 4

Pixel #

0.00

0 10 20 30 40 0 50 100 150 200 250 300
Spectral channel Pixel #



1 ) Pre-PrOCGSSW]g Sten - Associate detector setups; targets / shutters

Detector cleanup, bad pixel removal
Creates PREPROC data files, beam maps,
spectral calibration

All Fringe Files of Given Setup —
Spectral Calibration

Observed PSD (orange) and scaled template (blue)
Polynomial fit
v.a — o~ (dark blue=poly, cyan=valid channels, light cyan = all channels)
VA
< 175
- E 1.70
§ = FAVAVAV AN AV AN o O o O =,
A £ 165 -
AVANNF AV AV AV LN LV AN - R - T~ T~ ©
D . A A A~ s ~——— o~ — il
AN
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c i AVAV AN AV AV AV L LV AN 7 A ST A R ~ NG~ %\ o
E F A A A Y
@© Z P A S - S~ & 1504
e =, VAV, W VA . A - .
(@) VAN AVAVAY . WAV AV AV VA S A A~ -~ S T T T T T T T
Sy WAVAVAV AN AVAVAVLNNN LV AN LN AN AN AN
T AN AV AV AV A AV AV A L N LV . 4 5
o PN AVAVAV AN AV AV AV AN LV A 7 - U W~ W 0.2 4
= WA AV AV AV L AV AV AV L LV o S A N g
(6] PN AV AV AV AN AV AV AV AN AV A > - - = - -
() PN AV AV AV AN AV AV AV o AV A o Y Y ~ —
o N AV AV AV AN AV AV AV AN AV AN 7 T ~ O - . -8 E 0.1
n PN AV AV AV N AV AV AV A AV A P o Y S ~ R - % L
o St PAVAVAVLN P A T~ CEEY - N -0 ur
7 v > < G - - A ]
> 0.0
£ 7 v A o
v 2 > g
oo 7 O A R . I . S A a —-0.1
7 2 ININTINTS. 77N\ VAN AN AN AN
7 AR A G A W -
2 EAS 4 S S -0.2 +— . . . . . . .
7 VA, R 0 5 10 15 20 25 30 35
T T T T -
0.1 0.2 0.3 0.4 Detector line (python-def)

Observed Fringe Frequency



RAW DATA

detector cleanup detector cleanup detector cleanup

BACKGROUND skt dark-remove dark-remove
Cf(‘)p wWINaows

’ BEAMMAP PREPROC SPEC. CALIB
1. Pre-processing

extract flux
Kappa-matrix

2. Real-time-Signals

intermediate product Sajection
PRODUCT written on disk average

.............. > association (e.g same 3. OIFITS
spectral setup...)

OIFITS



2) RTS Step

Beam Profiles, Photometry:

G40-L6-R8 59004.4606 HD_199766

—— profile | 5.0 1
—— xchan
2.5 -

0.0 -

Flux

5.0 A

2.5 1

0.0 -

6 8

Pixel #

- Compute real-time photometry
- Fringe power

- Compute bispectrum bias

- Crude vis2

Fringes:

G40-L6-R8 59004.4606 HD_199766

30
20
10

0

100000 A
0

—100000 A

~200000 - , ' , :
0 20 40 60 80 100

Frequency




2) RTS Step

Raw VIS2

G40-L6-R8 59004.4606 HD_199766

34.1 ms 12| 200 4 60.3 ms 13 po13 3ms 14
aoa -
aos - holo
Qo2 - aor | hoos
aoo T T T T T aon - T T T T T 000 = T T T T T
60.7 ms 15 61.9ms 16 63.7ms 23
a0z Q13 a4 -
010 -
a1 az -
Q05
ao T T T T T 00"ty T T T T T a0 -y T T T T T
ad 4 617 ms 24| a02 4 8.6 ms 25 63.7 ms 26
a1 -
az — a0l o Q10 +
ao05 -
ao T T T T T o0 —-y T T T T T Q00— T T T T T
a0s I = a3 -
a3z - 635 ms 34 2ms 35 63.7ms 36
az -
a2 202
a1 a1 -
a0 T T T T T 000 =y T T T T T 40 =1 T T T T T
Qo0 oms 45| a0 61.0 ms 56
az -
ao0s -
005 -
Q02 — o
aoo T T T T T oo - T T T T T a0 = T T T T T
A =W ™ W0 s 0 3 W T W0 13 0 A3 W ™ W0 13

Coherent integration [ms]

(FPS=366.000000)

Compute real-time photometry
Fringe power

Compute bispectrum bias
Crude vis2

Gives an idea of how
many frames to coherently
average for OIFITS step




RAW DATA

detector cleanup detector cleanup detector cleanup

BACKGROUND ------------- dark-remove  ZCCITTTTTTRReS dark-remove
(”(‘)p WINAaows

’ BEAMMAP PREPROC SPEC. CALIB
1. Pre-processing

............ profiies

...... extract fux
................................. Kappa-matrix

2. Real-time-Signals

intermediate product
PRODUCT written on disk

.............. > association (e.g same 3. OIFITS
spectral setup...)

OIFITS



Group delay

3) OIFITS Step

o ¥ & 8 o H 8 B o B &8 8 o B & B o B & B

G40-L6-R8 59004.4606 HD_199766 NCOHER=10

o H & B8

o B & B o B 8 B o B 8 B o ¥ & 8

o B &8 8 o B 8 B o B &8 8 o B & B8 o B & B

SNR

- Further selection criteria for cleaning
- Computation of raw visibilities,
differential phase, closure phase

Flux in fringe
G40-L6-R8 59004.4606 HD_199766 NCOHER=10




Group delay

- Further selection criteria for cleaning

3) OIFITS Step - Computation of raw visibilities,

differential phase, closure phase

G40-L6-R8 58701.1829 HD_156034 NCOHER=10 SNR versus ramp
G40-L6-R8 58701.1829 HD_156034 NCOHER=10

@ . - 10 V3 ' l F | ”1 e \ ' ’ \ r14
o = o X . P71 5| 10 %
; : : Z = I MwaAg] T A A
o o 2 (D 10 10!

- it - 1w 3 3] 107 36
o = ® 45| 1 4 46 56
© w “« mx-mWW‘ WI w-NWM/NN-

Ramp #

Ramp #



Group delay

- Further selection criteria for cleaning

3) OIFITS Step - Computation of raw visibilities,

differential phase, closure phase

G40-L6-R8 58701.3971 HD_4502 NCOHER=10 SNR versus ramp
G40-L6-R8 58701.3971 HD_4502 NCOHER=10

o B & B8

o B & B

o B & B

SNR

o B 8 B o B 8 B

B 8 8 o B & 8

o
[~ -
l E E B B

o ¥ & 8 o H 8 B o B &8 8 o B & B o B & B

lll E a3
8
'l d
z
5%
rl d
}m
5
.
—ga

o B 8 8 o B B8 B o B & 8

T
300 1000 1300 2000 2300 o 300 1000 1300 2000 2300 a %0 1000 1300 2000 2300 o 300 1000 1300 2000 2300 0 %0 1000 1300 2000 2300

Ramp #
Ramp #

o 300 1000 1300 2000 2300

o



VIS2 (RAW)

- Further selection criteria for cleaning

3) OIFITS Step - Computation of raw visibilities,

differential phase, closure phase

G40-L6-R8 59004.4606 HD_199766 NCOHER=10 G40-L6-R8 59004.4606 HD_199766 NCOHER=10

100

as | * B] a4 1 10 - 123 123] 1o 125 o 126
ot az az o4 L a4 I o -
a1 a1l -
-100 -100 ~100 -100
a0 4 r ao ao T T T

T T T T T T

T T T T
az 15 az 16 23 —~ 100 134 135 00 + 136 145
a4 o [@)) ol o 4 —\
a1 o () o 9 4 -s0
a1 az J Q a -
ao ~ -0 4 -0 -100 el
T T T T L T T T T S T T T T T T T 1§ 100 T T | T T T T T T ;! T T
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e ‘ i o 1
a1 a1 D_ V iéo fv
-100 + o
ao Q0. ao -100
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Ll
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4) Calibration

True source visibility is corrupted by
system losses

Compute ‘transfer function’ with
calibrator stars to account for this

Use calibrators to calibrate visibilities /
phases of science targets

VIS2
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0.2 - e o |
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) 4 $ L
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RAW DATA

detector cleanup detector cleanup detector cleanup

BACKGROUND """"""" dark-remove  SEEIIIIii dark-remove
’.TI(')[) wWINaows

’ BEAMMAP PREPROC SPEC. CALIB
1. Pre-processing

............ profiies

...... extract flux
................................. ka“)pd-”':a“ X

FET ViAol s d

2. Real-time-Signals RTS

intermediate product Seckon
PRODUCT written on disk F—

.............. > association (e.g same 3. OIFITS

spectral setup...)

OIFITS



- Calibrated OIFITS files compatible with

Imaging, model fitting, etc! many publicly available softwares

- e.g. CANDID, squeeze, macim, MiRA,

" : . bsmem, LITpro, ....
Example — position of a binary companion:

HD_199766 Closure Phase

Best Fit - [-98.8698 15.5424]

['E1"'W2''W1']  ['E1''W2''S2'] ['E1' 'W2''S1'] ['E1' 'W2' 'E2']

W 4 \/ ] iR

['E1' 'W1''S1"] ['E1''W1' 'E2'] ['E1''S2''S1'] ['E1''S2' 'E2'] ['E1''S1''E2']

e i,

['w2''wl''s2']  ['W2''W1''Sl'] ['W2''W1l''E2'] ['W2''S2''S1'] ['W2''S2' 'E2']

['W2''S1''E2'] ['W1''S2''S1'] ['W1''S2' 'E2'] ['Wl''S1''E2'] ['S2''S1''E2']

s0 o I n ﬁ ﬁ h q 100
T T T T T T T T T
. s )1 A0000015(.00000150.00000160000016.000001 7

-90 ~95 -100 -105 ~110 ' T elguil
d_RA (mas)

['E1' 'W1''S2']

+

25.0 4

22.5 A

20.0 A1

17.5 A1

i

CP (deg)

15.0 1

d DE (mas)

12.5 1

%

10.0 A1

7.5 1

5

5.0 4




End of Night — Archiving data and MIRC-X Pipeline Wrapper

- Archive script saves 2 copies of compressed FITS data files of night

- Pipeline wrapper written by Claire Davies as a first ‘quicklook’ at data quality
Runs preproc, rts, oifits steps
Identifies calibrators

Fits binary models to check for bad calibrator stars
Shows fiber maps for night — beam quality

- Group receives emailed summary reports — Useful for multi-night runs!



[ I |

o

VI |

o

Summary reports - Seeing / VIS2 of night
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Summary reports - ldentify targets / cals

Full night uv-coverage for SCI target(s)

HD_190073 HD_163296
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Summary reports - Fiber maps of night

04:05:29 HD_166191

= 4
- .
[
-35 0 35 -35 0 35 -35 0 35 -35 0 35 -35 0 35

FRaR=ef2es®”  FAR=HTR?” KWIREIHOY KRS0 KRIRER60P KRAR=G0831®

04:19:17 HD_162998

X0,YO= (1215 258) XO YO0= _(2270 222)

X0,Y0=(210,213)
Fmax =1706

Fmax Fmax



MIRC-X: a highly-sensitive six telescope interferometric imager at the CHARA Array

'3 5 3 . 3
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