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Advantages of the simultaneous operation

» Probe object properties in R, J, H and K-bands.
» Imaging of over-resolved objects up to 4 mas

« UV-coverage

« MIRC-X (J+H) and MYSTIC (K-band) ready to use



MIRC-X and MYSTIC in a nutshell
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Typical simultaneous observation of MIRC-X and MYSTIC

beam, pop Idc ople cart pos err DL offset step size ink beams v/ s1 s2 E1 E2 w1 w2
Talk to MIRC-X

. > c v SumR c 1 52 000 | MAN FT  |6nm| < < ||lo] -3174 > |l >> 0010 (3 v s1 X X x x X
Mode D CutR: SumF SumcC 312 St =3 Fit "
20 CutRov () SumRo () SumCo [ ] Bias Ghost [ Boxes [V Fit =0 QLI T LS S 1A (S — —_ —
Full Fring Xchan(O) PS1D () PS2D (o) PST Flux v FIxT > 3 <« | < |lo 7 > |l >> oC -
Full Fringe () Xchan () PS1D () PS2D '») PSTre () Flux () Vis FixTr h R > L9 . AL 52 4 3 000 | MAN Bl 'nm| << 0 -0788 > | > | (0006 |o v s2 (1200 X X x x
L Cols (x) Rows (y) Flux | —
Cols (x) Rows (y) Flux 2l 299 . 1 11 -000 MAN FT |Snm| << < |lo ).984 > | >> | (0,006 = v El 59 88 - X x x
2(l299 = E] 0 N | | A | e | S
E2 6 2 000 MAN T |9nm << | < [0 -1.426 > | >> | |oo10 [T v E2 (N85 69 | 44 - x x
Wi 3 1 000 MAN FT_ |10nn < 0 0928 > | |0010 |2 viwi I 53 ‘I 75 h 60 1 35 ] x
W2y 2 5 -0.00 MAN FT Inm << < 0 ).000 Loop- | Loop+ M 34 32 54 28 76
LDC refoeampol 1 al polforgdt | - l PRIMARY GdtGain 060 060 & SearchThres!|1.7 | FRINGE LOCK J CLEAR MATRIX
Disleep(mas) 50 (50 |2 CHAMP_FT = ZERO OPLE OFFSETS MIRCX + MYSTIC DDL SAVE/GOTO | =
5152 S1E1 STE2  S1TW1  S1W2 S2E1 S2E2 S2W1  S2W2 E1E2 E1W1 E1W2  E2W1 W1w2
OPD: 32 0.2 13 23 20 456 05 38 26 40 12 41 14 g 3
POL_OPD: X x x x x x x x x X x x X x x
POL_PHL: x x x x x x x x x x x x x x
MEAN VIS 2.09 202 1.94 155 235 122 1.66 141 1.60 137 42 192
DISPERSION: 5722 2142 69.13 483 6473 6554 436  -151.92 317 17.45 5688  -201.51
SIGNAL 80.9 1498 826 508 1301 119.8 105.7 45.4 85.6 85.7 53.0 450
NOISE 138 156 156 151 148 174 141 141 195 144 153 16.

GET | SEND [|20.0 |3}(200 |[2fl200 |2}200 |3fl200 |3/{200 [3)/20.0 -[200 |3 200

-1(200 |2](20.0

Target SAO_107100 Mag 7480000 RA: 321000363 DEC: 181643.78 HA: -00 55 18.667 UTC: Wed jun 811:14: X

PING MIRCX PING OPLE REOPEN QuIT Receive pyconfig

Talk to MIRC-X

beam, pop Idc ople cart pos err DDL position stepsize  link beams vV s1 s2 E1 E2 wi w2
S1 |5 2 0.00 MAN FT 6nm << < 0 0.009 - v s X X X X X
s2 (4 3 0.00 MAN FT |inm << < 0.000 > || >> 0.002 = v s2 P14 - x M X X

11 -0.00 MAN FT 5nm << < 0 -0.001 > > 0.0

= v B 3 30 - x x x
2 |6 2 0.00 MAN FT -9nm << < 0 0.005 > >> 0.006 = v E2 123 124 33 X X

31 000 MAN FT  [10nm << < |0 0.002 > >> 0010 |2 v wi 38 J[ 36 l 19 l 28 | X
| W2y 2 5 -0.00 MAN FT -lnm << < ) 0.000 > 0.010 +| Loop- || Loopr |V 16 41 21 09 51
- - - - min +0 max +1 sum: 2.6e+03 mean - - e o - - ~
sum: 2.74e+03 mean: 0O 5 No fit LDC refbeampol |1 polforgdt C PRIMARY Gdt Gain 010 |0.10 |J SearchThresl 1.5 o FRINGE LOCK CLEAR MATRIX
No fit — -
sfresh (Hz tart R tog DLsleep(mas) 50 (50 |2 DL COMM = ZERO OPLE OFFSETS MIRCX + MYSTIC DOL SAVE/GOTO =
Refresh (Hz). Start RTD Stop RTD R B | S i) =
PING REOPEN S152 S1E1 S1E2 S1wi s1w2 S2E1 S2E2 s2wi S2w2 E1E2 E1W1 E1W2 E2wWi E2W2 wiw2
PING REOPEN QuIT = = OPD: 08 21 10 42 1.0 63 15 5.7 15 48 63 29 21 1.8 36
= et et Log Receive credone POL_OPD: X X x x X X x x x X X x x X X
POL_PHIL X x X X X X X X X X X X X x
MEAN VIS: 1.55 112 1.08 1.60 0.90 1.07 1.39 1.25 0.74 1.03 0.78 098
DISPERSION 29.28 8812 -18.07 -1554.56 7714 20.80 -15.18 178.82 -16.42 -47.17 4039 43.10
SIGNAL 1354 300 129.0 222 339 1218 387 454 408 215 372 120
NOISE 18 9.8 105 143 13 9.8 108 1.1 124 13 131 130
GET | SEND | 200 2200 200 |2j/200 (2)f200 (2f200 |2fl200 |2)200 (2)(200 [2f200 |2f1200 |Sf200 (24200
Step size [um] *| [V W2 active = |~ w1 active =/ S2actve |6 | 6 |2/ E2 active Target:  SAO_107100 7.480000 RA: 321000363 DEC 18164378 HA: -005518667 UTC: WedJun 811:14 X
PING MIRCX PING OPLE REOPEN QuIT Receive pyconfig
Add to last Talks to mircx_server & mircx_fiber_server
11 || Nstep 3 | | ! \ | Step size fum] |6 2V E1 active 6 2| IV W2 active 6 2| vV W1 active n 2 [V 52 active 6 2|V S1 active 8 2|V E2 active

10 |5 Coadd

1 Add to last
191.0 seconds
11 |2] Nstep

Current x/y -477.63 . -623.91 1826.98 - 3 - -139937 136827 -89.41 -1447.43 -1904.73 1258.77

10 |5 Coadd
GaussFlux 4606 36655 6941. 2626.9 33511 6386.2 |
X0 62391 20.32 13994 1904.7 177.1 seconds B
yo 2 1827 13683 7. 12588
fwhm1 1 10467 6.3837 15.08 10.722 Current x/y 29820 27655 263.07 319.86 206.41 23448 22047 22482
fwhm2 12.399 12643 99638 82561 2 849501 GaussFlux 826.06 11274 598.01 12602
MaxFlux 37227 37829 25165 - 5256.8 x0 298.21 263.07 206.41 22047
Xchan Map Fringe Map Abort Map Goto to fit O Goto to max + GototobaryX | SAVE/GOTO & Save map yo 276.55 319.87 23448 224.82
fwhm1 8893 12.257 13.86 2406
PING MYSTIC PING FIBER REOPEN Qur Receive daq fwhm2 10.768 9.8803 75189 11.644 11.156
x MaxFlux 7506 6448 11455 5723 969.1
Xchan Map Fringe Map Abort Map Goto to fitO GOto to max + Goto to bary X SAVE/GOTO = Save map
PING MIRCX PING FIBER REOPEN Quir Receive daq

MIRC-X (R=50) and MYSTIC (R=50)

0 = |[299 =y 211114 ~||0.0 +[1.0 - |0 < 1[299 0 314

mircx_rtd_gtk AT

Talk to MIRC-X
Mode: (e 2D CutRov SumRc SumCc Bias Ghost v/ |Boxes| v/ Fit Mode: o 2D CutRov SumRc SumCc Bias

(o

Cols (x) Rows (y) Flux Cols (x) Rows (y)

min: +0 max: sum: 4.16e+03 mean: rms: 0.0743

min: +0 max: sum: 2.33e+03 mean:
No fit... No fit...

Start RTD Stop RTD Refresh (Hz): 3.0 = Start RTD

i

Refresh (Hz): (3.0

PING REOPEN QUIT PING REOPEN
Log: Receive pyconfig Log: Receive rtdpstrend

MIRC-X (R=1170) and MYSTIC (R=278)

Ghost v/ Boxes |V Fit
Data: Full Fringe () Xchar () PS1C () PS 2C(e) PS Tre () Flux Vis FIXTr Data: Full Fringe O) Xchar () PS 1C () PS 2C(e) PS Tre () Flux Vis

Flux
0.0 <11.0

0.0246 rms: 0.136

Stop RTD
QUIT

FIXTr




Simultaneous observing approach

R>1000

Mode 1

MIRC-X
(H-band)

Fringe tracker
R=20/50

R>1000

Mode 2

MYSTIC
(K-band)

Fringe tracker
R=20/50

All three instruments are cophased with STS (star
simulator in the lab) before observations

The observing modes are already validated and works
routine at CHARA. So no additional work is required and
ready to use.

From high spectral resolution DATA measure spectral
lines

From low resolution fringe tracker DATA detect binaries



Science case 1: imaging surface of stars
with R+H+K-band observations
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UV -coverage again

SPICA (R-band)
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Science case 2: Spatial and Spectral imaging of Be stars
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Building blocks of the system:

Inner binary and disk
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Bracket gamma, from GRAVITY, HR 2142, Credit: Klement




Binary

detectioninb

HD Name Type P AH a”’ a M Be M sdO
d] [mag] mas] (AU [Msun] (Msun]
10516 ¢ Per B1.5V:e-shell 126.7 4.6 5.9 1.1 9.6 +0.3 1.2 +£0.2
41335 HR 2142 B3/5Vnne 80.9 3.8 1.9 1.0 18.0 + 5.1 0.68 +0.13
109387 k& Dra Bé6llle 61.5 4.5 3.4 0.5 3.65 1+ 0.48 0.426 4+ 0.043
161306 HD 161306 B3/5Vnne 99.3 3.9 1.8 0.8 6.316 + 0.250 0.806 4+ 0.086
183537 7 Vul B5Vn 69.5 4.6 2.0 0.6 4.35 1+ 0.20 0.485 + 0.018
191610 28 Cyg B2.5Ve 359.1 5.2 7.4 1.9 5.20 £ 1.16 1.98 £ 1.17
194335 V2119 Cyg B2llle 63.1 4.1 1.8 0.7 8.42 + 0.36 1.51 £+ 0.30
200310 60 Cyg B1Ve 147.6 4.8 3.0 1.1 7.93 1+ 1.19 1.10 + 0.24
Klement+ 2022

Dynamical masses for only a few systems so far, e.g., & Per (Mourard+ 2015)

Followup of the above objects reveal orbits and their masses

inaries and their orbits

Milliarcseconds

_ Astrometric orbit for phi Per @
- with MIRC image of disk

Milliarcseconds

Mourard+ 2015



Be stars from MIRC-X and MYSTIC observations

1251 He-1(1.08 um)

- We already observed 5 Be star 3., Ergamms (216 um)
targets with MIRC-X/MYSTIC, to %32- L s <
measure spectral lines in H and 000 | | | == xchan * kjpps
K-band wavelengths B e

- Data reduction work in progress

normalized
(- o
(o)} o0

H-band spectral ines « = fringes
xchan * kappa

1.55 1.60 1.65 1.70 1.75
Ibd (um)



Science case 3: cross-verifying diameters measurements?

« For stars >0.5 mas: Simultaneous
diameter measurement in R/H can

30.0

-

help remove cross-instrument N

biases X ,
« Can R/H-band visibilities 2x15, can E .

help skip many CAI-SCI-CAL-SCI +

seguences by using baseline . '

bootstrapping?

CHARA MEASURED DIAMETER (mas)

% diff diameters JMMC catalog vs directly measured from CHARA

Outliers from 10 — 30% are obviously an 1ssue



MIRC-X vs MYSTIC (single night - 1-hour observation)

0.8 4 \f’\\ 0.8 4
0.6 x\ 0.6 -
) MIRC-X and MYSTIC can measure diameters
A ~0.5mas
S YR - Maybe those can be used to cross-check the
A N R diameter measurements

Figure 10. HD 48682 — Calibrated squared visibility and model fitting.

HD 48682
2022-09-02 (MIRC-X) 2022-09-02 (MYSTIC)
0.6364+0.0032 0.6582+0.0042
W sobirep bootettop
2
j_‘lll szed Xred
w— C=-0,16 B fitto all data [l fitto all data
1.5 - 2 - 5
: | ®
S 1.0 G O = i -
05 . v 1 1 — =027
0.62 064 0.5 1.0 15 0650.66067 1 5
ud chi2 ud chi2

Figure 11. HD 48682 bootstrap fit uncertainities.



Case 3: Diametersin R + H-band

Down sides of data simultaneous collection:

- Simultaneous data collection means fringe tracker has to be stopped
while taking BEAMS and BACKGROUNDs.

« The BACKGROUND can be taken during slewing.

- The Kappa flux (fringe/photometric channels), a measure of instrument
polarization. Can be sufficient on a calibrator since same part of sky?



Data reduction process

- Data reduction can done two ways.

 Classical way of individual instrument, which is already
implemented.

- Combined data by co-phasing fringe tracker (waterfall plot),
which allows long exposures or blind fringe recording for faint

targets



Summary

» Unexplored potential of simultaneous co-phasing observations from R-
band to K-band.

- For imaging (ex. Star spots) it provides better coverage with 4x15
(R+J+H+K) baseline fringes.

- Simultaneous detection of binaries and spectral lines.

« The best part is ready to use.



