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3. Technical developments
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Imaging rapid rotators

Image credit: J. D Monnier. Based on results from Che+2011; Zhao+2009; Monnier+2007.
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Image credit: Schaefer+2014

Imaging nova explosions
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Imaging rapid rotators

Image credit: Roettenbacher+2016

Imaging nova explosions

Imaging spotted magnetic stars
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Imaging rapid rotators

Imaging nova explosions

Imaging spotted magnetic stars

Imaging interacting binary stars

Image credit: Zhao+2008
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Image credit: ESO/L. Calçada
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Imaging young stellar 
objects to characterise

physical conditions of planet 
formation and probe time-

variable structures
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Animation credit: Bill Saxton, NRAO/AUI/NSF
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Imaging young stellar 
objects to characterise

physical conditions of planet 
formation and probe time-

variable structures

High-precision 
astrometry for detection 

of faint companions, 
including exoplanets 



Increased observing 
efficiency with CHARA-

standard user interfaces
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Detector sensitivity improvements
- MIRC-X to provide 2 mag better 

in H vs MIRC
- further benefits when using 

MYSTIC as FT

Precision calibration, 
including wavelength 

calibration 100x better 
than MIRC

New spectro-interferometry 
mode (𝑅 = !

"!
= 1176)

New polar-
interferometry 

mode

Simultaneous 
observations in JH 

(MIRC-X) + K (MYSTIC)
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Imaging young stellar 
objects to characterise

physical conditions of planet 
formation and probe time-

variable structures

High-precision 
astrometry for detection 

of faint companions, 
including exoplanets 



MIRC-X and MYSTIC built and tested in lab at Michigan.

July 2017: Installation and on-sky commissioning of MIRC-X

November 2018: First release of the MIRC-X reduction/calibration pipeline

November 2019: MIRC-X J-band commissioning & first light with waveplates

June 2020: on-sky commissioning of polarisation mode

Still to come: 
• Final hardware installation for polar-interferometry mode
• MYSTIC installation and commissioning
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Video courtesy of Mr. Carel Struycken: http://chara.gsu.edu/files/mtwilson_vr_tour/
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Future location of MYSTIC 

Pick-off mirrors

Polarisation 
plates

Off-axis 
parabolas (OAPs)
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Future location of MYSTIC 

Pick-off mirrors

Polarisation 
plates

Off-axis 
parabolas (OAPs)

Find out more: Setterholm+(2020, SPIE)
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Find out more: Monnier+(2018, SPIE)
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Find out more: Monnier+(2018, SPIE)

GRAVITY combiner

• 4 beams = 6 fringes

• 4 outputs/fringe ABCD => 24 outputs

• 180 mu separation 

• MORE SENSITIVE: fewer pixels, lower 
spectral resolution

MIRC-style combiner

• 6 beams = 15 fringes

• Image plane design

• with photometric channels split with 
custom polarisation-neutral beam 
splitter
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Find out more: Anugu+(2020)
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NB: upper and lower panels show orthogonal polarisations
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MIRC-X and MYSTIC use C-RED ONE e-APD camera, an ultra-low read-noise camera from First 
Light Imaging (Gach+2016)

Cooled to 80 K using pulse-tube cryocooler.

Evacuated to <10-7 mbar.

Avalanche gain technology:

Customised, IOTA-style (Nreads x Nloops) readout mode reduces readout noise.

Claire L. Davies // MIRC-X & MYSTIC // c.davies3@exeter.ac.uk
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Results:

More information:

Anugu+(2018 SPIE, 2020); Lanthermann+(2018 SPIE, 2019 SPIE)

Old MIRC noise level

New MIRC-X noise level

🥳
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Operational software

More info: Anugu+(2020); 
User manual: http://chara.gsu.edu/wiki/doku.php?id=chara:instruments
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Access the pipeline: https://gitlab.chara.gsu.edu/lebouquj/mircx_pipeline:
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Attain raw visibility precision better than 1%

Attain raw closure phase precision better than 1°

Routinely observe down to 7th mag; faintest fringes tracked on 8.2 (H) magnitude star.

More information: Anugu+(2020)

Claire L. Davies // MIRC-X & MYSTIC // c.davies3@exeter.ac.uk



More information: Anugu+2020.Sc
ie

nc
e 

hi
gh

lig
ht

s:
𝜙
𝐶𝑃

ca
lib

ra
tio

n 
us

in
g 

𝜄P
eg

17

Place-holder for speaker-
view video

Claire L. Davies // MIRC-X & MYSTIC // c.davies3@exeter.ac.uk09/06/2021



More information: Labdon+(2021)Sc
ie

nc
e 

hi
gh

lig
ht

s:
Si

m
ul

ta
ne

ou
s J

H-
ba

nd
 

ob
se

rv
at

io
ns

18

Place-holder for speaker-
view video

Outbursting young stellar object, FU Ori

𝑇 ∝ 𝑟#$.&'±$.$)
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ARrangement for Micro-Arcsecond Differential Astrometry (ARMADA)

GRISM190 spectral mode (𝑅 = !
"!
= 190; i.e. each star’s interferogram is 190 fringes long).

à Creates 𝜆-dependent variations in the fringe phase (directly related to the binary sep).
à Avoids differential delay lines BUT requires high-precision wavelength calibration.

In general, MIRC-X limited to !
"!

precision of 10-3 (100 μas astrometry limit for ∼0.1’’ binaries).
à 6-beam optical etalon system provides additional 𝜆 calibration during ARMADA survey 

observations.
à Attains !

"!
∼10-4 : 10 μas astrometry limit for <0.2’’ binaries
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More information: Gardner+(2021)

𝛼 Del A

𝛼 Del Ba

𝛼 Del Bb
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Results preliminary: in preparation for submission - look out for Roettenbacher+(202?)

Nov 2 Nov 5

TESS lightcurve
inversion 

reconstructions
(no PA info)

MIRC-X
reconstructed images

(PA info)

Arbitrary polar 
axis

Inferred polar 
axis
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visibilityininterferometry.github.io

Female interferometrists Google Sheet: http://tiny.cc/VII_interferometrists

https://visibilityininterferometry.github.io/
http://tiny.cc/VII_interferometrists


MWC 166

Results preliminary: in preparation for submission - look out for Zarrilli+(202?)
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GW Ori

More information: Kraus+(2020)
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SU Aur (results preliminary: in preparation for submission - look out for Labdon+202?)
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Image credit: Ginski+(2021)
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HD 145718 (Results preliminary: in preparation for submission - look out for Davies+202?)
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H-band model image

H-band visibilitiesSED

Claire L. Davies // MIRC-X & MYSTIC // c.davies3@exeter.ac.uk09/06/2021



St
ill

 to
 c

om
e…

Place-holder for speaker-
view video

June 2021: Final hardware assembly for polarisation mode

July 2021: Installation of MYSTIC at CHARA

August 2021: Lab commissioning of MYSTIC at CHARA

September 2021: NOAO call for proposals for CHARA observations
(see www.chara.gsu.edu/observers/applying-for-chara-time)

First half of 2022: 
• On-sky commissioning of MYSTIC
• Release of the polar-interferometric data reduction pipeline

January 2022: Visibility in Interferometry network lunch at AAS

April 25-29 2022: “Sharpest Eyes on the Sky” CHARA+VLTI conference, Exeter, UK 
(including a Visibility in Interferometry network lunch)
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