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MIRC & CHAMP  
Update and Future Plans 
John Monnier, Xiao Che, Rachael Roettenbacher,  

Sam Swihart, Keith Jackson (UM)  
Fabien Baron, Matt Anderson (GSU), Stefan Kraus (UM->Exeter), 

Rafael Millan-Gabet, Gail Schaefer, Ming Zhao, Ettore Pedretti 

Altair 

ε Aur 
Figure 1: Orbit of Sigma Ori Aa-Ab based on MIRC observations obtained in 2010-2013.

Orbital Parameters for Sigma Ori

Parameter Value
P (d) 143.234 ± 0.034
T (MJD) 55451.50 ± 0.13
e 0.7774 ± 0.0034
a (mas) 4.297 ± 0.020
i (◦) 57.03 ± 0.70
Ω (◦) 186.89 ± 0.39
ω (◦) 200.3 ± 0.52
KAa (km/s) 74.5 ± 1.9
KAb (km/s) 91.3 ± 2.0
γ (km/s) 29.78 ± 0.33
MAa (M") 15.69 ± 0.79
MAb (M") 12.79 ± 0.67
d (pc) 380.7 ± 7.1
π (mas) 2.627 ± 0.049

NOTE: Simultaneous orbit fit to MIRC position measurements and SB2 radial velocities
published by Simon-Diaz, Caballero, & Lorenzo (2011, APJ, 742, 55).
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Fig. 2.— Top row: Uniform ellipse models fit to the MIRC data on UT 2013 Aug 17, 19,

and 21. Bottom row: MACIM image reconstructions for each epoch.
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Nova Del MWC 361A 
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MIRC Optical Layout 

Monnier 2004, 2006 
there be dragons 
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MIRC: Status 

 
•  Combines all 6 CHARA telescopes 

–  Following Che upgrade in 2011, includes improved photo-channels 

•  Works at H (1.65 micron) and K (2.2 micron) 
•  Demonstrated sensitivity: H~5.5 (MWC 361, 2012),   K~3.5  
•  Spectral resolution: R~ 44 (most common), 150, or 450 
•  V2 error ~ 3-8%;  CP error ~ 2o-5o (for 6min obs.) 

–  Absolute CP error.. Some problems < 0.5 degrees 

•  No Major Changes in 2013 

Guiding Principles:	

	
1) Maximum Calibration Precision for Closure Phases	

	
2) Imaging	
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MIRC: Year 8 (2013) Summary 
•  MIRC Observing 

–  2013: 77 nights, including Rachael’s record-breaking 20 consecutive 
night run in September 

–  2012: 79  nights (mirc6 in full force, more small programs) 
–  2011: 51 nights  (champ installation downtime) 
–  2010: 62 nights  
–  2009: 51 nights  
–  2008: 42 nights  
–  2007: 57 nights 
–  2006: 34 nights 
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MIRC: Year 8 (2013) Summary 

Projects in 2013: 
§ Young Stellar Objects w/ CHAMP: 
Monnier, Baron, Kraus, Millan-Gabet 
§ Cepheid Binaries: Gallenne, Kervella 

w/ new joint HST program   
§ Be stars: Schaefer, Gies 
§ Exoplanets: Zhao, von Braun 
§ Multiples: Schaefer, Kraus, Boyajian 
§ Betelgeuse: Kervella 
§ Spotted stars: Roettenbacher, 
Kloppenborg 
§ X-ray Binaries: Baron, Reynolds 
§ Beta Lyrae Campaign: Baron, Mourard 
§ Nova Del: Schaefer+ 

Roettenbacher et al., in prep 

Direct Detection of  
RS CVn companions 

4 
2014 – Submission Deadline: 13 Dec 2013, midnight EST (Friday night)– Submit to proposals@chara-array.org 

 
 
 
 
 
 

J. Science Justification/Figures/Tables (Insert as needed) –  
 

 
Figure 1 (left) shows a detection of the binary companion of ! Gem (flux ratio 250:1; 2012 Nov 7).  
Figure 1 (right) is our orbit fit of ! Gem (red; with parameters given in Dümmler et al. 1997) with ! 
Gem using our radius (dotted line) and our dates of detection and their locations on the orbit 
(diamonds).  

 
Figure 2 (left) shows the detection of the binary companion of " Dra (flux ratio 350:1; 2012 Jun 18).  
Figure 2 (right) is in the same sense as Figure 1 (right) for " Dra (with orbital parameters from D. 
Latham).  The detections of " Dra are less robust, so request more observations to improve the quality 
of our binary fit and determine the masses and spectral types of the components.   
References 
Dümmler, R., Ilyin, I. V., & Tuominen, I. 1997, A&AS, 123, 209 
Habets, G. M. H. J. & Zwaan, C. 1989, A&A, 211, 56 
Hall, D. S. & Persinger, W. T. 1986, LNP, 254, 88 
Henry, G. W., Eaton, J. A., Hamer, J., & Hall, D. S. 1995, ApJS, 97, 513 
Lucy, L. B. & Sweeney, M. A. 1971, AJ, 76, 544 
Young, R. K. 1920, PDAO, 1, 263 
Zahn, J.-P. 1977, A&A, 57, 383 

5 mas  
Ratio 250:1 
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MIRC: Year 8 (2013)  
Paper Summary 

Publications: 
1.  Gallenne et al. 2013, Binary Cepheids 
2.  Delaa et al. 2013, Alp Cep 
3.  Richardson et al. 2013, P Cygni 
4.  Absil et al. 2013, Debris Disks 
5.  White et al. 2013, Kepler Stars 
6.  Maestro et al. 2013, Hot stars 
7.  Baron et al. 2014, Red Supergiants 

Coming soon…. (we hope) 
1.  MIRC/CHAMP Instrument paper 
2.  First imaging of YSO with MIRC+CHAMP 
3.  Imaging Spots (Roettenbacher; Parks) 
4.  Epsilon Aurigae Followup (Kloppenborg) 
5.  Phi Per with MIRC and Vega (Mourard) 
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CHAMP: Status 

 
•  Combines all 6 CHARA telescopes (1-2,2-3,3-4,4-5,5-6,6-1) 
•  Works at J (1.25 micron), H (1.65 micron) and K (2.2 micron) 
•  Demonstrated sensitivity: K~5 (goal K~7-8) 
•  Spectral resolution: R~ 5 (i.e., none) 
•  Routine operation in 2013July to observe YSOs with MIRC:  

–  MWC 275, MWC 297, MWC 361 

•  No major changes 2013 

Guiding Principles:	

	
1) Allows fringe tracking with all 6 telescopes	

	
2) Maximum Sensitivity for fringe tracking	




CHARA 2014 Science & Technology Review  



CHARA 2014 Science & Technology Review  



CHARA 2014 Science & Technology Review  

MIRC-CHAMP Status 
•  We had a very successful run in July 2013, 

tracking on MWC 297, MWC 361, MWC 275 
fringes. 

•  Although we were tracking fringes with 
CHAMP, MIRC data was marginal in most 
cases 
– Highlights SNR problem for cphases 
– Camera systematics, e.g. 1/f noise  

•  Only way to do this right is to get better SNR on 
MIRC 
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How to get better SNR on MIRC? 
1.  Continue with AO upgrade. In principle, 10-20X 

more flux possible with diffraction-limited telescope 
2.  New Detector for MIRC-    TOP PRIORITY 

JDM applied for NSF-ATI $$ to fund new development cycle 
for SELEX eAPD arrays with 20X better read noise than our 
MIRC detector (Stefan Kraus also applying for EU $$) 

3.  New MIRC/CHAMP beam combiner?  Won’t help 
much without AO And new detector 

First things first. 
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Figure C.1: (left) This panel shows the best readout noise achieved for Rockwell/Teledyne NIR arrays between
1985 and 2012 (compiled from Loose et al. 2003; Smith & Hale 2012), including results from a single correlated-
double-sample (CDS, solid line) and from averaging multiple non-destructive reads (dashed lines). Note the lack
of improvement for more than a decade until the breakthrough results (star symbols) from the new SELEX eAPDs
(Baker et al. 2012; Finger et al. 2013). (right) This panel describes the geometry of the multiplication stage integrated
into each pixel in the SELEX eAPD. Devices using liquid phase epitaxy (LPE) and metalorganic vapor phase epitaxy
(MOVPE) technologies have both been fabricated with ground-breaking performance (see Figure C.2ab).

of electrons generated from the true signal above the (large) readout noise from the detection
stage. Thus one can clock-out the detector at >1 MHz rates for fast framing and can overcome
the concomitant readout noise penalty. This strategy results in essentially a photon-counting CCD
with sub-electron equivalent readout noise. Many companies now offer full camera systems using
the name Electron-Multiplying CCD (EMCCD, e.g, Andor, Photometrics)

Another approach would be to incorporate amplification on each pixel, similar in principle to
traditional intensified CCDs. But these photocathodes are only 5-20% efficient at red wavelengths
making them unacceptable for most astronomical applications. Instead, semiconductor Avalanche
PhotoDiodes (APDs) have proven to have high QE>80% but are typically available only in a
single pixel or perhaps a quad geometry. Figer and collaborators have proposed a silicon-based
photon-counting imaging detector based on this principle (Figer et al. 2011ab).

SELEX Galileo (United Kingdom) has successfully developed such an APD array that operates
in the near-IR using HgCdTe photodiodes mated to a silicon multiplexer. Results for the first
device were presented by Baker et al. (2012), demonstrating dramatic gains with readnoise as
low as 1 e− with multiple reads (see Figures C.1 and C.2a). In this proposal we will describe the
next-generation SAPHIRA devices (Selex Avalanche Photodiode Infrared Array) that were initially
fabricated under contract with the European Southern Observatory (ESO) and our plan to partner
with SELEX to optimize this architecture into a fully mature, astronomy-ready device.

In the broader context, we are aware of other exciting technologies that can go beyond photon-
counting to actually measuring the energy of each photon, offering intrinsic spectral resolution
without the need for a dispersive optical element. These technologies (Transition Edge Detectors,
Superconducting Tunnel Junctions, Kinetic Inductance Detectors, etc) have immense potential that
should be developed but typically require very low operational temperatures (<<1 K), have limited
dynamic range, and are not easy to fabricate in large array formats yet. We instead here focus on a
more mature technology that could offer revolutionary new capabilities for a wide array of science
applications immediately.

C-2

Your jaw should 
have just dropped 
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MIRC & CHAMP Improvements 
planned for 2014 

•  New MIRC computer (USB3 for data xfer) 
(priority 1) 

–  Upgrade to standard linux + RT patch (drop 
Xenoami) 

–  Might try new DSP code for MIRC to possible 
improve stability 1/f noise 

•  New CHAMP computer (priority 2) 
–  Ideally need to upgrade to new standard linux + 

RT patch, but issue with drivers for National 
Instruments Board 

•  New interface computer with larger screens 
•  Mostly software issues left to improve.. 

Hardware is about as upgraded as can be 
without a major refresh 

RIP: Wolverine1 
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UM News 
•  People 

–  Stefan Kraus (Sagan Fellow) left for faculty job at Exeter (UK) 
–  Fabien Baron (UM) left UM for faculty job at GSU 

•  Hired Brian Kloppenborg at GSU   

–  Xiao Che will graduate April 2014 à Heading to Manhattan (Bloomberg) 
–  Rachael Roettenbacher passed prelim exams – full time research now 
–  UM Undergrad Matt Anderson joined GSU for grad school 
–  Alicia Aarnio (UM) got new NSF grant – involved in MIRC YSO work 

•  Data Analysis 
–  Improved IDL-based MIRC pipelines 

•  Still some “cross-talk” problems in special cases.     

–  Google + Community for MIRC users 
–  UM Undergrad Sam Swihart setup new online Target/Observing History 
–  I am interested in contributing to public archive 
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New Project: “Ultra-Orbits” 

Imaging 
Demonstration:  

 
Iota Peg 

(period 10.2 days) 

Monnier et al. 2007 
MACIM: Ireland et al. 2006 
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150 MICRO-Arcseconds 
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Also, Delta Del 
over longer period of time 

Courtesy Sam Swihart 
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Exoplanets in binaries 
•  Binaries with 10-30 days 

orbits are very unlikely to 
harbor a massive exoplanet 
due to disk truncation in 
planet formation epoch 

•  We need to target “wide” 
binaries but must be within 
diffraction-limit of one 
telescope 
–  50-200 mas separation is ok. 

•  Must use grism with 
R>100 in order for packets 
to overlap 

5 
2014 – Submission Deadline: 13 Dec 2013, midnight EST (Friday night)– Submit to proposals@chara-array.org 

 
 
 
 
 
 

J. Science Justification/Figures/Tables (Insert as needed) – 

    
Figure 1. (left)  Best-fit relative positions of the binary ! Peg (H=2.7), taken with MIRC in the H band. 
The secondary’s 30"as motion within only 11 minutes (from panel 1 to panel 2) was clearly detected in 
the top two panels. The total motion of the secondary in 45 minutes is about 150 "as. This early 
measurement demonstrates the astrometric precision of CHARA/MIRC (Monnier 2007, private 
communication), and we expect better performance with more data, better UV coverage, and longer 
integrations in this project. (right) Fringe packets seen live on MIRC screen for a pilot observations of 
test binary in 2012 (each vertical column has two spots, one from each star in the companion). 

 
Figure 2. PHASES astrometry of HD 171779 (left) and HD 196524 (right). The projected tiny wobbles 
of the binaries caused by sub-stellar companions are clearly shown. The orbital phase coverage of the 
observations is incomplete and not precise enough for both targets, leading to unreliable orbital 
solutions and thus unconfirmed sub-stellar companions (Muterspaugh et al. 2010). Further astrometric 
measurements of these targets with higher precision and more orbital phase coverage will allow 
determination of their masses and orbits, providing final confirmation or disconfirmation of the 
companions’ planet/brown dwarf nature.  
 

R~450 grism experiment in 2012 
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Astrometry Goals 

5 
2014 – Submission Deadline: 13 Dec 2013, midnight EST (Friday night)– Submit to proposals@chara-array.org 
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Figure 2. PHASES astrometry of HD 171779 (left) and HD 196524 (right). The projected tiny wobbles 
of the binaries caused by sub-stellar companions are clearly shown. The orbital phase coverage of the 
observations is incomplete and not precise enough for both targets, leading to unreliable orbital 
solutions and thus unconfirmed sub-stellar companions (Muterspaugh et al. 2010). Further astrometric 
measurements of these targets with higher precision and more orbital phase coverage will allow 
determination of their masses and orbits, providing final confirmation or disconfirmation of the 
companions’ planet/brown dwarf nature.  
 

Muterspaugh et al. 2010 

The PTI-PHASES survey found some candidates sub-stellar 
companions, requiring 10-20 micro-arcsecond astrometry 

HD 171779 HD 196524 
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Requirements 
Accuracy of binary separation depends on: 
•  Current Baseline Precision:  

5mm/330m = 1.5x10-5 (best case, w/AO+pupil control) 
10 cm/330m = 3x10-4 (worse case, pupil wander) 

•  Wavelength Precision (absolute): 
MIRC: 0.1% = 1x10-3 (current methods) 
 
Conclusion: we need to measure wavelength accurately!  
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How to measure wavelength to 
1x10-5 

•  FTS method 
–   in 2012 we tried FTS experiment. It FAILED due to 

~5 meters of un-sensed air path that introduced 
phase>>radian turbulence  

•  Use Laser source or comb 
– Difficult to back out with low-resolution system 

•  Etalons? 
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Etalons 

Beam 1 

Beam 2 

x 

x+dx 

Primary Fringe packet  at OPD=0   
Secondary Fringe with OPD=2n dx 

+ other weak ones  
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Looks like binary to MIRC ! 
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Etalon Stability 
•  For OPD to be stable to 1x10-5, then the 

individual etalons must have +/- 0.01K thermal 
stability relative to each other 
–  Impossible using active sensing and control 

•  Mount all optics in common mount for passive 
control 
– Reduced stability requirement to +/- 1K knowledge 

•  Also angle of incidence tolerance met by 
common mount 
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Etalon Mount Design 
w/ Keith Jackson, Mike Ireland 

Baffled by 3” tubes 
on both ends means 
97% solid angle see Al 
mount 

Kinematic 
bases 

For angle 
reproducability 

16 pound plate with etalons is removable 
(possible location: current location of IR shutters) 
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Assembly 
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Etalon Schedule 
•  2013 Aug-Sep:  Etalons Specified 
•  2013 Sep 27: Order with Light Machiner 
•  2014 Jan 30: Received etalons (with 1 spare) 
•  2014 Spring: Finalize passive mount 
•  2014 May: Submit NASA proposal to fund 

student project 
•  2014June13-16: First sky time with etalons 
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MIRC+CHAMP 
•  No major changes for MIRC + CHAMP 
•  New SELEX detector top priority for MIRC 

–  Also Adaptive Optics Phase 2 Upgrade!! 

•  Interesting faint companion science emerging 
–  Cepheids, RS CVn stars, Be stars 

•  Imaging complex objects made difficult by small (but 
important) cross-talk issues 
–  Working on some new ideas but may require pair-wise 

combination down the road 

•  Etalon upgrade may allow for “Ultra-orbits” 
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Backup 


