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Beam CombinersBeam CombinersBeam CombinersBeam Combiners

Combiner
Num
Tel.

Band
Typical

Mag
Best
Mag

Spec. 
Res.

Science

CLASSIC 2T H or K 7.0 8.5 Broad Diameters

CLIMB 3T H or K 6.0 7.0 Broad Binaries, disks

JouFlu 2T K 4.5 5.0 Broad Diam, precision

MIRC 6T H 5.0 6.0 40
Stellar imaging, 
binaries, disks

PAVO 2T 630-900 nm 7.0 8.0 30 Diameters

VEGA – HiRes 2-4T
2 bands (7nm) 
in 480-850 nm

4.0 5.0 30000
Spectral 
studies

VEGA – MedR 2-4T 2 bands (35 nm) 
in 480-850 nm

6.5 7.5 6000 Spectral 
studies, diam.

Limit for acquisition and tiptilt tracking:   V = 10-12 mag
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Telescopes and BaselinesTelescopes and BaselinesTelescopes and BaselinesTelescopes and Baselines

Baseline Length (m)

E1-S1 331

W1-E1 314

E1-S2 302

E2-S1 279

W1-S1 279

W1-E2 251

W1-S2 249

E2-S2 248

W2-S1 211

W2-E1 222

W2-S2 177

W2-E2 156

W2-W1 108

E2-E1 66

S2-S1 34

S1
S2

E2E1

W2 W1
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Selecting Baseline LengthSelecting Baseline LengthSelecting Baseline LengthSelecting Baseline Length

● Angular Resolution on Longest Baseline:  0.5 λ /B 
– 0.66 mas in K-band (2.13 μm)

– 0.52 mas in H-band (1.67 μm)

– 0.20 mas in visible at 650 nm

● Resolving stellar diameters
– Select baseline that can resolve target star

● Imaging stellar surface features
– Sample beyond the first null (at 1.22 λ/B)
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Selecting Beam Combiner Selecting Beam Combiner 
and Baselinesand Baselines

Selecting Beam Combiner Selecting Beam Combiner 
and Baselinesand Baselines

Size and Shape

Surface Features

Low fringe amplitude.
Difficult to measure.
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How Many Telescopes?How Many Telescopes?How Many Telescopes?How Many Telescopes?

● Stellar diameter: 
– One or two baselines

● Binaries
– Three or more telescopes

–  (perpendicular baselines, closure phase)

● Imaging stellar surfaces, circumstellar disks
– Multiple baseline projections (all 6 telescopes)
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Calibrator StarsCalibrator StarsCalibrator StarsCalibrator Stars

● Instrumental and atmospheric 
effects will cause a loss in 
coherence, causing a drop in the 
measured visibility.

● Observe unresolved calibrator 
stars to define the true visibility of 
the target.

– Within 5-10 degrees on sky

– Within 1-2 mag in brightness
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Selecting Calibrators:Selecting Calibrators:
SearchCalSearchCal

Selecting Calibrators:Selecting Calibrators:
SearchCalSearchCal

www.jmmc.fr/searchcal_page.htm
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How much time is needed?How much time is needed?How much time is needed?How much time is needed?

● Calibration Strategy:
– Cal1 – Obj – Cal2 – Cal1 – Obj – Cal2 ...

● Time to collect Cal-Sci-Cal set:
– Seeing and brightness dependent

– CLASSIC, CLIMB, PAVO, JouFlu: 15 – 45 minutes

– VEGA: 30 – 60 minutes

– MIRC: 90 minutes for Cal-Sci set

● Collect many repeated calibration sets
– Improve detection, test systematics

– Increase u,v coverage on the sky
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Planning Software:Planning Software:
ASPRO 2ASPRO 2

Planning Software:Planning Software:
ASPRO 2ASPRO 2

http://www.jmmc.fr/aspro_page.htm
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ASPRO 2ASPRO 2ASPRO 2ASPRO 2
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Community Access TimeCommunity Access TimeCommunity Access TimeCommunity Access Time

● Visitor Support Scientist to help with planning observations

● Observations carried out by CHARA staff

● Visitors are encouraged to travel to the Array to participate 
in the observations

– Real-time input from PI on decisions that could impact 
the science objectives and priorities

● CHARA staff will support data reduction to OIFITS format

– Data reduction software available for those interested in 
reducing and calibrating data

● Data analysis, model fitting, image reconstruction 
performed by users
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Data Access – Data Access – 
The CHARA ServerThe CHARA Server

Data Access – Data Access – 
The CHARA ServerThe CHARA Server

● Under Development

● Located at GSU Data Center

● 3 Virtual Machines:

– Database/Archive Machine

– Data Reduction Machine

– Remote Observing Machine
● Active Mode
● Passive Mode

Data Scientist
Jeremy Jones



CHARA Community Workshop

Do observations already exist?Do observations already exist?Do observations already exist?Do observations already exist?

● OI Database

● Query and 
download data 
(OIFITS)

● CHARA 
observation 
logs for VEGA, 
Classic, CLIMB, 
(through 2015)

● Logs for all 
CHARA obs by 
fall 2018 http://oidb.jmmc.fr
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OIFITS FormatOIFITS FormatOIFITS FormatOIFITS Format

● OIFITS: Data exchange standard for Optical Interferometry

● Target and instrument information tables:

– OI_TARGET

– OI_ARRAY

– OI_WAVELENGTH

● Data tables:

– OI_VIS2

– OI_T3
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OI_VIS2 Table (OIFITS)OI_VIS2 Table (OIFITS)OI_VIS2 Table (OIFITS)OI_VIS2 Table (OIFITS)

TARGET_ID Target number

TIME UTC time of observation (s)

MJD Modified Julian Date

INT_TIME Integration time (s)

VIS2DATA Squared Visibility

VIS2ERR Error in Squared Visibility

UCOORD U coordinate of data (m)

VCOORD V coordinate of data (m)

STA_INDEX Station numbers

FLAG Flag
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OI_T3 Table (OIFITS)OI_T3 Table (OIFITS)OI_T3 Table (OIFITS)OI_T3 Table (OIFITS)

TARGET_ID Target number

TIME UTC time of observation (s)

MJD Modified Julian Date

INT_TIME Integration time (s)

T3AMP Triple Product Amplitude

T3AMPERR Error in Triple Product Amplitude

T3PHI Triple Product Phase in degrees

T3PHIERR Error in Triple Product Phase in degrees

U1COORD U coordinate of baseline AB in triangle (m)

V1COORD V coordinate of baseline AB in triangle (m)

U2COORD U coordinate of baseline BC in triangle (m)

V2COORD V coordinate of baseline BC in triangle (m)

STA_INDEX Station numbers

FLAG Flag
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Software for Reading/WritingSoftware for Reading/Writing
OIFITS FilesOIFITS Files

Software for Reading/WritingSoftware for Reading/Writing
OIFITS FilesOIFITS Files

● OIFITSlib – C Library
– https://github.com/jsy1001/oifitslib

● IDL OIFITS Library – by John Monnier
– http://dept.astro.lsa.umich.edu/~monnier/oi_data/

● OIFITS Explorer – by JMMC
– http://www.jmmc.fr/oifitsexplorer_page.htm

● OITOOLS.jl – in development by Fabien Baron
– Data visualization and modeling (Julia)

http://dept.astro.lsa.umich.edu/~monnier/oi_data/
http://www.jmmc.fr/oifitsexplorer_page.htm
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OIFITS Explorer           OIFITS Explorer           OIFITS Explorer           OIFITS Explorer           

● Visualization

● Load OIFits files

● Plots:

– uv coverage

– V2, T3, ...

– HA, PA, SNR

● Future:

– Editor: flag and export merged OIFITS files

– Better data selection graphically
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Data AnalysisData AnalysisData AnalysisData Analysis

● Interferometers measure the 
Fourier Transform of the 
brightness distribution

● Sparse sampling

● Geometric model fitting

● Physical models

● Image reconstruction
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Model Fitting: LITproModel Fitting: LITproModel Fitting: LITproModel Fitting: LITpro

http://www.jmmc.fr/litpro_page.htm

● Fit geometric and 
limb-darkened 
models

● Plots to visualize 
data, models, and 
results of fits

● Tools to find global 
minimum
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Image ReconstructionImage ReconstructionImage ReconstructionImage Reconstruction

● Sparse sampling of Fourier 
frequencies in plane of sky

● Inverse Fourier transform to 
obtain image

● Compromise between:

– Fitting available data

– Keeping the image as 
regular (simple) as 
possible
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Regularization
weight

Regularizer:
Helps interpolate missing

Fourier data (smoothness, 
compactness, total variation,

maximum entropy)

Likelihood term:
Comparison of
model to data

Regularized maximum likelihood

Most probable image

Image ReconstructionImage ReconstructionImage ReconstructionImage Reconstruction
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Image Reconstruction SoftwareImage Reconstruction SoftwareImage Reconstruction SoftwareImage Reconstruction Software

Software Optimization Regularizer Multi-
Spectral

Simultaneous 
Model Fitting

BSMEM Trust region 
gradient

Maximum Entropy 
Method

No No

MACIM Simulated 
annealing

Maximum Entropy 
Method, Darkness

No Yes

MiRA Variable Metric 
Limited Memory 
with bound 
constraints

Many No Yes

SQUEEZE Parallel Tempering Many Yes Yes

PAINTER Alternating 
Direction Method 
of Minimizers

Many Yes No
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Imaging TutorialImaging TutorialImaging TutorialImaging Tutorial

JMMC is developing a common
interface for “classic” image 

reconstruction software
http://www.jmmc.fr/oimaging.htm
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Different Reconstruction Different Reconstruction 
Methods and RegularizersMethods and Regularizers
Different Reconstruction Different Reconstruction 

Methods and RegularizersMethods and Regularizers
Original Image

(LkHα 101)
BSMEM MiRA + MEM

regularizer

MiRA + compactness
quadratic

MiRA + 
edge-preserving

SQUEEZE with l
0
 norm

wavelet coefficients

Thiebaut
& Young
(2017)
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Guides to planning observations Guides to planning observations 
available on the CHARA website:available on the CHARA website:

     http://www.chara.gsu.edu/observers/applying-for-chara-time
     http://www.chara.gsu.edu/observers/planning-an-observation

Guides to planning observations Guides to planning observations 
available on the CHARA website:available on the CHARA website:

     http://www.chara.gsu.edu/observers/applying-for-chara-time
     http://www.chara.gsu.edu/observers/planning-an-observation

Links for modeling and Links for modeling and 
imaging software available imaging software available 

on the CHARA website:on the CHARA website:

http://www.chara.gsu.edu/analysis-software/

Links for modeling and Links for modeling and 
imaging software available imaging software available 

on the CHARA website:on the CHARA website:

http://www.chara.gsu.edu/analysis-software/

http://www.chara.gsu.edu/analysis-software/
http://www.chara.gsu.edu/analysis-software/
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