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Consolidating the

CHARA Data Archive

Classic/CLIMB

100 TB, with room for more! {E5EF e
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CHARA Community Workshop

Located at GSU Data Center
3 Virtual Machines:
» Database/Archive Machine
» Data Reduction Machine

« Remote Observing Machine
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CHARA Community Workshop

t [ ]
ical Interferometry
« C @ 0] Lim|?conesearch=Regqulus%2CJ2000%2C2%2Carcmin&perpage=25&order=instrument_name s O L N @ =
»
Data Levels JMIC - OfDB - #rome Qsom Osamironsss 1o @ osmn
“ Filters
LO - M etad ata Position:| Reguius Radius: 2 s acmin |~ Dateof observation: afler B before ey L Oid b j m m C fr
. .
Instrument:  Any Instrument |~ | Wavelength range: any value ~
Data reduction level: [/ L0, [/]L1, [412, []L3 . Availability: ()Public (OResticted (@l
L 1 - RaW Collection:  Any Collection ~  DataPl name:  Any DataP| v
L2 Red uced/ 25 |~ rows max. per page, sorted by  Instrument ~ | [] descending. Reset &
Results
Calibrated 15 hmarsions fom Bl Mo Dol e pec )
Pago 1/1
L3 P bI . h d Resulls for SELECT ALL * FROM oidb AS t WHERE ( CONTAINS(POINT('ICRS', t.s_ra, t.s_dec), E:RC‘LE(‘ILR?'. 152.092962438, 11.967208776, ©.03333333333333333))=1 ) ORDER BY instrument_name DESC
—_— dit query
u IS e & . target_name access_url t_min instrument_name - wien_min wlen_max nb_channels datapi
£ - No_name PIONI.2016-03-30T01:22:06.247_oidataCalibrated.fits 2016-03-30T01:19:12 PIONIER 1.51279780 175429180 6 OBSERVATORY, P &
. No_name PIONI.2016-03-30T01:28:38.027_oidataCalibrated.fits 2016-03-30T01:29:16 PIONIER 1.61279780 1.75429180 6 OBSERVATORY, P&
o - REGULUS PIONIER_OBS_0OBS333_0255_oidataCalibrated fits 2010-11-29T08:03:50 PIONIER 1.55858000 1.80358000 7 CONTROL MODEL ACCOUN
& - REGULUS PIONIER_OBS_OBS333_0271_oidataCalibrated.fits 2010-11-29708:23.59 PIONIER 1.55858000 1.80358000 7 CONTROL MODEL ACCOUN &=
£ . REGULUS PIONIER_OBS_OBS333_0287_cidataCalibrated.fits 2010-11-29T08:52:48 PIONIER 1.55858000 1.80358000 7 CONTROL MODEL ACCOUN
. HD_87901 2010-12-08T10:40:47 CLIMB 1.96000000 2.31000000 - Mourard &
L HD_87901 2010-12-08T11:26:52 CLIMB 1.96000000 2.31000000 = Mourard &
& - HD_87901 2010-12-07T10:52:19 CLIMB 1.96000000 2.31000000 - Mourard
- HD_87901 2010-12-08T12:33:07 CLIMB 1.96000000 2.31000000 - Mourard
- HD 87901 2010-12-08T13:26:23 CLIMB 1.96000000 2.31000000 - Mourard =

v

’ 2010-12-08T12:05:45 CLIMB 1.96000000 2.31000000 - Mourard =
2010-12-077T11:36:57 CLIMB 1.96000000 2.31000000 - Mourard &
e
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CHARA Community Workshop

CHARA Database Timeline

« Already Done:

. VEGALOon OIDB

« Classic/CLIMB LO (to 2015)
on OIDB

« Classic, CLIMB, & PAVO L1
on CHARA archive
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« Short Term (Spring 2018):
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CHARA Database Timeline

All L1 on CHARA archive
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CHARA archive made public
All Classic/CLIMB LO on OIDB
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Automate LO generation

JIATAC.
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o Medium Term (Fall 2018):
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CHARA Database Timeline

All LO on OIDB
All L3 on OIDB
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CHARA Database Timeline

« Long Term (2019-2020):

. All L2 data generated

1;' |

« All L2 data on OIDB
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« Online CHARA archive portal
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CHARA Community Workshop

Data Reduction

CHARA staff and consortium members will support data
reduction to OIFITS format

Many users may find it informative to run reduction
software and calibration themselves

Reduction software will be available on CHARA server

Data analysis, model fitting, image reconstruction
performed by users
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CHARA Community Workshop

OIFITS Format

OIFITS: Data exchange standard for Optical Interferometry

Target and instrument information tables:
- Ol_TARGET

- Ol_ARRAY

- Ol_WAVELENGTH

Data tables:
- Ol VIS2
- Ol T3
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CHARA Community Workshop

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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TARGET_ID
TIME
MJD
INT_TIME
T3AMP
T3AMPERR
T3PHI
« [3PHIERR
U1COORD
V1COORD
U2COORD
< V2COORD
STA _INDEX
FLAG
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OI T3 Table (OIFITS)

Target number

UTC time of observation (s)

Modified Julian Date

Integration time (S)

Triple Product Amplitude

Error in Triple Product Amplitude

Triple Product Phase in degrees

Error in Triple Product Phase in degrees

U coordinate of baseline AB in triangle (m)
V coordinate of baseline AB in triangle (m)
U coordinate of baseline BC in triangle (m)
V coordinate of baseline BC in triangle (m)
Station numbers

Flag
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OIFITSIib — 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 JIMMC

— http://www.mmc.fr/oifitsexplorer page.htm

OITOOLS.jI — In development by Fabien Baron

— Data visualization and modeling (Julia)
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http://dept.astro.lsa.umich.edu/~monnier/oi_data/
http://www.jmmc.fr/oifitsexplorer_page.htm
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JIATAC

OIFITS Explorer

OIFitsExplorer

. . .
Visualization
3 : Overview X | VIEW_0 VIEW_1
= | CHARA - H[1.5223 pm - 1.7004 pm] - S1-S2-E1-W1-W2-E2 CHARA - H[1.5223 pm - 1,7004 pm] - S1-52-E1-W1-W2-E2
) Files | Day: 2013-08-21 - Source: Nova201308 Day: 2013-08-21 - Source: Nova201308
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] UCOORD_SPATIAL (MA) S1E1W2 S1-E2-W2 N S2-EL-E2 § S2E1-W2 I S2-E2-W2 § S2-S1-EL [} S2-S1-E2
\[NELE2 NEL-W2 1 E2W2 SIL-EL NSLE2 | SL-W2 | 52-EL §52E2 I 5251 §52-51-W2 I WL-EL-E2 1 WL-EL-W2 B WL-E2-W2Z I WL-S1-EL I WL-S1E2

| s2wz EWLEL nWL-E2 BW1-S1 BW1-S2 BWl-W2 EWL1-S1-W2 BWL-S2-EL BW1-S2-E2 W1-52-51 §WL-S2:W2
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- Editor: flag and export merged OIFITS files
- Better data selection graphically
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CHARA Community Workshop

Data Analysis

U (m) - North

-500 -400 -300 -200 -100 O 100 200 300 400 500 Py Measu rement:

« Fourier Transform (FT) of
brightness distribution

« lrregular and sparse sampling,
so we can'tdo aninverse FT

1se3 - (W) A

o Solutions:

« Geometric model fitting

-300 ; . ; ) o
-300 -250 -200 -150 -100 -50 O 50 100 150 200 250 300

U (MA)

« Physical models

. Image reconstruction
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CHARA Community Workshop

Analytic Model Examples

Limb-Darkened Disk Model

1.0 4 = 2 mas Uniform Disk
== 2 mas Limb-Darkened Disk
1 2
08 - 1-—- ,u,1 [(1 p )]1( x) (ﬂ)ifs/z(x)]
- A HUa\ S
z 2 2 x3/2
3 0.6
z 0.1
g 04l = 2 mas Uniform Disk
g m= 2 mas Limb-Darkened Disk
0.2 4 0.08 A
0.0 1 \ >
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 E 0.06
Spatial frequency (rad™1) le8 O
2
°
g
g 0.04 4
. . a
Uniform Disk Model
2 02 -
VZ . 2]1 (x)
X p—
0-00 T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Spatial frequency (rad=1!) le8
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Another Model Example

1-0 1 I 1 1 1 I
m m 2 mas Limb-Darkened Disk
mmm  Major Axis of Rapid Rotator
0sl == Minor Axis of Rapid Rotator |}
0.6 Al
2
B
@
S
04} A
0.2} i
0 0 | | 1 | | I.A“
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Spatial frequency (rad) le8
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Model Fitting: LITpro

Fit geometric and
limb-darkened
models

Plots to visualize
data, models, and
results of fits

Tools to find global
minimum

GeorgiaStateUniversity @‘
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JIATAC

S o0 JRREC

Roxanne Ligi (2016) o
LITprds http://www.jmmec.fr/litpro_page.htm
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Model Fitting:

Companion Search - CANDID

Companion Analysis and Non-Detection in

Interferometric Data

Grid search for binary companions

Estimate detection limits

https://github.com/amerand/CANDID
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CHARA Community Workshop

s00 200 100" 5" 100 20 s . Sparse sampling of Fourier
. frequencies in plane of sky
Al / o Can'tinverse Fourier
e 198 5 transform to obtain image
2 « Compromise between:

o ) - Fitting available data

- Keeping the image as

regular (simple) as
possible

-200 -150 -100 -50 0 50 100 150 200

U (MA)
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Image Reconstruction

Regularized maximum likelihood

Regularization

/ weight

ivap = argmin [x*(2) + pR(3)]

— (5
Most probable
'mage Likelihood Regularizer:
term: Helps interpolate missing
Comparison of Fourier data (smoothness,
model to data compactness, total variation,

maximum entropy)

P ST, % 7 .
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Image Reconstruction Software

Software Optimization Regularizer Multi- Simultaneous
Spectral Model Fitting
BSMEM Trust region Maximum Entropy No No
gradient Method
MACIM Simulated Maximum Entropy No Yes
annealing Method, Darkness
MiRA Variable Metric
Limited Memory Many No Yes
with bound
constraints
SQUEEZE Parallel Tempering Many Yes Yes
PAINTER Alternating
Direction Method ~ Many Yes No

of Minimizers
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Imaging Tutorial

| 204 Vol. 34, No. 6 / June 2017 / Journal of the Optical Society of America A

_ Journal of the
Optical Society A

of America

OPTICS, IMAGE SCIENCE, AND VISION

Principles of image reconstruction in optical
interferometry: tutorial

Eric THIEBAUT'™ AND JOHN YOUNG?

"University of Lyon, University Lyon 1, ENS de Lyon, CNRS, Centre de Recherche Astrophysique de Lyon UMR5574,
F-69230, Saint-Genis-Laval, France

“University of Cambridge, Cavendish Laboratory, JJ Thomson Avenue, Cambridge CB3 OHE, UK

*Corresponding author: eric.thiebaut@univ-lyon1.fr

JMMC is developing a common
iInterface for “classic” image

reconstruction software
http://www.jmmc.fr/oimaging.htm
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Tar

Rengaswamy (unamed method)

AZ Cyg
2012 IAU

Interferometry Beauty Contest

Baron et al. 2012 '

Bet Fak Model

CHARA Community Workshop

High Fidelity Imaging of Complex

ets 1s Difficult
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« Use two control sets:

- model image of object with
complexity (e.g., spotted star)

- much simpler model image with -

no features (e.g. limb-darkened ° ..
disk)

« Simulate observations — copy
Fourier coverage and signal to noise
from original data

« Reconstruct images for two control
data sets and check fidelity of
reconstructions

« Were spurious features introduced in
simple model?

« Were feature correctly recovered in

the complex model?
B o
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Maximum entropy

Uniform disc regularizer

Total variation

-1.0 -0.5 0.0 0.5 1.0
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Links for modeling and
imaging software available

on the CHARA website:

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