Introduction to PMOIRED: Fitting a uniform disk
diameter and limb-darkening
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Existing modeling tools

PMOIRED (Antoine Mérand): Model fitting

OITOOLS (Fabien Baron): Model fitting + imaging

Oimodeler (Anthony Meilland): Model fitting

LITpro (JMMC): Model fitting

RADPy (Ashley Elliott): Model fitting angular diameter

CANDID (Antoine Mérand + Alex Gallenne) : Binary search

Binary Grid Search Procedure in IDL (Gail Schaefer) : Binary search

++ others



PMOIRED

e Ref: “Flexible Spectro Interferometric modelling of OIFITS data with PMOIRED” by
Antoine Mérand

https://arxiv.org/abs/2207.11047

e |nstall:
pip3 install git+https://github.com/amerand/PMOIRED

e We are using google colab for tutorial


https://arxiv.org/abs/2207.11047
git+https://github.com/amerand/PMOIRED

Why modeling when image reconstruction available
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In most cases, when we do both imaging, we also confirm with modeling



Your model, start with simple

Diameter

Limb darkening

Binary detection and separation
YSO disk modeling

Star spot modeling

Spectral data fitting



PMOIRED fitting Philosophy

oi.doFit()
Gradient descent . .
Simulation cube from an initial ol.bootstrapFit()
guess, set Data resampling
pmoired.oifake parameters to fit with replacement

and priors

Generate
simulated data . e
using VLTI ol.gridFit()
simulator
Explore parameters”
space with grid,

Ffor uncertainties
estimation

oi=pmoired.0I() —> oi.setupFit() randon E?ﬁ*h”g and
Choose target, Chose observables,
instrument; filter/manipulate :
spectrally bin errors, spectrol 01.show() oi.detectionLimit ()
dota windowing, etc. Display date .
against model; show EErTr.Et detection
. synthetic images, lgh fET ﬂd
pmoired.tellcorr spectra and SEDs parameter, based on

from model grid/random others
OIFITS files Telluric correction

for spectra

Credit: Mérand



PMOIRED fitting Philosophy

e OIFITS - Load - Setup - Model - Fit - Evaluate - Uncertainty

e Linear combination of model components

oi = pmoired.QI(files)
oi.setupFit(...)

oi.doFit(model)
0i.show()




Fit setup

01 = pmoired.OIf['MIRCX_L2.2®2SJu12@.upS_Per.MIRCX_IDL.2@253u122.AVGl5m.oifits',
‘MYSTIC_LZ.2@25Ju12®.ups_Per.MIRCX_IDL.2@253u125.AV615m.oifit5‘],

medF1lt=3,

binning=2)‘

oi.setupFit({'obs':['V2'],
'max error':1'V2':0.2;,
'min relative error':{'V2':0.04},
'wl ranges':[(1.45, 1.75)],
'baseline ranges': [(10,350)
})




How we can prepare a model?

e Every component is a dictionary
e The keys describe morphology, position, flux, and orientation

e More complex scenes are built by combining simple pieces
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Model preparation: Basic components
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6Dec N —» (mas)

Ring with radial profile
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Disk rings

Ring with radial profile
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Multi-component scenes

Binary Star with disk

- A=2.00um

A=2.18515um

model = {'disk,diamin".0.5,
1sk,diamout': 1,
isk,profile':'$R**-2',
1sk,az ampl':1,

1sk,az projangl':60,
1sk,projang':45,
1sk,incl':-30,
1sk,x":-0.035,

1sk,y":0.05,
isk,spectrum':'5*(§WL)**-2',
'star,fwhm":0.1,
'star,spectrum':'SWL**-3',
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Practical Tips

e |arge calibrators
e Underestimated errors

e Parameter degeneracy
UD vs limb darkening
flux ratio €= size (binary/disk)
inclination €< elongation



Target: ups Per
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Practical Tips

Local minima problem, use gridsearch or random search
Needs good initial guess

PMOIRED flexibility is powerful, but it also makes it easy to build over-parameterized
models. Do not overfit.

Always look at residuals (not just x°)

Residuals: systematic trends, i.e., wrong model
Residuals: random scatter, i.e., good model
High correlation, model is not constrained

Bootstrap for real uncertainties



Grid search / random search

expl = {'grid":{'c,x":(-R/2*step, R/2*step, step), 'c,y':(-R/2*step, R/2*step, step)}}

expl = {'rand':{'c,x":(-R*step/2, R*step/2), ‘c,y":(-R*step/2, R*step/2)}}

oi.gridFit(expl, model=param,

doNotFit=["*,f', 'c,ud'],

prior=[('c,f', '<', 1)],

constrain=[('np.sqrt(c,x**2+c,y**2)', '<=', R*step/2), ('np.sqrt(c,x**2+c,y**2)', '>', step/2) ])

(See Robert Klement tutorial)



Model interpretation # truth

If your model becomes complicated, it should be because the data
demand it — not because the software allows it.
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Example: Convection cells on the star surface

e Fit three convection cells on the
surface

e Complex model: star with limb
darkening model, with convection
gaussian spots

Anugu et al. 2024
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y -> N (mas)

y -> N (mas)

x <-E (mas)

Example: Young stellar disk

Modeled disk from pmoired

weled zy pug
plowbis a|gnoQ

lbrahim et al. 2023

Image from oitools
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ups Per

We fit uniform disk
diameter

limb darkened
diameter

Limb darkening
coefficients

Tutorial
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