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Introduction

• Miras can serve as one of these primary distance 
indicators. 

• Miras are Asymptotic Giant Branch (AGB) stars that 
can pulsate in fundamental or overtone modes with 
typical periods ranging from ∼100 to ∼3,000 days.

• Mira variability is cyclic, characterized by large peak-
to-trough amplitudes at optical wavelengths (Δ𝐼 > 0.8 
mag), and long-term variations in mean magnitude. 
Miras also vary in the near-infrared (NIR) with 
smaller amplitudes (Δ𝐾𝑆 > 0.4 mag).

• Given their low- to intermediate-mass progenitors 
(0.8𝑀⊙ < 𝑀 < 8𝑀⊙), they are common and can be 
found across all types of galaxies.

The importance of studying Miras



Introduction

• Miras follow tight NIR Period-Luminosity relations (PLRs). In the Large 
Magellanic Cloud (LMC), O-rich Miras have 𝐾-band PLRs with low scatter (𝜎 = 
0 .12 mag) that is comparable to the scatter of Cepheid PLRs in the same band (𝜎
= 0.09 mag).

• O-rich Miras with 𝑃 < 400 d have been demonstrated to be useful as extragalactic 
distance indicators. Yuan et al. (2017a) used 𝐼-band observations from Macri et al. 
(2001) and Pellerin & Macri (2011) to identify 1,847 Mira candidates in M33. 
Their study was extended in Yuan et al. (2018) with sparsely-sampled JHK𝑆 light 
curves, where they obtained NIR PLRs for O-rich Miras and a distance modulus 
of 24.80 ± 0.06 mag for M33.

Mira’s PLR



OBSERVATIONS AND DATA REDUCTION
MegaCam and WIRCam Observations

They used archival pipeline-processed optical 
observations of M33 taken with the MegaCam instrument 
on the CFHT.

MegaCam is a wide-field (1 deg. on a side) optical imager 
consisting of 36 CCDs with a plate scale of 0. ′′187 per 
pixel. This yielded a typical coverage of 29, 27, 28 and 1 
nights in 𝑔𝑟𝑖𝑧, respectively. 

They also used archival pipeline-processed NIR 
observations of M33 obtained with the WIRCam on 
CFHT.

WIRCam consists of four detectors with a combined field 
of view 20.′5 on a side and a plate scale of 0. ′′3 per pixel. 
This yielded an average of 9, 6 and 3 epochs in JHK𝑆, 
respectively, for locations imaged in a given band. Figure 1. Mosaic of a typical CFHT MegaCam image of M33 with the 

CCD numbers marked, also showing the areas covered by WIRCam in 
𝐽 (blue, solid), 𝐻 (green, dashed), and 𝐾𝑆 (red, dotted) fields. North is 
up and east is to the left.



OBSERVATIONS AND DATA REDUCTION

Crowding corrections

• Biased magnitude measurements have long been recognized 
as an issue affecting crowded-field photometry of faint stars. 

• The standard approach to characterizing and correcting this 
bias relies on the injection of artificial stars in the vicinity of, 
and with the same flux as, the objects of interest.

• They carried out the same photometric procedures on each of 
the artificial images as previously done in the real ones, 
identified the artificial sources and compared the recovered 
and input magnitudes.

• Crowding corrections are minimal for objects with 𝑚 <19: 
0.014 ± 0.054 (𝐽), 0.009 ± 0.067 (𝐻), −0.002 ± 0.042 (𝐾𝑆). ∼
22% of the variables had crowding corrections exceeding 0.1 
mag or uncertainties in those corrections beyond 0.1 mag; 
they were flagged accordingly and excluded from the final 
samples.



IDENTIFYING LPVS AND MIRA CANDIDATES USING 
OPTICAL AND NIR OBSERVATIONS

They identified ∼1.15 million unique objects from  photometry which had at least one detection in one of 
the 𝑔𝑟𝑖 bands.
Left: Hess diagrams in the optical bands. Individual stars are plotted where the source density drops 
below 200 objects per bin. Recovered Miras from Yuan et al. (2017a) are shown using red points. Mira 
recovery varies across filters. Not all recovered Miras were kept in our final samples, due to quality cuts.
Right: Hess diagrams in the NIR bands.



IDENTIFYING LPVS AND MIRA CANDIDATES USING 
OPTICAL AND NIR OBSERVATIONS

3.1. Initial selection

• They began the selection of LPVs and 
Mira candidates by making variability, 
color, and amplitude cuts based on the 
optical data. 
• They were left with 14,312 variables, 

which included 1,342 of the Miras
identified in Yuan et al. (2017a).



IDENTIFYING LPVS AND MIRA CANDIDATES USING 
OPTICAL AND NIR OBSERVATIONS

3.2. Light curve fits

• They fit the available griJHK𝑆 light curves of these 
variables using a simple sinusoidal model, defined for a 
given band as

where 𝑚 is the magnitude at time 𝑡𝑖, 𝑚 is the mean 
magnitude, 𝐴 is the semi-amplitude, 𝑃 is the period, and 𝜙 is 
a phase offset.

• They fit each variable using 55 trial periods equally 
spaced every 0.02 log 𝑃, spanning 1.925 ≤ log 𝑃 ≤ 3.005, 
and selected the fit with the lowest 𝜒𝜈2.

• They found good agreement (defined as Δ𝑃 < 50 d) for 
∼78.1% of the objects, with most of the others lying along 
the ±1/365 d alias relations.



IDENTIFYING LPVS AND MIRA CANDIDATES USING 
OPTICAL AND NIR OBSERVATIONS

3.2. Light curve fits
• They fit the coupled sinusoidal model to all 14,312 variables 

to derive 𝑃 and other properties for each object.
• Fig shows the light curves and best-fit model for a recovered 

Mira
• Table presents the properties and associated uncertainties of 

all 14,312 LPVs



IDENTIFYING NEW MIRA CANDIDATES

• They applied several quality cuts to the 12,970 LPVs not previously 
classified as Miras.

(i) 2,891 with crowding corrections or uncertainties in these corrections exceeding 0.1 mag;
(ii) 1,336 with best-fit periods near the lower or upper limits of our grid search;                    
(iii) 296 with abnormally blue colors
(iv) 2,303 faint variables lying below the first-overtone and fundamental mode groups.

• Resulted in a classification sample of 6,144 variables. These cuts were also 
applied to the recovered Miras from Yuan et al. (2018); 934 were selected for 
further analysis.



IDENTIFYING NEW MIRA CANDIDATES
Machine Learning Classification

• They used six machine learning 
methods as classifiers to identify new 
Mira candidates. 

• They trained and validated the 
classifiers using the Mira 
candidates(934) from Yuan et al. (2018) 
that we recovered in our data.

• They fit Period-Luminosity relations to 
various subsets of the 3,052 newly-
classified and visually-inspected Mira 
candidates and the 934 Miras from 
yuan et al.(2018).



IDENTIFYING LPVS AND MIRA CANDIDATES USING 
OPTICAL AND NIR OBSERVATIONS

Classification into fundamental and first overtone pulsation mode subtypes
Figs show the resulting period-magnitude and period-Wesenheit diagrams. Two obvious sequences can be seen in all 
the NIR relations.These correspond to first-overtone (FO) and fundamental-mode (FU) pulsators. In this way, 3,986 
variables were classified as either first overtone or fundamental mode.



IDENTIFYING LPVS AND MIRA CANDIDATES USING 
OPTICAL AND NIR OBSERVATIONS

Classification into O- and C-rich subtypes

• The LMC is an ideal system to derive 
photometric-based classification methods for 
Miras given the better quality light curves that 
can be obtained for its variables.

• Soszyński et al. (2009) show that Miras can be 
reliably separated into O- and C-rich types in 
the 𝑉 − 𝐼 vs. 𝐽 −𝐾𝑆 plane.

• Yuan et al. (2018) also showed that O- and C-
rich Miras can be separated well in the 𝐽 − 𝐻 vs. 
𝐻 − 𝐾𝑆 plane.

• 2,709 were classified as either O- or C-rich.

Left: Color-color relations of OGLE-III Miras in the LMC. Blue and 
red symbols indicate O- and C-rich variables, respectively. The solid 
lines are the best-fit linear relations of O-rich objects, with dashed lines 
indicating the ±2𝜎 dispersion. 
Right: Same relations for our final M33 samples (2709), with dashed 
lines indicating the division between O- and C-rich variables.



IDENTIFYING NEW MIRA CANDIDATES

• They compared the mean magnitudes for Miras in 
common between our sample and theirs and found 
good agreement.

• They estimate a Mira-based distance to M33 using the 
𝑊𝐽𝐾𝑆 PLRs for fundamental-mode O-rich Miras with 
𝑃 < 400 d. 

• They obtain 𝜇𝑀33 = 24.629 ± 0.046 mag, in good 
agreement with previous determinations based on a 
variety of distance indicators (see Breuval et al. 2023)

Comparison with other work



Conclusion

• We used multiband observations to identify over 13,000 new Mira candidates and 
LPVs in M33. 

• We showed that Mira candidates can be robustly identified by using optical light 
curves and machine learning techniques, and our measurements in SDSS bands can 
be used to guide Mira searches in the Rubin/LSST era. We use near-infrared 
measurements to further confirm Mira candidates and classify them into various 
subsamples, detecting for the first time a clear first-overtone pulsation sequence in 
this galaxy. 

• We also show that NIR observations are very relevant to creating high fidelity 
samples of Miras for distance measurements. We use O-rich fundamental-mode 
Miras with 𝑃 < 400 d to determine a distance modulus for M33 of 𝜇 = 24.629 ±
0.046 mag.

THANKS!


