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• The Optical Gravitational Lensing Experiment(OGLE) is a long-term sky survey involving 
photometric observations of about 2 billion stars in our Galaxy and in the Magellanic Clouds

• Classical Cepheids (A.K.A δ Cephei variables or type I Cepheids) are relatively young (＜400 Myr) 
and luminous (102 –105 L⊙) radially pulsating stars

• The best-known characteristic of Cepheids is the period–luminosity relation (Leavitt law) , 
which is commonly used for measuring intergalactic distances

• Gaia(2023) published radial velocity curves for 9614 stars classified as long period variables (LPVs：
pulsating red giants）

• OGLE-GD-CEP-1884,with a period of 78.14 d, drew their attention due to the distinctive 
morphology of its light curve.

• 1884 was first identified as a variable star(2015)and categorized as a semi-regular variable(2019)

(one of the subclasses of LPVs) 



The VI-band observations of OGLE-GD-CEP-
1884 were obtained as part of the OGLE-IV 
survey



The upper and middle panels of Figure are the I and V-band 
light curves of OGLE-GD-CEP-1884

After a decade of OGLE photometric monitoring,the 
period,amplitudes, and shapes of the light curves have  
remained stable,only slight fluctuations (up to ±0.04 mag in the I 
band) in average brightness.

The orange curves is the template light and radial velocity 
curves of a classical Cepheid with a period of 78.14 d generated 
using the code provided by 
Pejcha & Kochanek(2012).doi:10.1088/0004-637X/748/2/107

Small differences between the templates and observations
(＜0.05 mag) may arise from the different metallicity of our star 

compared to that assumed in the mode(Pejcha.2012)or minor 
deviations of the OGLE-IV filters from the standard filters 



lower panel: light curve of a semiregular variable from the OGLE 
collection of LPVs in the Galactic bulge 

As the name suggests,semiregular 
variations show significant phase 
and amplitude fluctuations, quite 
different from what can be seen in 
the light curve of 1884.

even the photometric residuals 
of our target exhibit some 
dispersion of points, this light 
curve is far more stable than what 
is observed in any LPV with the 
pulsation period of around 80 d.

1884 cannot be classified
as a Mira variable(Miras’light 
curves have amplitudes above 0.8 
mag in the I band and 2.5 mag in 
the V band)
*Mira variables are typically classified as 
semi-regular variables.



upper panel: present a typical time-series photometry of an RV Tauri star
lower panel: present a time-series photometry of typical spotted variable

A distinctive feature of this type 
of variable stars is the alternating 
deeper and shallower minima of 
the light curve.Moreover,light 
curves of RV Tauri stars usually 
exhibit larger amplitudes and 
show significant variability from 
cycle to cycle. 

light curves of spotted stars 
continuously change their
shape as the spot move on the 
stellar surface. 



another confirmation
characteristic triangular shape of its radial-
velocity curve
[Classical Cepheids typically exhibit a periodic 
variation in their radial velocities accompanying 
the changes in their luminosity, forming a 
characteristic triangular-shaped radial velocity 
curve. ]

radial-velocity curve
published by Gaia Collaboration et al. (2023).



To directly determine the absolute magnitude of 
this object, knowledge of its distance is necessary.

parallax of OGLE-GD-CEP-1884 has a relative 
uncertainty exceeding 40%(leading to significant 
uncertainty in the distance)
distance to OGLE-GD-CEP-1884 falls within the 
range of 3640–5712 pc (68% confidence interval), 
with a median value of 4646 pc.



• In order to minimize the effect of interstellar extinction, they utilized mid-infrared (mid IR)
observations of OGLE-GD-CEP-1884 and mid-IR period–luminosity relations rather than the 
optical ones,to calculate the Cepheid distance.

• OGLE-GD-CEP-1884 has been observed in the mid IR by the Wide-field Infrared Survey 
Explorer(WISE)in the W1 [3.4 µm], W2[4.6 µm], W3 [12 µm], and W4 [22 µm] bands

• The Cepheid has also been observed by the SpitzerSpace Telescope in the I1 [3.6 µm],I2 [4.5 µm], 
I3 [5.8 µm] and I4 [8.0 µm] bands



• M = aλ log P + bλ (fundamental mode classical Cepheids)
• the best-fitting results for the mid-IR WISE and Spitzer PL relations

WISE bands Spitzer bands



Parameters of the Galactic mid-IR PL Relations

Wang, S., Chen, X., de Grijs, R., & Deng, L. 2018, 
ApJ,852, 78. doi:10.3847/1538-4357/aa9d99



• Even the extinction is small at the mid-IR wavelengths, it is still non negligible 
within the Galactic plane, therefore they used the mwdust 3D extinction 
maps that provide extinction values in the KS band for a given on-sky 
location and distance
• The extinction value extracted from mwdust is AKS ≈ 0.84 mag, and after 

transforming to mid-IR
AW1 ≈ 0.47, AW2 ≈ 0.40, AW3 ≈ 0.43, AW4 ≈ 0.34,
AI1 ≈ 0.40, and AI2 ≈ 0.39 mag



The saturation limits for WISE: W1(8 mag) ,for W2(7mag),W3(3.8mag) and W4(-0.4 mag)
D(mid-IR period–luminosity relations)= 4472 pc(σ = 166 pc)
D(parallax)= 4646pc



Points are colorcoded according to the 
Cepheid ages, estimated using the 
period–age relations derived by 
Anderson et al.(2016).

①initial rotation of ω = 0.5
②an unknown crossing number and 
location of our Cepheid within the 
instability strip
③took into account the metallicity
gradient in our Galaxy reported by 
Genovali et al. (2014).
The resulting age of OGLEGD-CEP-
1884 is 22 Myr



• Longer-period Cepheids tend to have higher initial masses,and hence tend to be 
younger than Cepheids of shorter periods. 
• Rotation affects period-age relations via mixing processes that supply the core 

with fresh material which is particularly important during hydrogen burning on 
the MS
• rotation affects MS lifetimes monotonously: the faster the initial rotation of a 

model with fixed mass, the longer its MS lifetime.At the time when a star of a 
given mass finally crosses the IS,its age as a Cepheid depends on its MS lifetime
• the rotating models to yield a higher age than the nonrotating models for a 

given luminosity and thus, period
• Crossing number(number of crossings through the instability strip):3rd crossing 

Cepheids are older than those on a second crossing



Period age relations as function of different initial rotation rate and metallicity, averaged over 
2nd and 3rd crossing and the width of the instability strip. 
the effect of rotation on the period-age relation is similar to or greater than the effect of
metallicity.



Period-age relations (log t = α · log P + β) for ω = 0.5(average rotation)
Cepheid ages are uncertain to 50% if crossing numbers, IS position, and,importantly, the rotational
histories are not known



• ultra long period (ULP) Cepheids(P~80d*relaxed definition)

• To date, not a single ULP Cepheid has been identified in the Milky 
Way .However 72 ULP Cepheids have been identified within 26 
neighboring galaxies

• The discovery of OGLE-GD-CEP-1884 suggests that ULP Cepheids 
are also present in our Galaxy, probably in the regions strongly 
affected by interstellar extinction



• They reported the discovery of the longest-period classical Cepheid known in 
the Galaxy. Its pulsation period,78.14 d

• It can be utilized for improving the fitting of the Leavitt law,investigating the 
youngest structures of the Galaxy, and studying the evolution of massive stars.

• This suggests that there might be more such long-period classical Cepheids in 
the Galaxy that remain undetected, and the Milky Way does not differ in the 
number of long-period Cepheids compared to other galaxies.

• The fact that this star was misclassified as an LPV indicates the need for  
improvement of algorithms for automated classification of variable stars. 


