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Herzsprung-Russell Diagram
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Horizontal

Stars as laboratories
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One-zone model

Cepheid Variable
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PdV > 0

The gas does work during the cycle.
H partial ionization zone

PdV < (

The gas dampens the oscillation.

P PdV =0

KX ——

735
L Equilibrium is reached.
The opacity increases . He partial ionization zone

with compression
Pulsation is observed only one in 105 stars



PERIOD - LUMINOSITY RELATIONSHIP

Type Il (W Viginis)

Luminosity (Lsyn)
o
?)

Pulsation Period : 1 - 50 days
Luminosity (L) : 300 - 26,000 L_sun
Radius (R) : 14 - 200 R_sun

Cepheids Mass (M) : 3.7 - 14 M_sol
102 o o0 PL relation of Cepheids is used
RRlyr - for measuring the distance.
14 Standard candle
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PL(C) relation of Cepheids

L X R 2T4 Stefan-Boltzmann

loglL x2logR+4logT

4
ocglogP+4logT



Magnitude and Distance Modulus

FlO

= 100”5 = ( )?
r 10pc
absolute distance
magnetiude d
M=m-35lo
210 ( " Opc)

distance modulus H = i — M



Cosmic Distance Ladder

Stellar Parallax Measurement of Cepheid Variable

Earth
(June)

Three Steps
to Measuring
the Hubble Constant

Type Ta Supernovae —= redshift(z)
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Galaxies hosting Distant galaxies in the
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A&A, 683, A234 (2024)
Cepheid Metallicity in the Leavitt Law (C-Metall) survey

V. New multiband (grizJHKs) Cepheid light curves and period-luminosity relations:
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https://www.aanda.org/articles/aa/full_html/2024/03/aa48140-23/aa48140-23.html#FN1

Metallicity vs Galactocentric distance

THE ASTROPHYSICAL JOURNAL, 954:198 (8pp), 2023 September 10 Matsunaga et al.
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Vector dark matter from inflation (longitudinal)

arXiv:1504.02102
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Kinetic mixing

Caputo et al., arXiv:2105.04565

1 0—10 N 7 [Arias et al)
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Kinetic mixing of DPDM with photon
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Dark Photon Cepheid

Dark Matter Resonance Conversion
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Back of envelope calculation

, JTE 2m},’
y ‘ 0g Wp ‘ Wp mm 10_14
Cepheid data dlogr L;.; 108%km
L= 103L@ ~ 4 % 10°° erg/s
R =40R. ~ 2 x 10’k PbMm
He Il shell !
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Summary

Preliminary

 New era of dark matter astrophysics

 Dark matter beyond the gravitational source

 Many things to be understood in the stand(izable) candle stellar objects



