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Metallicity profile of Milky Way

J. Lian et al Nature Astronomy(2023)
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Dark matter profile

Galactocentric distance R

PNFW = PH™7 RS
R TR
H H
F Nesti et al (2013)
BUR NFW
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Color Magnitude Diagram
Solar mass initial condition : M

 Zero age main sequence (ZAMS)
 Red giant branch (RGB)

* Horizontal branch (HB)

* Asymptotic giant branch (AGB)
 White dwarf (WD)
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Age and Metallicity

possible degeneracy

« M9O2 Is a metal-poor globular
cluster and can be an anchor for
the red giant evolution

* Metal rich -> reddening

* Turn Off of Main Sequence ->
Age Is determined

 Red giant -> Metallicity is
determined
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Uncertainties of Stellar Models

Age determination

Metallicity
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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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Cepheid as a Heat Engine

Pulsation cycle : opacity as a valve, layer as a piston

\ / * 1. Valve open : radiation * 4. Pressure pushes it
wilihe goes out and shrinks due outward
- to gravity

e 5. Valve starts to be open :

o 2. Compressed layer heats layer expands and cools
up and becomes opaque and opacity decreases

* 3. Valve closed : opacity * 6. Valve open : back to 1
keeps radiation more and
raises temperature




Blue loop

from red(or yellow) giant branch
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Smooth He burning for M > 2.3 M,

triggers the blue loop

Evolution of a 5 Mo star

15,000 10,000 8,000 6,000 5,000 4,000 3,000
I I I I I | I | T T T I T I I I I I I I T | I T I I I I I I I T I , I I T I |
D Post - AGB !
Planetary nebula '
and white dwarf
2
7 S
- — O
2 S
¥e) :
3 Asymptotic
S giant
—
branch
Blue
loop
Subgiant branch
(Hertzsprung gap) Red
iant
Hook ™ g
branch
/ o
- / 48
/ 2
fMain sequence
1 | 1 I 1 | 1 I 1 1 I 1 I 1 I 1 1 1 1 1 1 1 | Il 1 Il ! 1 1 1 1 l' 1 1 1 I 1 | |
15,000 10,000 8,000 6,000 5,000 4,000 3,000

Temperature (K)



Lyre(Lyra) of Orpheus Lyrae=of Lyre
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PERIOD - LUMINOSITY RELATIONSHIP

104+ g & Pulsation Period : 1 - 50 days
— N Luminosity (L) : 300 - 26,000 L
2
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'-,,o-; 9 Cepheids Mass (M) :3.7-14 M,
= . .
3 107 acase o measure the distance.
RRLyrae P ~ 0.5 day 10'° yrold |
11 L ~40 L, Standard candle
M ~ 0.5 M
l — z — >
0.5 1 3 2 10 30 50 100

Period (Days)



Dark Matter Relic Density
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Dark Matter Relic Density
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Dark Matter Relic Density
1504.02102

radiation vs matter
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Vector dark matter from inflation (longitudinal)
1504.02102
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Dark Photon Stars
2203.10100

* |ongitudinal component is produced during inflation.

Qp m H ’
" Qpy V 105eV \ 1014 GeV /

. Dark photon dark matter is possible for 10™ eV < m < 10° GeV.

* Longitudinal component acts as a scalar during inflation by the Goldstone
equivalence theorem.

r—2 1/2
1 1 1a, 1 T¢ 1 [ 107% eV 6
— = is stretched to —— ~ — ~ — X 10

* ks« mas ma. m\ mMp, —m m




Dark photon stars
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Solitons P ~ 1()6,0()

Solar system size

101 km(10™eV/m)!/>
Mass

10~1°M(107>eV /m)*"?

N~ 10% (107%V/m)™"
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Quantum Dark Photon Stars

GM? N1 a 1 N
Eoray ~ — = —N——=—=N—=with N, = and o = .
E N :
kln 2mR2
|
R ~ —— is the minimum.
mao

a Is a free parameter which should be determined from the relic density.




Will Dark Photon Stars survive?

e Jacobi radius : tidal force dominates over the local binding force,

1/3
M soliton GM soliton M stellar GM stellar
Iy ~ Rfrom—rv—z——z.
M R (R + 7 solition)

2
r soliton

3

Rstellar
. Psoliton ™ Pstellar
R]

» Typically Ry >> R and the dark photon stars will be tidally disrupted near astro
stellar objects.

« Small fraction would be captured and will form a halo with size R;.



mHz Hz kHz MHz GHz THz eV keV
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mHz Hz kHz MHz GHz THz eV keV

. Crab
10_1 - nebula

—
qE
N &

. £ .
t1c mixing
2

&

e g
22 2
’_»—s: |

\~
\~
‘-

|
[—
-

DPDM Hell Tokvo-1
> ™ 10_12 Reionisation |2 2M y

: 7~
—1 (Caputoetal., i) e LAMPOST
—1 Trost et al.)

-15 |
11%_15 1 0—1 S opes SENSEI
SuperCDMS

Black hgle DarkSide
10717 = superracl&%llﬂ' eV XENON

7T 46 A% A& A% A2 AY A 0.9 9% 7T 6.9 & % 2 AN AN 2. D 48 0
A0 10710710107 10710 10710 40740 107307 407107407 107 A0 107 407 407 40" 40

Dark photon mass [eV]




The previous invalidated constraints are shown as gray dashed lines.
2510.13956 Anson Hook, Junwu Huang, Mohamad Shalaby
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Dark Photon Cepheid

Dark Matter Resonance Conversion

A A



M=6M,, Y=0.267, Z=0.003
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The result depends on whether the resonance occurs inside or outside of the valve (opacity peak)
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Summary

Waiting for new physics

* Breaking possible degeneracy in the presence of dark matter effects would be
Important.

. Resonance conversion of dark photon dark matter with m ~ 10™2¢V can
affect PLC relation of Cepheids variable — might affect the standard candle.

 RR Lyrae might be more suitable detectors than Cepheids.

* Dark photon stars (soliton supported by quantum pressure) might provide
Interesting phenomenological signatures.

* | ocal dark matter density can be different from NFW.



MESA
Cepheid simulation
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MESA

Cepheid simulation Offset—corrected relative mean radius deviation
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MESA Offset—corrected relative peak—to—peak luminosity amplitude deviation
Cepheid simulation
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(LDP - Lref) / Lref

(LDP - Lref) / Lref

1.0

0.5

0.0

0.04

0.02

0.00F

-0.02

-0.04

-0.06}

-0.08

-0.10

Cycle 189

1 | N bl | N '
— —
= N
= -
o -
- -
— -
- -
= -
= -
- -

’-
)
-
- —
-
=
'
b
- -

A

0.0 0.2 0.4 0.6 0.8 1.0
Pulsation phase

Cycle 192

~1 v v v ' - - ' r-
-
-
-
~ —
) -
-
o -
o -
= -
v .
-
)
o .
o A
= .
h q
-
= B
= -
- -
-
)~ —
o -
= -
22
b —
v
1 1 1 L

0.0 02 04 0.6 0.8 1.0
Pulsation phase

(LDP - Lref) / Lref

(LDP - Lref) / Lref

0.00}

0.01}

-0.01}
-0.02}

-0.03}

0.03+
0.02}

0.01}

0.00}

Cycle 190 [DP injection ON]

1

PO T —

A

04 0.6 0.8 1.0
Pulsation phase

Cycle 193

0.2

04 0.6 0.8 1.0
Pulsation phase

B

0.03F
0.02 -
0.01F

0.00

B

(LDP - Lref) / Lref

-0.01F

-0.03

X

- -

’ “

- -

v “

—

“

-

“

-

B

- -
.
-
v

- &

- -

“

-

4

-

“

-

“

—

g

-

“

“

B

L 1 A 1 1]

0.4

0.6
Pulsation phase

1.0

0.010F

0.005

Cycle 194

0.000 |
-0.005

-0.010f

(LDP - Lref) / Lref

-0.015F

-0.020+

Pulsation phase

| J | | || r‘

-

.

-

) -
) -
) -
- -
- .
-

-

-

-

-

-

-

-

<

-

-

-

=

-

-

-

-

R

-

-

-

-

-

-

-

-

-

) 1 2 2 1 2 i 1 i ' i 3 2 2 1 i i 1

0.0 0.2 0.4 0.6 0.8 1.0



Target minus reference around cycle 191 (DP heating only during cycle 190), my = 1.18x107° eV, €=10"7, ppy=10°GeV/cm’
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