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Dark Photon Dark Matter

Stellar Energy Loss A" Decay: CMB+Late

Stellar energy loss:
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Dark Photon Dark Matter

Stellar Energy Loss A" Decay: CMB+Late

Stellar energy loss:

Dark Photon Dark Matter
CANNOT be frozen 1n
through the kinetic mixing !!!
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Alternative Prodution Mechanisms

Vector Misalignment Gravitational Production
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Kinetic Mixing Varying Cosmologically

| ,
1927 pu

.

When H 5 m,, ¢ starts the
damped oscillation

§| «a™”

v



. . s~ o o} LOW SN
) ) 3 3
. ’ T .
. )
N Ty Ty S e S - v
3
) ¥ N
¥ 5 5 Sy P Py P Py P #
\ = R R
N o e e v
v \ TN, A .

TSI, Ty e
S AN A Ay

N N W B
. Y YYyYrr

N oy iy

.............

o Sseocsocsassecses
* TR T e e et et tor. \VUNJQJ
VA AR Y S Yy
0

)
J
J
.
<
So

.........
)

i -~ - - N Yy RN -
- ~ P~ - -, Sy P b b S o~ T~~~ ~

Y Ay i s e e i i i iy oy ey o g o o o 210 0 o )
A e i R A N A A A A A R S A S SR R N A sy
000000 Y Y Y Y Y Y Y Y Y Y Y I T Yy Y Y I Y I Y Y Y Y Y'Y Ys

NN AN N ey e i, B xp..:sl-\lul.s:&.l-.JnJ»J./-J..J-J.._-..s:..l.)..}..J.J ¥ r sy ey y™
0000 DOD0000OESOPRCODAD00D 00N

B T ' e .J.l.\l.).\./.)..)-.,J.J\J.).).Jr/,J !. ~ A A b g e e ey g .~ S AN
; JJJ.J).JJ,. .JJ.J_)))JJJJ)JJ:ﬂ N YN Y Y Y Y Y Y Y Y Y Y Y YV Y A R S N S S \
I 000 0RDOCOOR ORIV OO VOO COR PRIV D000 SRS
A oy Sy . \J \J \VJ J )JJ:J - -
e ¢

VYY)

J

D D 2 A b = N
H.v.)...#/l\/ 20808
NSNS S by Sy Py s Py g Sy
RJ\J\J)‘J\J\I. \J \/-‘I.nl.\t.tnl . -
_ CONDPLLR D0 009900000
?J)).)\J) PN AR P SURORUR USRS
Y Y Y Y Y Y Y Y Y YN

.UJ)))) 20NV ACR 0OV CG
dd.mﬁz.r_. 12000089 0090990998.09
” XX 00000090 0000000000909

\y VUW\NMI ).rJ)J).l.)‘:..\/.). N
)

"N ¥
188099 999999094!

_ PA PN T P A S S s s
XDRDXERERTXLLLE

/ Y Y ErIIrN

Y Y Y Y Y Y Y Y Y Y
..!4~.¢A.J.)J‘ Ny / o'

AR RN
2090999090
1 0000000066809000000
J\JkJJJ) Jﬂﬂhﬂfﬂ.}))w/z.ﬂ)/%_ﬂ ) 09800
o ))JMNJJ)I)J.J_.JJ;.:,.....,._ .
2000V VORDRCOROPNEDD
© eSO R0ORORE0eD

PAry Pl i Y

IIIREAIARABRER;
AN I I I SIS R I I IO\
YN YY)

B T Sy o s S

000

SRR IR
S ot 908 080000000000

e J.HVJJHJ;..ﬁ.ﬂwu,..,,;,,., 2833

SRR IR

.....

9999949

. o~ \I..».\/. o Ry o
LXXLRRRLL LN )
00000 E 00T 00D

o v)v)».»)_.-w.vl.[..)., ,.A.A

.....

NSy Sy o

).).).J.).._:...__
FYY Y Y s
Y Y Y Y Y Y YT
PR A S S sy S
.NMVJ\V»“.J;;}, .
Y0
My I..Pi. Ny

o e
o7s®
©
b-.
)
4
4

0%s°

0
°

b
S5

©
°

s
2s
o

2%
os

)0 2900

.

-
®s

0
.

.....

VY

e e
Ay S

0 1

PP
PPN
PNV Y Y Y Y

. Y Y Y Y Y
“\.J\JJJJ)J;.J.. » o
9

-

. o
080 006 8000000
PP OO R R0

o~ Ay~
" A S .
) 0.

006000 0%

o,
< 3
.

°
<

°
°
°
<)

o
g}

b

e

°

<)

o
Yt
°

-0
.'.‘.
o0
<)

oge
:: :

%

-
5
a%s

So
o
s0e

o8

M3
5
o

°5050%

&S
O

<)

)

<)

oss

.......

Y

\ V™ o S ) p
- -, ey D0 000D 'VJ Py | |
\ , 90 0000000900000960004 e 3
P NN SN Y S A ey S s YV Y Y Y "/ \ﬂJ v D y \Uhy
N A oy 190009 \J\J))d“ .’
190000009900 00000900909000¢ o 2090 139300 0.0 0098
YY) NNV 0RNN00000000000. ® 0000099099 20000000000 .
\ VAN PN AN P Sy oy sy iy gy Sy Sy o oy o s sy P JJ‘JJ\XV oy oy oy o Iy 2 Y Yy oul- \ Ay oy oy iy o o oy o oy
000000988807 00 00000000 e80e0000000000800s ®s0000000 000NN eY s
e e e T e e e T e e e T e e e o e | Py » N y B D
AR AR SRR AR NN XY KR YR X XRE XXX YR MY BXY KX XY R YYR UL XX
T L o D D D N J»}»J-J .J..Jl/l/v/v) "y e o J IJ) y .J)J.)JJ»J}DJ}/),]..)&).) PN U Py
AL Py ey ey i oy oy e oy e oy oy o o o oy g 0D P SR POOOOPIPIOCRNORNOLOONDD
| Sy gy o Sy i o S S S i i i iy Sy S Py S P fr P fa Papa oy BN A gy g Sy Sy Sy s i o Sy Py iy S o o o/
e )‘).).!.}.).).'...a.).r;..J)_J.J .
- . <~ m sy I 2 S 2B 1B b R

NN TN TN AN A A oy o S S

Y r Yy r  ryrrrrTrTTyT YT YT Y Y YTy Yy T,

00RO ORD 0000000909

; p oy Yy )
= A R R A RSN T R T e R R Ay A A A A R R A A S S A S A S~
\ L P Sy R Sy i S S iy i S ey Sy ey S e e e S fag il g i fafinfafafodogdo fo by o . .

A T T T Tl S U LN R e

by S o ,....J..) P PP v;.;.J.J‘./)A\J
~ o ey

vwd).f..l\l.)) —~
2 A
\



UV Freeze-1n vs IR Freeze-1n
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UV Freeze-1n vs IR Freeze-1n
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Varying Kinetic Mixing

Stellar Energy Loss A’ Decay: Late
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Aspects of UV Model



Constant Kinetic Mixing
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Constant Kinetic Mixing
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Introduce ypP¥ and y'¢p'V"P’
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Introduce ypP¥ and y'¢p'V"P’

Time-varying € Time-varying a + 5th force
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Introduce ypP¥ and y'¢p'V"P’

Time-varying € Time-varying a + 5th force
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Linear Coupling
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Linear Coupling

bl
LA
8% .UAII'

@
g ot dy,l_Fz

mpl

, UV Physics

Linear ¢ N
Fasniti AEDGE (broad) ¢FF

10—32 10—30 10—28 10—26 10—24 10—22 10—20 10—18 10—16 10—14 10—12 10—10
mg [eV]

PF*
Ao

A’ Freeze-1n -
5th force



108

| p—

 Quadratic Coupling
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Conclusion

@ The freeze-1n of dark photon dark matter through the kinetic mixing is entirely ruled out by current
constraints. Other dark photon production mechanisms are either independent of the kinetic mixing
or UV sensitive.

@ Noticing that all the constraints are 1imposed in the late universe, in our model, we promote the
kinetic mixing to be a dynamical variable controlled by the cosmological evolution of the ultralight
scalar ¢. In this case, the dark photon 1s produced through effective mixing, and this 1s the IR
pProcess.

@ Based on UV physics, the varying kinetic mixing 1s always accompanied by scalar-photon coupling,
which changes the fine-structure constant and induces the 5th force between objects. Table-top
experiments and cosmological observations detecting the fine-structure constant variation and the
equivalence principle violation can also be used to test the dark photon dark matter freeze-in through
the varying kinetic mixing.
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Linear Coupling Quadratic Coupling
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Scalar Naturalness
~

e ?

Y

M N\ [107GeV \ /1
107eV Pl e’

> 107%V

\

4

- PN




Hill et. al. 1995

Hook et. al. 2018, 2019, 2020, 2021

Dror et. al. , 2020
Ringwald et. al., 2021

Perez et al., 2021



(SM
+ +
@
P |
D
k
@
P
D
S)
k 1

A
Ut
AN—
1 : + h
i



Type-B: 1=2

k=0: Our universe
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