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Gravitational waves from dark
oscillations or bremsstrahlung

Wei Chao
Beijing Normal University




Modern strategies of probing dark matter
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Outline

* GW spectrum from oscillation of dark photon
* GW from oscillation of ALP

* GW spectrum from graviton bremsstrahlung in DM
production via Freeze-in




Ultralight DM oscillating into GWs

¢: Determinant of the background metric

&uw =M, txh, with |7 < 1]

¢ : Mixing between photon and dark photon

| - Equation of motion

o Lo . 1
0, " = j¥ + 0, <—5hFW + Frapy — F”“h{j) + €0, (—EhF’“’ + Fropy — F”“h{;)




Ultralight DM oscillating into GWs

Dark photon DM

Schrodinger-like equation
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Ultralight DM oscillating into GWs

Dark photon DM: Local relic density

dnp(r)  Rd’r

A ‘@GW:J dE 4|7 - )’

Survival probability in the galaxy cluster

1, cAT<R-—r,
fr, AT) = 3 (1- H92T=R) | AT > R-v,
0, cAT > R+,

Energy density

1 Iy R
pLGW(tO) = —J dtJ drL(r) - f(r, 1ty — Nanr? .
Voc Ji—or o

L@ = ppy(HNAE GeV-cm™ - s71,

Luminosity of the oscillation

R: conversion rate per ULDP per second

~ 1.72 X 10_7/m[2JLDP cm2-s1.ev!]
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Ultralight DM oscillating into GWs
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Ultralight DM oscillating into GWs

Dark photon DM
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Ultralight DM oscillating into GWs

Dark photon oscillations in the early universe

Possible mechanisms for the production of primordial dark magnetic field

O PDMF can be generated during the pseudo-scalar inflation, ¢, with the
FF .

Chern-Simons interaction,
4rf,

O PDMF can be produced from the axion oscillations.

O PDMF can be generated from the oscillation of photon in the axion or
some other exotic background.




Ultralight DM oscillating into GWs

Dark photon oscillations in the early universe
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Outline

* GW from oscillation dark photon
* GW from oscillation of axion-like particles

* GW from graviton bremsstrahlung in DM production via
Freeze-in
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Ultralight DM oscillating into GWs

CP Conservation in the Presence of Pseudoparticles*

R. D. Peccei and Helen R. Quinnf
Institute of Theovetical Physics, Depaviment of Physics, Stanford University, Stanforvd, California 94305
(Received 31 March 1977)

We give an explanation of the CF conservation of strong interactions which includes the
effects of pseudoparticles. We find it is a natural result for any theory where at least
one flavor of fermion acquires its mass through a Yukawa coupling to a scalar field which
has nonvanishing vacuum expectation value.
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Ultralight DM oscillating into GWs
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Ultralight DM oscillating into GWs
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Ultralight DM oscillating into GWs
55,0 inth oar nverse o toxurszorosnh Hamiton
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Outline

* GW from oscillation of dark photon
* GW from oscillation of ALP

* GW from graviton bremsstrahlung in DM production via
Freeze-in
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Freeze-in Mechanism

DM with negligible coupling with the plasma: &£ D — ¢y,

Boltzmann equation:

dn

Ttyj +3Hn, = g, [dl'[(ﬁ d1l, dll (2”)454(1945 —Py—Dyp) | M |%svﬁ—n/ﬂ/‘f Ty

1
_ 2
=3 m TKl(m¢/T) Ly

Boltzmann equation of comoving number density:
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Freeze

-in Mechanism
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Ultraviolet Freeze-in Mechanism

DM with high dimensional coupling with the plasma: # > —%”* 7T

Boltzmann equation:

dn
7;( +3Hn, = 8,87 Jdnf dllpdIl, dll,; (2”)454(pf +p;—p,—p) | M |j%f—>)(ﬂ Fr

For comoving number density:

dy, 45490 1 M, oo 1804/90 1  M,Ty
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Ultraviolet Freeze-in Mechanism
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Graviton bremsstrahlung in the freeze-in process

Boltzmann equation:

dp
SLA 4Hpgy = 84 [dH¢dedH¢ng(2n)454(p¢ — Py~ Py =P | M |2f¢a)

dt

4/3
d <dYGW> T2 1 dCyly _< 45 ) /90 @l

a my HTS*?  dw
2wp 1 2T, Ty \°
X K, (x) x* <1 ——D—> [2 S (—Dx> ]
Tp x Wp @p
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Graviton bremsstrahlung in the freeze-in process

Redshift of graviton
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Graviton bremsstrahlung in the freeze-in process
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Graviton bremsstrahlung in the freeze-in process

UV freeze-in case:

>> >> N,
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Differential collision term for GWs:
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Graviton bremsstrahlung in the freeze-in process
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Conclusion

We have calculated GW spectrum arising from dark matter related
process:

B Nano-hertz GW can be induced from oscillation of superlight
DM.

Il O(1) Hz GW can be induced from WIMP triggered phase
transition.

B High frequency GW can be induced from graviton
bremsstrahlung of DM production process.

More systematic study is needed to build connection between
dark matter and GW.

Thank you for your attention
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