Title: The Cosmological Evolution of Light Dark Photon Dark Matter
Speakers: Samuel McDermott

Series. Particle Physics

Date: April 28, 2020 - 2:00 PM

URL.: http://pirsa.org/20040089

Abstract: Light dark photons are subject to various plasma effects, such as Debye screening and resonant oscillations, which can lead to a more
complex cosmological evolution than is experienced by conventional cold dark matter candidates. Maintaining a consistent history of dark photon
dark matter requires ensuring that the super-thermal abundance present in the early Universe (i) does not deviate significantly after the formation of
the CMB, and (ii) does not excessively leak into the Standard Model plasma after BBN. In this talk, | will clarify the roles of resonant and
non-resonant absorption and address some implications of plasma inhomogeneities on resonant transitions.
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needs to be stable, butif m 4 > m. then

ma -1
Taryotee = 2appmar /3 ~ 104062 ( )T
Al—eTe / GeV U

i e
~ whereas rate for “semi-Compton” LLLM‘
goes like -

FG’)’—)GA’ - €E NeOT - Eza%MMPI Nﬂ_019€2 Gev
H = T2/Mp T
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* what about misalignment? axion field density goes like

r 7/6
Pa = PCDM X ( Olzz}e\/) @2(1 + 2)°
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what about misalignment? axion field density goes like

f 7/6
~ a 2 3

however, vector modes redshift differently =

misalignment doesn't work for A’

cf. Arias et al. JCAP 1201.5902
Graham, Mardon, Rajendran PRD 1504.0@102
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inflationary production: m 4/ = 10ueV

Vector Dark Matter from Inflationary Fluctuations

1504.02102

Peter W. Graham,! Jeremy Mardon,''* and Surjeet Rajendran?
Stanford Institute for Theoretical Physics, Department of Physics, Stanford University, Stanford, CA 94305
*Berkeley Center for Theoretical Physics, Department of Physies,
University of California, Berkeley, CA 94720
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misalignment followed by decay or preheating /
parametric resonance

Parametric Resonance Production of Ultralight Vector Dark Matter

Jeff A. Dror,"? Keisuke Harigaya,>? and Vijay Narayan'

' Berkeley Center for Theoreti

1810.07195 N
University of Californi 1810.07188 Relic Abundance of Dark Photon Dark Matter

2 Theoretical Physics Group, Lewrence Berke i .
3Sehool of Natural Sciences, Institute  Prateek Agrawal,’ Naoya Kitajima,? Matthew Reece,! Toyokazu Sekiguchi,® and Fuminobu Takahash
! Jefferson Physical Laboratory, Horvard University, 17 Oxford Street, Cambridge, MA 02138, USA
: " cs, Nagoya University, Chikusa, Nagoya 464-8602, Japan
Dark Photon Dark Matter from a Network of Cosmic Strings for the Early Universe (RESCEU,

Vector dark matter production atmtlhc‘r-cnd of 'inﬂation

Andrew J. Long 1 07208
_einweber Center for Theoretical Physics, University of Michigan, Ann Arb¢  Mar Bastero-Gil,!'* Jose Santiago,!" ! Lorenzo Ubaldi,*% ! and Rohnrtomén—Z/lorales

' Departamento de Fisica Tedrica y del Cosmos and CAFPE,

1901.03312 Lian-Tao Wang Universidad de Granada, Campus de Fuentenueva, E-18071 Granada, Spain
tute for Cosmological Physics and Enrico Fermi Institute, University of Chic *SISSA 1 niernational Schaal for Adignced Strdies, Vi Honomen 205, 54136 Tricste; ltaly
Brarear oo hEFSE T ace arvne mil gy

(Dated: March 19, 2019)
) } Dark Photon Dark Matter Produced by Axion Oscillations
e study the production of ultralight dark photons from a netwe 1810.07196
gs.l\Ve find that dark photons produced in this Wal);’ga_re nonrelatiy }'{a).-'mmld T. Co.! Aaron Pierce,' Zhengkang Zhang,'%* and Yue Zhao!'*
er for dark photon masses as small as ma ~ 107" eV,

Spain

! Leinweber Cenfer for Theoretical Physics, Department of Physics,
University of Michigan, Ann Arbor, MI {8109, USA
“Devartment of Phusics, University of California, Berkelew. CA 94720. USA
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Afterglow Light
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375,000 yrs.
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Accelerated Expansion

Development of
Galaxies, Planets, etc.

1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years
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Quantum
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unique interaction with Standard Model

A’
)/2 = \/\/\/\X\/\f}\/\
\8u8“—>K2

s

first Okun 1982 Holdom 1986
then Jaeckel, Redondo, Ringwald 0804.4157 Pospelov, Ritz, Voloshin 0807.3279
Redondo and Postma 0811.0326 Mirizzi, Redondo, Sigl 0901.0014
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nonzero density of free electrons modifies
the SM photon dispersion relation:

*

wQQkQﬁwg

plasma mass: wy,(m,) =~ \/47TaEMne/me

*this is not a real mass (in reality wy, = I, the SM photon self-energy,
which is momentum-dependent)
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in vacuum:

[: D) EJSMA’;L

0 o
jT
1/(K2 - H)
in plasma:
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SM 4/u
o K? — HJM A
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in vacuum:

o EJEMA’M

% :
f | |
1/(mA! ks wp)
in plasma, y & A" on-shell, low-momentum exchange:
LD € -
7}

- wg/m?q,
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4 BTS 1 3/2
SM photon: w, = \/ TMpTel GMB ., oy ( + z )

]."_Z )3/2
1+ zcMmB

Plasma effects are of qualitative importance for
cosmological evolution of dark photons below this mass

Can experience a level crossing — populations determined
by Landau-Zener-type formuba
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Aranpx. TS 1+2 i
SM photon: Wp = \/ nbm CME ~ neV (1 + ZCMB)
e
3/2
~ MHz ( o )
14+ zcMmB

Plasma effects are of qualitative importance for
cosmological evolution of dark photons below this mass

Can experience a level crossing — populations determined
by Landau-Zener-type formula
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SDM and Witte 1911.05086
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Witte, Rosauro-Alcaraz, SDM, Poulin 1911.05086
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Witte, Rosauro-Alcaraz, SDM, Poulin 2003.13698

so far all bounds are in the homogeneous limit: there is

one special redshift at whicb ma = Wp
d Te2m as
Ph?mo ~ 5z — homo
dz —>"}f(z) 3H(Z) (Z Zres )

including effects of inhomogeneous structure

d 7T€2mAf
gg T ) = gy 0 18~ sreslBay )

now depends on overdensity Ay

see also Caputo, Liu, Mishra-Sharma, Ruderman 2002.05165 and 2004.06733
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Witte, Rosauro-Alcaraz, SDM, Poulin 2003.134698
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Witte, Rosauro-Alcaraz, SDM, Poulin 2003.134698
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Witte, Rosauro-Alcaraz, SDM, Poulin 2003.134698

constraints now depend on models of inhomogeneous
structure formation and the observables of choice

r— T b e 1 e 5 g | o d o
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Log;o &s
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Witte, Rosauro-Alcaraz, SDM, Poulin 2003.134698
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Witte, Rosauro-Alcaraz, SDM, Poulin 2003.134698
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Witte, Rosauro-Alcaraz, SDM, Poulin 2003.134698
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Witte, Rosauro-Alcaraz, SDM, Poulin 2003.134698
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