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The Cosmic Axion 
Background
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The Cosmic Axion Background

[Dror, NLR, Murayama 2021]

Can we detect relativistic axions that 
are a relic of the early Universe with 

axion haloscopes?
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5[Dror, NLR, Murayama 2021]




c.f. gravitational 
waves
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d ln ω
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Relics ~ live 
below by ΔNeff

Landscape

Weak preference for ΔNeff ≠ 0




c.f. gravitational 
waves

=
1
ρc

dρa

d ln ω
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8[Dror, NLR, Murayama 2021]

Landscape

Parametric resonance 
produces a ~Gaussian 

spectrum

Cosmic string network will emit axions 
(exact spectrum an active debate, we 

follow [Gorghetto+ 2020])
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naλ3
a ∼ 1

Landscape
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10[Dror, NLR, Murayama 2021]

Classical wave description applies

naλ3
a ∼ 1

Landscape
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Rough Sensitivity
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Rough Sensitivity
<latexit sha1_base64="h7R2B1oV1DgkE/icRn8FujWerdw=">AAACE3icbVDLSgMxFM3UV62vqks3wSK0CmVGRF0W3bisYB/QGYZMmrahyWRI7ghl6D+48VfcuFDErRt3/o3pY6HVAwkn59zLzT1RIrgB1/1yckvLK6tr+fXCxubW9k5xd69pVKopa1AllG5HxDDBY9YADoK1E82IjARrRcPrid+6Z9pwFd/BKGGBJP2Y9zglYKWweEzKUMG+4dJeqQw59qkyZV9J1if2BfgE+8mAh7wSFktu1Z0C/yXenJTQHPWw+Ol3FU0li4EKYkzHcxMIMqKBU8HGBT81LCF0SPqsY2lMJDNBNt1pjI+s0sU9pe2JAU/Vnx0ZkcaMZGQrJYGBWfQm4n9eJ4XeZZDxOEmBxXQ2qJcKDApPAsJdrhkFMbKEUM3tXzEdEE0o2BgLNgRvceW/pHla9c6r7u1ZqXY1jyOPDtAhKiMPXaAaukF11EAUPaAn9IJenUfn2Xlz3melOWfes49+wfn4BjOenHs=</latexit>

a(t) ⇠
X

i

cos(!it+ �i)

0 10 20 30 40 50

! [neV]

0.00

0.01

0.02

0.03

0.04

0.05

p(
!

)
[1

/n
eV

]

°10 0 10 20 30 40 50

(! °ma)£ 106 [neV]

0.00

0.02

0.04

0.06

0.08

0.10

p(
!

)
£

10
°

6
[1

/n
eV

]
p(ω) = f (v)/mav

Dark

Matter

C Ba



Nick Rodd  |  The Cosmic Axion Background 13[Dror, NLR, Murayama 2021]

Rough Sensitivity
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Rough Sensitivity
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Much broader signal - 
existing searches would 
throw out as background
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Rough Sensitivity
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Accessible power in the axion field

Power spectral density - 
measures power at a 

given frequency
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Rough Sensitivity

<latexit sha1_base64="ri++43pi1bvvTjeWCcczVVyugQc="></latexit>
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Estimate sensitivity by matching power PDM = PCaB
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Rough Sensitivity
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Rough Sensitivity
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Rough Sensitivity

<latexit sha1_base64="Ny4YWKyRSZF1kBlMf5dSpY80d+U="></latexit>
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Parametric scaling confirmed by detailed 
calculations for both resonant and 

broadband instruments
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Experimental Landscape
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Experimental Landscape
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Experimental Landscape
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Future Directions
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reach the thermal CaB?
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24[Dror, NLR, Murayama 2021]

Future Directions

Could a dedicated instrument 
reach the thermal CaB?

Late time production can achieve 

E.g. DM decay, subtle due to Bose enhancement

ρa > ργ

For another late time production 
mechanism see [Eby+ 2106.14893]
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Conclusion
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Data collected by axion DM instruments is 
sensitive to a cosmic axion background
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Motivation
<latexit sha1_base64="FL0/UViMB3I6OqLR3txgGigD0yY="></latexit>
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Introduces corrections to Maxwell’s equations

Suppressed for non-
relativistic DM axions

Focus of axion 
DM searches
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Motivation

Incomplete summary of the 
landscape, partially based on


github.com/cajohare/AxionLimits

Axion Haloscopes
Require a = DM

[Salemi, NLR+ 2021]
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Motivation

Incomplete summary of the 
landscape, partially based on


github.com/cajohare/AxionLimits

Axion Haloscopes

have a bright future

[Chaudhuri+ SNOWMASS LOI 2021]
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Rough Sensitivity
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Daily Modulation
THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

<latexit sha1_base64="ivFpPf8q3aAWg6JhNGhodBqAoGs="></latexit> r ·E = ⇢� ga��B ·ra

r ·B = 0

r⇥E = �@tB

r⇥B = @tE+ J� ga�� (E⇥ra� @taB)

Full Equations
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Daily Modulation
THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Assume only large static  fieldB

<latexit sha1_base64="0sfU24+6/Q6cLCqq0Z3trsKAn5U="></latexit> r ·E = ⇢� ga��B ·ra

r ·B = 0

r⇥E = �@tB

r⇥B = @tE+ J+ ga��@taB
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Daily Modulation
THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Assume only large static  fieldB

<latexit sha1_base64="rYX8vWqhFSklFPeMaE3OQcp1xeo="></latexit> r ·E = ⇢� ga��B ·ra

r ·B = 0

r⇥E = �@tB

r⇥B = @tE+ J+ ga��@taB

Effective Charge

Effective Current
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Daily Modulation
THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Sensitive to the incident direction
<latexit sha1_base64="xm7bjImea30IzBdSSVS98gc0vbc=">AAACJXicbVDLSgMxFM34tr5GXboJFqFuyowoulAQ3bisYGuhU8qdNFNDM5khuSOUoT/jxl9x40IRwZW/YvpQtPVA4HDOueTeE6ZSGPS8D2dmdm5+YXFpubCyura+4W5u1UySacarLJGJrodguBSKV1Gg5PVUc4hDyW/D7uXAv73n2ohE3WAv5c0YOkpEggFaqeWeBjHgXRjlF30asHaCNFAQSqBAzyiUcJ9+B7o/gZ+Jllv0yt4QdJr4Y1IkY1Ra7mvQTlgWc4VMgjEN30uxmYNGwSTvF4LM8BRYFzq8YamCmJtmPryyT/es0qZRou1TSIfq74kcYmN6cWiTgw3NpDcQ//MaGUYnzVyoNEOu2OijKJMUEzqojLaF5gxlzxJgWthdKbsDDQxtsQVbgj958jSpHZT9o7J3fVg8vxjXsUR2yC4pEZ8ck3NyRSqkShh5IE/khbw6j86z8+a8j6Izznhmm/yB8/kFJkCkcg==</latexit>

B ·ra = a(t)k ·B
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Daily Modulation
THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Power deposited sensitive to α

<latexit sha1_base64="0vFvxwcOU3LJ1LtpIJ47G/zVMBA="></latexit>
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Daily modulation 
in the signal!
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Bose Enhancement
THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Relevant when fa ≫ 1

<latexit sha1_base64="hspqNAAthMhB7YRPflnftxcRNN0="></latexit>
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37[Dror, NLR, Murayama 2021]

Landscape

<latexit sha1_base64="KZtEY6D3G0N6zovOdYsO7RDOBWk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUoP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4AxQOM6g==</latexit>a

<latexit sha1_base64="KZtEY6D3G0N6zovOdYsO7RDOBWk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUoP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4AxQOM6g==</latexit>a

Cosmic string spectrum depends on the symmetry breaking scale   (here 
) and the exact distribution is an area of active debate


See [Gorghetto+ 2018, 2020], [Buschmann+ 2020], [Dine+ 2020]

fa
1015 GeV
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38[Dror, NLR, Murayama 2021]

Landscape

Parametric resonance 
produces a ~Gaussian 

spectrum
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Parametric Resonance
THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Slide courtesy of Jeff Dror
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Dark Matter Decaying to Axions
THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Slide courtesy of Jeff Dror


