
NICK RODD   |  KAVLI IPMU   |   12 MAY 2021

New Ideas for the Axion 

Dark Matter Program
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Motivation
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Introduces corrections to Maxwell’s equations

<latexit sha1_base64="IYI5uS1AbYmKeXS4vufzwUVagaE="></latexit> r ·E = ⇢� ga��B ·ra

r ·B = 0

r⇥E = �@tB

r⇥B = @tE+ J� ga��(E⇥ra�B@ta)
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Introduces corrections to Maxwell’s equations

Suppressed for non-
relativistic DM axions

Focus of axion 
DM searches

<latexit sha1_base64="IYI5uS1AbYmKeXS4vufzwUVagaE="></latexit> r ·E = ⇢� ga��B ·ra

r ·B = 0

r⇥E = �@tB

r⇥B = @tE+ J� ga��(E⇥ra�B@ta)
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Motivation
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Incomplete summary of the 
landscape, partially based on


github.com/cajohare/AxionLimits
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Motivation

Incomplete summary of the 
landscape, partially based on


github.com/cajohare/AxionLimits
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Motivation

Incomplete summary of the 
landscape, partially based on


github.com/cajohare/AxionLimits
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Dark Matter Decay
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Motivation

Incomplete summary of the 
landscape, partially based on


github.com/cajohare/AxionLimits

Theory prior (Strong CP) 
favors this region
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Motivation

Incomplete summary of the 
landscape, partially based on


github.com/cajohare/AxionLimits

Axion Haloscopes
Require a = DM
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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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Outline

Two new ideas for exploiting this progress
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Outline
1. More information for DM searches? 


Dark Matter Interferometry
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Outline

2. What else could these instruments see?

The Cosmic Axion Background

1. More information for DM searches? 

Dark Matter Interferometry



Dark Matter 

Interferometry

2009.14201 

w/ Josh Foster, Yoni Kahn, 

Rachel Nguyen, Ben Safdi
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Basic Idea
DARK MATTER INTERFEROMETRY

Wave-like Dark Matter

[Foster, NLR+ 2020]
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Basic Idea
DARK MATTER INTERFEROMETRY

Wave-like Dark Matter

a ⇠ cos(mat)
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[Foster, NLR+ 2020]
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Basic Idea
DARK MATTER INTERFEROMETRY

Wave-like Dark Matter

a ⇠ cos(!t� k · x)
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[Foster, NLR+ 2020]
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Basic Idea
DARK MATTER INTERFEROMETRY

Wave-like Dark Matter
<latexit sha1_base64="tPI+Re2WwLH81VfUURYn6CdOAIw="></latexit>

a ⇠ cos(!t� k · x)
Speed

[Foster, NLR, Safdi 17]

Determined by f(v)

<latexit sha1_base64="3E4XbCLl9VpaSXoqSa7FQaKROAY="></latexit>

! ⇡ ma(1 + |v|2/2)

[Foster, NLR+ 2020]
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Basic Idea
DARK MATTER INTERFEROMETRY

Wave-like Dark Matter

Speed

[Foster, NLR, Safdi 17]

Determined by f(v)

<latexit sha1_base64="3E4XbCLl9VpaSXoqSa7FQaKROAY="></latexit>

! ⇡ ma(1 + |v|2/2) Velocity k = mav

<latexit sha1_base64="C4niWhYJmVsS6Smjocap3NRoqTo="></latexit>

Invisible to a single detector

1.  

2. For 1 experiment, can choose 

∇a ∼ k ≪ ω ∼ ∂ta

x = 0

Determined by  f(v)

x1

<latexit sha1_base64="vtp5U7TQgxS7r096kVB5Xsar0iU="></latexit>

<latexit sha1_base64="QwHBMr15P1CJ1TzB3naQJjMKudI="></latexit>

a ⇠ cos(!t� k · x)

[Foster, NLR+ 2020]
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Basic Idea
DARK MATTER INTERFEROMETRY

Wave-like Dark Matter
<latexit sha1_base64="itEoqMOxVzPw4yrfFrAhlmbtYjc="></latexit>

a ⇠ cos(!t� k · x)

Key insight: two detectors will 
reveal the dependence on k

x1

<latexit sha1_base64="vtp5U7TQgxS7r096kVB5Xsar0iU="></latexit>

x2

<latexit sha1_base64="3w4fyi3aU4+txVrIuYLbG4BDeiM="></latexit>

[Foster, NLR+ 2020]
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Interferometry
DARK MATTER INTERFEROMETRY

x1

<latexit sha1_base64="vtp5U7TQgxS7r096kVB5Xsar0iU="></latexit>

x2

<latexit sha1_base64="3w4fyi3aU4+txVrIuYLbG4BDeiM="></latexit>

<latexit sha1_base64="Skm9J8E6V9CcrS4WBN3PB4Ysy/4="></latexit>

f(v) ! Fc
12(v) =

Z
d3vf(v) cos(mav · x12)�[|v|� v]

<latexit sha1_base64="c88dRab9UvmFRxus3DTMhi3gPNw="></latexit>x12 = x1 � x2

[Foster, NLR+ 2020]

Derived in the context of a 
full likelihood description 

in our paper
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Interferometry
DARK MATTER INTERFEROMETRY

x1

<latexit sha1_base64="vtp5U7TQgxS7r096kVB5Xsar0iU="></latexit>

x2

<latexit sha1_base64="3w4fyi3aU4+txVrIuYLbG4BDeiM="></latexit>

<latexit sha1_base64="Skm9J8E6V9CcrS4WBN3PB4Ysy/4="></latexit>

f(v) ! Fc
12(v) =

Z
d3vf(v) cos(mav · x12)�[|v|� v]

<latexit sha1_base64="c88dRab9UvmFRxus3DTMhi3gPNw="></latexit>x12 = x1 � x2

[Foster, NLR+ 2020]

<latexit sha1_base64="T3s2ch3XXQEfsQIB5oEeUHpJa2Q="></latexit>

Fc
12(v) !

Z
d3vf(v)�[|v|� v] = f(v)

Nearby detectors x12 → 0
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Interferometry
DARK MATTER INTERFEROMETRY

x1

<latexit sha1_base64="vtp5U7TQgxS7r096kVB5Xsar0iU="></latexit>

x2

<latexit sha1_base64="3w4fyi3aU4+txVrIuYLbG4BDeiM="></latexit>

<latexit sha1_base64="Skm9J8E6V9CcrS4WBN3PB4Ysy/4="></latexit>

f(v) ! Fc
12(v) =

Z
d3vf(v) cos(mav · x12)�[|v|� v]

<latexit sha1_base64="c88dRab9UvmFRxus3DTMhi3gPNw="></latexit>x12 = x1 � x2

[Foster, NLR+ 2020]

<latexit sha1_base64="T/8E3EoZMuWTg2nWUAMbvjoXcv0=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoCCUpoi4rgrisYB/QxDCZTtqhk0mYmRRKKPgLbvwVNy4UcevCnX/jpM1CWw8MHM65w73n+DGjUlnWt1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94VXmt0dESBrxOzWOiRuiPqcBxUhpyTNPHIZ4nxHohEgNMGLp9eQee6ldm1RGx9ARuasiaHlm2apaU8BFYuekDHI0PPPL6UU4CQlXmCEpu7YVKzdFQlHMyKTkJJLECA9Rn3Q15Sgk0k2noSbwSCs9GERCP67gVP39I0WhlOPQ15PZ6XLey8T/vG6iggs3pTxOFOF4tihIGNQRs4ZgjwqCFRtrgrCg+laIB0ggrHSPJV2CPR95kbRqVfusWrs9LdcvH2Z1FMEBOAQVYINzUAc3oAGaAINH8AxewZvxZLwY78bHbLRg5BXugz8wPn8AY5ueKA==</latexit>

hFc
12(v)i ! 0

Nearby detectors x12 → 0

Far apart detectors x12 → ∞

<latexit sha1_base64="T3s2ch3XXQEfsQIB5oEeUHpJa2Q="></latexit>

Fc
12(v) !

Z
d3vf(v)�[|v|� v] = f(v)
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Interferometry
DARK MATTER INTERFEROMETRY

x1

<latexit sha1_base64="vtp5U7TQgxS7r096kVB5Xsar0iU="></latexit>

x2

<latexit sha1_base64="3w4fyi3aU4+txVrIuYLbG4BDeiM="></latexit>

<latexit sha1_base64="Skm9J8E6V9CcrS4WBN3PB4Ysy/4="></latexit>

f(v) ! Fc
12(v) =

Z
d3vf(v) cos(mav · x12)�[|v|� v]

<latexit sha1_base64="c88dRab9UvmFRxus3DTMhi3gPNw="></latexit>x12 = x1 � x2
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Depends on Coherence Length
<latexit sha1_base64="ftEj2r0mk0ngDMgo9SBQKXfA9rk="></latexit>

d = |x12| �c ⇠
1

mav0

 

  

<latexit sha1_base64="6MTx9BiMkK3JJFE4VJBJWluVW+c="></latexit>

ma = 25 µeV ) �c ⇡ 10 m
<latexit sha1_base64="9Swa1KMbV65sjHJyXxRYiZuwblo="></latexit>

ma = 1 neV ) �c ⇡ 300 km

[Foster, NLR+ 2020]
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Inherent Degeneracy in Problem

<latexit sha1_base64="DY9zrLmv4H7QhyJ3pb2yz0Yknfg="></latexit>

f(v) ! Fc
12(v) =

Z
d3vf(v) cos(mav · x12)�[|v|� v]

Rotations around  leave 
 unchanged


Need multiple  to break

Obstructs localization

x12
v ⋅ x12

x12

µt
Ø = 0 µt

Ø = º/4 µt
Ø = º/2

0.11 0.78
e£(µ, ¡)/TS0

0.11 0.78
e£(µ, ¡)/TS0

0.11 0.78
e£(µ, ¡)/TS0

True location: image center

<latexit sha1_base64="QwwjqI1GLFIM58Dy17t4AasECn0=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpii6LblxWsA9oQ5lMJ+3QySTMTMQa8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUVEiCW2TiEey52NFORO0rZnmtBdLikOf064/vcn97gOVikXiXs9i6oV4LFjACNZGGtrVQYj1xA/Sx2yYuo1saNecujMHWiVuQWpQoDW0vwajiCQhFZpwrFTfdWLtpVhqRjjNKoNE0RiTKR7TvqECh1R56Tx4hk6NMkJBJM0TGs3V3xspDpWahb6ZzGOqZS8X//P6iQ6uvJSJONFUkMWhIOFIRyhvAY2YpETzmSGYSGayIjLBEhNtuqqYEtzlL6+STqPuXtSdu/Na87qoowzHcAJn4MIlNOEWWtAGAgk8wyu8WU/Wi/VufSxGS1axcwR/YH3+AOX9kz0=</latexit>x12

Symmetry axis

26

Interferometry
DARK MATTER INTERFEROMETRY

x1

<latexit sha1_base64="vtp5U7TQgxS7r096kVB5Xsar0iU="></latexit>

x2

<latexit sha1_base64="3w4fyi3aU4+txVrIuYLbG4BDeiM="></latexit>

<latexit sha1_base64="c88dRab9UvmFRxus3DTMhi3gPNw="></latexit>x12 = x1 � x2

[Foster, NLR+ 2020]
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Interferometry
DARK MATTER INTERFEROMETRY

x1

<latexit sha1_base64="vtp5U7TQgxS7r096kVB5Xsar0iU="></latexit>

x2

<latexit sha1_base64="3w4fyi3aU4+txVrIuYLbG4BDeiM="></latexit>

<latexit sha1_base64="Skm9J8E6V9CcrS4WBN3PB4Ysy/4="></latexit>

f(v) ! Fc
12(v) =

Z
d3vf(v) cos(mav · x12)�[|v|� v]

<latexit sha1_base64="c88dRab9UvmFRxus3DTMhi3gPNw="></latexit>x12 = x1 � x2
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Broken by Daily Modulation!

[Foster, NLR+ 2020]

<latexit sha1_base64="3uvt77zk9xSMVBvK3lNE4VHOXGQ=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq2MeuoAs3QgX7gM5QMmmmDc08SDKFMtRfceNCEbd+iDv/xkxbQUUPBA7n3Ms9OV7MmVQIfRi5tfWNza38dmFnd2//wDw86sgoEYS2ScQj0fOwpJyFtK2Y4rQXC4oDj9OuN7nM/O6UCsmi8E7NYuoGeBQynxGstDQwi06A1djz0+l8kDoigFc384FZQuVGvVqxqxCVEapZFSsjlZp9bkNLKxlKYIXWwHx3hhFJAhoqwrGUfQvFyk2xUIxwOi84iaQxJhM8on1NQxxQ6aaL8HN4qpUh9COhX6jgQv2+keJAylng6cksqvztZeJfXj9Rft1NWRgnioZkechPOFQRzJqAQyYoUXymCSaC6ayQjLHAROm+CrqEr5/C/0mnUrYuyujWLjUbqzry4BicgDNggRpogmvQAm1AwAw8gCfwbNwbj8aL8boczRmrnSL4AePtE0O6lSU=</latexit>vDM

 daily 
variation
𝒪(1)
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Standard Halo Model
DARK MATTER INTERFEROMETRY

[Foster, NLR+ 2020]

Can we determine the 
direction of the DM wind?

<latexit sha1_base64="ghNNLp6wkKPZ7FIgxJWLDz3c4SY="></latexit>

f(v) =
1

⇡3/2v30
e�v2/v2

0SHM:
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Standard Halo Model
DARK MATTER INTERFEROMETRY

[Foster, NLR+ 2020]

East-West North-South

0.26 0.68e£(µ, ¡)/TS0 0.26 0.68e£(µ, ¡)/TS0

Asimov TS ∼ σ2 Axion detection 
 for TS d = 0

Detector Configuration

Can we determine the 
direction of the DM wind?

<latexit sha1_base64="ghNNLp6wkKPZ7FIgxJWLDz3c4SY="></latexit>

f(v) =
1

⇡3/2v30
e�v2/v2

0SHM:
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Standard Halo Model
DARK MATTER INTERFEROMETRY

[Foster, NLR+ 2020]

East-West North-South

0.26 0.68e£(µ, ¡)/TS0 0.26 0.68e£(µ, ¡)/TS0

Can we determine the 
direction of the DM wind?

Residual 
degeneracy

Inversion symmetry
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Standard Halo Model
DARK MATTER INTERFEROMETRY

[Foster, NLR+ 2020]

If HAYSTAC discovers DM, how well can they 
infer  with 2 detectors and 1 day of data?v⊙
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Standard Halo Model
DARK MATTER INTERFEROMETRY

[Foster, NLR+ 2020]

If HAYSTAC discovers DM, how well can they 
infer  with 2 detectors and 1 day of data?v⊙
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Degree accuracy

Results use the 
full likelihood 

formalism
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Stream Localization
DARK MATTER INTERFEROMETRY

[Foster, NLR+ 2020]

Can we determine the direction 
of an incident DM stream?

East-West North-South

0.05 0.62e£(µ, ¡)/TS0 0.05 0.68e£(µ, ¡)/TS0

East-West North-South

0.05 0.62e£(µ, ¡)/TS0 0.05 0.68e£(µ, ¡)/TS0

East-West North-South

0.05 0.62e£(µ, ¡)/TS0 0.05 0.68e£(µ, ¡)/TS0

East-West North-South

0.05 0.62e£(µ, ¡)/TS0 0.05 0.68e£(µ, ¡)/TS0
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Summary
DARK MATTER INTERFEROMETRY

[Foster, NLR+ 2020]

Interferometry performed directly on the 
axion wave reveals hidden DM structure

East-West North-South
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Cosmic Axion 
Background

2101.09287 

w/ Jeff Dror, Hitoshi Murayama



Nick Rodd  |  New Ideas for Axion DM 36

The Cosmic Axion Background

[Dror, NLR, Murayama 2021]

Can we detect relativistic axions that 
are a relic of the early universe?
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]




c.f. gravitational 
waves

=
1
ρc

ρa

d ln ω

Landscape
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]




c.f. gravitational 
waves

=
1
ρc

ρa

d ln ω

Relics ~ live 
below by ΔNeff

See e.g. [Valentino+  “In the Realm of the Hubble 
tension − a Review of Solutions” 2103.01183]

Landscape
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]
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THE COSMIC AXION BACKGROUND

[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


We follow [Gorghetto, Hardy, Villadoro 2018, 2020], but see also 
[Buschmann, Foster, Safdi 2020] & [Dine, Fernandez, Ghalsasi, Patel 2020]

fa
1015 GeV
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Landscape

Parametric resonance 
produces a ~Gaussian 

spectrum
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

naλ3
a ∼ 1

Landscape
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Classical wave description applies

naλ3
a ∼ 1

Landscape
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

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)
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Rough Sensitivity
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Rough Sensitivity
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Rough Sensitivity
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Rough Sensitivity
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Rough Sensitivity
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

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)

Power in the axion field
<latexit sha1_base64="Y6NYnU9wuJTDffZS89BHePhsSzg="></latexit>

hSa(!)i =
⇡⇢a
!̄

p(!)

!

Experimentally accessible power
<latexit sha1_base64="S1Qowahg+bl8XYZTMZjrI5m2604="></latexit>

hSg@a(!)i = ⇡g2a��⇢a
!

!̄
p(!)



Nick Rodd  |  New Ideas for Axion DM 53

THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Rough Sensitivity
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Rough Sensitivity
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Rough Sensitivity
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Rough Sensitivity
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Rough Sensitivity
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Experimental Landscape
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Experimental Landscape
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Experimental Landscape
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Experimental Landscape

10°9 10°8 10°7 10°6 10°5 10°4 10°3 10°2

! [eV]

10°9

10°8

10°7

10°6

10°5

10°4

10°3

10°2

10°1

100

101

102

103

≠
a
(!

)

H0 Preferred

A
D

M
X

H
A

Y
ST

A
C

D
M

R
ad

io

M
ADM

AX

G
aussian The

rm
al

Cosmic String

Cl
as

sic
al

Q
ua

nt
um

CaB Landscape
ga∞∞ = gSE

a∞∞

ma < 1 neV

DM instruments will 
not reach - dedicated 

experiment?

DMRadio will reach 
cosmic relics



Nick Rodd  |  New Ideas for Axion DM 62

THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Experimental Landscape
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Experimental Landscape
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Late time production can generate 

Dark matter decay is one example

ρa > ργ
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Experimental Landscape
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Late time production can generate 

Dark matter decay is one example

ρa > ργ

Galactic decays Qa ∼ 103
Extragalactic decays Qa ∼ 1



Nick Rodd  |  New Ideas for Axion DM 65

THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Dark Matter Decay Sensitivity
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[DES Collaboration 2020]

χ → relativistic
τ ≳ 50 Gyr

ADMX could already have a 
signal on disk - working 
with the collaboration to 
implement the search

ADMX is converted to an 
axion telescope - signal 

undergoes daily modulation 
due to (∇a) ⋅ B
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Dark Matter Decay Sensitivity
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Dark Matter Decay Sensitivity
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Above neglects Bose enhancement - will be a huge effect 

Working to include
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Summary
Data collected by axion DM instruments is 

sensitive to a cosmic axion background
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THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]
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Conclusion
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Stream Localization
DARK MATTER INTERFEROMETRY

[Foster, NLR+ 2020]

Velocity distribution support sets 


Recall, for maximum sensitivity we want 


For bulk halo, expect , whereas for stream 


Small differences in  results in a large change in cos argument

|v | ∼ v̄

d ∼ λc

v̄ ∼ v0 v̄ ≫ v0

v̂ ⋅ x̂12

<latexit sha1_base64="fKn7KBXkykIdmRi1EbSBFC7/1m0="></latexit>

Fc
12(v) =

Z
d3vf(v) cos(mav · x12)�[|v|� v]

<latexit sha1_base64="ZfF+y2flOaOWpwGYonPpT5hpsNA="></latexit>

mav · x12 ⇠ (mav̄d)v̂ · x̂12

<latexit sha1_base64="+c907exxZL7P+b3Hzjyab8BMz2w="></latexit>

(mav̄d)v̂ · x̂12 ! (mav̄�c)v̂ · x̂12 ⇠ v̄

v0
v̂ · x̂12
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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>

PCaB
a =

⇡

8
sin4 ↵ g2a��QaB

2
0V C

⇢a
!̄

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>

fa =
2⇡2

!3

d⇢a
d!

' 4⇥ 1010
✓
Qa

1

◆✓
⇢a
⇢�

◆✓
!̄

1 µeV

◆�4

Large over the entire range we consider
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Dark Matter Decaying to Axions
THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Slide courtesy of Jeff Dror
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Parametric Resonance
THE COSMIC AXION BACKGROUND

[Dror, NLR, Murayama 2021]

Slide courtesy of Jeff Dror


