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Motivation

Axion as a window to BSM

I There are many candidates for dark matter.

I But, axion is still one of the prime candidates for dark matter.

I It is theoretically well motivated as a solution to the strong
CP problem.

I Currently several experiments to detect axions are going on
and new ones keep being proposed.

I In this talk I present two new proposals to detect axion DM in
the lab. and in the cosmos.
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Motivation

Axion as Dark matter

I The axion solves the strong CP problem dynamically.
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I For T � f and H � ma, the axions are homogeneous and
behave collectively as CDM (Preskill+Wise+Wilczek,
Abbott+Sikivie, Dine+Fischler 1983):
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√
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ma

sin (mat)
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Axion as Dark matter

I Axions, coupled to SM particles, live long enough for a large
decay constant and may constitue most of DM, ρa ≈ ρDM,
(Turner 1986).

Ωah
2 ≈ 0.23× 10±0.6

(
f

1012 GeV

)1.175

θ2
i F (θi ) ,
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A new experimental proposal for axion DM

Two stories on axion DM (LACME and Axion Vortex)

I A proposal to detect axions in the lab. (arXiv:2207.06884) :
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Conductor

Solenoid
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<latexit sha1_base64="Q5TyaB/a9I+K8B3sooQ4jW0wGwo=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8cIxgSSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9Hwduo3n7ixQqsHHKU8TGhfiVgwik5qdjSKhNtuueJX/RnIMglyUoEc9W75q9PTLEu4Qiapte3ATzEcU4OCST4pdTLLU8qGtM/bjirqloTj2bkTcuKUHom1caWQzNTfE2OaWDtKIteZUBzYRW8q/ue1M4yvw7FQaYZcsfmiOJMENZn+TnrCcIZy5AhlRrhbCRtQQxm6hEouhGDx5WXyeFYNLqsX9+eV2k0eRxGO4BhOIYArqMEd1KEBDIbwDK/w5qXei/fufcxbC14+cwh/4H3+AIjej7Y=</latexit>⌦<latexit sha1_base64="Q5TyaB/a9I+K8B3sooQ4jW0wGwo=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8cIxgSSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9Hwduo3n7ixQqsHHKU8TGhfiVgwik5qdjSKhNtuueJX/RnIMglyUoEc9W75q9PTLEu4Qiapte3ATzEcU4OCST4pdTLLU8qGtM/bjirqloTj2bkTcuKUHom1caWQzNTfE2OaWDtKIteZUBzYRW8q/ue1M4yvw7FQaYZcsfmiOJMENZn+TnrCcIZy5AhlRrhbCRtQQxm6hEouhGDx5WXyeFYNLqsX9+eV2k0eRxGO4BhOIYArqMEd1KEBDIbwDK/w5qXei/fufcxbC14+cwh/4H3+AIjej7Y=</latexit>⌦<latexit sha1_base64="Q5TyaB/a9I+K8B3sooQ4jW0wGwo=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8cIxgSSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9Hwduo3n7ixQqsHHKU8TGhfiVgwik5qdjSKhNtuueJX/RnIMglyUoEc9W75q9PTLEu4Qiapte3ATzEcU4OCST4pdTLLU8qGtM/bjirqloTj2bkTcuKUHom1caWQzNTfE2OaWDtKIteZUBzYRW8q/ue1M4yvw7FQaYZcsfmiOJMENZn+TnrCcIZy5AhlRrhbCRtQQxm6hEouhGDx5WXyeFYNLqsX9+eV2k0eRxGO4BhOIYArqMEd1KEBDIbwDK/w5qXei/fufcxbC14+cwh/4H3+AIjej7Y=</latexit>⌦

<latexit sha1_base64="VQBYfHzEq7h2MtpxlhnrLdtaeIs="></latexit>

~B

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥ <latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥
SQUID

G Detector

<latexit sha1_base64="/1flt3VuvoxqEGMMF3e+j3SPiI4="></latexit>

Lin

<latexit sha1_base64="umadmhrTayrgzrL+MCsiQ/SqqnU="></latexit>

Lp

<latexit sha1_base64="mBkS+A38xSrfFLEexeEMkvxEXEE="></latexit>

(a)
<latexit sha1_base64="iqmOHVlbOGvIjRYAGqasvKRkXhQ="></latexit>

(b)

<latexit sha1_base64="sK1cvh7woU7VP8pfS4Re5e9mNmA="></latexit>

Lp

I Axion vortex in the cosmos (m = gaγ ȧ ∼ 1/kpc) (to appear) :

<latexit sha1_base64="V3gCayNtIBTRp+Xn3lDsTfy7qlM="></latexit>

B'

<latexit sha1_base64="HLjNkAWqUlViC9sq3F81yYMsI3o="></latexit>

Bz

<latexit sha1_base64="P6zsPO8GNmfCx2WKp3VfWO4yhjY="></latexit>

Bi

<latexit sha1_base64="2K3XUlgRdcEuSUzurk3q36sTSoA="></latexit>|m|⇢
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Introduction
Detecting axion dark matter

Magnetic axion vortex
Conclusion

A new experimental proposal for axion DM

Existing experiments and proposals

I From its coupling to photons: (Sikivie ’83, ... CAPP)

Lint 3 gaγγ
a

2f
εµνρσFµνFρσ .
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Introduction
Detecting axion dark matter

Magnetic axion vortex
Conclusion

A new experimental proposal for axion DM

Existing experiments and proposals
I Axions couple to photons, modifying Maxwell equations:

ABRACADABRA ’16, DMRadio, · · ·
∇ × ~B = gaγγ ȧ~B .
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Introduction
Detecting axion dark matter

Magnetic axion vortex
Conclusion

A new experimental proposal for axion DM

Existing experiments and proposals

I Axions couple to gluons and hadrons: CASPER, spin torsion,
· · ·

Lint 3
cN
f
∂µaN̄γ

µγ5N + i
gd
2
a(t)N̄σµνγ5NF

µν
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Introduction
Detecting axion dark matter

Magnetic axion vortex
Conclusion

A new experimental proposal for axion DM

Low temperature Axion Chiral Magnetic Effect

I Electrons couple to axion DM: LACME (our proposal)

Lint = Ce
∂µa

f
ψ̄γµγ5ψ ≈

Ce

f

√
2ρDM cos(mat)ψ†γ5ψ .

I Axion DM acts as an axial chemical potential for electrons.

µ5 = Ce

√
2ρDM

f
cos (mat)

I µ5 induces a net current in medium along B field. ⇒ Chiral
Magnetic Effects (Fukushima+Kharzeev+Warringa ’08).
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Introduction
Detecting axion dark matter

Magnetic axion vortex
Conclusion

A new experimental proposal for axion DM

Low temperature Axion Chiral Magnetic Effect

I CME predicts a persistent current of oscillating electric
currents. 〈

~j
〉

= vF
e2

2π2
µ5
~B

I Our proposal (LACME) is to measure this current in a
conductor to detect axion dark matter.
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Introduction
Detecting axion dark matter

Magnetic axion vortex
Conclusion

A new experimental proposal for axion DM

Normal medium

I Consider first a cold medium of (free) electrons.

I The (vector) chemical potential adds energy by µ to all states,
filling up particles up to the Fermi surface.

L = ψ̄
(
i /∂ −m + µγ0

)
ψ

w�

E = −µ±
√

m2 + ~p2 ,

<latexit sha1_base64="oi2vgEWKYxa+rsi6hhoG14dYTRQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAi8cEzAOSJcxOepMxM7PLzKwQlnyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXmHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8N/PbT6g0i+WDmSQYCDKULGKUGCs1RL9c8areHO4q8XNSgRz1fvmrN4hpKlAayonWXd9LTJARZRjlOC31Uo0JoWMyxK6lkgjUQTY/dOqeWWXgRrGyJY07V39PZERoPRGh7RTEjPSyNxP/87qpiW6DjMkkNSjpYlGUctfE7uxrd8AUUsMnlhCqmL3VpSOiCDU2m5INwV9+eZW0Lqr+dfWqcVmp1fI4inACp3AOPtxADe6hDk2ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD2DOM+Q==</latexit>m

<latexit sha1_base64="ATgO8Viu6FbuKpjf/JK33jBZK7s=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUT8Oha8eKxg2kIby2azaZdudsPuRCilv8GLB0W8+oO8+W/ctjlo64OBx3szzMyLMsENet63s7K6tr6xWdoqb+/s7u1XDg6bRuWasoAqoXQ7IoYJLlmAHAVrZ5qRNBKsFQ1vp37riWnDlXzAUcbClPQlTzglaKWgS2OFvUrVq3kzuMvEL0gVCjR6la9urGieMolUEGM6vpdhOCYaORVsUu7mhmWEDkmfdSyVJGUmHM+OnbinVondRGlbEt2Z+ntiTFJjRmlkO1OCA7PoTcX/vE6OyU045jLLkUk6X5TkwkXlTj93Y64ZRTGyhFDN7a0uHRBNKNp8yjYEf/HlZdI8r/lXtcv7i2r9sYijBMdwAmfgwzXU4Q4aEAAFDs/wCm+OdF6cd+dj3rriFDNH8AfO5w/kto7Y</latexit>·
<latexit sha1_base64="ATgO8Viu6FbuKpjf/JK33jBZK7s=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUT8Oha8eKxg2kIby2azaZdudsPuRCilv8GLB0W8+oO8+W/ctjlo64OBx3szzMyLMsENet63s7K6tr6xWdoqb+/s7u1XDg6bRuWasoAqoXQ7IoYJLlmAHAVrZ5qRNBKsFQ1vp37riWnDlXzAUcbClPQlTzglaKWgS2OFvUrVq3kzuMvEL0gVCjR6la9urGieMolUEGM6vpdhOCYaORVsUu7mhmWEDkmfdSyVJGUmHM+OnbinVondRGlbEt2Z+ntiTFJjRmlkO1OCA7PoTcX/vE6OyU045jLLkUk6X5TkwkXlTj93Y64ZRTGyhFDN7a0uHRBNKNp8yjYEf/HlZdI8r/lXtcv7i2r9sYijBMdwAmfgwzXU4Q4aEAAFDs/wCm+OdF6cd+dj3rriFDNH8AfO5w/kto7Y</latexit>·

<latexit sha1_base64="ATgO8Viu6FbuKpjf/JK33jBZK7s=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUT8Oha8eKxg2kIby2azaZdudsPuRCilv8GLB0W8+oO8+W/ctjlo64OBx3szzMyLMsENet63s7K6tr6xWdoqb+/s7u1XDg6bRuWasoAqoXQ7IoYJLlmAHAVrZ5qRNBKsFQ1vp37riWnDlXzAUcbClPQlTzglaKWgS2OFvUrVq3kzuMvEL0gVCjR6la9urGieMolUEGM6vpdhOCYaORVsUu7mhmWEDkmfdSyVJGUmHM+OnbinVondRGlbEt2Z+ntiTFJjRmlkO1OCA7PoTcX/vE6OyU045jLLkUk6X5TkwkXlTj93Y64ZRTGyhFDN7a0uHRBNKNp8yjYEf/HlZdI8r/lXtcv7i2r9sYijBMdwAmfgwzXU4Q4aEAAFDs/wCm+OdF6cd+dj3rriFDNH8AfO5w/kto7Y</latexit>·
<latexit sha1_base64="ATgO8Viu6FbuKpjf/JK33jBZK7s=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUT8Oha8eKxg2kIby2azaZdudsPuRCilv8GLB0W8+oO8+W/ctjlo64OBx3szzMyLMsENet63s7K6tr6xWdoqb+/s7u1XDg6bRuWasoAqoXQ7IoYJLlmAHAVrZ5qRNBKsFQ1vp37riWnDlXzAUcbClPQlTzglaKWgS2OFvUrVq3kzuMvEL0gVCjR6la9urGieMolUEGM6vpdhOCYaORVsUu7mhmWEDkmfdSyVJGUmHM+OnbinVondRGlbEt2Z+ntiTFJjRmlkO1OCA7PoTcX/vE6OyU045jLLkUk6X5TkwkXlTj93Y64ZRTGyhFDN7a0uHRBNKNp8yjYEf/HlZdI8r/lXtcv7i2r9sYijBMdwAmfgwzXU4Q4aEAAFDs/wCm+OdF6cd+dj3rriFDNH8AfO5w/kto7Y</latexit>·<latexit sha1_base64="ATgO8Viu6FbuKpjf/JK33jBZK7s=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUT8Oha8eKxg2kIby2azaZdudsPuRCilv8GLB0W8+oO8+W/ctjlo64OBx3szzMyLMsENet63s7K6tr6xWdoqb+/s7u1XDg6bRuWasoAqoXQ7IoYJLlmAHAVrZ5qRNBKsFQ1vp37riWnDlXzAUcbClPQlTzglaKWgS2OFvUrVq3kzuMvEL0gVCjR6la9urGieMolUEGM6vpdhOCYaORVsUu7mhmWEDkmfdSyVJGUmHM+OnbinVondRGlbEt2Z+ntiTFJjRmlkO1OCA7PoTcX/vE6OyU045jLLkUk6X5TkwkXlTj93Y64ZRTGyhFDN7a0uHRBNKNp8yjYEf/HlZdI8r/lXtcv7i2r9sYijBMdwAmfgwzXU4Q4aEAAFDs/wCm+OdF6cd+dj3rriFDNH8AfO5w/kto7Y</latexit>·<latexit sha1_base64="ATgO8Viu6FbuKpjf/JK33jBZK7s=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUT8Oha8eKxg2kIby2azaZdudsPuRCilv8GLB0W8+oO8+W/ctjlo64OBx3szzMyLMsENet63s7K6tr6xWdoqb+/s7u1XDg6bRuWasoAqoXQ7IoYJLlmAHAVrZ5qRNBKsFQ1vp37riWnDlXzAUcbClPQlTzglaKWgS2OFvUrVq3kzuMvEL0gVCjR6la9urGieMolUEGM6vpdhOCYaORVsUu7mhmWEDkmfdSyVJGUmHM+OnbinVondRGlbEt2Z+ntiTFJjRmlkO1OCA7PoTcX/vE6OyU045jLLkUk6X5TkwkXlTj93Y64ZRTGyhFDN7a0uHRBNKNp8yjYEf/HlZdI8r/lXtcv7i2r9sYijBMdwAmfgwzXU4Q4aEAAFDs/wCm+OdF6cd+dj3rriFDNH8AfO5w/kto7Y</latexit>· <latexit sha1_base64="ATgO8Viu6FbuKpjf/JK33jBZK7s=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUT8Oha8eKxg2kIby2azaZdudsPuRCilv8GLB0W8+oO8+W/ctjlo64OBx3szzMyLMsENet63s7K6tr6xWdoqb+/s7u1XDg6bRuWasoAqoXQ7IoYJLlmAHAVrZ5qRNBKsFQ1vp37riWnDlXzAUcbClPQlTzglaKWgS2OFvUrVq3kzuMvEL0gVCjR6la9urGieMolUEGM6vpdhOCYaORVsUu7mhmWEDkmfdSyVJGUmHM+OnbinVondRGlbEt2Z+ntiTFJjRmlkO1OCA7PoTcX/vE6OyU045jLLkUk6X5TkwkXlTj93Y64ZRTGyhFDN7a0uHRBNKNp8yjYEf/HlZdI8r/lXtcv7i2r9sYijBMdwAmfgwzXU4Q4aEAAFDs/wCm+OdF6cd+dj3rriFDNH8AfO5w/kto7Y</latexit>·<latexit sha1_base64="ATgO8Viu6FbuKpjf/JK33jBZK7s=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUT8Oha8eKxg2kIby2azaZdudsPuRCilv8GLB0W8+oO8+W/ctjlo64OBx3szzMyLMsENet63s7K6tr6xWdoqb+/s7u1XDg6bRuWasoAqoXQ7IoYJLlmAHAVrZ5qRNBKsFQ1vp37riWnDlXzAUcbClPQlTzglaKWgS2OFvUrVq3kzuMvEL0gVCjR6la9urGieMolUEGM6vpdhOCYaORVsUu7mhmWEDkmfdSyVJGUmHM+OnbinVondRGlbEt2Z+ntiTFJjRmlkO1OCA7PoTcX/vE6OyU045jLLkUk6X5TkwkXlTj93Y64ZRTGyhFDN7a0uHRBNKNp8yjYEf/HlZdI8r/lXtcv7i2r9sYijBMdwAmfgwzXU4Q4aEAAFDs/wCm+OdF6cd+dj3rriFDNH8AfO5w/kto7Y</latexit>·<latexit sha1_base64="ATgO8Viu6FbuKpjf/JK33jBZK7s=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUT8Oha8eKxg2kIby2azaZdudsPuRCilv8GLB0W8+oO8+W/ctjlo64OBx3szzMyLMsENet63s7K6tr6xWdoqb+/s7u1XDg6bRuWasoAqoXQ7IoYJLlmAHAVrZ5qRNBKsFQ1vp37riWnDlXzAUcbClPQlTzglaKWgS2OFvUrVq3kzuMvEL0gVCjR6la9urGieMolUEGM6vpdhOCYaORVsUu7mhmWEDkmfdSyVJGUmHM+OnbinVondRGlbEt2Z+ntiTFJjRmlkO1OCA7PoTcX/vE6OyU045jLLkUk6X5TkwkXlTj93Y64ZRTGyhFDN7a0uHRBNKNp8yjYEf/HlZdI8r/lXtcv7i2r9sYijBMdwAmfgwzXU4Q4aEAAFDs/wCm+OdF6cd+dj3rriFDNH8AfO5w/kto7Y</latexit>·<latexit sha1_base64="ATgO8Viu6FbuKpjf/JK33jBZK7s=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lUT8Oha8eKxg2kIby2azaZdudsPuRCilv8GLB0W8+oO8+W/ctjlo64OBx3szzMyLMsENet63s7K6tr6xWdoqb+/s7u1XDg6bRuWasoAqoXQ7IoYJLlmAHAVrZ5qRNBKsFQ1vp37riWnDlXzAUcbClPQlTzglaKWgS2OFvUrVq3kzuMvEL0gVCjR6la9urGieMolUEGM6vpdhOCYaORVsUu7mhmWEDkmfdSyVJGUmHM+OnbinVondRGlbEt2Z+ntiTFJjRmlkO1OCA7PoTcX/vE6OyU045jLLkUk6X5TkwkXlTj93Y64ZRTGyhFDN7a0uHRBNKNp8yjYEf/HlZdI8r/lXtcv7i2r9sYijBMdwAmfgwzXU4Q4aEAAFDs/wCm+OdF6cd+dj3rriFDNH8AfO5w/kto7Y</latexit>·

<latexit sha1_base64="MhCcOIcHAfDx/dfbBp6L7xlJpoo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cI5gHJEmYnvcmY2dllZjYQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WjmSToR3QgecgZNVZqdsfISNIrV9yqOwdZJV5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5L3VRjQtmIDrBjqaQRaj+bXzslZ1bpkzBWtqQhc/X3REYjrSdRYDsjaoZ62ZuJ/3md1IS3fsZlkhqUbLEoTAUxMZm9TvpcITNiYgllittbCRtSRZmxAZVsCN7yy6ukeVH1rqtXD5eVWi2PowgncArn4MEN1OAe6tAABk/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADkkjug=</latexit>

~p
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Fermi Sea

Figure: normal medium
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Magnetic axion vortex
Conclusion

A new experimental proposal for axion DM

Normal medium

I Consider first a cold medium of (free) electrons.

I The (vector) chemical potential adds energy by µ to all states,
filling up particles up to the Fermi surface.

L = ψ̄
(
i /∂ −m + µγ0

)
ψ

w�

E = −µ±
√

m2 + ~p2 ,
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Axionic Chiral Magnetic Effects

I Similarly, the axial chemical potential adds a kick to electrons
along their spin direction to create a helicity imbalance :

L = Ψ̄
(
i /∂ −m + µγ0 + µ5γ

0γ5

)
Ψ

I To see that, we take a non-relativistic limit by subtracting out
the rest mass and integrating out the negative states, χ:

Ψ ≡
(
ψ
χ

)
e−imt (µNR ≡ µ−m)

⇒ LNR = ψ†

[
i∂0 −

(i~σ · ~∇+ µ5)2

2m

]
ψ + µNRψ

†ψ + · · ·
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along their spin direction to create a helicity imbalance :

L = Ψ̄
(
i /∂ −m + µγ0 + µ5γ

0γ5

)
Ψ

I To see that, we take a non-relativistic limit by subtracting out
the rest mass and integrating out the negative states, χ:

Ψ ≡
(
ψ
χ

)
e−imt (µNR ≡ µ−m)

⇒ LNR = ψ†

[
i∂0 −

(i~σ · ~∇+ µ5)2

2m

]
ψ + µNRψ
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chiral magnetic effects in chiral medium

I µ5 creates more particles moving along the spin direction.

I To create the helicity imbalance, we need a medium of
polarized electrons.

I Under a magnetic field, electrons in the LLL are polarized
opposite to the magnetic field:

En(pz) = ±
√
p2
z + m2 + 2 |eB| n,

with 2n = 2nr + 1 + |mL| − sign(eB) (mL + 2sz).
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Detecting axion dark matter

Magnetic axion vortex
Conclusion

A new experimental proposal for axion DM

chiral magnetic effects in chiral medium

I µ5 creates the helicity imbalance in medium under magnetic
field :
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µ+

Figure: chiral medium
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I Helicity imbalance

∆ρ = ρn=0
h=+1 − ρn=0

h=−1 =
|eB|
4π2

(
p+
F − p−F

)
=
|eB|
2π2

µ5 .

I CME is a current flow due to the helicity imbalance in
(polarized) medium by the axial chemical potential µ5 and B.

〈
~j
〉

= vF
e2

2π2
µ5
~B
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E =
p

m2 + p2

<latexit sha1_base64="4URJOcqNtpXNU0jrEbNwI4tLK74=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNFrQUFR1090VZ5xp4/tfXmltfWNzq7xd2dnd2z+oHh61dWoVoSFJeaq6MdaUM0lDwwyn3UxRLGJOO/Hkdu53HqnSLJUPZprRSOCRZAkj2Dgp7As7aAyqNb/uL4D+kqAgNSjQGlQ/+8OUWEGlIRxr3Qv8zEQ5VoYRTmeVvtU0w2SCR7TnqMSC6ihfHDtDZ04ZoiRVrqRBC/XnRI6F1lMRu06BzVivenPxP69nTXIT5Uxm1lBJlosSy5FJ0fxzNGSKEsOnjmCimLsVkTFWmBiXT8WFEKy+/Je0L+rBVb1xf1lrNos4ynACp3AOAVxDE+6gBSEQYPAEL/DqSe/Ze/Pel60lr5g5hl/wPr4BjRCOhg==</latexit>µ5

<latexit sha1_base64="EGEOy+A4cBSI8V3X1pNygSqinuo=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiTia1lw47KifUATymQyaYdOMmHmplhCf8WNC0Xc+iPu/BunbRbaeuDC4Zx7ufeeIBVcg+N8W6W19Y3NrfJ2ZWd3b//APqy2tcwUZS0qhVTdgGgmeMJawEGwbqoYiQPBOsHoduZ3xkxpLpNHmKTMj8kg4RGnBIzUt6vekAB+8GgoAXtjRnHat2tO3ZkDrxK3IDVUoNm3v7xQ0ixmCVBBtO65Tgp+ThRwKti04mWapYSOyID1DE1IzLSfz2+f4lOjhDiSylQCeK7+nshJrPUkDkxnTGCol72Z+J/XyyC68XOepBmwhC4WRZnAIPEsCBxyxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtUv7y9qjUYRRxkdoxN0hlx0jRroDjVRC1H0hJ7RK3qzptaL9W59LFpLVjFzhP7A+vwB+gOTww==</latexit>

Ŝ · ~p
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F
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E = µ
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µ+

Figure: chiral medium
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I Helicity imbalance

∆ρ = ρn=0
h=+1 − ρn=0

h=−1 =
|eB|
4π2

(
p+
F − p−F

)
=
|eB|
2π2

µ5 .

I CME is a current flow due to the helicity imbalance in
(polarized) medium by the axial chemical potential µ5 and B.

〈
~j
〉

= vF
e2

2π2
µ5
~B
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E =
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m2 + p2

<latexit sha1_base64="4URJOcqNtpXNU0jrEbNwI4tLK74=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BLx4juEkgWcLsZDYZMjO7zEMIS77BiwdFvPpB3vwbJ8keNFrQUFR1090VZ5xp4/tfXmltfWNzq7xd2dnd2z+oHh61dWoVoSFJeaq6MdaUM0lDwwyn3UxRLGJOO/Hkdu53HqnSLJUPZprRSOCRZAkj2Dgp7As7aAyqNb/uL4D+kqAgNSjQGlQ/+8OUWEGlIRxr3Qv8zEQ5VoYRTmeVvtU0w2SCR7TnqMSC6ihfHDtDZ04ZoiRVrqRBC/XnRI6F1lMRu06BzVivenPxP69nTXIT5Uxm1lBJlosSy5FJ0fxzNGSKEsOnjmCimLsVkTFWmBiXT8WFEKy+/Je0L+rBVb1xf1lrNos4ynACp3AOAVxDE+6gBSEQYPAEL/DqSe/Ze/Pel60lr5g5hl/wPr4BjRCOhg==</latexit>µ5

<latexit sha1_base64="EGEOy+A4cBSI8V3X1pNygSqinuo=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiTia1lw47KifUATymQyaYdOMmHmplhCf8WNC0Xc+iPu/BunbRbaeuDC4Zx7ufeeIBVcg+N8W6W19Y3NrfJ2ZWd3b//APqy2tcwUZS0qhVTdgGgmeMJawEGwbqoYiQPBOsHoduZ3xkxpLpNHmKTMj8kg4RGnBIzUt6vekAB+8GgoAXtjRnHat2tO3ZkDrxK3IDVUoNm3v7xQ0ixmCVBBtO65Tgp+ThRwKti04mWapYSOyID1DE1IzLSfz2+f4lOjhDiSylQCeK7+nshJrPUkDkxnTGCol72Z+J/XyyC68XOepBmwhC4WRZnAIPEsCBxyxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtUv7y9qjUYRRxkdoxN0hlx0jRroDjVRC1H0hJ7RK3qzptaL9W59LFpLVjFzhP7A+vwB+gOTww==</latexit>
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Figure: chiral medium
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Introduction
Detecting axion dark matter

Magnetic axion vortex
Conclusion

A new experimental proposal for axion DM

Axionic Chiral Magnetic Effects

I We propose a new experiment (LACME) to detect this
non-dissipative currents in a conductor:
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A new experimental proposal for axion DM

Axionic Chiral Magnetic Effects

I Projection of LACME from existing axion haloscopes,
assuming vF = 0.01 (gae = 2Ceme/f ):
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A new experimental proposal for axion DM

Axion-electron coupling

I The axion-electron coupling depends on the UV model.

I The strength of the axion-electron coupling varies as (See e.g.
2106.05816 by Choi+Im+Seong)

Ce '





O(1) DFSZ-like models

O(10−4 ∼ 10−3) KSVZ-like models

O(10−3 ∼ 10−2) String-theoretic axions .

I The precise measurement of the axion-electron coupling can
uncover its microscopic origin.
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Axion electrodynamics

I Axion electrodynamics for ~∇a = 0:

~∇ · ~E = 0 , ~∇× ~B − ∂

∂t
~E = −gaγ ȧ~B ,

I In axion electrodynamics, the magnetic field sources itself,
producing a current ~J = −m~B with m = gaγ ȧ even in the
absence of charged particles.

I Magnetic fields are self-coupled. Superposition of magnetic
fields is not possible.
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Axion electrodynamics
Axion magnetic vortex

Axion electrodynamics

I When ȧ is almost constant, there should exist a topological
soliton carrying a finite magnetic flux.

I We therefore ask how the magnetic fields along the vortex
should be distributed to minimize its energy for a given
magnetic flux, which is topologically conserved.

I Our ansatz :

~E = 0 , ~B = (0,Bϕ(ρ),Bz(ρ)) ,
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Axion electrodynamics

I The energy for the static magnetic field with ~J = −m~B :

E =

∫
d3x

{
1

2
~B2 − ~A · ~J

}
=

∫
d3x

{
1

2

(
~B + m ~A

)2
− 1

2
m2 ~A2

}

I The minimum energy saturates by configurations that satisfy
the Maxwell equation or ~B = −m ~A in the Coulomb gauge:

B ′′ϕ +
1

ρ
B ′ϕ −

(
1

ρ2
−m2

)
Bϕ = 0 ; B ′′z +

1

ρ
B ′z + m2Bz = 0 .
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Axion magnetic vortex

I The minimum energy configuration for a given flux Φ is with
the normalization, N = 2π

∫ xc
0 xJ0(x)dx ,

Bϕ(ρ) = −m|m| Φ

N J1 (|m| ρ) , Bz(ρ) = m2 Φ

N J0(|m|ρ) .
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Axion magnetic vortex

I If we apply an external magnetic field, ~Bext, an axion
magnetic vortex will form spontaneously:
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Axion magnetic vortex
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Axion magnetic vortex

I For the normal modes inside axion magnetic vortex

δa = θ(t)f (|m|ρ)

I Fluctuations induce electric fields from the Faraday’s law:

Ez(ρ) = gaγ δä
Φ

N [J0(|m|ρ)− |m|ρ J1(|m|ρ)] ,

Eϕ(ρ) = −gaγ δä
Φ

N mρ J0(|m|ρ)

I And it creates axion source that renormalizes the kinetic term,

~E · ~B = gaγ δä m
2

(
Φ

N J0(|m|ρ)

)2

25/31



Introduction
Detecting axion dark matter

Magnetic axion vortex
Conclusion

Axion electrodynamics
Axion magnetic vortex

Axion magnetic vortex

I For the normal modes inside axion magnetic vortex

δa = θ(t)f (|m|ρ)

I Fluctuations induce electric fields from the Faraday’s law:

Ez(ρ) = gaγ δä
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Φ

N [J0(|m|ρ)− |m|ρ J1(|m|ρ)] ,

Eϕ(ρ) = −gaγ δä
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Axion magnetic vortex

I The normal modes, δa = θ(t)f (|m|ρ), satisfy, after rescaling
|m|ρ to be ρ,

−∇2f (ρ)− ω2

m2
H(ρ)f (ρ) = −λf (ρ) ,

where ω2 = −θ̈/θ, λ = m2
a/m

2, H = 1 + g2
aγ m

2
(

Φ
N J0(ρ)

)2
.
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Axion magnetic vortex

I Axion spectrum inside vortex is that of Schrödinger equation
(m = gaγ ȧ) :
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Axion magnetic vortex

I The size of vortex is 1/m ∼ 1 kpc and the magnetic field in
our galaxy is about 10µG =⇒ Φ ∼ 1026.

I A few low-lying energy eigenstates :
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Axion magnetic vortex

I The soliton is stable because ω2 < 0 has no normalizable
solution.

I Inside the vortex, axions are bound, having energy smaller
than ma for any m.
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Conclusion

I We show that dark matter axions or axion-like particles (ALP)
induce non-dissipative alternating electric currents in
conductors along the external magnetic fields due to the axial
anomaly, realizing the chiral magnetic effects.

~j = vF
e2

2π2

Ce

f
ȧ~B . (LACME) .

I We propose a new experiment to measure this current in
medium to detect the dark matter axions or ALP. (LACME)

I This non-dissipative currents are the electron medium effects,
directly proportional to the axion or ALP coupling to
electrons, which depends on their microscopic physics.
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Conclusion

I If ȧ is constant, there should exist a vortex solution of
minimum energy for a give magnetic flux.

I The axion magnetic vortex is stable for small fluctuations.

I Axions are bound to the vortex, having energy ω < ma.

I Astrophysical signatures of the axion vortex are under
investigations.
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