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Motivation

Axion as a window to BSM

I There are many candidates for dark matter.

I 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 are being prposed.
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Motivation

Axion as Dark matter
I The axion solves the strong CP problem dynamically.

<latexit sha1_base64="sBbEnLurdEdp4Ssx/gkSlHY0aSI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02kqMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVlDVpLGLVCVAzwSVrGm4E6ySKYRQI1g7GNzO//ciU5rF8MJOE+REOJQ85RWOlezwL++WKW3XnIH+Jl5MK5Gj0y5+9QUzTiElDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61oqMWLaz+anTsmJVQYkjJUtachc/TmRYaT1JApsZ4RmpJe9mfif101NeOVnXCapYZIuFoWpICYms7/JgCtGjZhYglRxeyuhI1RIjU2nZEPwll/+S1rnVe+iWrurVerXeRxFOIJjOAUPLqEOt9CAJlAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Aby6Y2X</latexit>

a/f

<latexit sha1_base64="HA26gTFTZ3wyhJRXGQp/AIt1Ts4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJpE4VXw7LFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDGT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNW8Rq3+UK80b/M4inAG51AFD66hCffQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBM+qNsw==</latexit>

V (a)

<latexit sha1_base64="4evjsevKP676W5+s1Jvu/QHIXC4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26t5VvfnQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPD8Y4S</latexit>

2⇡
<latexit sha1_base64="oGWOCICeUTfWX//mhX+QKPDVgiU=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHoxWME84BkCbOT2WTIPJaZWSEs+QUvHhTx6g9582+cTfagiQUNRVU33V1Rwpmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rc5X7niWrDlHy004SGAo8kixnBNpfq/YQNKlW/5s+BVklQkCoUaA4qX/2hIqmg0hKOjekFfmLDDGvLCKezcj81NMFkgke056jEgpowm986Q+dOGaJYaVfSorn6eyLDwpipiFynwHZslr1c/M/rpTa+CTMmk9RSSRaL4pQjq1D+OBoyTYnlU0cw0czdisgYa0ysi6fsQgiWX14l7ctacFWrP9SrjdsijhKcwhlcQADX0IB7aEILCIzhGV7hzRPei/fufSxa17xi5gT+wPv8Acb/jhQ=</latexit>

4⇡
<latexit sha1_base64="3k4nI6q7r8TE8xPX7leUD5MvSE8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGlf9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AElRJAN</latexit>

✓i

<latexit sha1_base64="uk8wJiQBhyQOArDkoymE4Ea/yFI=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0jS2tZb0YvHCvYD2lA22227dLMJuxOhhP4ILx4U8erv8ea/cdNWUNEHA4/3ZpiZF8SCa3CcDyu3tr6xuZXfLuzs7u0fFA+P2jpKFGUtGolIdQOimeCStYCDYN1YMRIGgnWC6XXmd+6Z0jySdzCLmR+SseQjTgkYqdMPEiEYDIolx76sV70LDzu249S8cjUjXq3ilbFrlAwltEJzUHzvDyOahEwCFUTrnuvE4KdEAaeCzQv9RLOY0CkZs56hkoRM++ni3Dk+M8oQjyJlSgJeqN8nUhJqPQsD0xkSmOjfXib+5fUSGNX9lMs4ASbpctEoERginP2Oh1wxCmJmCKGKm1sxnRBFKJiECiaEr0/x/6Tt2W7VrtxWSo2rVRx5dIJO0TlyUQ010A1qohaiaIoe0BN6tmLr0XqxXpetOWs1c4x+wHr7BN3oj/E=</latexit>•

I For T � f and H � ma, the axions are homogeneous and
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Abbott+Sikivie, Dine+Fischler 1983):
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Motivation

Axion as Dark matter

I For a large decay constant, axions are weakly coupled to SM
particles and may constitue 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 proposal for new experiment for axion DM

Two stories of axion DM (LACME and Axion Vortex)

I A proposal to detect axions (See talk by S.H. Im on Wed.) :
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Conductor
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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 (m = gaγ ȧ) (See talk by S. Lonsdale on Thurs.)

<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
Two stories of axion dark matter

The magnetic vortex
Conclusion

A proposal for new experiment 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
Two stories of axion dark matter

The magnetic vortex
Conclusion

A proposal for new experiment 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
Two stories of axion dark matter

The magnetic vortex
Conclusion

A proposal for new experiment 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
Two stories of axion dark matter

The magnetic vortex
Conclusion

A proposal for new experiment 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 The axial chemical potential induces a helicity imbalance if
B 6= 0. ⇒ Chiral Magnetic Effects
(Fukushima+Kharzeev+Warringa 2008).

10/28



Introduction
Two stories of axion dark matter

The magnetic vortex
Conclusion

A proposal for new experiment 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 The axial chemical potential induces a helicity imbalance if
B 6= 0. ⇒ Chiral Magnetic Effects
(Fukushima+Kharzeev+Warringa 2008).

10/28



Introduction
Two stories of axion dark matter

The magnetic vortex
Conclusion

A proposal for new experiment 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 The axial chemical potential induces a helicity imbalance if
B 6= 0. ⇒ Chiral Magnetic Effects
(Fukushima+Kharzeev+Warringa 2008).

10/28



Introduction
Two stories of axion dark matter

The magnetic vortex
Conclusion

A proposal for new experiment for axion DM

Axionic Chiral Magnetic Effects

I The axial chemical potential adds a kick to electrons along
their spin direction:

L = Ψ̄
(
i /∂ −m + µγ0 + µ5γ

0γ5

)
Ψ

I 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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Introduction
Two stories of axion dark matter

The magnetic vortex
Conclusion

A proposal for new experiment for axion DM

Normal medium

I Consider a cold medium of (free) electrons :

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

<latexit sha1_base64="BwwWebein7+CdNiLzCcZAG5Ws1A=">AAACA3icdVDLSsNAFJ3UV62vqDvdDBZBKJYkaG0XQkEElxXsA5q2TKbTduhMEmcmhRIKbvwVNy4UcetPuPNvnLQVVPTAhcM593LvPV7IqFSW9WGkFhaXllfSq5m19Y3NLXN7pyaDSGBSxQELRMNDkjDqk6qiipFGKAjiHiN1b3iR+PUREZIG/o0ah6TFUd+nPYqR0lLH3Ls8P3Z5lHPlrVAxbzs5d0QwDNvOpGNmrbylUSjAhNhFy9akVCo6TgnaU8uysmCOSsd8d7sBjjjxFWZIyqZthaoVI6EoZmSScSNJQoSHqE+amvqIE9mKpz9M4KFWurAXCF2+glP1+0SMuJRj7ulOjtRA/vYS8S+vGalesRVTP4wU8fFsUS9iUAUwCQR2qSBYsbEmCAuqb4V4gATCSseW0SF8fQr/JzUnbxfyp9cn2XJ5Hkca7IMDcARscAbK4ApUQBVgcAcewBN4Nu6NR+PFeJ21poz5zC74AePtE9k4lww=</latexit>

E = �µ +
p

m2 + ~p2

<latexit sha1_base64="4QAy6ljJmLqGD1tTEfQ+OqPFgNc=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ2b6dCEURHBZ0T6gHUomzbShmcyQZIQy9BPcuFDErV/kzr8x01ZQ0QMXDufcy733+DFnSiP0Ya2srq1vbOa28ts7u3v7hYPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yWXmd+6pVCwSd3oaUy/EI8ECRrA20u3VBRoUisg+r1fdiguRjVDNLVUz4tbKbgk6RslQBEs0B4X3/jAiSUiFJhwr1XNQrL0US80Ip7N8P1E0xmSCR7RnqMAhVV46P3UGT40yhEEkTQkN5+r3iRSHSk1D33SGWI/Vby8T//J6iQ7qXspEnGgqyGJRkHCoI5j9DYdMUqL51BBMJDO3QjLGEhNt0smbEL4+hf+Ttms7VbtyUy42Gss4cuAYnIAz4IAaaIBr0AQtQMAIPIAn8Gxx69F6sV4XrSvWcuYI/ID19gnuUI2W</latexit>

E = 0

<latexit sha1_base64="lsZqO14Dm/8blGqh7hqNcFlMitA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NAEI8RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh6R32ytX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l9eL+vFKr5XEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wch+o21</latexit>pF
<latexit sha1_base64="+oT7mJPGG5h6upL4/NoBKuY3+18=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgxpKIr2VAEJcV7APaUCbTSTt0ZhJmJkIJ/QU3LhRx6w+582+ctFlo64ELh3Pu5d57woQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6Szp3/WrNbfuzoCWiVeQGhRo9KtfvUFMUkGlIRxr3fXcxAQZVoYRTqeVXqppgskYD2nXUokF1UE2u3WKTqwyQFGsbEmDZurviQwLrScitJ0Cm5Fe9HLxP6+bmugmyJhMUkMlmS+KUo5MjPLH0YApSgyfWIKJYvZWREZYYWJsPBUbgrf48jJpnde9q/rlw0XN94s4ynAEx3AKHlyDD/fQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwBi52N7A==</latexit>�pF

Fermi Sea

Figure: normal medium
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Introduction
Two stories of axion dark matter

The magnetic vortex
Conclusion

A proposal for new experiment for axion DM

chiral magnetic effects in chiral medium

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

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

<latexit sha1_base64="cUiJfLoJ5+itpvzk2KA5MYyoJcI=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkUQhJIUXxuhIILLCvYBbVom00k7dGYSZyaFEvonblwo4tY/ceffOG2z0NYDFw7n3Mu99wQxo0q77reVW1ldW9/Ibxa2tnd29+z9g7qKEolJDUcsks0AKcKoIDVNNSPNWBLEA0YawfB26jdGRCoaiUc9jonPUV/QkGKkjdS17bubtnqSOuWd8lncKU+6dtEtuTM4y8TLSBEyVLv2V7sX4YQToTFDSrU8N9Z+iqSmmJFJoZ0oEiM8RH3SMlQgTpSfzi6fOCdG6TlhJE0J7czU3xMp4kqNeWA6OdIDtehNxf+8VqLDaz+lIk40EXi+KEyYoyNnGoPTo5JgzcaGICypudXBAyQR1iasggnBW3x5mdTLJe+ydPFwXqxUsjjycATHcAoeXEEF7qEKNcAwgmd4hTcrtV6sd+tj3pqzsplD+APr8wfEhZMb</latexit>

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

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

<latexit sha1_base64="gj+pZB9mgbb1pQqsk/3JjUceCQA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQknEr2NBEI8VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dpaWV1bX1gsbxc2t7Z3d0t5+XSeZYuizRCSqGVKNgkv0DTcCm6lCGocCG+HgZuI3nlBpnsgHM0wxiGlP8ogzaqzkp53bx9NOqexW3CnIIvFyUoYctU7pq91NWBajNExQrVuem5pgRJXhTOC42M40ppQNaA9blkoaow5G02PH5NgqXRIlypY0ZKr+nhjRWOthHNrOmJq+nvcm4n9eKzPRdTDiMs0MSjZbFGWCmIRMPiddrpAZMbSEMsXtrYT1qaLM2HyKNgRv/uVFUj+reJeVi/vzcrWax1GAQziCE/DgCqpwBzXwgQGHZ3iFN0c6L8678zFrXXLymQP4A+fzBz4HjlI=</latexit>

p+
F

<latexit sha1_base64="a2GG7ykuAw2S2fPFeERau15H+tk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr4sQEMFjBdMW2lA22027dHcTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpRypo3rfjulldW19Y3yZmVre2d3r7p/0NRJpggNSMIT1Y6wppxJGhhmOG2nimIRcdqKRrdTv/VElWaJfDTjlIYCDySLGcHGSsHdTVdkvWrNrbszoGXiFaQGBRq96le3n5BMUGkIx1p3PDc1YY6VYYTTSaWbaZpiMsID2rFUYkF1mM+OnaATq/RRnChb0qCZ+nsix0LrsYhsp8BmqBe9qfif18lMfB3mTKaZoZLMF8UZRyZB089RnylKDB9bgoli9lZEhlhhYmw+FRuCt/jyMmme1b3L+sXDec33izjKcATHcAoeXIEP99CAAAgweIZXeHOk8+K8Ox/z1pJTzBzCHzifP3C4jnQ=</latexit>

E = µ

<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="464/dlFSXM6apboLc9c1H4w2D40=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XcYV61Vrbt2dgSwTryA1KNDsVb+6/YRlMUrDBNW647mpCXKqDGcCJ5VupjGlbEQH2LFU0hh1kM+OnZATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vE5mousg5zLNDEo2XxRlgpiETD8nfa6QGTG2hDLF7a2EDamizNh8KjYEb/HlZfJ4Vvcu6xf357XGTRFHGY7gGE7BgytowB00wQcGHJ7hFd4c6bw4787HvLXkFDOH8AfO5w/Os46z</latexit>�
<latexit sha1_base64="464/dlFSXM6apboLc9c1H4w2D40=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XcYV61Vrbt2dgSwTryA1KNDsVb+6/YRlMUrDBNW647mpCXKqDGcCJ5VupjGlbEQH2LFU0hh1kM+OnZATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vE5mousg5zLNDEo2XxRlgpiETD8nfa6QGTG2hDLF7a2EDamizNh8KjYEb/HlZfJ4Vvcu6xf357XGTRFHGY7gGE7BgytowB00wQcGHJ7hFd4c6bw4787HvLXkFDOH8AfO5w/Os46z</latexit>�

<latexit sha1_base64="464/dlFSXM6apboLc9c1H4w2D40=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XcYV61Vrbt2dgSwTryA1KNDsVb+6/YRlMUrDBNW647mpCXKqDGcCJ5VupjGlbEQH2LFU0hh1kM+OnZATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vE5mousg5zLNDEo2XxRlgpiETD8nfa6QGTG2hDLF7a2EDamizNh8KjYEb/HlZfJ4Vvcu6xf357XGTRFHGY7gGE7BgytowB00wQcGHJ7hFd4c6bw4787HvLXkFDOH8AfO5w/Os46z</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="lsZqO14Dm/8blGqh7hqNcFlMitA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NAEI8RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh6R32ytX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l9eL+vFKr5XEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wch+o21</latexit>pF
<latexit sha1_base64="+oT7mJPGG5h6upL4/NoBKuY3+18=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgxpKIr2VAEJcV7APaUCbTSTt0ZhJmJkIJ/QU3LhRx6w+582+ctFlo64ELh3Pu5d57woQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6Szp3/WrNbfuzoCWiVeQGhRo9KtfvUFMUkGlIRxr3fXcxAQZVoYRTqeVXqppgskYD2nXUokF1UE2u3WKTqwyQFGsbEmDZurviQwLrScitJ0Cm5Fe9HLxP6+bmugmyJhMUkMlmS+KUo5MjPLH0YApSgyfWIKJYvZWREZYYWJsPBUbgrf48jJpnde9q/rlw0XN94s4ynAEx3AKHlyDD/fQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwBi52N7A==</latexit>�pF

<latexit sha1_base64="l45q7uYHg6mPbKYMU/EQXnq4hgE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgJWFX4uMYEMRjBPOAZA2zk9lkzOzMMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcScaeO6305uZXVtfSO/Wdja3tndK+4fNLVMFKENIrlU7QBrypmgDcMMp+1YURwFnLaC0fXUbz1RpZkU92YcUz/CA8FCRrCxUrMc924eyr1iya24M6Bl4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVOCIaj+dXTtBJ1bpo1AqW8Kgmfp7IsWR1uMosJ0RNkO96E3F/7xOYsIrP2UiTgwVZL4oTDgyEk1fR32mKDF8bAkmitlbERlihYmxARVsCN7iy8ukeVbxLirnd9VSrZbFkYcjOIZT8OASanALdWgAgUd4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/qxCOiw==</latexit>�p�F

<latexit sha1_base64="lCI6TGuqeadFUMEw1dydlUbWrlA=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBiyVbtLa3ghePFdy20K4lm6ZtaDa7JFmhLP0NXjwo4tUf5M1/Y7atoKIPBh7vzTAzL4gF1wbjDye3srq2vpHfLGxt7+zuFfcPWjpKFGUejUSkOgHRTHDJPMONYJ1YMRIGgrWDyVXmt++Z0jySt2YaMz8kI8mHnBJjJa8XJndn/WIJl7FFtYoy4tawa0m9XqtU6sidWxiXYIlmv/jeG0Q0CZk0VBCtuy6OjZ8SZTgVbFboJZrFhE7IiHUtlSRk2k/nx87QiVUGaBgpW9Kgufp9IiWh1tMwsJ0hMWP928vEv7xuYoY1P+UyTgyTdLFomAhkIpR9jgZcMWrE1BJCFbe3IjomilBj8ynYEL4+Rf+TVqXsVssXN+elRmMZRx6O4BhOwYVLaMA1NMEDChwe4AmeHek8Oi/O66I15yxnDuEHnLdP1rCOug==</latexit>

µ�

<latexit sha1_base64="2C/auCHzo8eWWyq3hGkMajwhIj4=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwjAzfboruHFZwWkL7VgyaaYNTTJDkhFK6Te4caGIWz/InX9jpq2gogcuHM65l3vvCRNGlXacDyu3tr6xuZXfLuzs7u0fFA+P2ipOJSY+jlksuyFShFFBfE01I91EEsRDRjrh5CrzO/dEKhqLWz1NSMDRSNCIYqSN5Pd5encxKJYc+7JR86oedGzHqXvlWka8esUrQ9coGUpghdag+N4fxjjlRGjMkFI910l0MENSU8zIvNBPFUkQnqAR6RkqECcqmC2OncMzowxhFEtTQsOF+n1ihrhSUx6aTo70WP32MvEvr5fqqBHMqEhSTQReLopSBnUMs8/hkEqCNZsagrCk5laIx0girE0+BRPC16fwf9L2bLdmV28qpWZzFUcenIBTcA5cUAdNcA1awAcYUPAAnsCzJaxH68V6XbbmrNXMMfgB6+0T30yOvw==</latexit>

µ+

Figure: chiral medium

I We need polarized electrons to see this effect.

I Under an external magnetic field, electrons move parallel or
antiparallel to ~B but the spins are always antiparallel for LLL.
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chiral magnetic effects in chiral medium

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

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

<latexit sha1_base64="cUiJfLoJ5+itpvzk2KA5MYyoJcI=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkUQhJIUXxuhIILLCvYBbVom00k7dGYSZyaFEvonblwo4tY/ceffOG2z0NYDFw7n3Mu99wQxo0q77reVW1ldW9/Ibxa2tnd29+z9g7qKEolJDUcsks0AKcKoIDVNNSPNWBLEA0YawfB26jdGRCoaiUc9jonPUV/QkGKkjdS17bubtnqSOuWd8lncKU+6dtEtuTM4y8TLSBEyVLv2V7sX4YQToTFDSrU8N9Z+iqSmmJFJoZ0oEiM8RH3SMlQgTpSfzi6fOCdG6TlhJE0J7czU3xMp4kqNeWA6OdIDtehNxf+8VqLDaz+lIk40EXi+KEyYoyNnGoPTo5JgzcaGICypudXBAyQR1iasggnBW3x5mdTLJe+ydPFwXqxUsjjycATHcAoeXEEF7qEKNcAwgmd4hTcrtV6sd+tj3pqzsplD+APr8wfEhZMb</latexit>

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

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

<latexit sha1_base64="gj+pZB9mgbb1pQqsk/3JjUceCQA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQknEr2NBEI8VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dpaWV1bX1gsbxc2t7Z3d0t5+XSeZYuizRCSqGVKNgkv0DTcCm6lCGocCG+HgZuI3nlBpnsgHM0wxiGlP8ogzaqzkp53bx9NOqexW3CnIIvFyUoYctU7pq91NWBajNExQrVuem5pgRJXhTOC42M40ppQNaA9blkoaow5G02PH5NgqXRIlypY0ZKr+nhjRWOthHNrOmJq+nvcm4n9eKzPRdTDiMs0MSjZbFGWCmIRMPiddrpAZMbSEMsXtrYT1qaLM2HyKNgRv/uVFUj+reJeVi/vzcrWax1GAQziCE/DgCqpwBzXwgQGHZ3iFN0c6L8678zFrXXLymQP4A+fzBz4HjlI=</latexit>

p+
F

<latexit sha1_base64="a2GG7ykuAw2S2fPFeERau15H+tk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr4sQEMFjBdMW2lA22027dHcTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpRypo3rfjulldW19Y3yZmVre2d3r7p/0NRJpggNSMIT1Y6wppxJGhhmOG2nimIRcdqKRrdTv/VElWaJfDTjlIYCDySLGcHGSsHdTVdkvWrNrbszoGXiFaQGBRq96le3n5BMUGkIx1p3PDc1YY6VYYTTSaWbaZpiMsID2rFUYkF1mM+OnaATq/RRnChb0qCZ+nsix0LrsYhsp8BmqBe9qfif18lMfB3mTKaZoZLMF8UZRyZB089RnylKDB9bgoli9lZEhlhhYmw+FRuCt/jyMmme1b3L+sXDec33izjKcATHcAoeXIEP99CAAAgweIZXeHOk8+K8Ox/z1pJTzBzCHzifP3C4jnQ=</latexit>

E = µ

<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="464/dlFSXM6apboLc9c1H4w2D40=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XcYV61Vrbt2dgSwTryA1KNDsVb+6/YRlMUrDBNW647mpCXKqDGcCJ5VupjGlbEQH2LFU0hh1kM+OnZATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vE5mousg5zLNDEo2XxRlgpiETD8nfa6QGTG2hDLF7a2EDamizNh8KjYEb/HlZfJ4Vvcu6xf357XGTRFHGY7gGE7BgytowB00wQcGHJ7hFd4c6bw4787HvLXkFDOH8AfO5w/Os46z</latexit>�
<latexit sha1_base64="464/dlFSXM6apboLc9c1H4w2D40=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XcYV61Vrbt2dgSwTryA1KNDsVb+6/YRlMUrDBNW647mpCXKqDGcCJ5VupjGlbEQH2LFU0hh1kM+OnZATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vE5mousg5zLNDEo2XxRlgpiETD8nfa6QGTG2hDLF7a2EDamizNh8KjYEb/HlZfJ4Vvcu6xf357XGTRFHGY7gGE7BgytowB00wQcGHJ7hFd4c6bw4787HvLXkFDOH8AfO5w/Os46z</latexit>�

<latexit sha1_base64="464/dlFSXM6apboLc9c1H4w2D40=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XcYV61Vrbt2dgSwTryA1KNDsVb+6/YRlMUrDBNW647mpCXKqDGcCJ5VupjGlbEQH2LFU0hh1kM+OnZATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vE5mousg5zLNDEo2XxRlgpiETD8nfa6QGTG2hDLF7a2EDamizNh8KjYEb/HlZfJ4Vvcu6xf357XGTRFHGY7gGE7BgytowB00wQcGHJ7hFd4c6bw4787HvLXkFDOH8AfO5w/Os46z</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="lsZqO14Dm/8blGqh7hqNcFlMitA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NAEI8RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh6R32ytX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l9eL+vFKr5XEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wch+o21</latexit>pF
<latexit sha1_base64="+oT7mJPGG5h6upL4/NoBKuY3+18=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgxpKIr2VAEJcV7APaUCbTSTt0ZhJmJkIJ/QU3LhRx6w+582+ctFlo64ELh3Pu5d57woQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6Szp3/WrNbfuzoCWiVeQGhRo9KtfvUFMUkGlIRxr3fXcxAQZVoYRTqeVXqppgskYD2nXUokF1UE2u3WKTqwyQFGsbEmDZurviQwLrScitJ0Cm5Fe9HLxP6+bmugmyJhMUkMlmS+KUo5MjPLH0YApSgyfWIKJYvZWREZYYWJsPBUbgrf48jJpnde9q/rlw0XN94s4ynAEx3AKHlyDD/fQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwBi52N7A==</latexit>�pF

<latexit sha1_base64="l45q7uYHg6mPbKYMU/EQXnq4hgE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgJWFX4uMYEMRjBPOAZA2zk9lkzOzMMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcScaeO6305uZXVtfSO/Wdja3tndK+4fNLVMFKENIrlU7QBrypmgDcMMp+1YURwFnLaC0fXUbz1RpZkU92YcUz/CA8FCRrCxUrMc924eyr1iya24M6Bl4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVOCIaj+dXTtBJ1bpo1AqW8Kgmfp7IsWR1uMosJ0RNkO96E3F/7xOYsIrP2UiTgwVZL4oTDgyEk1fR32mKDF8bAkmitlbERlihYmxARVsCN7iy8ukeVbxLirnd9VSrZbFkYcjOIZT8OASanALdWgAgUd4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/qxCOiw==</latexit>�p�F

<latexit sha1_base64="lCI6TGuqeadFUMEw1dydlUbWrlA=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBiyVbtLa3ghePFdy20K4lm6ZtaDa7JFmhLP0NXjwo4tUf5M1/Y7atoKIPBh7vzTAzL4gF1wbjDye3srq2vpHfLGxt7+zuFfcPWjpKFGUejUSkOgHRTHDJPMONYJ1YMRIGgrWDyVXmt++Z0jySt2YaMz8kI8mHnBJjJa8XJndn/WIJl7FFtYoy4tawa0m9XqtU6sidWxiXYIlmv/jeG0Q0CZk0VBCtuy6OjZ8SZTgVbFboJZrFhE7IiHUtlSRk2k/nx87QiVUGaBgpW9Kgufp9IiWh1tMwsJ0hMWP928vEv7xuYoY1P+UyTgyTdLFomAhkIpR9jgZcMWrE1BJCFbe3IjomilBj8ynYEL4+Rf+TVqXsVssXN+elRmMZRx6O4BhOwYVLaMA1NMEDChwe4AmeHek8Oi/O66I15yxnDuEHnLdP1rCOug==</latexit>

µ�

<latexit sha1_base64="2C/auCHzo8eWWyq3hGkMajwhIj4=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwjAzfboruHFZwWkL7VgyaaYNTTJDkhFK6Te4caGIWz/InX9jpq2gogcuHM65l3vvCRNGlXacDyu3tr6xuZXfLuzs7u0fFA+P2ipOJSY+jlksuyFShFFBfE01I91EEsRDRjrh5CrzO/dEKhqLWz1NSMDRSNCIYqSN5Pd5encxKJYc+7JR86oedGzHqXvlWka8esUrQ9coGUpghdag+N4fxjjlRGjMkFI910l0MENSU8zIvNBPFUkQnqAR6RkqECcqmC2OncMzowxhFEtTQsOF+n1ihrhSUx6aTo70WP32MvEvr5fqqBHMqEhSTQReLopSBnUMs8/hkEqCNZsagrCk5laIx0girE0+BRPC16fwf9L2bLdmV28qpWZzFUcenIBTcA5cUAdNcA1awAcYUPAAnsCzJaxH68V6XbbmrNXMMfgB6+0T30yOvw==</latexit>

µ+

Figure: chiral medium

I We need polarized electrons to see this effect.

I Under an external magnetic field, electrons move parallel or
antiparallel to ~B but the spins are always antiparallel for LLL.
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A proposal for new experiment for axion DM

chiral magnetic effects in chiral medium

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

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

<latexit sha1_base64="cUiJfLoJ5+itpvzk2KA5MYyoJcI=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkUQhJIUXxuhIILLCvYBbVom00k7dGYSZyaFEvonblwo4tY/ceffOG2z0NYDFw7n3Mu99wQxo0q77reVW1ldW9/Ibxa2tnd29+z9g7qKEolJDUcsks0AKcKoIDVNNSPNWBLEA0YawfB26jdGRCoaiUc9jonPUV/QkGKkjdS17bubtnqSOuWd8lncKU+6dtEtuTM4y8TLSBEyVLv2V7sX4YQToTFDSrU8N9Z+iqSmmJFJoZ0oEiM8RH3SMlQgTpSfzi6fOCdG6TlhJE0J7czU3xMp4kqNeWA6OdIDtehNxf+8VqLDaz+lIk40EXi+KEyYoyNnGoPTo5JgzcaGICypudXBAyQR1iasggnBW3x5mdTLJe+ydPFwXqxUsjjycATHcAoeXEEF7qEKNcAwgmd4hTcrtV6sd+tj3pqzsplD+APr8wfEhZMb</latexit>

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

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

<latexit sha1_base64="gj+pZB9mgbb1pQqsk/3JjUceCQA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQknEr2NBEI8VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dpaWV1bX1gsbxc2t7Z3d0t5+XSeZYuizRCSqGVKNgkv0DTcCm6lCGocCG+HgZuI3nlBpnsgHM0wxiGlP8ogzaqzkp53bx9NOqexW3CnIIvFyUoYctU7pq91NWBajNExQrVuem5pgRJXhTOC42M40ppQNaA9blkoaow5G02PH5NgqXRIlypY0ZKr+nhjRWOthHNrOmJq+nvcm4n9eKzPRdTDiMs0MSjZbFGWCmIRMPiddrpAZMbSEMsXtrYT1qaLM2HyKNgRv/uVFUj+reJeVi/vzcrWax1GAQziCE/DgCqpwBzXwgQGHZ3iFN0c6L8678zFrXXLymQP4A+fzBz4HjlI=</latexit>

p+
F

<latexit sha1_base64="a2GG7ykuAw2S2fPFeERau15H+tk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr4sQEMFjBdMW2lA22027dHcTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpRypo3rfjulldW19Y3yZmVre2d3r7p/0NRJpggNSMIT1Y6wppxJGhhmOG2nimIRcdqKRrdTv/VElWaJfDTjlIYCDySLGcHGSsHdTVdkvWrNrbszoGXiFaQGBRq96le3n5BMUGkIx1p3PDc1YY6VYYTTSaWbaZpiMsID2rFUYkF1mM+OnaATq/RRnChb0qCZ+nsix0LrsYhsp8BmqBe9qfif18lMfB3mTKaZoZLMF8UZRyZB089RnylKDB9bgoli9lZEhlhhYmw+FRuCt/jyMmme1b3L+sXDec33izjKcATHcAoeXIEP99CAAAgweIZXeHOk8+K8Ox/z1pJTzBzCHzifP3C4jnQ=</latexit>

E = µ
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µ+

Figure: chiral medium

I We need polarized electrons to see this effect.

I Under an external magnetic field, electrons move parallel or
antiparallel to ~B but the spins are always antiparallel for LLL.
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I We propose a new experiment (LACME) to detect this
non-dissipative currents in a conductor:
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Conductor

Solenoid
<latexit sha1_base64="2M9Uun3jhzFBOkbVOCuyBd1NlPo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF0xbaUDabTbt0sxt2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAlu0PO+ndLa+sbmVnm7srO7t39QPTxqGZVrygKqhNKdiBgmuGQBchSsk2lG0kiwdjS6m/ntJ6YNV/IRxxkLUzKQPOGUoJWCnooV9qs1r+7N4a4SvyA1KNDsV796saJ5yiRSQYzp+l6G4YRo5FSwaaWXG5YROiID1rVUkpSZcDI/duqeWSV2E6VtSXTn6u+JCUmNGaeR7UwJDs2yNxP/87o5JjfhhMssRybpYlGSCxeVO/vcjblmFMXYEkI1t7e6dEg0oWjzqdgQ/OWXV0nrou5f1S8fLmuN2yKOMpzAKZyDD9fQgHtoQgAUODzDK7w50nlx3p2PRWvJKWaO4Q+czx/uTI7H</latexit>� <latexit sha1_base64="2M9Uun3jhzFBOkbVOCuyBd1NlPo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF0xbaUDabTbt0sxt2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAlu0PO+ndLa+sbmVnm7srO7t39QPTxqGZVrygKqhNKdiBgmuGQBchSsk2lG0kiwdjS6m/ntJ6YNV/IRxxkLUzKQPOGUoJWCnooV9qs1r+7N4a4SvyA1KNDsV796saJ5yiRSQYzp+l6G4YRo5FSwaaWXG5YROiID1rVUkpSZcDI/duqeWSV2E6VtSXTn6u+JCUmNGaeR7UwJDs2yNxP/87o5JjfhhMssRybpYlGSCxeVO/vcjblmFMXYEkI1t7e6dEg0oWjzqdgQ/OWXV0nrou5f1S8fLmuN2yKOMpzAKZyDD9fQgHtoQgAUODzDK7w50nlx3p2PRWvJKWaO4Q+czx/uTI7H</latexit>� <latexit sha1_base64="2M9Uun3jhzFBOkbVOCuyBd1NlPo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF0xbaUDabTbt0sxt2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAlu0PO+ndLa+sbmVnm7srO7t39QPTxqGZVrygKqhNKdiBgmuGQBchSsk2lG0kiwdjS6m/ntJ6YNV/IRxxkLUzKQPOGUoJWCnooV9qs1r+7N4a4SvyA1KNDsV796saJ5yiRSQYzp+l6G4YRo5FSwaaWXG5YROiID1rVUkpSZcDI/duqeWSV2E6VtSXTn6u+JCUmNGaeR7UwJDs2yNxP/87o5JjfhhMssRybpYlGSCxeVO/vcjblmFMXYEkI1t7e6dEg0oWjzqdgQ/OWXV0nrou5f1S8fLmuN2yKOMpzAKZyDD9fQgHtoQgAUODzDK7w50nlx3p2PRWvJKWaO4Q+czx/uTI7H</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="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="Q5TyaB/a9I+K8B3sooQ4jW0wGwo=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8cIxgSSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFldW19o7hZ2tre2d0r7x88Wp0ZxhtMS21aEbVcCsUbKFDyVmo4TSLJm9Hwduo3n7ixQqsHHKU8TGhfiVgwik5qdjSKhNtuueJX/RnIMglyUoEc9W75q9PTLEu4Qiapte3ATzEcU4OCST4pdTLLU8qGtM/bjirqloTj2bkTcuKUHom1caWQzNTfE2OaWDtKIteZUBzYRW8q/ue1M4yvw7FQaYZcsfmiOJMENZn+TnrCcIZy5AhlRrhbCRtQQxm6hEouhGDx5WXyeFYNLqsX9+eV2k0eRxGO4BhOIYArqMEd1KEBDIbwDK/w5qXei/fufcxbC14+cwh/4H3+AIjej7Y=</latexit>⌦

<latexit sha1_base64="2M9Uun3jhzFBOkbVOCuyBd1NlPo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF0xbaUDabTbt0sxt2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAlu0PO+ndLa+sbmVnm7srO7t39QPTxqGZVrygKqhNKdiBgmuGQBchSsk2lG0kiwdjS6m/ntJ6YNV/IRxxkLUzKQPOGUoJWCnooV9qs1r+7N4a4SvyA1KNDsV796saJ5yiRSQYzp+l6G4YRo5FSwaaWXG5YROiID1rVUkpSZcDI/duqeWSV2E6VtSXTn6u+JCUmNGaeR7UwJDs2yNxP/87o5JjfhhMssRybpYlGSCxeVO/vcjblmFMXYEkI1t7e6dEg0oWjzqdgQ/OWXV0nrou5f1S8fLmuN2yKOMpzAKZyDD9fQgHtoQgAUODzDK7w50nlx3p2PRWvJKWaO4Q+czx/uTI7H</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="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="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>⌦
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Introduction
Two stories of axion dark matter

The magnetic vortex
Conclusion

A proposal for new experiment 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 proposal for new experiment 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

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

E =

∫
d3x

{
1

2
~B2 − ~A · ~J

}
=

∫
d3x

{
1

2

(
~B + m ~A

)2
− 1

2
m2 ~A2

}

I The minimum energy saturated 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

I For the normal modes inside axion magnetic vortex

δa = θ(t)f (|m|ρ)

I The normal modes 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|m|

(
Φ
N J0(ρ)

)2
.
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Axion magnetic vortex

I Axion spectrum inside vortex is that of Schrödinger equation:
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Axion magnetic vortex

I The lowest energy eigenstate :
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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 m < 0.
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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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