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• Goldstone bosons from new symmetries, naturally light.
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• Goldstone bosons from new symmetries, naturally light.


• Couplings to SM are naturally small.
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• Goldstone bosons from new symmetries, naturally light.


• Couplings to SM are naturally small.


• Axion’s mass comes from breaking of the new symmetry.
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 + 
QCD instantons

U(1)PQ
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Axions can solve the Strong CP problem

• QCD Axion mafa ⇠ m⇡f⇡
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Peccei & Quinn  (1977) 
Weinberg (1978) 
Wilczek (1978)

Kim (1979),  
Dine et. al (1981)
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Axion Like Particles

• QCD Axion mafa ⇠ m⇡f⇡
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Svrcek & Witten (2006),   Arvanitaki et. al  (2009)

• Many axion-like particles (ALPs) from string theories


  is usually at Grand Unification scale: 


Masses of ALPs independently span a vast range.

f 1016 GeV

Peccei & Quinn  (1977) 
Weinberg (1978) 
Wilczek (1978)

Kim (1979),  
Dine et. al (1981)
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Axions can be Dark Matter (DM)

• Large occupation number


• Cold dark matter


• Behave like wave
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This Talk

• Axion-photon coupling


 Superconducting radio-frequency (SRF) cavity, < ~10 eV


 Microring resonator, 0.1~10eV, DM


• Axion-nucleon coupling


 Superfluid Helium Three, ~0.1 eV, DM

μ

μ
CG, William Halperin, Yonatan Kahn, Man Nguyen, Jan Schütte-Engel, John William Scott (2208.14454)

CG, Roni Harnik (JHEP 2021)

Nikita Blinov, CG, Ryan Janish, Roni Harnik, Neil Sinclair (In progress)

Joshua Foster, CG, Yonatan Kahn, Jan Schütte-Engel (In progress)

https://arxiv.org/abs/2208.14454
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Axion’s Two Photon Vertex

Axion searches usually rely on axion-photon 
conversion in a background magnetic field.
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Sources of Axion Detection

Solar axion


Axion dark matter


Other astronomical sources, e.g. SN 1987A


Produced in the laboratory

g aE ·B
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From The Review of Particle Physics (2020)

Solar

Astro

LabDM
Very narrow 

bandwidth, requires 
scanning

Relies on 
modeling of 
astrophysics

QCD

axion

Broadband, 
pretty robust
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From The Review of Particle Physics (2020)

Solar

Astro

LabDM

Relies on 
modeling of 
astrophysics

Broadband, clean, 
can be improved by 
quantum technology!

QCD

axion

Broadband, 
pretty robust

Very narrow 
bandwidth, requires 

scanning
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Light-Shining-Through-Walls (LSW)

Tiny signal rate 


Want large number of photons to source the axion


Want a low noise detector

∝
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g4

<latexit sha1_base64="4fypDafb32MFkhCVfPHAGlNqlCg=">AAABy3icbU9NS8NAFHxbv2r9qnr0EiyCp5JIix6LXrwIFU1baGPZbF/j0t1NyG6EGnv06FV/iL/Gf2Mac9DWgQfDzDzeGz8SXBvb/iKlldW19Y3yZmVre2d3r7p/0NFhEjN0WSjCuOdTjYIrdA03AntRjFT6Arv+5Grud58w1jxU92YaoSdpoPiYM2oy6S54aAyrNbtu57CWiVOQGhRoD6ufg1HIEonKMEG17jt2ZLyUxoYzgbPKINEYUTahAfYzqqhE7aX5qzPrJFNG1jiMs1HGytXfGymVWk+lnyUlNY960ZuL/3q+XLhsxhdeylWUGFRslrV0Fjstk85Z3WnUm7eNWuuy6FuGIziGU3DgHFpwDW1wgUEAb/AOH+SGaPJMXn6iJVLsHMIfkNdv6PyB0Q==</latexit>

Optical 
barrier
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Light-Shining-Through-Walls (LSW)

Tiny signal rate 


Want large number of photons to source the axion


Want a low noise detector

∝

g aE ·B

<latexit sha1_base64="PGkFLTJKedZ78RrkvJNKnNt9qk8=">AAACMHicbU9LS8NAGNzUV62vqEcvwSJ4KCFpU21upSJ4rGAf0ISy2W7i0mwSshuhhPwp/Rv+AD2JV49e9WASo9jWgYXZmfm+3bEClzCuKM9CaWV1bX2jvFnZ2t7Z3RP3D/rMj0KEe8h3/XBoQYZd4uEeJ9zFwyDEkFouHljTi8wf3OGQEd+74bMAmxQ6HrEJgjyVxqIdG/mSUehYZqzIjXpT15WaIrcaWl3XU6KeNRt1LXESoybNhdXUVHL8kgRmKcOi8WUiGWji8/zSScZi9ScjLRO1IFVQoDsWH4yJjyKKPY5cyNhIVQJuxjDkBLk4qRgRwwFEU+jgUUo9SDEz4/x3iXSSKhPJ9sP0eFzK1b8TMaSMzaiVJinkt2zRy8R/PYsuvMztlhkTL4g49lDWUl3stEz6dVnV5Oa1Vm13ir5lcASOwSlQwTlogyvQBT2AwCN4Bx/gU7gXnoQX4fU7WhKKmUMwB+HtCwANo3k=</latexit>

g4

<latexit sha1_base64="4fypDafb32MFkhCVfPHAGlNqlCg=">AAABy3icbU9NS8NAFHxbv2r9qnr0EiyCp5JIix6LXrwIFU1baGPZbF/j0t1NyG6EGnv06FV/iL/Gf2Mac9DWgQfDzDzeGz8SXBvb/iKlldW19Y3yZmVre2d3r7p/0NFhEjN0WSjCuOdTjYIrdA03AntRjFT6Arv+5Grud58w1jxU92YaoSdpoPiYM2oy6S54aAyrNbtu57CWiVOQGhRoD6ufg1HIEonKMEG17jt2ZLyUxoYzgbPKINEYUTahAfYzqqhE7aX5qzPrJFNG1jiMs1HGytXfGymVWk+lnyUlNY960ZuL/3q+XLhsxhdeylWUGFRslrV0Fjstk85Z3WnUm7eNWuuy6FuGIziGU3DgHFpwDW1wgUEAb/AOH+SGaPJMXn6iJVLsHMIfkNdv6PyB0Q==</latexit>

Optical 
barrier

⏞High 
Quality 
Cavity

14



Christina Gao | Axion Detection using Quantum Technologies and Systems

The higher the  is, the lower the loss is, and the 
larger the number of photons are stored in a cavity.

Q

Quality Factor of Cavities

Q ⌘ 2⇡ ⇥ energy stored

energy dissipated per cycle

<latexit sha1_base64="CniDmJpnz8KfAj2tEKjDBntVb14=">AAACNnicbVBNSwJBGJ61L7OvrY5dhiToJLti1FHq0lEhP8BdZHb21QZ3ZqeZWUEW/VnRv+gcRDfr2k9oNQ+pPTDDw/O834GMmDaO82blNja3tnfyu4W9/YPDI/v4pKnjRFFo0DiKVTsgGiImoGGYiaAtFRAeRNAKBnczvzUEpVksHsxIgs9JX7Aeo8RkUteu1T14StgQlz3JPMM4aOz1FKGppzgGAao/mmBtYgXheEkLmdZMEgPhBEtQE0xHNIJx1y46JWcOvE7cBSmiBWpd+9ULY5pwEIZGROuO60jjp0QZNqtX8BINktAB6UMno4JkI/rpfPMxvsiUEPdilT1h8Fz9m5ESrvWIB1kkJ+ZRr3oz8V8v4CudTe/GT5mQiQFBlz0RK04i4H6aZP/sAu7qvuukWS65ldJVvVKs3i5ukUdn6BxdIhddoyq6RzXUQBQ9o3c0RZ/Wi/VhTa2v39Cctcg5RUuwvn8AluSvKA==</latexit>
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High quality cavities have   
(depending on the resonant frequencies).

Q ≳ 107 ∼ 1012

Earth Ionosphere 
Q = 3

ADMX 
 Q ∼ 105

Quality Factor of Cavities

Phys. Rev. Lett. 127 (2021)
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Superconducting Radio-frequency Cavities

Superconducting radio frequency 
(SRF) cavity has a resonance 
frequency around  


, can store  photons 
with a field of peak amplitude

GHz (10μeV)

Q = 1010 1026

650 MHz cavities at Fermilab 

Epeak = 80MVm�1

<latexit sha1_base64="QMk1O+pDgr7BqSa0c+KZKvgjWX0=">AAAB9HicbY/NSsNAFIVv6l+tf1GXbgaLIKIlkYrdCEUR3AgV7A80MUym03ZoZhIyk0IJeQcfwJ24dSO41dfwbUxjFtp64MLHOfdyOW7gMakM40srLCwuLa8UV0tr6xubW/r2Tkv6UUhok/ieH3ZcLKnHBG0qpjzaCUKKuevRtju6mubtMQ0l88W9mgTU5nggWJ8RrFLL0Y+undgKOQooHiXoAtUMZB1nzm0ryYknD/GJmTh62agYmdA8mDmUIVfD0d+snk8iToUiHpayaxqBsmMcKkY8mpSsSNIAkxEe0G6KAnMq7TjrlKCD1Omhvh+mIxTK3N8XMeZSTribbnKshnI2m5r/Zi6f+az6NTtmIogUFWTa0pztNA+t04pZrZzdVcv1y7xvEfZgHw7BhHOoww00oAkEHuEdPuBTG2tP2rP28rNa0PKbXfgj7fUbaY+Qpg==</latexit>

17



Christina Gao | Axion Detection using Quantum Technologies and Systems

Superconducting Radio-frequency Cavities

https://accelconf.web.cern.ch/srf2019/papers/mop031.pdf

Eacc ∼
1
2

Epeark

18
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SRF Cavities - Dark SRF

10-9 10-8 10-7 10-6 10-5

10-10

10-9

10-8

10-7

10-6

10-5

mA'[eV]

�

DarkSRF - Preliminary

Coulomb

CMB

CROWS

Dark SRF

tint ~ 30 min
Q  ~ 109

f ~ 1.3 GHz
f  ~ 1 Hzδ

A dark photon LSW search at Fermilab using SRF cavities. 
Demonstrated high Q and frequency control.

Dark SRF - A. Grasselino, R. Harnik, S. Posen, Z. Liu, A. Romanenko (to appear).

Receiver

Emitter
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Superconducting Radio-frequency Cavities

Snowmass white paper 

 “Searches for New Particles, Dark Matter, 
and Gravitational Waves with SRF Cavities”

20
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Review of Cavity Axion Searches

a quiet cavity + static B


signal  is a cavity mode, enhanced by .


tiny     large B desired, but large B may 
penetrate SRF cavity.

!1

<latexit sha1_base64="63iwEJoi6GpaxV5Pq0C0ZSar0o0=">AAAB7HicbVDJSgNBEK2OW4xb1KOXwSB4CjMS0WPQi8cIZoFkCD2dSmzSy9DdI4QhPyHeold/x7N/4yTOwSQ+qOLxXhW1RLHg1vn+NylsbG5t7xR3S3v7B4dH5eOTltWJYdhkWmjTiahFwRU2HXcCO7FBKiOB7Wh8P/fbL2gs1+rJTWIMJR0pPuSMukzq9LTEEe0H/XLFr/oLeOskyEkFcjT65a/eQLNEonJMUGu7gR+7MKXGcSZwWuolFmPKxnSE3YwqKtGG6WLfqXeRKQNvqE0WynkL9W9HSqW1ExlllZK6Z7vqzcV/vUiuTHbD2zDlKk4cKrbsKW0kFSjDNMnyNPtAsHrvOmldVYNa9fqxVqnf5b8owhmcwyUEcAN1eIAGNIGBgFeYwTtR5I3MyMdvaYHkPaewBPL5A2dvj+Q=</latexit>

Q
g

<latexit sha1_base64="B0ldeMUlm0TcyoOsrUg1GwzKDaI=">AAAB9HicbY/LSsNAGIX/1Futt6hLN8EiiEjIxPTirujGZQV7gTaUyXQaQzOTkJkUSsg7+ADuxK0bwa2+hm9jGrPQ6oGBj3P+f2aOE/qekIbxqZRWVtfWN8qbla3tnd09df+gK4I4IrRDAj+I+g4W1Pc47UhP+rQfRhQzx6c9Z3q9yHszGgkv4HdyHlKbYZd7E49gmVkj9SwZ5pcMItexE0M3G5em2Tg39CaqI8vKAJn12kU9ddORWjV0I5f2F1ABVSjUHqmvw3FAYka5JD4WYoCMUNoJjqRHfJpWhrGgISZT7NJBhhwzKuwk/06qnWTOWJsEUXa41HL350aCmRBz5mSTDMt7sZwtzH8zhy29LCdNO/F4GEvKyaIlWu70F7qmjiy9dmtVW1dF3zIcwTGcAoIGtOAG2tABAg/wBu/wocyUR+VJef4eLSnFziH8kvLyBUZujnI=</latexit>

⇒

Detector

B0

<latexit sha1_base64="7xbDijJGR03NuBCMN+AWnYraOVM=">AAABz3icbU/LSgNBEOyJrxhfUY9eFoPgKexKgh5DvHhMwDwgWcLMpBOHzMwuO7NKWFa8evSqn+HX+Ddu4h40saChqKqmu1gohbGu+0UKG5tb2zvF3dLe/sHhUfn4pGuCOOLY4YEMoj6jBqXQ2LHCSuyHEVLFJPbY7Hbh9x4xMiLQ93Yeoq/oVIuJ4NRmUm/IlNMcuaNyxa26SzjrxMtJBXK0RuXP4TjgsUJtuaTGDDw3tH5CIyu4xLQ0jA2GlM/oFAcZ1VSh8ZPlu6lzkSljZxJE2WjrLNXfGwlVxswVy5KK2gez6i3Efz2mVi7byY2fCB3GFjVPs5beaqd10r2qerVqvV2rNJp53yKcwTlcggfX0IA7aEEHOMzgDd7hg7TJE3kmLz/RAsl3TuEPyOs3GAWDHA==</latexit>

:
:
:

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

!1 = !a

<latexit sha1_base64="M7AX5x7XsH+4n9eD3jfh15vTsCU=">AAACSXicbVDLS8MwHE43H3O+ph69FIfgQUq6tmw9CEMvHie4B2xlpFk2i01amlQYpX+gePDsXyHepifTWcF1fpDw8T3y+Lmh73EB4ZtSKm9sbm1Xdqq7e/sHh7Wj4x4P4giTLg78IBq4iBPfY6QrPOGTQRgRRF2f9N3Hm8zvP5GIewG7F/OQOBTNmDf1MBJSGtdwMloeMoxmrpNADdrQbJqXUDMgtBqGJHZTUiMdBZTM0FhPrwoNGzag1ZRBCFu2lVWhZUHD/m2gdFyrZ24GdZ3oOamDHJ1x7XU0CXBMCRPYR5wPdRgKJ0GR8LBP0uoo5iRE+BHNyFBShijhTrJ8VaqeS2WiToNILibUpfq3kSDK+Zy6MkmReOBFLxP/9VxauFlMW07isTAWhOFVjwURRT6hThLLPZuAXvzvOuk1NN3UrDuz3r7OZ1EBp+AMXAAdNEEb3IIO6AIMnsE7WIBP5UX5UBbK10+0pOSdE7CCUvkbSeOs6A==</latexit>

::::

<latexit sha1_base64="9As1jMzWvs2ii3k1v9kzKrGdEyc=">AAACJXicbVDLTsJAFJ36RHyhLt00EhMXhkylCKwkunGJiTwS2pDpcIGGzrTpTDGk6ecYP8YYN2jiyl9xwC4EPMlMTs65596Z6wSeKyTGX9ra+sbm1nZmJ7u7t39wmDs6bgo/Cik0qO/5YdshAjyXQ0O60oN2EAJhjgctZ3Q381tjCIXr80c5CcBmZMDdvkuJVFI3dxNb8yadcODYMS7gCsZl8xIXilXzGpcUqVZw0TATK3oiY4itoQgIBVVZoSxJkm4ur0Jz6KvESEkepah3c+9Wz6cRAy6pR4ToGDiQdkxC6VIPkqwVCVATRmQAHUU5YSDseP7GRD9XSk/v+6E6XOpz9W8iJkyICXNUJSNyKJa9mfiv57ClybJfsWOXB5EEThc97oeMeMDsOFL3bAPG8n9XSfOqYJiF0oOZr92mu8igU3SGLpCByqiG7lEdNRBFz+gVTdGH9qK9aVPt87d0TUszJ2gB2vcPApujZw==</latexit>

g

<latexit sha1_base64="B0ldeMUlm0TcyoOsrUg1GwzKDaI=">AAAB9HicbY/LSsNAGIX/1Futt6hLN8EiiEjIxPTirujGZQV7gTaUyXQaQzOTkJkUSsg7+ADuxK0bwa2+hm9jGrPQ6oGBj3P+f2aOE/qekIbxqZRWVtfWN8qbla3tnd09df+gK4I4IrRDAj+I+g4W1Pc47UhP+rQfRhQzx6c9Z3q9yHszGgkv4HdyHlKbYZd7E49gmVkj9SwZ5pcMItexE0M3G5em2Tg39CaqI8vKAJn12kU9ddORWjV0I5f2F1ABVSjUHqmvw3FAYka5JD4WYoCMUNoJjqRHfJpWhrGgISZT7NJBhhwzKuwk/06qnWTOWJsEUXa41HL350aCmRBz5mSTDMt7sZwtzH8zhy29LCdNO/F4GEvKyaIlWu70F7qmjiy9dmtVW1dF3zIcwTGcAoIGtOAG2tABAg/wBu/wocyUR+VJef4eLSnFziH8kvLyBUZujnI=</latexit>

g aE1 ·B0

<latexit sha1_base64="+GgYX/Kswd/9iJUFwc2+xOKosfI=">AAACNHicbU9LS8NAGNzUV62vqEcvwSJ4KGGTptrcSkXwWME+oAlhs93G2GwSshuhhPwqwd/hVfAmXj161TRGsa0DC7Mz8327Y4eeyziEz0JpZXVtfaO8Wdna3tndE/cPeiyII0y6OPCCaGAjRjzXJ13uco8Mwogganukb08uZn7/nkTMDfwbPg2JSZHju2MXI55JlniXGPmSYeTYZgLlutrQdViDcrOuqbqeEeWsUVe11EmNmjQXVjIT5vglKZqlDJsml6mlSAYeBTy/tlMLWmL1JyctE6UgVVCgY4kPxijAMSU+xx5ibKjAkJsJiriLPZJWjJiREOEJcsgwoz6ihJlJ/sNUOsmUkTQOouz4XMrVvxMJooxNqZ0lKeK3bNGbif96Nl14mY+bZuL6YcyJj9OspbLYaZn0VFnR5Ma1Vm21i75lcASOwSlQwDlogSvQAV2AwRP4AJ8CEB6FF+FVePuOloRi5hDMQXj/Anh0o8E=</latexit>
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static B    active cavity mode 


signal   2nd cavity mode


frequency matching: 


new DM axion search strategies

→ !0

<latexit sha1_base64="Ehb4etETttBgNkUYC4pTbKgF2J8=">AAAB7HicbVDJSgNBEK2OW4xb1KOXwSB4CjMS0WPQi8cIZoFkCD2dSmzSy9DdI4QhPyHeold/x7N/4yTOwSQ+qOLxXhW1RLHg1vn+NylsbG5t7xR3S3v7B4dH5eOTltWJYdhkWmjTiahFwRU2HXcCO7FBKiOB7Wh8P/fbL2gs1+rJTWIMJR0pPuSMukzq9LTEEe37/XLFr/oLeOskyEkFcjT65a/eQLNEonJMUGu7gR+7MKXGcSZwWuolFmPKxnSE3YwqKtGG6WLfqXeRKQNvqE0WynkL9W9HSqW1ExlllZK6Z7vqzcV/vUiuTHbD2zDlKk4cKrbsKW0kFSjDNMnyNPtAsHrvOmldVYNa9fqxVqnf5b8owhmcwyUEcAN1eIAGNIGBgFeYwTtR5I3MyMdvaYHkPaewBPL5A2Xuj+M=</latexit>

!1

<latexit sha1_base64="63iwEJoi6GpaxV5Pq0C0ZSar0o0=">AAAB7HicbVDJSgNBEK2OW4xb1KOXwSB4CjMS0WPQi8cIZoFkCD2dSmzSy9DdI4QhPyHeold/x7N/4yTOwSQ+qOLxXhW1RLHg1vn+NylsbG5t7xR3S3v7B4dH5eOTltWJYdhkWmjTiahFwRU2HXcCO7FBKiOB7Wh8P/fbL2gs1+rJTWIMJR0pPuSMukzq9LTEEe0H/XLFr/oLeOskyEkFcjT65a/eQLNEonJMUGu7gR+7MKXGcSZwWuolFmPKxnSE3YwqKtGG6WLfqXeRKQNvqE0WynkL9W9HSqW1ExlllZK6Z7vqzcV/vUiuTHbD2zDlKk4cKrbsKW0kFSjDNMnyNPtAsHrvOmldVYNa9fqxVqnf5b8owhmcwyUEcAN1eIAGNIGBgFeYwTtR5I3MyMdvaYHkPaewBPL5A2dvj+Q=</latexit>

=

Sikivie (2010), Berlin et. al (2019)

g aE1 ·B0

<latexit sha1_base64="+GgYX/Kswd/9iJUFwc2+xOKosfI=">AAACNHicbU9LS8NAGNzUV62vqEcvwSJ4KGGTptrcSkXwWME+oAlhs93G2GwSshuhhPwqwd/hVfAmXj161TRGsa0DC7Mz8327Y4eeyziEz0JpZXVtfaO8Wdna3tndE/cPeiyII0y6OPCCaGAjRjzXJ13uco8Mwogganukb08uZn7/nkTMDfwbPg2JSZHju2MXI55JlniXGPmSYeTYZgLlutrQdViDcrOuqbqeEeWsUVe11EmNmjQXVjIT5vglKZqlDJsml6mlSAYeBTy/tlMLWmL1JyctE6UgVVCgY4kPxijAMSU+xx5ibKjAkJsJiriLPZJWjJiREOEJcsgwoz6ihJlJ/sNUOsmUkTQOouz4XMrVvxMJooxNqZ0lKeK3bNGbif96Nl14mY+bZuL6YcyJj9OspbLYaZn0VFnR5Ma1Vm21i75lcASOwSlQwDlogSvQAV2AwRP4AJ8CEB6FF+FVePuOloRi5hDMQXj/Anh0o8E=</latexit>

!1 = !0 ± !a

<latexit sha1_base64="kQC2w/7ANFF2p6HuwjSvbDqtpxQ="></latexit>

:
:
:

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

::::

<latexit sha1_base64="9As1jMzWvs2ii3k1v9kzKrGdEyc=">AAACJXicbVDLTsJAFJ36RHyhLt00EhMXhkylCKwkunGJiTwS2pDpcIGGzrTpTDGk6ecYP8YYN2jiyl9xwC4EPMlMTs65596Z6wSeKyTGX9ra+sbm1nZmJ7u7t39wmDs6bgo/Cik0qO/5YdshAjyXQ0O60oN2EAJhjgctZ3Q381tjCIXr80c5CcBmZMDdvkuJVFI3dxNb8yadcODYMS7gCsZl8xIXilXzGpcUqVZw0TATK3oiY4itoQgIBVVZoSxJkm4ur0Jz6KvESEkepah3c+9Wz6cRAy6pR4ToGDiQdkxC6VIPkqwVCVATRmQAHUU5YSDseP7GRD9XSk/v+6E6XOpz9W8iJkyICXNUJSNyKJa9mfiv57ClybJfsWOXB5EEThc97oeMeMDsOFL3bAPG8n9XSfOqYJiF0oOZr92mu8igU3SGLpCByqiG7lEdNRBFz+gVTdGH9qK9aVPt87d0TUszJ2gB2vcPApujZw==</latexit>

g

<latexit sha1_base64="B0ldeMUlm0TcyoOsrUg1GwzKDaI=">AAAB9HicbY/LSsNAGIX/1Futt6hLN8EiiEjIxPTirujGZQV7gTaUyXQaQzOTkJkUSsg7+ADuxK0bwa2+hm9jGrPQ6oGBj3P+f2aOE/qekIbxqZRWVtfWN8qbla3tnd09df+gK4I4IrRDAj+I+g4W1Pc47UhP+rQfRhQzx6c9Z3q9yHszGgkv4HdyHlKbYZd7E49gmVkj9SwZ5pcMItexE0M3G5em2Tg39CaqI8vKAJn12kU9ddORWjV0I5f2F1ABVSjUHqmvw3FAYka5JD4WYoCMUNoJjqRHfJpWhrGgISZT7NJBhhwzKuwk/06qnWTOWJsEUXa41HL350aCmRBz5mSTDMt7sZwtzH8zhy29LCdNO/F4GEvKyaIlWu70F7qmjiy9dmtVW1dF3zIcwTGcAoIGtOAG2tABAg/wBu/wocyUR+VJef4eLSnFziH8kvLyBUZujnI=</latexit>

Detector

!0

<latexit sha1_base64="Ehb4etETttBgNkUYC4pTbKgF2J8=">AAAB7HicbVDJSgNBEK2OW4xb1KOXwSB4CjMS0WPQi8cIZoFkCD2dSmzSy9DdI4QhPyHeold/x7N/4yTOwSQ+qOLxXhW1RLHg1vn+NylsbG5t7xR3S3v7B4dH5eOTltWJYdhkWmjTiahFwRU2HXcCO7FBKiOB7Wh8P/fbL2gs1+rJTWIMJR0pPuSMukzq9LTEEe37/XLFr/oLeOskyEkFcjT65a/eQLNEonJMUGu7gR+7MKXGcSZwWuolFmPKxnSE3YwqKtGG6WLfqXeRKQNvqE0WynkL9W9HSqW1ExlllZK6Z7vqzcV/vUiuTHbD2zDlKk4cKrbsKW0kFSjDNMnyNPtAsHrvOmldVYNa9fqxVqnf5b8owhmcwyUEcAN1eIAGNIGBgFeYwTtR5I3MyMdvaYHkPaewBPL5A2Xuj+M=</latexit>

Review of Cavity Axion Searches

!1 = !0 ± !a

<latexit sha1_base64="1nVqpzX34l8sZtD3darivHt9jzQ=">AAACK3icbZDLSsNAFIYn9VbrLerSTbAILiRMakPbhVAUwWUFe4EmhMl0GkMzkzAzEUrIE4nPIuLK6tb3MKlZ2NYDM3z8//nnctwo8IWE8EMpra1vbG6Vtys7u3v7B+rhUU+EMceki8Mg5AMXCRL4jHSlLwMyiDhB1A1I353c5H7/iXDhh+xBTiNiU+Qxf+xjJDPJUW+tkBIPOcZVAdCKaGLNDx5yz7UTqLdgDZqNC6hD2GyZ9RxME1620iKCUket5m5e2ioYBVRBUR1HfbVGIY4pYRIHSIihASNpJ4hLHwckrVixIBHCE+SRYYYMUSLsZP6qVDvLlJE2Dnm2mNTm6t9EgqgQU+pmnRTJR7Hs5eK/nkuXbpbjpp34LIolYXjRYyGnKCDUTuJszydgLP93FXo13ajr5n292r4uZlEGJ+AUnAMDNEAb3IEO6AIMnsEbmIFP5UV5V2bK129rSSkyx2ChlO8fau+lfQ==</latexit>
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Our proposal
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LSW Axion Searches with SRF Cavities

2 active cavity modes to source axion in the emitter.


3rd active mode in the receiver, satisfying frequency matching. 

g aE1 ·B0

<latexit sha1_base64="+GgYX/Kswd/9iJUFwc2+xOKosfI=">AAACNHicbU9LS8NAGNzUV62vqEcvwSJ4KGGTptrcSkXwWME+oAlhs93G2GwSshuhhPwqwd/hVfAmXj161TRGsa0DC7Mz8327Y4eeyziEz0JpZXVtfaO8Wdna3tndE/cPeiyII0y6OPCCaGAjRjzXJ13uco8Mwogganukb08uZn7/nkTMDfwbPg2JSZHju2MXI55JlniXGPmSYeTYZgLlutrQdViDcrOuqbqeEeWsUVe11EmNmjQXVjIT5vglKZqlDJsml6mlSAYeBTy/tlMLWmL1JyctE6UgVVCgY4kPxijAMSU+xx5ibKjAkJsJiriLPZJWjJiREOEJcsgwoz6ihJlJ/sNUOsmUkTQOouz4XMrVvxMJooxNqZ0lKeK3bNGbif96Nl14mY+bZuL6YcyJj9OspbLYaZn0VFnR5Ma1Vm21i75lcASOwSlQwDlogSvQAV2AwRP4AJ8CEB6FF+FVePuOloRi5hDMQXj/Anh0o8E=</latexit>

!0

<latexit sha1_base64="Ehb4etETttBgNkUYC4pTbKgF2J8=">AAAB7HicbVDJSgNBEK2OW4xb1KOXwSB4CjMS0WPQi8cIZoFkCD2dSmzSy9DdI4QhPyHeold/x7N/4yTOwSQ+qOLxXhW1RLHg1vn+NylsbG5t7xR3S3v7B4dH5eOTltWJYdhkWmjTiahFwRU2HXcCO7FBKiOB7Wh8P/fbL2gs1+rJTWIMJR0pPuSMukzq9LTEEe37/XLFr/oLeOskyEkFcjT65a/eQLNEonJMUGu7gR+7MKXGcSZwWuolFmPKxnSE3YwqKtGG6WLfqXeRKQNvqE0WynkL9W9HSqW1ExlllZK6Z7vqzcV/vUiuTHbD2zDlKk4cKrbsKW0kFSjDNMnyNPtAsHrvOmldVYNa9fqxVqnf5b8owhmcwyUEcAN1eIAGNIGBgFeYwTtR5I3MyMdvaYHkPaewBPL5A2Xuj+M=</latexit>

Receiver Emitter

:
:
:

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

::::

<latexit sha1_base64="9As1jMzWvs2ii3k1v9kzKrGdEyc=">AAACJXicbVDLTsJAFJ36RHyhLt00EhMXhkylCKwkunGJiTwS2pDpcIGGzrTpTDGk6ecYP8YYN2jiyl9xwC4EPMlMTs65596Z6wSeKyTGX9ra+sbm1nZmJ7u7t39wmDs6bgo/Cik0qO/5YdshAjyXQ0O60oN2EAJhjgctZ3Q381tjCIXr80c5CcBmZMDdvkuJVFI3dxNb8yadcODYMS7gCsZl8xIXilXzGpcUqVZw0TATK3oiY4itoQgIBVVZoSxJkm4ur0Jz6KvESEkepah3c+9Wz6cRAy6pR4ToGDiQdkxC6VIPkqwVCVATRmQAHUU5YSDseP7GRD9XSk/v+6E6XOpz9W8iJkyICXNUJSNyKJa9mfiv57ClybJfsWOXB5EEThc97oeMeMDsOFL3bAPG8n9XSfOqYJiF0oOZr92mu8igU3SGLpCByqiG7lEdNRBFz+gVTdGH9qK9aVPt87d0TUszJ2gB2vcPApujZw==</latexit>

g

<latexit sha1_base64="B0ldeMUlm0TcyoOsrUg1GwzKDaI=">AAAB9HicbY/LSsNAGIX/1Futt6hLN8EiiEjIxPTirujGZQV7gTaUyXQaQzOTkJkUSsg7+ADuxK0bwa2+hm9jGrPQ6oGBj3P+f2aOE/qekIbxqZRWVtfWN8qbla3tnd09df+gK4I4IrRDAj+I+g4W1Pc47UhP+rQfRhQzx6c9Z3q9yHszGgkv4HdyHlKbYZd7E49gmVkj9SwZ5pcMItexE0M3G5em2Tg39CaqI8vKAJn12kU9ddORWjV0I5f2F1ABVSjUHqmvw3FAYka5JD4WYoCMUNoJjqRHfJpWhrGgISZT7NJBhhwzKuwk/06qnWTOWJsEUXa41HL350aCmRBz5mSTDMt7sZwtzH8zhy29LCdNO/F4GEvKyaIlWu70F7qmjiy9dmtVW1dF3zIcwTGcAoIGtOAG2tABAg/wBu/wocyUR+VJef4eLSnFziH8kvLyBUZujnI=</latexit>

:
:
:

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

:
:
:

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

!1 = !0 ± !a

<latexit sha1_base64="kQC2w/7ANFF2p6HuwjSvbDqtpxQ="></latexit>

g

<latexit sha1_base64="B0ldeMUlm0TcyoOsrUg1GwzKDaI=">AAAB9HicbY/LSsNAGIX/1Futt6hLN8EiiEjIxPTirujGZQV7gTaUyXQaQzOTkJkUSsg7+ADuxK0bwa2+hm9jGrPQ6oGBj3P+f2aOE/qekIbxqZRWVtfWN8qbla3tnd09df+gK4I4IrRDAj+I+g4W1Pc47UhP+rQfRhQzx6c9Z3q9yHszGgkv4HdyHlKbYZd7E49gmVkj9SwZ5pcMItexE0M3G5em2Tg39CaqI8vKAJn12kU9ddORWjV0I5f2F1ABVSjUHqmvw3FAYka5JD4WYoCMUNoJjqRHfJpWhrGgISZT7NJBhhwzKuwk/06qnWTOWJsEUXa41HL350aCmRBz5mSTDMt7sZwtzH8zhy29LCdNO/F4GEvKyaIlWu70F7qmjiy9dmtVW1dF3zIcwTGcAoIGtOAG2tABAg/wBu/wocyUR+VJef4eLSnFziH8kvLyBUZujnI=</latexit>

!a = !0 ± !1

<latexit sha1_base64="qy2DrwbrbkJ3DCV/ZW6M2Be5Btw=">AAACK3icbZDLSsNAFIYn9VbrLerSTbAILiRMakPbhVAUwWUFe4EmhMl0GkMzkzAzEUrIE4nPIuLK6tb3MKlZ2NYDM3z8//nnctwo8IWE8EMpra1vbG6Vtys7u3v7B+rhUU+EMceki8Mg5AMXCRL4jHSlLwMyiDhB1A1I353c5H7/iXDhh+xBTiNiU+Qxf+xjJDPJUW8Ta37IkHuunUC9BWvQbFxAHcJmy6znYJrwspVaISUeclB6VRC0Ilqg4ajVPJGXtgpGAVVQVMdRX61RiGNKmMQBEmJowEjaCeLSxwFJK1YsSITwBHlkmCFDlAg7mb801c4yZaSNQ54tJrW5+jeRICrElLpZJ0XyUSx7ufiv59Klm+W4aSc+i2JJGF70WMgpCgi1kzjb02wCxvJ/V6FX0426bt7Xq+3rYhZlcAJOwTkwQAO0wR3ogC7A4Bm8gRn4VF6Ud2WmfP22lpQicwwWSvn+ASXEpX0=</latexit>

!1

<latexit sha1_base64="63iwEJoi6GpaxV5Pq0C0ZSar0o0=">AAAB7HicbVDJSgNBEK2OW4xb1KOXwSB4CjMS0WPQi8cIZoFkCD2dSmzSy9DdI4QhPyHeold/x7N/4yTOwSQ+qOLxXhW1RLHg1vn+NylsbG5t7xR3S3v7B4dH5eOTltWJYdhkWmjTiahFwRU2HXcCO7FBKiOB7Wh8P/fbL2gs1+rJTWIMJR0pPuSMukzq9LTEEe0H/XLFr/oLeOskyEkFcjT65a/eQLNEonJMUGu7gR+7MKXGcSZwWuolFmPKxnSE3YwqKtGG6WLfqXeRKQNvqE0WynkL9W9HSqW1ExlllZK6Z7vqzcV/vUiuTHbD2zDlKk4cKrbsKW0kFSjDNMnyNPtAsHrvOmldVYNa9fqxVqnf5b8owhmcwyUEcAN1eIAGNIGBgFeYwTtR5I3MyMdvaYHkPaewBPL5A2dvj+Q=</latexit>

!0

<latexit sha1_base64="Ehb4etETttBgNkUYC4pTbKgF2J8=">AAAB7HicbVDJSgNBEK2OW4xb1KOXwSB4CjMS0WPQi8cIZoFkCD2dSmzSy9DdI4QhPyHeold/x7N/4yTOwSQ+qOLxXhW1RLHg1vn+NylsbG5t7xR3S3v7B4dH5eOTltWJYdhkWmjTiahFwRU2HXcCO7FBKiOB7Wh8P/fbL2gs1+rJTWIMJR0pPuSMukzq9LTEEe37/XLFr/oLeOskyEkFcjT65a/eQLNEonJMUGu7gR+7MKXGcSZwWuolFmPKxnSE3YwqKtGG6WLfqXeRKQNvqE0WynkL9W9HSqW1ExlllZK6Z7vqzcV/vUiuTHbD2zDlKk4cKrbsKW0kFSjDNMnyNPtAsHrvOmldVYNa9fqxVqnf5b8owhmcwyUEcAN1eIAGNIGBgFeYwTtR5I3MyMdvaYHkPaewBPL5A2Xuj+M=</latexit>
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g aE1 ·B0

<latexit sha1_base64="+GgYX/Kswd/9iJUFwc2+xOKosfI=">AAACNHicbU9LS8NAGNzUV62vqEcvwSJ4KGGTptrcSkXwWME+oAlhs93G2GwSshuhhPwqwd/hVfAmXj161TRGsa0DC7Mz8327Y4eeyziEz0JpZXVtfaO8Wdna3tndE/cPeiyII0y6OPCCaGAjRjzXJ13uco8Mwogganukb08uZn7/nkTMDfwbPg2JSZHju2MXI55JlniXGPmSYeTYZgLlutrQdViDcrOuqbqeEeWsUVe11EmNmjQXVjIT5vglKZqlDJsml6mlSAYeBTy/tlMLWmL1JyctE6UgVVCgY4kPxijAMSU+xx5ibKjAkJsJiriLPZJWjJiREOEJcsgwoz6ihJlJ/sNUOsmUkTQOouz4XMrVvxMJooxNqZ0lKeK3bNGbif96Nl14mY+bZuL6YcyJj9OspbLYaZn0VFnR5Ma1Vm21i75lcASOwSlQwDlogSvQAV2AwRP4AJ8CEB6FF+FVePuOloRi5hDMQXj/Anh0o8E=</latexit>

Receiver Emitter

:
:
:

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

::::

<latexit sha1_base64="9As1jMzWvs2ii3k1v9kzKrGdEyc=">AAACJXicbVDLTsJAFJ36RHyhLt00EhMXhkylCKwkunGJiTwS2pDpcIGGzrTpTDGk6ecYP8YYN2jiyl9xwC4EPMlMTs65596Z6wSeKyTGX9ra+sbm1nZmJ7u7t39wmDs6bgo/Cik0qO/5YdshAjyXQ0O60oN2EAJhjgctZ3Q381tjCIXr80c5CcBmZMDdvkuJVFI3dxNb8yadcODYMS7gCsZl8xIXilXzGpcUqVZw0TATK3oiY4itoQgIBVVZoSxJkm4ur0Jz6KvESEkepah3c+9Wz6cRAy6pR4ToGDiQdkxC6VIPkqwVCVATRmQAHUU5YSDseP7GRD9XSk/v+6E6XOpz9W8iJkyICXNUJSNyKJa9mfiv57ClybJfsWOXB5EEThc97oeMeMDsOFL3bAPG8n9XSfOqYJiF0oOZr92mu8igU3SGLpCByqiG7lEdNRBFz+gVTdGH9qK9aVPt87d0TUszJ2gB2vcPApujZw==</latexit>

g

<latexit sha1_base64="B0ldeMUlm0TcyoOsrUg1GwzKDaI=">AAAB9HicbY/LSsNAGIX/1Futt6hLN8EiiEjIxPTirujGZQV7gTaUyXQaQzOTkJkUSsg7+ADuxK0bwa2+hm9jGrPQ6oGBj3P+f2aOE/qekIbxqZRWVtfWN8qbla3tnd09df+gK4I4IrRDAj+I+g4W1Pc47UhP+rQfRhQzx6c9Z3q9yHszGgkv4HdyHlKbYZd7E49gmVkj9SwZ5pcMItexE0M3G5em2Tg39CaqI8vKAJn12kU9ddORWjV0I5f2F1ABVSjUHqmvw3FAYka5JD4WYoCMUNoJjqRHfJpWhrGgISZT7NJBhhwzKuwk/06qnWTOWJsEUXa41HL350aCmRBz5mSTDMt7sZwtzH8zhy29LCdNO/F4GEvKyaIlWu70F7qmjiy9dmtVW1dF3zIcwTGcAoIGtOAG2tABAg/wBu/wocyUR+VJef4eLSnFziH8kvLyBUZujnI=</latexit>

:
:
:

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

:
:
:

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

Signal Field

E1?

<latexit sha1_base64="eSBFb71mA5XykeiTcEv6TS1QZp4=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAILjRM2tRmZ1EElxXsBdoQJtNpDZ2ZhJmJUEKeQnwYcVfdimvfxjR2Yas/zPDx/+fM5fgRDaSC8EsrrKyurW8UN0tb2zu7e/r+QVuGscCkhUMaiq6PJKEBJy0VKEq6kSCI+ZR0/PH1LO88EiGDkN+rSURchkY8GAYYqczy9POknx/SEyPfTaBZqThVxz6Dpg2rF7CegQPrNcdObzzrMvX0MjRhLuMvWHMog7manv7ZH4Q4ZoQrTJGUPQtGyk2QUAGmJC31Y0kihMdoRHoZcsSIdJP8RalxkjkDYxiKbHFl5O7vjgQxKSfMzyoZUg9yOZuZ/2Y+W7pZDR03CXgUK8LxYsZDwRAlzE3ibJ9NwFr+719oV0zLNmt3drlxNZ9FERyBY3AKLFAHDXALmqAFMHgCL2AK3rRn7VWbau8/pQVt3nMIFqR9fAPbVJsl</latexit>

B0(E0)

<latexit sha1_base64="Zsi+x4QXSY4fwACGM3/OVnTG5gg=">AAAB9nicbVDLSsNAFL2pr1pfUZdugkWom5JIRZelIrisYB/QhjCZ3tahM5OQmRRL6J+Iu+rWP3Ht35jGLGzrgZl7OOdc7sz1Q86Utu1vo7CxubW9U9wt7e0fHB6ZxydtFcQRxRYNeBB1faKQM4ktzTTHbhghET7Hjj++W/idCUaKBfJJT0N0BRlJNmSU6FTyTLPvC6vh2ZVFvffsS88s21U7g7VOnJyUIUfTM7/6g4DGAqWmnCjVc+xQuwmJNKMcZ6V+rDAkdExG2EupJAKVm2Qvn1kXqTKwhkGUHqmtTP3bkRCh1FT4aVIQ/axWvYX4r+eLlcl6eOsmTIaxRkmXPRlEgnAUbhKn9yzdgLP633XSvqo6ter1Y61cb+S7KMIZnEMFHLiBOjxAE1pAYQKvMId348V4M+bGx2+0YOQ9p7AE4/MHhDOR/A==</latexit>

<latexit sha1_base64="sdvmH0OcooOeTwWlxn06M2zBENY="></latexit>

r⇥B = @tE�ga� (E ⇥ra�B@ta)
<latexit sha1_base64="pDeu3LWacSohcsYBqI2aIVsMzsA="></latexit>r ·B = 0

<latexit sha1_base64="g5A1Z8IE0jra6aZJh/iEAwP+Dc4="></latexit>

r⇥E = �@tB

<latexit sha1_base64="kInTSABYDbWXJig/eoaEDEovJ0g="></latexit>r ·E = �ga�B ·ra

Maxwell’s equations

(under natural unit)
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g aE1 ·B0

<latexit sha1_base64="+GgYX/Kswd/9iJUFwc2+xOKosfI=">AAACNHicbU9LS8NAGNzUV62vqEcvwSJ4KGGTptrcSkXwWME+oAlhs93G2GwSshuhhPwqwd/hVfAmXj161TRGsa0DC7Mz8327Y4eeyziEz0JpZXVtfaO8Wdna3tndE/cPeiyII0y6OPCCaGAjRjzXJ13uco8Mwogganukb08uZn7/nkTMDfwbPg2JSZHju2MXI55JlniXGPmSYeTYZgLlutrQdViDcrOuqbqeEeWsUVe11EmNmjQXVjIT5vglKZqlDJsml6mlSAYeBTy/tlMLWmL1JyctE6UgVVCgY4kPxijAMSU+xx5ibKjAkJsJiriLPZJWjJiREOEJcsgwoz6ihJlJ/sNUOsmUkTQOouz4XMrVvxMJooxNqZ0lKeK3bNGbif96Nl14mY+bZuL6YcyJj9OspbLYaZn0VFnR5Ma1Vm21i75lcASOwSlQwDlogSvQAV2AwRP4AJ8CEB6FF+FVePuOloRi5hDMQXj/Anh0o8E=</latexit>

Receiver Emitter

:
:
:

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

::::

<latexit sha1_base64="9As1jMzWvs2ii3k1v9kzKrGdEyc=">AAACJXicbVDLTsJAFJ36RHyhLt00EhMXhkylCKwkunGJiTwS2pDpcIGGzrTpTDGk6ecYP8YYN2jiyl9xwC4EPMlMTs65596Z6wSeKyTGX9ra+sbm1nZmJ7u7t39wmDs6bgo/Cik0qO/5YdshAjyXQ0O60oN2EAJhjgctZ3Q381tjCIXr80c5CcBmZMDdvkuJVFI3dxNb8yadcODYMS7gCsZl8xIXilXzGpcUqVZw0TATK3oiY4itoQgIBVVZoSxJkm4ur0Jz6KvESEkepah3c+9Wz6cRAy6pR4ToGDiQdkxC6VIPkqwVCVATRmQAHUU5YSDseP7GRD9XSk/v+6E6XOpz9W8iJkyICXNUJSNyKJa9mfiv57ClybJfsWOXB5EEThc97oeMeMDsOFL3bAPG8n9XSfOqYJiF0oOZr92mu8igU3SGLpCByqiG7lEdNRBFz+gVTdGH9qK9aVPt87d0TUszJ2gB2vcPApujZw==</latexit>

g

<latexit sha1_base64="B0ldeMUlm0TcyoOsrUg1GwzKDaI=">AAAB9HicbY/LSsNAGIX/1Futt6hLN8EiiEjIxPTirujGZQV7gTaUyXQaQzOTkJkUSsg7+ADuxK0bwa2+hm9jGrPQ6oGBj3P+f2aOE/qekIbxqZRWVtfWN8qbla3tnd09df+gK4I4IrRDAj+I+g4W1Pc47UhP+rQfRhQzx6c9Z3q9yHszGgkv4HdyHlKbYZd7E49gmVkj9SwZ5pcMItexE0M3G5em2Tg39CaqI8vKAJn12kU9ddORWjV0I5f2F1ABVSjUHqmvw3FAYka5JD4WYoCMUNoJjqRHfJpWhrGgISZT7NJBhhwzKuwk/06qnWTOWJsEUXa41HL350aCmRBz5mSTDMt7sZwtzH8zhy29LCdNO/F4GEvKyaIlWu70F7qmjiy9dmtVW1dF3zIcwTGcAoIGtOAG2tABAg/wBu/wocyUR+VJef4eLSnFziH8kvLyBUZujnI=</latexit>

:
:
:

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

:
:
:

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

Signal Power

E1?

<latexit sha1_base64="eSBFb71mA5XykeiTcEv6TS1QZp4=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAILjRM2tRmZ1EElxXsBdoQJtNpDZ2ZhJmJUEKeQnwYcVfdimvfxjR2Yas/zPDx/+fM5fgRDaSC8EsrrKyurW8UN0tb2zu7e/r+QVuGscCkhUMaiq6PJKEBJy0VKEq6kSCI+ZR0/PH1LO88EiGDkN+rSURchkY8GAYYqczy9POknx/SEyPfTaBZqThVxz6Dpg2rF7CegQPrNcdObzzrMvX0MjRhLuMvWHMog7manv7ZH4Q4ZoQrTJGUPQtGyk2QUAGmJC31Y0kihMdoRHoZcsSIdJP8RalxkjkDYxiKbHFl5O7vjgQxKSfMzyoZUg9yOZuZ/2Y+W7pZDR03CXgUK8LxYsZDwRAlzE3ibJ9NwFr+719oV0zLNmt3drlxNZ9FERyBY3AKLFAHDXALmqAFMHgCL2AK3rRn7VWbau8/pQVt3nMIFqR9fAPbVJsl</latexit>

Epeak

<latexit sha1_base64="/j4hEo5gcauqVp0Yg4sgE2zlrt4=">AAAB8HicbVDLSsNAFL2pr1pfVZdugkVwVRJp0WVRBJcV7AOaUCbT2zp0ZjLMTIQS+hvirrr1Z1z7N6Y1C9t64F4O59zLfUSKM2M979spbGxube8Ud0t7+weHR+Xjk7aJE02xRWMe625EDHImsWWZ5dhVGomIOHai8d3c77ygNiyWT3aiMBRkJNmQUWIzKbjvp4EWrkIynvbLFa/qLeCuEz8nFcjR7Je/gkFME4HSUk6M6fmesmFKtGWU47QUJAYVoWMywl5GJRFownSx89S9yJSBO4x1FtK6C/VvR0qEMRMRZZWC2Gez6s3Ff71IrEy2w5swZVIlFiVd9mSsBeEowjTJ8vwD/uq966R9VfVr1fpjrdK4zX9RhDM4h0vw4Roa8ABNaAEFBa8wg3dHO2/OzPn4LS04ec8pLMH5/AF+ppGv</latexit>

Epeak

<latexit sha1_base64="/j4hEo5gcauqVp0Yg4sgE2zlrt4=">AAAB8HicbVDLSsNAFL2pr1pfVZdugkVwVRJp0WVRBJcV7AOaUCbT2zp0ZjLMTIQS+hvirrr1Z1z7N6Y1C9t64F4O59zLfUSKM2M979spbGxube8Ud0t7+weHR+Xjk7aJE02xRWMe625EDHImsWWZ5dhVGomIOHai8d3c77ygNiyWT3aiMBRkJNmQUWIzKbjvp4EWrkIynvbLFa/qLeCuEz8nFcjR7Je/gkFME4HSUk6M6fmesmFKtGWU47QUJAYVoWMywl5GJRFownSx89S9yJSBO4x1FtK6C/VvR0qEMRMRZZWC2Gez6s3Ff71IrEy2w5swZVIlFiVd9mSsBeEowjTJ8vwD/uq966R9VfVr1fpjrdK4zX9RhDM4h0vw4Roa8ABNaAEFBa8wg3dHO2/OzPn4LS04ec8pLMH5/AF+ppGv</latexit>

Epeak

<latexit sha1_base64="/j4hEo5gcauqVp0Yg4sgE2zlrt4=">AAAB8HicbVDLSsNAFL2pr1pfVZdugkVwVRJp0WVRBJcV7AOaUCbT2zp0ZjLMTIQS+hvirrr1Z1z7N6Y1C9t64F4O59zLfUSKM2M979spbGxube8Ud0t7+weHR+Xjk7aJE02xRWMe625EDHImsWWZ5dhVGomIOHai8d3c77ygNiyWT3aiMBRkJNmQUWIzKbjvp4EWrkIynvbLFa/qLeCuEz8nFcjR7Je/gkFME4HSUk6M6fmesmFKtGWU47QUJAYVoWMywl5GJRFownSx89S9yJSBO4x1FtK6C/VvR0qEMRMRZZWC2Gez6s3Ff71IrEy2w5swZVIlFiVd9mSsBeEowjTJ8vwD/uq966R9VfVr1fpjrdK4zX9RhDM4h0vw4Roa8ABNaAEFBa8wg3dHO2/OzPn4LS04ec8pLMH5/AF+ppGv</latexit>

g

<latexit sha1_base64="B0ldeMUlm0TcyoOsrUg1GwzKDaI=">AAAB9HicbY/LSsNAGIX/1Futt6hLN8EiiEjIxPTirujGZQV7gTaUyXQaQzOTkJkUSsg7+ADuxK0bwa2+hm9jGrPQ6oGBj3P+f2aOE/qekIbxqZRWVtfWN8qbla3tnd09df+gK4I4IrRDAj+I+g4W1Pc47UhP+rQfRhQzx6c9Z3q9yHszGgkv4HdyHlKbYZd7E49gmVkj9SwZ5pcMItexE0M3G5em2Tg39CaqI8vKAJn12kU9ddORWjV0I5f2F1ABVSjUHqmvw3FAYka5JD4WYoCMUNoJjqRHfJpWhrGgISZT7NJBhhwzKuwk/06qnWTOWJsEUXa41HL350aCmRBz5mSTDMt7sZwtzH8zhy29LCdNO/F4GEvKyaIlWu70F7qmjiy9dmtVW1dF3zIcwTGcAoIGtOAG2tABAg/wBu/wocyUR+VJef4eLSnFziH8kvLyBUZujnI=</latexit>

a ⇠ gV E2
peak⌘01/d

<latexit sha1_base64="XbOWWSTsVEzLZO2qTjCGm/yrm4c=">AAACCHicbVBNS8NAEJ3Ur1q/oh69hBbBU01KRY9FETxWsB/QxLDZTuvS3U3IboQSchd/jHirXv0Dnv03prUHW30ww+O9eQwzQcSZ0rb9ZRRWVtfWN4qbpa3tnd09c/+grcIkptiiIQ/jbkAUciaxpZnm2I1iJCLg2AlGV1O/84ixYqG80+MIPUGGkg0YJTqXfLNMXMWENWxf+6kbCytCMsrua5aLmvip7WSnfd+s2FV7BusvceakAnM0ffPT7Yc0ESg15USpnmNH2ktJrBnlmJXcRGFE6IgMsZdTSQQqL53dklnHudK3BmGcl9TWTP2dSIlQaiyCfFIQ/aCWvan4rxeIpc16cOGlTEaJRkkXPRnGgnAUXprkPcs/4Czf+5e0a1WnXj27rVcal/NfFOEIynACDpxDA26gCS2g8AQvMIE349l4NSbG+89owZhnDmEBxsc3ELyaMA==</latexit>

quality factor

volume of cavity 

geometric factor 
            field amplitude

Q =
V =
η01 =

=

<latexit sha1_base64="FGAeDxZ4fkPhBIW5dqhmU0iZpSw="></latexit>

Psig =
energy

time
=

1

⌧1

Z

V
|E1|2 /

QV 3g4⌘401E
6
peak

d2 Epeak

<latexit sha1_base64="/j4hEo5gcauqVp0Yg4sgE2zlrt4=">AAAB8HicbVDLSsNAFL2pr1pfVZdugkVwVRJp0WVRBJcV7AOaUCbT2zp0ZjLMTIQS+hvirrr1Z1z7N6Y1C9t64F4O59zLfUSKM2M979spbGxube8Ud0t7+weHR+Xjk7aJE02xRWMe625EDHImsWWZ5dhVGomIOHai8d3c77ygNiyWT3aiMBRkJNmQUWIzKbjvp4EWrkIynvbLFa/qLeCuEz8nFcjR7Je/gkFME4HSUk6M6fmesmFKtGWU47QUJAYVoWMywl5GJRFownSx89S9yJSBO4x1FtK6C/VvR0qEMRMRZZWC2Gez6s3Ff71IrEy2w5swZVIlFiVd9mSsBeEowjTJ8vwD/uq966R9VfVr1fpjrdK4zX9RhDM4h0vw4Roa8ABNaAEFBa8wg3dHO2/OzPn4LS04ec8pLMH5/AF+ppGv</latexit>

d

26
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10°7 10°6 10°5

ma [eV]
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g a
∞
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°
1 ]

CAST (95% CL)

ALPS II

650 MHz Cavity
signal mode

TE011

TE012

TE014
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10°7 10°6 10°5

ma [eV]
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400 MHz Cavity
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TE012

TE014
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Sensitivity of the LSW Axion Search

SNR =
Psig

Pbkg
tintΔω1 > 5

 
  

Q = 1010

Epeak = 80 MVm−1

tint = 1 year
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Axion Searches at Optical Frequency



Christina Gao | Axion Detection using Quantum Technologies and Systems

microring resonator Luo+ (2019)

 
can be mass produced

Q ∼ 107

Optical Cavity: eV

Axion Searches at Optical Frequency

29
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……
CCD

Bext

Signal photons can be resonantly produced if frequency and momentum match.
:::

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

::::

<latexit sha1_base64="9As1jMzWvs2ii3k1v9kzKrGdEyc=">AAACJXicbVDLTsJAFJ36RHyhLt00EhMXhkylCKwkunGJiTwS2pDpcIGGzrTpTDGk6ecYP8YYN2jiyl9xwC4EPMlMTs65596Z6wSeKyTGX9ra+sbm1nZmJ7u7t39wmDs6bgo/Cik0qO/5YdshAjyXQ0O60oN2EAJhjgctZ3Q381tjCIXr80c5CcBmZMDdvkuJVFI3dxNb8yadcODYMS7gCsZl8xIXilXzGpcUqVZw0TATK3oiY4itoQgIBVVZoSxJkm4ur0Jz6KvESEkepah3c+9Wz6cRAy6pR4ToGDiQdkxC6VIPkqwVCVATRmQAHUU5YSDseP7GRD9XSk/v+6E6XOpz9W8iJkyICXNUJSNyKJa9mfiv57ClybJfsWOXB5EEThc97oeMeMDsOFL3bAPG8n9XSfOqYJiF0oOZr92mu8igU3SGLpCByqiG7lEdNRBFz+gVTdGH9qK9aVPt87d0TUszJ2gB2vcPApujZw==</latexit>

Axion DM Searches on a Chip
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……
CCD

Bext
n2

n1

Signal photons can be resonantly produced if frequency and momentum match.
:::

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

::::

<latexit sha1_base64="9As1jMzWvs2ii3k1v9kzKrGdEyc=">AAACJXicbVDLTsJAFJ36RHyhLt00EhMXhkylCKwkunGJiTwS2pDpcIGGzrTpTDGk6ecYP8YYN2jiyl9xwC4EPMlMTs65596Z6wSeKyTGX9ra+sbm1nZmJ7u7t39wmDs6bgo/Cik0qO/5YdshAjyXQ0O60oN2EAJhjgctZ3Q381tjCIXr80c5CcBmZMDdvkuJVFI3dxNb8yadcODYMS7gCsZl8xIXilXzGpcUqVZw0TATK3oiY4itoQgIBVVZoSxJkm4ur0Jz6KvESEkepah3c+9Wz6cRAy6pR4ToGDiQdkxC6VIPkqwVCVATRmQAHUU5YSDseP7GRD9XSk/v+6E6XOpz9W8iJkyICXNUJSNyKJa9mfiv57ClybJfsWOXB5EEThc97oeMeMDsOFL3bAPG8n9XSfOqYJiF0oOZr92mu8igU3SGLpCByqiG7lEdNRBFz+gVTdGH9qK9aVPt87d0TUszJ2gB2vcPApujZw==</latexit>

Axion DM Searches on a Chip
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……
CCD

Bext

Signal photons can be resonantly produced if frequency and momentum match.
:::

<latexit sha1_base64="sJsgfgn2gJm1dtAkJVMUarz4wyE=">AAAB/HicbVDLSsNAFL3xWesrKrhxEyyCq5JIfSyLblxWsA9oQplMb9uhM5OQmVRKjB8j7qpbf8O1f2Nas7CtB+7lcM693Icfcqa0bX8bK6tr6xubha3i9s7u3r55cNhQQRxRrNOAB1HLJwo5k1jXTHNshRES4XNs+sO7qd8cYaRYIB/1OERPkL5kPUaJzqSOeezGT2SEiTtQIaGY2OUrKtK0Y5bssj2DtUycnJQgR61jfrndgMYCpaacKNV27FB7CYk0oxzTohsrzAYMSR/bGZVEoPKS2f6pdZYpXasXRFlIbc3Uvx0JEUqNhZ9VCqIHatGbiv96vliYrHs3XsJkGGuUdN6TQSQIR+ElcZanH3AW710mjYuyUylfPlRK1dv8FwU4gVM4BweuoQr3UIM6UHiGV5jAu/FivBkT4+O3dMXIe45gDsbnD8p1llQ=</latexit>

::::

<latexit sha1_base64="9As1jMzWvs2ii3k1v9kzKrGdEyc=">AAACJXicbVDLTsJAFJ36RHyhLt00EhMXhkylCKwkunGJiTwS2pDpcIGGzrTpTDGk6ecYP8YYN2jiyl9xwC4EPMlMTs65596Z6wSeKyTGX9ra+sbm1nZmJ7u7t39wmDs6bgo/Cik0qO/5YdshAjyXQ0O60oN2EAJhjgctZ3Q381tjCIXr80c5CcBmZMDdvkuJVFI3dxNb8yadcODYMS7gCsZl8xIXilXzGpcUqVZw0TATK3oiY4itoQgIBVVZoSxJkm4ur0Jz6KvESEkepah3c+9Wz6cRAy6pR4ToGDiQdkxC6VIPkqwVCVATRmQAHUU5YSDseP7GRD9XSk/v+6E6XOpz9W8iJkyICXNUJSNyKJa9mfiv57ClybJfsWOXB5EEThc97oeMeMDsOFL3bAPG8n9XSfOqYJiF0oOZr92mu8igU3SGLpCByqiG7lEdNRBFz+gVTdGH9qK9aVPt87d0TUszJ2gB2vcPApujZw==</latexit>

Axion DM Searches on a Chip
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Axion DM Searches on a Chip

CAST
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1 cm3, 10 T
SNSPD + cavity, 30 days
CCD + waveguide, 3 yr

10-1 100 101
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Preliminary

A million to a billion 
rings integrated 
(printed) on to chips

Background: dark count
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Axion Nucleon Coupling
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Axions nucleon coupling

35

Lint � gaN@µaN̄�µ�5N

<latexit sha1_base64="QRfxNAWIhRpqxDURVCJdB5u+J+o=">AAACNXicbZDLSgMxFIYz3q23qks3wSK4KjPSokvRjQvxAvYCnXE4E9MammSGJCNImMcSH8O1iDt16yuY1gq2eiDh5/vP4fCfJONMG99/9qamZ2bn5hcWS0vLK6tr5fWNpk5zRWiDpDxV7QQ05UzShmGG03amKIiE01bSPx74rTuqNEvllbnPaCSgJ1mXETAOxeXzUIC5JcDtaRHbUAnMpClCnWeaGtyLLZwVYQbKMOBxKHIMOExAWUd7IARcWwd/dB2fxeWKX/WHhf+KYCQqaFQXcfkpvElJLqg0hIPWncDPTGQHGwmnRSnMNc2A9KFHO05KEFRHdhi8wDuO3OBuqtyTBg/p7wkLQut7kbjOQUw96Q3gv14iJjab7kFkmcxyQyUZ92SqBHAqIpu7v3AXCCbz/hXNvWpQq9Yva5XDo9EtFtAW2ka7KED76BCdoAvUQAQ9oBf0ht69R+/Ve/M+vlunvNHMJhor7/MLsfiumw==</latexit>

gaN =
1

2fa
cN

<latexit sha1_base64="XD+XZFo3mMzXHp6nnPHwi8XbhEE=">AAAB/3icbVBNS8NAEJ3Ur1q/op7ES7AInkpSWvQiFL14KhXsB7QhbLabunR3E3Y3QglB/DHirXr1V3j235jWHGzrgxke781jmPEjRpW27W+jsLa+sblV3C7t7O7tH5iHRx0VxhKTNg5ZKHs+UoRRQdqaakZ6kSSI+4x0/fHtzO8+EaloKB70JCIuRyNBA4qRziTPPBl5CWqm19YgkAhbTlINPJRa2Gt6Ztmu2HNYq8TJSRlytDzzazAMccyJ0JghpfqOHWk3QVJTzEhaGsSKRAiP0Yj0MyoQJ8pN5iek1nmmDK0glFkJbc3Vv4kEcaUm3M8mOdKPatmbif96Pl/arIMrN6EiijUReNEToeSIEe4mcdbT7APO8r2rpFOtOLVK/b5WbtzkvyjCKZzBBThwCQ24gxa0AcMzvMIU3o0X482YGh+/owUjzxzDAozPHyasll0=</latexit>

•         constrained by astrophysical processes, such as star 
cooling.
gaN

<latexit sha1_base64="8/WsgrYFvzJKtRrpOzxbkURcLGA=">AAAB63icbVDJSgNBEK2OW4xb1KOXwSB4CjOSoMegF08SwSyQDKGnU4lNehmme4QwzEeIt+jV7/Hs3ziJczCJD6p4vFdFLUEouLGu+00KG5tb2zvF3dLe/sHhUfn4pG10HDFsMS101A2oQcEVtiy3ArthhFQGAjvB5G7ud14wMlyrJzsN0Zd0rPiIM2ozqTMeJPQhdQblilt1F3DWiZeTCuRoDspf/aFmsURlmaDG9Dw3tH5CI8uZwLTUjw2GlE3oGHsZVVSi8ZPFuqlzkSlDZ6SjLJR1FurfjoRKY6YyyColtc9m1ZuL/3qBXJlsRzd+wlUYW1Rs2VM6klSg9JM4y2n2AW/13nXSvqp6tWr9sVZp3Oa/KMIZnMMleHANDbiHJrSAwQReYQbvRJI3MiMfv6UFkvecwhLI5w+jT49y</latexit>

gann < 2.8⇥ 10�10GeV�1 (90%C.L.) ma ⌧ 10keV

<latexit sha1_base64="rN9W6pCfB/OkXYsRb7fL48mqERY="></latexit>

Beznogov et. al (2018)

N

<latexit sha1_base64="OkZkh1C2vOzy0Yx/kh8Tr6Jqtlc=">AAAB5XicbVDLSsNAFL1TX7W+qi7dBIvgqiRS0WXRjStpwT6gDWUyva1DZyYhMxFK6BeIu+rWT3Lt3ziNWdjWA/dyOOde7iOIBNfGdb9JYWNza3unuFva2z84PCofn7R1mMQMWywUYdwNqEbBFbYMNwK7UYxUBgI7weR+4XdeMNY8VE9mGqEv6VjxEWfUWKn5OChX3KqbwVknXk4qkKMxKH/1hyFLJCrDBNW657mR8VMaG84Ezkr9RGNE2YSOsWepohK1n2aLzpwLqwydURjbUMbJ1L8dKZVaT2VgKyU1z3rVW4j/eoFcmWxGt37KVZQYVGzZU2EsqUDpp4nNM/sBb/XeddK+qnq16nWzVqnf5b8owhmcwyV4cAN1eIAGtIABwivM4Z2MyRuZk4/f0gLJe05hCeTzB1yDjPc=</latexit>

N

<latexit sha1_base64="OkZkh1C2vOzy0Yx/kh8Tr6Jqtlc=">AAAB5XicbVDLSsNAFL1TX7W+qi7dBIvgqiRS0WXRjStpwT6gDWUyva1DZyYhMxFK6BeIu+rWT3Lt3ziNWdjWA/dyOOde7iOIBNfGdb9JYWNza3unuFva2z84PCofn7R1mMQMWywUYdwNqEbBFbYMNwK7UYxUBgI7weR+4XdeMNY8VE9mGqEv6VjxEWfUWKn5OChX3KqbwVknXk4qkKMxKH/1hyFLJCrDBNW657mR8VMaG84Ezkr9RGNE2YSOsWepohK1n2aLzpwLqwydURjbUMbJ1L8dKZVaT2VgKyU1z3rVW4j/eoFcmWxGt37KVZQYVGzZU2EsqUDpp4nNM/sBb/XeddK+qnq16nWzVqnf5b8owhmcwyV4cAN1eIAGtIABwivM4Z2MyRuZk4/f0gLJe05hCeTzB1yDjPc=</latexit>

a

<latexit sha1_base64="ZecyBd2Y80Q4Hrk2iqVrDcxySO4=">AAAB5XicbVBNTwIxEJ3iF+IX6tHLRmLiiewajB6JXjxCIkICG9ItAza03U3bNSEbfoHxhl79SZ79Nxbcg4AvmcnLezOZjygR3Fjf/yaFjc2t7Z3ibmlv/+DwqHx88mTiVDNssVjEuhNRg4IrbFluBXYSjVRGAtvR+H7ut19QGx6rRztJMJR0pPiQM2qd1KT9csWv+gt46yTISQVyNPrlr94gZqlEZZmgxnQDP7FhRrXlTOC01EsNJpSN6Qi7jioq0YTZYtGpd+GUgTeMtQtlvYX6tyOj0piJjFylpPbZrHpz8V8vkiuT7fA2zLhKUouKLXsq1pIKlGGWujx1HwhW710nT1fVoFa9btYq9bv8F0U4g3O4hABuoA4P0IAWMEB4hRm8kxF5IzPy8VtaIHnPKSyBfP4AeRaNCg==</latexit>
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Axions couple to nuclear spins

36

Lint � gaN@µaN̄�µ�5N

<latexit sha1_base64="QRfxNAWIhRpqxDURVCJdB5u+J+o=">AAACNXicbZDLSgMxFIYz3q23qks3wSK4KjPSokvRjQvxAvYCnXE4E9MammSGJCNImMcSH8O1iDt16yuY1gq2eiDh5/vP4fCfJONMG99/9qamZ2bn5hcWS0vLK6tr5fWNpk5zRWiDpDxV7QQ05UzShmGG03amKIiE01bSPx74rTuqNEvllbnPaCSgJ1mXETAOxeXzUIC5JcDtaRHbUAnMpClCnWeaGtyLLZwVYQbKMOBxKHIMOExAWUd7IARcWwd/dB2fxeWKX/WHhf+KYCQqaFQXcfkpvElJLqg0hIPWncDPTGQHGwmnRSnMNc2A9KFHO05KEFRHdhi8wDuO3OBuqtyTBg/p7wkLQut7kbjOQUw96Q3gv14iJjab7kFkmcxyQyUZ92SqBHAqIpu7v3AXCCbz/hXNvWpQq9Yva5XDo9EtFtAW2ka7KED76BCdoAvUQAQ9oBf0ht69R+/Ve/M+vlunvNHMJhor7/MLsfiumw==</latexit>

gaN =
1

2fa
cN

<latexit sha1_base64="XD+XZFo3mMzXHp6nnPHwi8XbhEE=">AAAB/3icbVBNS8NAEJ3Ur1q/op7ES7AInkpSWvQiFL14KhXsB7QhbLabunR3E3Y3QglB/DHirXr1V3j235jWHGzrgxke781jmPEjRpW27W+jsLa+sblV3C7t7O7tH5iHRx0VxhKTNg5ZKHs+UoRRQdqaakZ6kSSI+4x0/fHtzO8+EaloKB70JCIuRyNBA4qRziTPPBl5CWqm19YgkAhbTlINPJRa2Gt6Ztmu2HNYq8TJSRlytDzzazAMccyJ0JghpfqOHWk3QVJTzEhaGsSKRAiP0Yj0MyoQJ8pN5iek1nmmDK0glFkJbc3Vv4kEcaUm3M8mOdKPatmbif96Pl/arIMrN6EiijUReNEToeSIEe4mcdbT7APO8r2rpFOtOLVK/b5WbtzkvyjCKZzBBThwCQ24gxa0AcMzvMIU3o0X482YGh+/owUjzxzDAozPHyasll0=</latexit>

•         allows us to search for axion DM using Nuclear 
Magnetic Resonance (NMR).
gaN

<latexit sha1_base64="8/WsgrYFvzJKtRrpOzxbkURcLGA=">AAAB63icbVDJSgNBEK2OW4xb1KOXwSB4CjOSoMegF08SwSyQDKGnU4lNehmme4QwzEeIt+jV7/Hs3ziJczCJD6p4vFdFLUEouLGu+00KG5tb2zvF3dLe/sHhUfn4pG10HDFsMS101A2oQcEVtiy3ArthhFQGAjvB5G7ud14wMlyrJzsN0Zd0rPiIM2ozqTMeJPQhdQblilt1F3DWiZeTCuRoDspf/aFmsURlmaDG9Dw3tH5CI8uZwLTUjw2GlE3oGHsZVVSi8ZPFuqlzkSlDZ6SjLJR1FurfjoRKY6YyyColtc9m1ZuL/3qBXJlsRzd+wlUYW1Rs2VM6klSg9JM4y2n2AW/13nXSvqp6tWr9sVZp3Oa/KMIZnMMleHANDbiHJrSAwQReYQbvRJI3MiMfv6UFkvecwhLI5w+jT49y</latexit>

}

<latexit sha1_base64="FmMT4TtSIP4UGU85o9PGowq5ulw=">AAACEXicbVDLSsNAFJ3UV62vqEs3wSIISkj6sGZXdOOygn1AE8pkOq1DZyZhZiKUkI8QP0bcVbcuXPs3pjEL23pghnPPuY+Z64eUSGVZ31phbX1jc6u4XdrZ3ds/0A+POjKIBMJtFNBA9HwoMSUctxVRFPdCgSHzKe76k9u5333CQpKAP6hpiD0Gx5yMCIIqlQb6hZv16Iux78WWaVftqlW5tEzHca6cRkqsSrXu1JLYTZKBXk7jDMYqsXNSBjlaA/3LHQYoYpgrRKGUfdsKlRdDoQiiOCm5kcQhRBM4xv2Ucsiw9OLsQYlxlipDYxSI9HBlZOrfihgyKafMTzMZVI9y2ZuL/3o+W5qsRtdeTHgYKczRoscDwSDFzIuj9J5vwF7+7yrpVEy7Ztbva+XmTb6LIjgBp+Ac2KABmuAOtEAbIPAMXsEMvGsv2ps20z5+UwtaXnMMFqB9/gAcjJrZ</latexit>

~BaDM ⇠ 10�16T
⇣ gaN
10�10GeV�1

⌘

<latexit sha1_base64="x7J3dGlyLQCx8kfJeh4LgDf9xYk=">AAACPnicbVDLSgMxFM34flt16WawCLqwzEh9LIsKulEUbC0445CJd2owyQxJRpCQXxP/wLV7caduXZrWLrR6IeHkPLjkpAWjSgfBszc0PDI6Nj4xOTU9Mzs3X1lYbKm8lASaJGe5bKdYAaMCmppqBu1CAuYpg4v0dr+rX9yBVDQX5/q+gJjjjqAZJVg7Kqm0ozsgZs8mBicmktw/OLY2UpT7YXBlNsJt22PPbcQg02tRJjExHec+sdZ8WwLbdRxCq/twYUk7N3o9qVSDWtAb/y8I+6CK+nOaVJ6i65yUHIQmDCt1GQaFjg2WmhIGdioqFRSY3OIOXDooMAcVm14D1l91zLWf5dIdof0e+zNhMFfqnqfOybG+UYNal/xXS/nAZp3txoaKotQgyG9N5JJjBjw2pbutayAc/O9f0NqshfXa1lm92tjrdzGBltEKWkMh2kENdIROURMR9IBe0Bt69x69V+/N+/i2Dnn9zBL6Nd7nF7aJsEM=</latexit>

He↵ � ~S · (gaN ~ra)

<latexit sha1_base64="NmvaH9EcP1cldem1yOpnsQpIU/w=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIdVMSqZdl0U1XUtFeoAlhMj2poTOTkJkUypA3ER9G3FVxJ/g2pm0WtvWHGX6+/xwO53gRDYQ0zR+tsLa+sblV3C7t7O7tH+iHR20RJjGBFglpGHc9LIAGHFoykBS6UQyYeRQ63vBumndGEIsg5E9yHIHD8IAHfkCwzJCrXzVcZcfMAN9PbZFEAqRhj4Cox9Qm/VAalYGr8H06hzbHHsUpPnf1slk1ZzJWjZWbMsrVdPUvux+ShAGXhGIhepYZSUfhWAaEQlqyEwERJkM8gF5mOWYgHDXbLzXOMtI3/DDOHpfGjP7tUJgJMWZeVsmwfBbL2RT+m3lsabL0bxwV8CiRwMlixsOYYQrMUUn2p9kFrOV9V037omrVqpcPtXL9Nr9FEZ2gU1RBFrpGddRATdRCBL2gNzRBH9qr9q5NtM95aUHLe47RgrTvXwywo20=</latexit>

aDM(t) ⇠ a0 cos (mat)

<latexit sha1_base64="O3KLDy247vP/p8H8johRdHuD4Ck=">AAACEHicbVBNS8NAEN34WetX1KOXYBFaDyWRih6LevAiVLAf0ISw2W7apbubsDsRSuh/EH+MeKtevXj235jWHGzrgxke781jmAlizjTY9rexsrq2vrFZ2Cpu7+zu7ZsHhy0dJYrQJol4pDoB1pQzSZvAgNNOrCgWAaftYHgz9dtPVGkWyUcYxdQTuC9ZyAiGTPLNM+ynrhLW7f24DBVXM2Fh33ZJpF1OQygLH4OrWH8AFd8s2VV7BmuZODkpoRwN3/xyexFJBJVAONa669gxeClWwAin46KbaBpjMsR92s2oxIJqL53dNLZOM6VnhZHKSoI1U/8mUiy0HokgmxQYBnrRm4r/eoFY2AzhlZcyGSdAJZn3ZKQE5lR4aZL1cfYBZ/HeZdI6rzq16sVDrVS/zn9RQMfoBJWRgy5RHd2hBmoigp7RK5qgd+PFeDMmxsfv6IqRZ47QHIzPH15cnaY=</latexit>
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Nuclear magnetic resonance

B0

<latexit sha1_base64="Yp9p0dbnJJcdpEGfGcgc9KM0/ME=">AAAB53icbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eCF48YLZBAQ7bLgBt2t013a0IafoLxhl79RZ79Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tJRmjD0WSSipBNSjYIr9A03AjtxglSGAtvh+G7ut18w0TxST2YSYyDpSPEhZ9RY6bHRd/vlilt1F3DWiZeTCuRo9stfvUHEUonKMEG17npubIKMJoYzgdNSL9UYUzamI+xaqqhEHWSLVafOhVUGzjBKbCjjLNS/HRmVWk9kaCslNc961ZuL/3qhXJlshrdBxlWcGlRs2VNRIqlAGWSpzVP7AW/13nXSuqp6ter1Q61Sb+S/KMIZnMMleHADdbiHJvjAYASvMIN3wskbmZGP39ICyXtOYQnk8wdsPI2O</latexit>

• Resonance condition:

B? cos!t

<latexit sha1_base64="J2+LGC8TWDMyqQX1O/SyN4eTEf8=">AAAB+3icbVDLSsNAFJ3UV62vqLhyEyyCq5JIRZelblxWsA9oQplMb+vQeTEzEUrIx4i76tbvcO3fmNYsbOuBezmccy/3EStGjfX9b6e0sbm1vVPereztHxweuccnHSMTTaBNJJO6F2MDjApoW2oZ9JQGzGMG3XhyP/e7L6ANleLJThVEHI8FHVGCbS4N3LPmIA0VaJWFRJpQchhjzw7cql/zF/DWSVCQKirQGrhf4VCShIOwhGFj+oGvbJRibSlhkFXCxIDCZILH0M+pwBxMlC7Wz7zLXBl6I6nzENZbqH87UsyNmfI4r+TYPptVby7+68V8ZbId3UUpFSqxIMiyJ6TmmAGP0iTPWf6BYPXeddK5rgX12s1jvdpoFr8oo3N0ga5QgG5RAz2gFmojglL0imbo3cmcN2fmfPyWlpyi5xQtwfn8AQhyleg=</latexit>

! = !L = �B0

<latexit sha1_base64="vnhodPSSL40iPMu0rTah8+C4tFI=">AAACAnicbZDLSsNAFIZP6q3WW9SlLoJFcFUSqeimUOrGhYsK9gJNCJPpNA6dS8hMhBK6ER9G3FW3voNr38a0zcK2/jDDx/+fw+GcIGJUadv+MQpr6xubW8Xt0s7u3v6BeXjUVjKJMWlhyWTcDZAijArS0lQz0o1ignjASCcY3k7zzjOJFZXiUY8i4nEUCjqgGOnM8s1TV3ISIqtmzcG/r7kh4hxZDd/2zbJdsWeyVsHJoQy5mr757fYlTjgRGjOkVM+xI+2lKNYUMzIuuYkiEcJDFJJehgJxorx0tsXYOs+cvjWQcfaEtmbu344UcaVGPMgqOdJPajmbmv9mAV+arAc3XkpFlGgi8GImZMwRI9xLk+wfZxdwlvddhfZlxalWrh6q5Xojv0URTuAMLsCBa6jDHTShBRhe4A0m8GG8Gu/GxPiclxaMvOcYFmR8/QIT85dn</latexit>
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B0

<latexit sha1_base64="Yp9p0dbnJJcdpEGfGcgc9KM0/ME=">AAAB53icbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eCF48YLZBAQ7bLgBt2t013a0IafoLxhl79RZ79Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tJRmjD0WSSipBNSjYIr9A03AjtxglSGAtvh+G7ut18w0TxST2YSYyDpSPEhZ9RY6bHRd/vlilt1F3DWiZeTCuRo9stfvUHEUonKMEG17npubIKMJoYzgdNSL9UYUzamI+xaqqhEHWSLVafOhVUGzjBKbCjjLNS/HRmVWk9kaCslNc961ZuL/3qhXJlshrdBxlWcGlRs2VNRIqlAGWSpzVP7AW/13nXSuqp6ter1Q61Sb+S/KMIZnMMleHADdbiHJvjAYASvMIN3wskbmZGP39ICyXtOYQnk8wdsPI2O</latexit>

BaDM ⇠ sin(mat)

<latexit sha1_base64="/7QACDB7NNzKflpDSzNrmr11MdI=">AAACBHicbVBNS8NAEJ3Ur1q/oh4FCRahXkoiFT2W6sGLUMF+QBPCZrutS7ObsLsRSshN/DHirXr1L3j237itOdjWBzM83pvHMBPEIZXKtr+Nwsrq2vpGcbO0tb2zu2fuH7RllAhMWjgKI9ENkCQh5aSlqApJNxYEsSAknWB0PfU7T0RIGvEHNY6Jx9CQ0wHFSGnJN48bfor81BXMurnLMldSZunGK8xHljrzzbJdtWewlomTkzLkaPrml9uPcMIIVzhEUvYcO1ZeioSiOCRZyU0kiREeoSHpacoRI9JLZ3dk1qlW+tYgErq4smbq30SKmJRjFuhJhtSjXPSm4r9ewBY2q8GVl1IeJ4pwPO/xSDAUEualie6Z/oCzeO8yaZ9XnVr14r5WrjfyXxThCE6gAg5cQh1uoQktwPAMrzCBd+PFeDMmxsfvaMHIM4cwB+PzB1VgmLY=</latexit>

NMR: axion DM search

• Tune  to match axion mass with 
Larmor frequency  


B0

<latexit sha1_base64="Yp9p0dbnJJcdpEGfGcgc9KM0/ME=">AAAB53icbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eCF48YLZBAQ7bLgBt2t013a0IafoLxhl79RZ79Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tJRmjD0WSSipBNSjYIr9A03AjtxglSGAtvh+G7ut18w0TxST2YSYyDpSPEhZ9RY6bHRd/vlilt1F3DWiZeTCuRo9stfvUHEUonKMEG17npubIKMJoYzgdNSL9UYUzamI+xaqqhEHWSLVafOhVUGzjBKbCjjLNS/HRmVWk9kaCslNc961ZuL/3qhXJlshrdBxlWcGlRs2VNRIqlAGWSpzVP7AW/13nXSuqp6ter1Q61Sb+S/KMIZnMMleHADdbiHJvjAYASvMIN3wskbmZGP39ICyXtOYQnk8wdsPI2O</latexit>

!L

<latexit sha1_base64="nPY/eRq1YyjGlmsHyzdlSCO3+Zc=">AAAB7HicbVDJTgJBEK3BDXFDPXqZSEw8kRmD0SPRiwcPmIiQwIT0NAV26GXS3WNCJvyE8YZe/R3P/o0NzkHAl1Tl5b2q1BInnBkbBN9eYW19Y3OruF3a2d3bPygfHj0ZlWqKTaq40u2YGORMYtMyy7GdaCQi5tiKR7czv/WC2jAlH+04wUiQoWQDRol1UrurBA5J775XrgTVYA5/lYQ5qUCORq/81e0rmgqUlnJiTCcMEhtlRFtGOU5K3dRgQuiIDLHjqCQCTZTN9534Z07p+wOlXUjrz9W/HRkRxoxF7CoFsc9m2ZuJ/3qxWJpsB9dRxmSSWpR00ZNKC8JRRFnq8sR9IFy+d5U8XVTDWvXyoVap3+S/KMIJnMI5hHAFdbiDBjSBAodXmMK7J703b+p9/JYWvLznGBbgff4AkAqP/w==</latexit>
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NMR: axion DM search

Hyperpolarized 
liquid 

xenon

B0

<latexit sha1_base64="Yp9p0dbnJJcdpEGfGcgc9KM0/ME=">AAAB53icbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eCF48YLZBAQ7bLgBt2t013a0IafoLxhl79RZ79Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tJRmjD0WSSipBNSjYIr9A03AjtxglSGAtvh+G7ut18w0TxST2YSYyDpSPEhZ9RY6bHRd/vlilt1F3DWiZeTCuRo9stfvUHEUonKMEG17npubIKMJoYzgdNSL9UYUzamI+xaqqhEHWSLVafOhVUGzjBKbCjjLNS/HRmVWk9kaCslNc961ZuL/3qhXJlshrdBxlWcGlRs2VNRIqlAGWSpzVP7AW/13nXSuqp6ter1Q61Sb+S/KMIZnMMleHADdbiHJvjAYASvMIN3wskbmZGP39ICyXtOYQnk8wdsPI2O</latexit>

BaDM ⇠ sin(mat)

<latexit sha1_base64="/7QACDB7NNzKflpDSzNrmr11MdI=">AAACBHicbVBNS8NAEJ3Ur1q/oh4FCRahXkoiFT2W6sGLUMF+QBPCZrutS7ObsLsRSshN/DHirXr1L3j237itOdjWBzM83pvHMBPEIZXKtr+Nwsrq2vpGcbO0tb2zu2fuH7RllAhMWjgKI9ENkCQh5aSlqApJNxYEsSAknWB0PfU7T0RIGvEHNY6Jx9CQ0wHFSGnJN48bfor81BXMurnLMldSZunGK8xHljrzzbJdtWewlomTkzLkaPrml9uPcMIIVzhEUvYcO1ZeioSiOCRZyU0kiREeoSHpacoRI9JLZ3dk1qlW+tYgErq4smbq30SKmJRjFuhJhtSjXPSm4r9ewBY2q8GVl1IeJ4pwPO/xSDAUEualie6Z/oCzeO8yaZ9XnVr14r5WrjfyXxThCE6gAg5cQh1uoQktwPAMrzCBd+PFeDMmxsfvaMHIM4cwB+PzB1VgmLY=</latexit>

CASPEr-gradient

• CASPEr-gradient


• Many challenges to improve sensitivity, but 
direct evidence of  is crucial for testing 
QCD axion.

gaN

<latexit sha1_base64="8/WsgrYFvzJKtRrpOzxbkURcLGA=">AAAB63icbVDJSgNBEK2OW4xb1KOXwSB4CjOSoMegF08SwSyQDKGnU4lNehmme4QwzEeIt+jV7/Hs3ziJczCJD6p4vFdFLUEouLGu+00KG5tb2zvF3dLe/sHhUfn4pG10HDFsMS101A2oQcEVtiy3ArthhFQGAjvB5G7ud14wMlyrJzsN0Zd0rPiIM2ozqTMeJPQhdQblilt1F3DWiZeTCuRoDspf/aFmsURlmaDG9Dw3tH5CI8uZwLTUjw2GlE3oGHsZVVSi8ZPFuqlzkSlDZ6SjLJR1FurfjoRKY6YyyColtc9m1ZuL/3qBXJlsRzd+wlUYW1Rs2VM6klSg9JM4y2n2AW/13nXSvqp6tWr9sVZp3Oa/KMIZnMMleHANDbiHJrSAwQReYQbvRJI3MiMfv6UFkvecwhLI5w+jT49y</latexit>

gaN < 5⇥ 10�5GeV�1 (95%C.L.)

<latexit sha1_base64="BdwWb7l4vdJSxXl4Bg7O4F41i/8=">AAACHnicbVDLSsNAFJ3UV62vqEs3wVKoC0MiDVZwUexCFyIV7AOaGCbTaR2amYTMRCghfor4MeKudqt/47TNwlYPzHDuOfdyH17oEy4M41vJrayurW/kNwtb2zu7e+r+QYsHcYRwEwV+EHU8yLFPGG4KInzcCSMMqefjtjesT/32M444CdiDGIXYoXDASJ8gKKTkqtWBm8C79FKzbEEo5pppPCanVqoldkS1a9xKZWimL+ULyy7Nxbp+q6cnrlo0dGMG7S8xM1IEGRquOrF7AYopZgL5kPOuaYTCSWAkCPJxWrBjjkOIhnCAu5IyKKdxktmGqVaSSk/rB5F8TGgz9XdFAinnI+rJTArFE1/2puK/nkeXOot+1UkIC2OBGVr0WBBR6GPqJLH8U3kBc3nfv6R1ppsV3bqvFGtX2S3y4AgcgzIwwTmogRvQAE2AwCt4B2PwqbwpH8pYmcxTc0pWcwgWoHz9AGl/oPo=</latexit>

ma 2 (1e�22, 1.3e�17) [ (1.8e�16, 7.8e�14)eV

<latexit sha1_base64="AIXgpG2emw7aq6DTMCpRP1BpRUY=">AAACJHicbZDLSsNAFIYnXmu9RV26CRahhRqSWm1XUnTjsoK9QBPKZHpah2YmITMRSsjbiA8jgovqwo3PYtJmYVt/mOHj/8/hcI7ju1RIw/hW1tY3Nre2czv53b39g0P16LgtvDAg0CKe6wVdBwtwKYeWpNKFrh8AZo4LHWd8l+adZwgE9fijnPhgMzzidEgJlonVV29YH2sW5VrRhOiiUonLpn6ZkFmLSxYJfS0J9HpqXMfl2pyqcSmyAqZBO+6rBUM3ZtJWwcyggDI1++qHNfBIyIBL4mIheqbhSzvCgaTEhThvhQJ8TMZ4BL0EOWYg7Gi2Z6ydJ85AG3pB8rjUZu7fjggzISbMSSoZlk9iOUvNfzOHLU2Ww7odUe6HEjhZzLgXMOwCs6Mw+dMLmMv7rkK7optV/eqhWmjcZrfIoVN0horIRDXUQPeoiVqIoBf0hqboU3lV3pWp8jUvXVOynhO0IOXnF9dooX8=</latexit>

• Tune  to match axion mass with 
Larmor frequency  


B0

<latexit sha1_base64="Yp9p0dbnJJcdpEGfGcgc9KM0/ME=">AAAB53icbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eCF48YLZBAQ7bLgBt2t013a0IafoLxhl79RZ79Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tJRmjD0WSSipBNSjYIr9A03AjtxglSGAtvh+G7ut18w0TxST2YSYyDpSPEhZ9RY6bHRd/vlilt1F3DWiZeTCuRo9stfvUHEUonKMEG17npubIKMJoYzgdNSL9UYUzamI+xaqqhEHWSLVafOhVUGzjBKbCjjLNS/HRmVWk9kaCslNc961ZuL/3qhXJlshrdBxlWcGlRs2VNRIqlAGWSpzVP7AW/13nXSuqp6ter1Q61Sb+S/KMIZnMMleHADdbiHJvjAYASvMIN3wskbmZGP39ICyXtOYQnk8wdsPI2O</latexit>

!L

<latexit sha1_base64="nPY/eRq1YyjGlmsHyzdlSCO3+Zc=">AAAB7HicbVDJTgJBEK3BDXFDPXqZSEw8kRmD0SPRiwcPmIiQwIT0NAV26GXS3WNCJvyE8YZe/R3P/o0NzkHAl1Tl5b2q1BInnBkbBN9eYW19Y3OruF3a2d3bPygfHj0ZlWqKTaq40u2YGORMYtMyy7GdaCQi5tiKR7czv/WC2jAlH+04wUiQoWQDRol1UrurBA5J775XrgTVYA5/lYQ5qUCORq/81e0rmgqUlnJiTCcMEhtlRFtGOU5K3dRgQuiIDLHjqCQCTZTN9534Z07p+wOlXUjrz9W/HRkRxoxF7CoFsc9m2ZuJ/3qxWJpsB9dRxmSSWpR00ZNKC8JRRFnq8sR9IFy+d5U8XVTDWvXyoVap3+S/KMIJnMI5hHAFdbiDBjSBAodXmMK7J703b+p9/JYWvLznGBbgff4AkAqP/w==</latexit>
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Superfluid Helium 3
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Properties of 3He

<latexit sha1_base64="Kigjs93D88yVXuV+QFK7DKF3U4Q=">AAACGXicjVDLSsNAFJ3UV62vqEs3wSK4kJBHU9td0U2XFewDmlgm02kNzUzCzEQoQz5E/BhxV924cOXfmMYubFHwwL0czrkvrh+HAReG8akU1tY3NreK26Wd3b39A/XwqMOjhCHcRlEYsZ4POQ4DitsiECHuxQxD4oe460+u5373ATMeRPRWTGPsETimwShAUGTSQLXdfEafjX1PGrph23WrdmHoVr1qW1ZGnFrdqTqpvLOly4jWxGk6UMumbuTQ/iZlsEBroL67wwglBFOBQsh53zRi4UnIRIBCnJbchOMYogkc435GKSSYezI/LNXOMmWojSKWBRVarv7skJBwPiV+VkmguOer3lz81fPJymYxqnkyoHEiMEXLHo0YgSEmnkyy/M8PdCzdrOjOTaXcuFr8oghOwCk4Bya4BA3QBC3QBgg8gmcwA6/Kk/KizJS379KCsug5BktQPr4A1P6d6Q==</latexit>

• Spin 1/2 


• Very low temperature, superfluid phase (~ 
Bose Einstein Condensate)
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• Spin 1/2 


• Very low temperature, superfluid phase (~ 
Bose Einstein Condensate)


• Cooper pairs:                     magnons


• Our setup is based on the B phase, almost a 
perfect magnon BEC 

Properties of 3He

<latexit sha1_base64="Kigjs93D88yVXuV+QFK7DKF3U4Q=">AAACGXicjVDLSsNAFJ3UV62vqEs3wSK4kJBHU9td0U2XFewDmlgm02kNzUzCzEQoQz5E/BhxV924cOXfmMYubFHwwL0czrkvrh+HAReG8akU1tY3NreK26Wd3b39A/XwqMOjhCHcRlEYsZ4POQ4DitsiECHuxQxD4oe460+u5373ATMeRPRWTGPsETimwShAUGTSQLXdfEafjX1PGrph23WrdmHoVr1qW1ZGnFrdqTqpvLOly4jWxGk6UMumbuTQ/iZlsEBroL67wwglBFOBQsh53zRi4UnIRIBCnJbchOMYogkc435GKSSYezI/LNXOMmWojSKWBRVarv7skJBwPiV+VkmguOer3lz81fPJymYxqnkyoHEiMEXLHo0YgSEmnkyy/M8PdCzdrOjOTaXcuFr8oghOwCk4Bya4BA3QBC3QBgg8gmcwA6/Kk/KizJS379KCsug5BktQPr4A1P6d6Q==</latexit>

S = 1 L = 1

<latexit sha1_base64="WRp+IE/0HpVODeVZuWzAi6TmqhE=">AAAB63icdVBNS8NAEJ3Ur1q/qh69BIvgqSTB0vZQKHrx4KGi/QAbymY7rUt3NyG7EUqo/0G8Va/+Hs/+G7e1ghZ9sMvjvRlm5gURZ0o7zoeVWVldW9/Ibua2tnd29/L7By0VJjHFJg15GHcCopAziU3NNMdOFCMRAcd2MLqY+e0HjBUL5a0eR+gLMpRswCjRRmrf1NzHq5rbyxecolP1yuWSbUilUvUcQ9wzz/Wqtlt05ijAAo1e/r3bD2kiUGrKiVJ3rhNpPyWxZpTjJNdNFEaEjsgQ7wyVRKDy0/m6E/vEKH17EMbmSW3P1Z8dKRFKjUVgKgXR92rZm4l/eoFYmqwHFT9lMko0Svrbk2EsCEfhp4n5JyaB7zPt/0nLM5kUS9dnhfr5IossHMExnIILZajDJTSgCRRG8ARTeLGE9WxNrdev0oy16DmEX7DePgEv7Y8q</latexit>
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Pulsed NMR
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Bonkov & Volovik (2018)

dB

dz

<latexit sha1_base64="yD5blUG/mA8G9gRMdQPR8JbUBVI=">AAAB9XicbVDLSsNAFL2pr1ofjbp0EyyCq5JIRZelblxWsA9oQ5lMJnXozCTMTJQ65EvEXXXrp7j2b0xrFrb1wL0czrmX+wgSRpV23W+rtLG5tb1T3q3s7R8cVu2j466KU4lJB8cslv0AKcKoIB1NNSP9RBLEA0Z6weR27veeiFQ0Fg96mhCfo7GgEcVI59LIrjrOMJIIm7CVmfAlG9k1t+4u4KwTryA1KNAe2V/DMMYpJ0JjhpQaeG6ifYOkppiRrDJMFUkQnqAxGeRUIE6UbxaLZ855roROFMs8hHYW6t8Og7hSUx7klRzpR7XqzcV/vYCvTNbRjW+oSFJNBF72RCw5YoT7Js3z/APe6r3rpHtZ9xr1q/tGrdkqflGGUziDC/DgGppwB23oAIYUXmEG79az9WbNrI/f0pJV9JzAEqzPHw6PkxI=</latexit>

B0(z)

<latexit sha1_base64="JVrqJ/2J0DLbzQERAPPqub403QA=">AAAB6nicbVDJTgJBEK12RdxQj14mEhO8kBmD0SPBi0dMZElgQnqaAlt6mUz3mOCEfzDe0Kv/49m/ccA5CPiSqry8V5VaglBwY133m6ytb2xubed28rt7+weHhaPjptFxxLDBtNBRO6AGBVfYsNwKbIcRUhkIbAWj25nfesbIcK0e7DhEX9Kh4gPOqE2lZq3nll4ueoWiW3bncFaJl5EiZKj3Cl/dvmaxRGWZoMZ0PDe0fkIjy5nASb4bGwwpG9EhdlKqqETjJ/NtJ855qvSdgY7SUNaZq387EiqNGcsgrZTUPpplbyb+6wVyabId3PgJV2FsUbFFT+lIUoHST+I0T9IPeMv3rpLmZdmrlK/uK8VqLftFDk7hDErgwTVU4Q7q0AAGT/AKU3gngryRKfn4LV0jWc8JLIB8/gAPl453</latexit>

�

<latexit sha1_base64="dChEfDkDcGhS3KVRPgOaMdVMD00=">AAAB6XicbVBNS8NAEJ2tX7V+VT16CRbBU0mkoseiF48VTFtoQ9ndTuvS3U3IboQS+hvEW/XqD/LsvzGNOdjWBzM83pthPlgkhbGu+01KG5tb2zvl3cre/sHhUfX4pG3CJObo81CGcZdRg1Jo9K2wErtRjFQxiR02uV/4nReMjQj1k51GGCg61mIkOLWZ5PcZWjqo1ty6m8NZJ15BalCgNah+9YchTxRqyyU1pue5kQ1SGlvBJc4q/cRgRPmEjrGXUU0VmiDNl505F5kydEZhnIW2Tq7+7UipMmaqWFapqH02q95C/NdjamWyHd0GqdBRYlHzZU+HsaISVZAmWZ5lH/BW710n7au616hfPzZqzbviF2U4g3O4BA9uoAkP0AIfOAh4hTm8kwl5I3Py8VtaIkXPKSyBfP4AdL6OyQ==</latexit>

N = V n, n / 1� cos�

<latexit sha1_base64="S8w3F3zZWrP+oXfpe/Ie9x2mOVs=">AAACAHicbVDLSsNAFL2pr1pfUXe6CRbBhZZEKroRim5cSQX7gCaUyXRaQ+fFzEQooSJ+jLirbv0J1/6Nac3Cth64l8M593C5N5Q00sZ1v63cwuLS8kp+tbC2vrG5ZW/v1LWIFSY1LKhQzRBpQiNOaiYylDSlIoiFlDTC/vXYbzwSpSPB781AkoChHo+6EUYmldr23u1lnR8/cV8qIY1wvBMfC+2HxKC2XXRL7gTOPPEyUoQM1bb95XcEjhnhBlOkdctzpQkSpEyEKRkW/FgTiXAf9UgrpRwxooNkcsPQOUyVjtMVKi1unIn6N5EgpvWAhekkQ+ZBz3pj8V8vZDObTfciSCIuY0M4nva4UAxRwoIkTvsw/YA3e+88qZ+WvHLp7K5crFxlv8jDPhzAEXhwDhW4gSrUAMMzvMII3q0X680aWR+/ozkry+zCFKzPH7fDl1I=</latexit>

Pulsed NMR with  3
He� B

<latexit sha1_base64="NUr+kMgaE4+FoPf7/ORhea6ATag=">AAACG3icbVDLSsNAFJ3UV62vqEs3wSK40JI0CW13pW66rGAf0MQymU5raGYSZiZCGfIl4seIuyq4cuHfmMYsbPXAHQ7nnDtz53pR4HOh619KYWNza3unuFva2z84PFKPT3o8jBnCXRQGIRt4kOPAp7grfBHgQcQwJF6A+97sZun3HzHjfkjvxDzCLoFT6k98BEUqjVTbye4YsqnnSr2im5Zpmld6pdqw6w0jJXbDMqxaIu9N6TCitfF1K0lGajnNZtD+EiMnZZCjM1I/nHGIYoKpQAHkfGjokXAlZMJHAU5KTsxxBNEMTvEwpRQSzF2ZjZZoF6ky1iYhS4sKLVN/d0hIOJ8TL00SKB74urcU//U8svaymNRd6dMoFpiiVY+GjMAAE1fG6bncgLH+37+kV60YVsW+tcrNVr6LIjgD5+ASGKAGmqANOqALEHgCL2AB3pRn5VVZKO8/0YKS95yCFSif39RqnmI=</latexit>
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Bonkov & Volovik (2018)

dB

dz

<latexit sha1_base64="yD5blUG/mA8G9gRMdQPR8JbUBVI=">AAAB9XicbVDLSsNAFL2pr1ofjbp0EyyCq5JIRZelblxWsA9oQ5lMJnXozCTMTJQ65EvEXXXrp7j2b0xrFrb1wL0czrmX+wgSRpV23W+rtLG5tb1T3q3s7R8cVu2j466KU4lJB8cslv0AKcKoIB1NNSP9RBLEA0Z6weR27veeiFQ0Fg96mhCfo7GgEcVI59LIrjrOMJIIm7CVmfAlG9k1t+4u4KwTryA1KNAe2V/DMMYpJ0JjhpQaeG6ifYOkppiRrDJMFUkQnqAxGeRUIE6UbxaLZ855roROFMs8hHYW6t8Og7hSUx7klRzpR7XqzcV/vYCvTNbRjW+oSFJNBF72RCw5YoT7Js3z/APe6r3rpHtZ9xr1q/tGrdkqflGGUziDC/DgGppwB23oAIYUXmEG79az9WbNrI/f0pJV9JzAEqzPHw6PkxI=</latexit>

B0(z)

<latexit sha1_base64="JVrqJ/2J0DLbzQERAPPqub403QA=">AAAB6nicbVDJTgJBEK12RdxQj14mEhO8kBmD0SPBi0dMZElgQnqaAlt6mUz3mOCEfzDe0Kv/49m/ccA5CPiSqry8V5VaglBwY133m6ytb2xubed28rt7+weHhaPjptFxxLDBtNBRO6AGBVfYsNwKbIcRUhkIbAWj25nfesbIcK0e7DhEX9Kh4gPOqE2lZq3nll4ueoWiW3bncFaJl5EiZKj3Cl/dvmaxRGWZoMZ0PDe0fkIjy5nASb4bGwwpG9EhdlKqqETjJ/NtJ855qvSdgY7SUNaZq387EiqNGcsgrZTUPpplbyb+6wVyabId3PgJV2FsUbFFT+lIUoHST+I0T9IPeMv3rpLmZdmrlK/uK8VqLftFDk7hDErgwTVU4Q7q0AAGT/AKU3gngryRKfn4LV0jWc8JLIB8/gAPl453</latexit>

104�

<latexit sha1_base64="e43fcNh/wIpsT8qXZxLs5QNuNiQ=">AAACGnicbVC7TsMwFHV4lvIKMLJEVEgMKErS9MFWwcJYJPqQmlA5rlus2k5kO0hVlB9BfAxiKwwsLPwNSelAW450raNzzrWvbxBRIpVlfWtr6xubW9uFneLu3v7BoX503JZhLBBuoZCGohtAiSnhuKWIorgbCQxZQHEnGN/kfucJC0lCfq8mEfYZHHEyJAiqTOrrrje7oydGgZ9Y5lW96lScS8u0rJpTrubEqblOOU1sy31IPEQEStO+XsoTOYxVYs9JCczR7Ouf3iBEMcNcIQql7NlWpPwECkUQxWnRiyWOIBrDEe5llEOGpZ/MJkuN80wZGMNQZMWVMVP/diSQSTlhQZZkUD3KZS8X//UCtvSyGtb9hPAoVpijRY+HgkGKmZ/E2ZlvwF7+7yppO6btmpU7t9S4nu+iAE7BGbgANqiBBrgFTdACCDyDVzAF79qL9qZNtY/f6Jo27zkBC9C+fgBnqJ40</latexit>

VHPD =
N

nc
, nc / 1� cos 104�

<latexit sha1_base64="FtOQJbQgu6Zqjh5Ec8GBSs4sNyc=">AAACHnicbVDLSsNAFJ3UV62vqEs3wSK40JJIxW6Eoi66kgr2AU0Mk+mkDs3MhJmJUIb8ivgx4q52q39jWrOwrQfu5XDOPVzuDeKISGXb30ZhZXVtfaO4Wdra3tndM/cP2pInAuEW4hEX3QBKHBGGW4qoCHdjgSENItwJhrdTv/OChSScPapRjD0KB4yEBEGVSb5Za/vaFdRqNO/Sa8sNBUT6PtXMR+mZlXU3FjxW3HLOXcSlY1eftIuIQKlvlu2KPYO1TJyclEGOpm9O3D5HCcVMoQhK2XPsWHkaCkVQhNOSm0gcQzSEA9zLKIMUS0/PLkytk0zpWyEXWTFlzdS/CQ2plCMaZJMUqme56E3Ff72ALmxWYc3ThMWJwgzNe4wLCiNMPZ1kffoBZ/HeZdK+qDjVyuVDtVy/yX9RBEfgGJwCB1yBOmiAJmgBBF7BOxiDT+PN+DDGxuR3tGDkmUMwB+PrB9hKoyo=</latexit>

N = V n, n / 1� cos�

<latexit sha1_base64="S8w3F3zZWrP+oXfpe/Ie9x2mOVs=">AAACAHicbVDLSsNAFL2pr1pfUXe6CRbBhZZEKroRim5cSQX7gCaUyXRaQ+fFzEQooSJ+jLirbv0J1/6Nac3Cth64l8M593C5N5Q00sZ1v63cwuLS8kp+tbC2vrG5ZW/v1LWIFSY1LKhQzRBpQiNOaiYylDSlIoiFlDTC/vXYbzwSpSPB781AkoChHo+6EUYmldr23u1lnR8/cV8qIY1wvBMfC+2HxKC2XXRL7gTOPPEyUoQM1bb95XcEjhnhBlOkdctzpQkSpEyEKRkW/FgTiXAf9UgrpRwxooNkcsPQOUyVjtMVKi1unIn6N5EgpvWAhekkQ+ZBz3pj8V8vZDObTfciSCIuY0M4nva4UAxRwoIkTvsw/YA3e+88qZ+WvHLp7K5crFxlv8jDPhzAEXhwDhW4gSrUAMMzvMII3q0X680aWR+/ozkry+zCFKzPH7fDl1I=</latexit>

Leggett angle

Fomin (1984)

�

<latexit sha1_base64="dChEfDkDcGhS3KVRPgOaMdVMD00=">AAAB6XicbVBNS8NAEJ2tX7V+VT16CRbBU0mkoseiF48VTFtoQ9ndTuvS3U3IboQS+hvEW/XqD/LsvzGNOdjWBzM83pthPlgkhbGu+01KG5tb2zvl3cre/sHhUfX4pG3CJObo81CGcZdRg1Jo9K2wErtRjFQxiR02uV/4nReMjQj1k51GGCg61mIkOLWZ5PcZWjqo1ty6m8NZJ15BalCgNah+9YchTxRqyyU1pue5kQ1SGlvBJc4q/cRgRPmEjrGXUU0VmiDNl505F5kydEZhnIW2Tq7+7UipMmaqWFapqH02q95C/NdjamWyHd0GqdBRYlHzZU+HsaISVZAmWZ5lH/BW710n7au616hfPzZqzbviF2U4g3O4BA9uoAkP0AIfOAh4hTm8kwl5I3Py8VtaIkXPKSyBfP4AdL6OyQ==</latexit>

Pulsed NMR with  3
He� B

<latexit sha1_base64="NUr+kMgaE4+FoPf7/ORhea6ATag=">AAACG3icbVDLSsNAFJ3UV62vqEs3wSK40JI0CW13pW66rGAf0MQymU5raGYSZiZCGfIl4seIuyq4cuHfmMYsbPXAHQ7nnDtz53pR4HOh619KYWNza3unuFva2z84PFKPT3o8jBnCXRQGIRt4kOPAp7grfBHgQcQwJF6A+97sZun3HzHjfkjvxDzCLoFT6k98BEUqjVTbye4YsqnnSr2im5Zpmld6pdqw6w0jJXbDMqxaIu9N6TCitfF1K0lGajnNZtD+EiMnZZCjM1I/nHGIYoKpQAHkfGjokXAlZMJHAU5KTsxxBNEMTvEwpRQSzF2ZjZZoF6ky1iYhS4sKLVN/d0hIOJ8TL00SKB74urcU//U8svaymNRd6dMoFpiiVY+GjMAAE1fG6bncgLH+37+kV60YVsW+tcrNVr6LIjgD5+ASGKAGmqANOqALEHgCL2AB3pRn5VVZKO8/0YKS95yCFSif39RqnmI=</latexit>
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dB

dz

<latexit sha1_base64="yD5blUG/mA8G9gRMdQPR8JbUBVI=">AAAB9XicbVDLSsNAFL2pr1ofjbp0EyyCq5JIRZelblxWsA9oQ5lMJnXozCTMTJQ65EvEXXXrp7j2b0xrFrb1wL0czrmX+wgSRpV23W+rtLG5tb1T3q3s7R8cVu2j466KU4lJB8cslv0AKcKoIB1NNSP9RBLEA0Z6weR27veeiFQ0Fg96mhCfo7GgEcVI59LIrjrOMJIIm7CVmfAlG9k1t+4u4KwTryA1KNAe2V/DMMYpJ0JjhpQaeG6ifYOkppiRrDJMFUkQnqAxGeRUIE6UbxaLZ855roROFMs8hHYW6t8Og7hSUx7klRzpR7XqzcV/vYCvTNbRjW+oSFJNBF72RCw5YoT7Js3z/APe6r3rpHtZ9xr1q/tGrdkqflGGUziDC/DgGppwB23oAIYUXmEG79az9WbNrI/f0pJV9JzAEqzPHw6PkxI=</latexit>

B0(z)

<latexit sha1_base64="JVrqJ/2J0DLbzQERAPPqub403QA=">AAAB6nicbVDJTgJBEK12RdxQj14mEhO8kBmD0SPBi0dMZElgQnqaAlt6mUz3mOCEfzDe0Kv/49m/ccA5CPiSqry8V5VaglBwY133m6ytb2xubed28rt7+weHhaPjptFxxLDBtNBRO6AGBVfYsNwKbIcRUhkIbAWj25nfesbIcK0e7DhEX9Kh4gPOqE2lZq3nll4ueoWiW3bncFaJl5EiZKj3Cl/dvmaxRGWZoMZ0PDe0fkIjy5nASb4bGwwpG9EhdlKqqETjJ/NtJ855qvSdgY7SUNaZq387EiqNGcsgrZTUPpplbyb+6wVyabId3PgJV2FsUbFFT+lIUoHST+I0T9IPeMv3rpLmZdmrlK/uK8VqLftFDk7hDErgwTVU4Q7q0AAGT/AKU3gngryRKfn4LV0jWc8JLIB8/gAPl453</latexit>

VHPD =
N

nc
, nc / 1� cos 104�

<latexit sha1_base64="FtOQJbQgu6Zqjh5Ec8GBSs4sNyc=">AAACHnicbVDLSsNAFJ3UV62vqEs3wSK40JJIxW6Eoi66kgr2AU0Mk+mkDs3MhJmJUIb8ivgx4q52q39jWrOwrQfu5XDOPVzuDeKISGXb30ZhZXVtfaO4Wdra3tndM/cP2pInAuEW4hEX3QBKHBGGW4qoCHdjgSENItwJhrdTv/OChSScPapRjD0KB4yEBEGVSb5Za/vaFdRqNO/Sa8sNBUT6PtXMR+mZlXU3FjxW3HLOXcSlY1eftIuIQKlvlu2KPYO1TJyclEGOpm9O3D5HCcVMoQhK2XPsWHkaCkVQhNOSm0gcQzSEA9zLKIMUS0/PLkytk0zpWyEXWTFlzdS/CQ2plCMaZJMUqme56E3Ff72ALmxWYc3ThMWJwgzNe4wLCiNMPZ1kffoBZ/HeZdK+qDjVyuVDtVy/yX9RBEfgGJwCB1yBOmiAJmgBBF7BOxiDT+PN+DDGxuR3tGDkmUMwB+PrB9hKoyo=</latexit>

N = V n, n / 1� cos�

<latexit sha1_base64="S8w3F3zZWrP+oXfpe/Ie9x2mOVs=">AAACAHicbVDLSsNAFL2pr1pfUXe6CRbBhZZEKroRim5cSQX7gCaUyXRaQ+fFzEQooSJ+jLirbv0J1/6Nac3Cth64l8M593C5N5Q00sZ1v63cwuLS8kp+tbC2vrG5ZW/v1LWIFSY1LKhQzRBpQiNOaiYylDSlIoiFlDTC/vXYbzwSpSPB781AkoChHo+6EUYmldr23u1lnR8/cV8qIY1wvBMfC+2HxKC2XXRL7gTOPPEyUoQM1bb95XcEjhnhBlOkdctzpQkSpEyEKRkW/FgTiXAf9UgrpRwxooNkcsPQOUyVjtMVKi1unIn6N5EgpvWAhekkQ+ZBz3pj8V8vZDObTfciSCIuY0M4nva4UAxRwoIkTvsw/YA3e+88qZ+WvHLp7K5crFxlv8jDPhzAEXhwDhW4gSrUAMMzvMII3q0X680aWR+/ozkry+zCFKzPH7fDl1I=</latexit>

Leggett angle

Fomin (1984)

!L = �B(zwall)

<latexit sha1_base64="1pyplxaBso5V68lWl0Tq2GaPwD0=">AAACBnicbVDLSsNAFJ3UV62vqEs3g0Wom5JIRTdCqRsXLirYBzQhTKbTOnQeYWai1JCt+DHirrr1D1z7N6Y1C1s9cC+Hc+7hcm8YMaqN43xZhaXlldW14nppY3Nre8fe3WtrGStMWlgyqboh0oRRQVqGGka6kSKIh4x0wtHl1O/cE6WpFLdmHBGfo6GgA4qRyaTAhp7kZIiCa3jhDRHnCDYqj0HiKQ4fEGPpcWCXnaozA/xL3JyUQY5mYH96fYljToTBDGndc53I+AlShmJG0pIXaxIhPEJD0suoQJxoP5ldksKjTOnDgVRZCQNn6u9EgrjWYx5mkxyZO73oTcV/vZAvbDaDcz+hIooNEXjeE1JxxAj3kzjrafYBd/Hev6R9UnVr1dObWrneyH9RBAfgEFSAC85AHVyBJmgBDJ7AC5iAN+vZerUm1vvPaMHKM/tgDtbHN6BBmWs=</latexit>

Pulsed NMR with  3
He� B

<latexit sha1_base64="NUr+kMgaE4+FoPf7/ORhea6ATag=">AAACG3icbVDLSsNAFJ3UV62vqEs3wSK40JI0CW13pW66rGAf0MQymU5raGYSZiZCGfIl4seIuyq4cuHfmMYsbPXAHQ7nnDtz53pR4HOh619KYWNza3unuFva2z84PFKPT3o8jBnCXRQGIRt4kOPAp7grfBHgQcQwJF6A+97sZun3HzHjfkjvxDzCLoFT6k98BEUqjVTbye4YsqnnSr2im5Zpmld6pdqw6w0jJXbDMqxaIu9N6TCitfF1K0lGajnNZtD+EiMnZZCjM1I/nHGIYoKpQAHkfGjokXAlZMJHAU5KTsxxBNEMTvEwpRQSzF2ZjZZoF6ky1iYhS4sKLVN/d0hIOJ8TL00SKB74urcU//U8svaymNRd6dMoFpiiVY+GjMAAE1fG6bncgLH+37+kV60YVsW+tcrNVr6LIjgD5+ASGKAGmqANOqALEHgCL2AB3pRn5VVZKO8/0YKS95yCFSif39RqnmI=</latexit>

�

<latexit sha1_base64="dChEfDkDcGhS3KVRPgOaMdVMD00=">AAAB6XicbVBNS8NAEJ2tX7V+VT16CRbBU0mkoseiF48VTFtoQ9ndTuvS3U3IboQS+hvEW/XqD/LsvzGNOdjWBzM83pthPlgkhbGu+01KG5tb2zvl3cre/sHhUfX4pG3CJObo81CGcZdRg1Jo9K2wErtRjFQxiR02uV/4nReMjQj1k51GGCg61mIkOLWZ5PcZWjqo1ty6m8NZJ15BalCgNah+9YchTxRqyyU1pue5kQ1SGlvBJc4q/cRgRPmEjrGXUU0VmiDNl505F5kydEZhnIW2Tq7+7UipMmaqWFapqH02q95C/NdjamWyHd0GqdBRYlHzZU+HsaISVZAmWZ5lH/BW710n7au616hfPzZqzbviF2U4g3O4BA9uoAkP0AIfOAh4hTm8kwl5I3Py8VtaIkXPKSyBfP4AdL6OyQ==</latexit>

104�

<latexit sha1_base64="e43fcNh/wIpsT8qXZxLs5QNuNiQ=">AAACGnicbVC7TsMwFHV4lvIKMLJEVEgMKErS9MFWwcJYJPqQmlA5rlus2k5kO0hVlB9BfAxiKwwsLPwNSelAW450raNzzrWvbxBRIpVlfWtr6xubW9uFneLu3v7BoX503JZhLBBuoZCGohtAiSnhuKWIorgbCQxZQHEnGN/kfucJC0lCfq8mEfYZHHEyJAiqTOrrrje7oydGgZ9Y5lW96lScS8u0rJpTrubEqblOOU1sy31IPEQEStO+XsoTOYxVYs9JCczR7Ouf3iBEMcNcIQql7NlWpPwECkUQxWnRiyWOIBrDEe5llEOGpZ/MJkuN80wZGMNQZMWVMVP/diSQSTlhQZZkUD3KZS8X//UCtvSyGtb9hPAoVpijRY+HgkGKmZ/E2ZlvwF7+7yppO6btmpU7t9S4nu+iAE7BGbgANqiBBrgFTdACCDyDVzAF79qL9qZNtY/f6Jo27zkBC9C+fgBnqJ40</latexit>
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dB

dz

<latexit sha1_base64="yD5blUG/mA8G9gRMdQPR8JbUBVI=">AAAB9XicbVDLSsNAFL2pr1ofjbp0EyyCq5JIRZelblxWsA9oQ5lMJnXozCTMTJQ65EvEXXXrp7j2b0xrFrb1wL0czrmX+wgSRpV23W+rtLG5tb1T3q3s7R8cVu2j466KU4lJB8cslv0AKcKoIB1NNSP9RBLEA0Z6weR27veeiFQ0Fg96mhCfo7GgEcVI59LIrjrOMJIIm7CVmfAlG9k1t+4u4KwTryA1KNAe2V/DMMYpJ0JjhpQaeG6ifYOkppiRrDJMFUkQnqAxGeRUIE6UbxaLZ855roROFMs8hHYW6t8Og7hSUx7klRzpR7XqzcV/vYCvTNbRjW+oSFJNBF72RCw5YoT7Js3z/APe6r3rpHtZ9xr1q/tGrdkqflGGUziDC/DgGppwB23oAIYUXmEG79az9WbNrI/f0pJV9JzAEqzPHw6PkxI=</latexit>

B0(z)

<latexit sha1_base64="JVrqJ/2J0DLbzQERAPPqub403QA=">AAAB6nicbVDJTgJBEK12RdxQj14mEhO8kBmD0SPBi0dMZElgQnqaAlt6mUz3mOCEfzDe0Kv/49m/ccA5CPiSqry8V5VaglBwY133m6ytb2xubed28rt7+weHhaPjptFxxLDBtNBRO6AGBVfYsNwKbIcRUhkIbAWj25nfesbIcK0e7DhEX9Kh4gPOqE2lZq3nll4ueoWiW3bncFaJl5EiZKj3Cl/dvmaxRGWZoMZ0PDe0fkIjy5nASb4bGwwpG9EhdlKqqETjJ/NtJ855qvSdgY7SUNaZq387EiqNGcsgrZTUPpplbyb+6wVyabId3PgJV2FsUbFFT+lIUoHST+I0T9IPeMv3rpLmZdmrlK/uK8VqLftFDk7hDErgwTVU4Q7q0AAGT/AKU3gngryRKfn4LV0jWc8JLIB8/gAPl453</latexit>

VHPD =
N

nc
, nc / 1� cos 104�

<latexit sha1_base64="FtOQJbQgu6Zqjh5Ec8GBSs4sNyc=">AAACHnicbVDLSsNAFJ3UV62vqEs3wSK40JJIxW6Eoi66kgr2AU0Mk+mkDs3MhJmJUIb8ivgx4q52q39jWrOwrQfu5XDOPVzuDeKISGXb30ZhZXVtfaO4Wdra3tndM/cP2pInAuEW4hEX3QBKHBGGW4qoCHdjgSENItwJhrdTv/OChSScPapRjD0KB4yEBEGVSb5Za/vaFdRqNO/Sa8sNBUT6PtXMR+mZlXU3FjxW3HLOXcSlY1eftIuIQKlvlu2KPYO1TJyclEGOpm9O3D5HCcVMoQhK2XPsWHkaCkVQhNOSm0gcQzSEA9zLKIMUS0/PLkytk0zpWyEXWTFlzdS/CQ2plCMaZJMUqme56E3Ff72ALmxWYc3ThMWJwgzNe4wLCiNMPZ1kffoBZ/HeZdK+qDjVyuVDtVy/yX9RBEfgGJwCB1yBOmiAJmgBBF7BOxiDT+PN+DDGxuR3tGDkmUMwB+PrB9hKoyo=</latexit>

Leggett angle

Fomin (1984)

VHPD

<latexit sha1_base64="7hxOIthW6ytNhbTX8Tx11iLKCgw=">AAAB73icbVDJTgJBEK3BDXFDPXqZSEw8kRkD0SNRDxwxkSWBCelpCuzQy9jdY0ImfIbxhl79Gs/+jQPOQcCXVOXlvarUEkacGet5305uY3Nreye/W9jbPzg8Kh6ftIyKNcUmVVzpTkgMciaxaZnl2Ik0EhFybIfju7nffkFtmJKPdhJhIMhIsiGjxKZSt9VPelq49cb9tF8seWVvAXed+BkpQYZGv/jVGygaC5SWcmJM1/ciGyREW0Y5Tgu92GBE6JiMsJtSSQSaIFmsPHUvUmXgDpVOQ1p3of7tSIgwZiLCtFIQ+2RWvbn4rxeKlcl2eBMkTEaxRUmXPam0IBxFkMRpnn/AX713nbSuyn6lXH2olGq32S/ycAbncAk+XEMN6tCAJlBQ8AozeHeenTdn5nz8luacrOcUluB8/gBGvpDx</latexit>

Decay of HPD ! !L(t)

<latexit sha1_base64="FC90g+JC5YVS9bboqBa+ueDTb2c=">AAAB/XicbVBNS8NAEN3Ur1q/oh48eAkWoV5KIhU9Fr148FDB2kITwmY7TZdmd8PuRikh+GPEW/Xqz/DsvzGtOdjWBzM83pvHMBPEEVXatr+N0srq2vpGebOytb2zu2fuHzwqkUgCbSIiIbsBVhBRDm1NdQTdWAJmQQSdYHQz9TtPIBUV/EGPY/AYDjkdUIJ1LvnmkStpONRYSvFsuYJBiP27mj7zzapdt2ewlolTkCoq0PLNL7cvSMKAaxJhpXqOHWsvxVJTEkFWcRMFMSYjHEIvpxwzUF46OyCzTnOlbw2EzItra6b+TaSYKTVmQT7JsB6qRW8q/usFbGGzHlx5KeVxooGTeY8LyXAEzEuTvGf5B5zFe5fJ43ndadQv7hvV5nXxizI6Rieohhx0iZroFrVQGxGUoVc0Qe/Gi/FmTIyP39GSUWQO0RyMzx/iAJZQ</latexit>

!L = �B(zwall)

<latexit sha1_base64="1pyplxaBso5V68lWl0Tq2GaPwD0=">AAACBnicbVDLSsNAFJ3UV62vqEs3g0Wom5JIRTdCqRsXLirYBzQhTKbTOnQeYWai1JCt+DHirrr1D1z7N6Y1C1s9cC+Hc+7hcm8YMaqN43xZhaXlldW14nppY3Nre8fe3WtrGStMWlgyqboh0oRRQVqGGka6kSKIh4x0wtHl1O/cE6WpFLdmHBGfo6GgA4qRyaTAhp7kZIiCa3jhDRHnCDYqj0HiKQ4fEGPpcWCXnaozA/xL3JyUQY5mYH96fYljToTBDGndc53I+AlShmJG0pIXaxIhPEJD0suoQJxoP5ldksKjTOnDgVRZCQNn6u9EgrjWYx5mkxyZO73oTcV/vZAvbDaDcz+hIooNEXjeE1JxxAj3kzjrafYBd/Hev6R9UnVr1dObWrneyH9RBAfgEFSAC85AHVyBJmgBDJ7AC5iAN+vZerUm1vvPaMHKM/tgDtbHN6BBmWs=</latexit>

! vwall

<latexit sha1_base64="v5HtWN21M2x6yEwW5XmHbdVO23o=">AAAB/3icbVDLSsNAFL3xWesr6krcBIvgqiRS0WXRjcsK9gFNCJPptB06jzAzaSmhiB8j7qpbv8K1f2Nas7CtB+7lcM49XO6NYka1cd1va219Y3Nru7BT3N3bPzi0j44bWiYKkzqWTKpWhDRhVJC6oYaRVqwI4hEjzWhwP/ObQ6I0leLJjGMScNQTtEsxMpkU2qe+or2+QUrJkTMMU19xZ4QYmzihXXLL7hzOKvFyUoIctdD+8jsSJ5wIgxnSuu25sQlSpAzFjEyKfqJJjPAA9Ug7owJxooN0fsLEuciUjtOVKithnLn6N5EirvWYR9kkR6avl72Z+K8X8aXNpnsbpFTEiSECL3pCKo4Y4UGaZH2SfcBbvneVNK7KXqV8/VgpVe/yXxTgDM7hEjy4gSo8QA3qgOEZXmEK79aL9WZNrY/f0TUrz5zAAqzPH/Xql4c=</latexit>

Pulsed NMR with  3
He� B

<latexit sha1_base64="NUr+kMgaE4+FoPf7/ORhea6ATag=">AAACG3icbVDLSsNAFJ3UV62vqEs3wSK40JI0CW13pW66rGAf0MQymU5raGYSZiZCGfIl4seIuyq4cuHfmMYsbPXAHQ7nnDtz53pR4HOh619KYWNza3unuFva2z84PFKPT3o8jBnCXRQGIRt4kOPAp7grfBHgQcQwJF6A+97sZun3HzHjfkjvxDzCLoFT6k98BEUqjVTbye4YsqnnSr2im5Zpmld6pdqw6w0jJXbDMqxaIu9N6TCitfF1K0lGajnNZtD+EiMnZZCjM1I/nHGIYoKpQAHkfGjokXAlZMJHAU5KTsxxBNEMTvEwpRQSzF2ZjZZoF6ky1iYhS4sKLVN/d0hIOJ8TL00SKB74urcU//U8svaymNRd6dMoFpiiVY+GjMAAE1fG6bncgLH+37+kV60YVsW+tcrNVr6LIjgD5+ASGKAGmqANOqALEHgCL2AB3pRn5VVZKO8/0YKS95yCFSif39RqnmI=</latexit>

N = V n, n / 1� cos�

<latexit sha1_base64="S8w3F3zZWrP+oXfpe/Ie9x2mOVs=">AAACAHicbVDLSsNAFL2pr1pfUXe6CRbBhZZEKroRim5cSQX7gCaUyXRaQ+fFzEQooSJ+jLirbv0J1/6Nac3Cth64l8M593C5N5Q00sZ1v63cwuLS8kp+tbC2vrG5ZW/v1LWIFSY1LKhQzRBpQiNOaiYylDSlIoiFlDTC/vXYbzwSpSPB781AkoChHo+6EUYmldr23u1lnR8/cV8qIY1wvBMfC+2HxKC2XXRL7gTOPPEyUoQM1bb95XcEjhnhBlOkdctzpQkSpEyEKRkW/FgTiXAf9UgrpRwxooNkcsPQOUyVjtMVKi1unIn6N5EgpvWAhekkQ+ZBz3pj8V8vZDObTfciSCIuY0M4nva4UAxRwoIkTvsw/YA3e+88qZ+WvHLp7K5crFxlv8jDPhzAEXhwDhW4gSrUAMMzvMII3q0X680aWR+/ozkry+zCFKzPH7fDl1I=</latexit>

104�

<latexit sha1_base64="e43fcNh/wIpsT8qXZxLs5QNuNiQ=">AAACGnicbVC7TsMwFHV4lvIKMLJEVEgMKErS9MFWwcJYJPqQmlA5rlus2k5kO0hVlB9BfAxiKwwsLPwNSelAW450raNzzrWvbxBRIpVlfWtr6xubW9uFneLu3v7BoX503JZhLBBuoZCGohtAiSnhuKWIorgbCQxZQHEnGN/kfucJC0lCfq8mEfYZHHEyJAiqTOrrrje7oydGgZ9Y5lW96lScS8u0rJpTrubEqblOOU1sy31IPEQEStO+XsoTOYxVYs9JCczR7Ouf3iBEMcNcIQql7NlWpPwECkUQxWnRiyWOIBrDEe5llEOGpZ/MJkuN80wZGMNQZMWVMVP/diSQSTlhQZZkUD3KZS8X//UCtvSyGtb9hPAoVpijRY+HgkGKmZ/E2ZlvwF7+7yppO6btmpU7t9S4nu+iAE7BGbgANqiBBrgFTdACCDyDVzAF79qL9qZNtY/f6Jo27zkBC9C+fgBnqJ40</latexit>
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Adding axions
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~BaDM ⇠ ��1gaN~v
p
⇢DM cos(mat+ �a)

<latexit sha1_base64="Jp0bs6PuDafTKQtcKJ1n8+Su5Vo=">AAACP3icbVDLSgMxFM34flt16SZYBEUsM6LoUqoLN4qC9YEzDndi2oZOkjHJFEqYbxO/wLUfIO7UrTtjLajVAwmH8yDkJFnKtPH9R29gcGh4ZHRsfGJyanpmtjQ3f6ZlrgitEZlKdZGApikTtGaYSelFpijwJKXnSWvv0z9vU6WZFKemk9GIQ0OwOiNgnBSXLsM2JbZaxBZiGyqO9w+LAoeacRw2gHO4tutBgRvOP3K6C+O2s2+Vcemm/O6EROoVHoNZC7Mmi2E1LpX9it8F/kuCHimjHo7j0kN4I0nOqTAkBa2vAj8zkQVlGElpMRHmmmZAWtCgV44K4FRHtjtBgZedcoPrUrkjDO6qPxsWuNYdnrgkB9PU/d6n+K+X8L6XTX0nskxkuaGC/PaEVBxSyiObu7twCwT9//1LzjYqwWZl62SzvFvtbTGGFtESWkEB2ka76AAdoxoi6A49oRf06t17z96L9/YVHfB6nQX0C977B2B5sS8=</latexit>

B0

<latexit sha1_base64="Yp9p0dbnJJcdpEGfGcgc9KM0/ME=">AAAB53icbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eCF48YLZBAQ7bLgBt2t013a0IafoLxhl79RZ79Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tJRmjD0WSSipBNSjYIr9A03AjtxglSGAtvh+G7ut18w0TxST2YSYyDpSPEhZ9RY6bHRd/vlilt1F3DWiZeTCuRo9stfvUHEUonKMEG17npubIKMJoYzgdNSL9UYUzamI+xaqqhEHWSLVafOhVUGzjBKbCjjLNS/HRmVWk9kaCslNc961ZuL/3qhXJlshrdBxlWcGlRs2VNRIqlAGWSpzVP7AW/13nXSuqp6ter1Q61Sb+S/KMIZnMMleHADdbiHJvjAYASvMIN3wskbmZGP39ICyXtOYQnk8wdsPI2O</latexit>

dB0

dz

<latexit sha1_base64="KSNHcBPduZ4hU3zs2NsQUgALN+M=">AAAB9XicbVDLTsJAFL3FF+KDqks3jcTEFWkNRpcENy4xsUACTTOdTnHCzLSZmWqw6ZcYd+jWT3Ht31iwCwFPcm9Ozrk39xEkjCpt299GZWNza3unulvb2z84rJtHxz0VpxITF8csloMAKcKoIK6mmpFBIgniASP9YHI79/tPRCoaiwc9TYjH0VjQiGKkC8k366NIIpyFHd/Os/Al982G3bQXsNaJU5IGlOj65tcojHHKidCYIaWGjp1oL0NSU8xIXhuliiQIT9CYDAsqECfKyxaL59Z5oYRWFMsihLYW6t+ODHGlpjwoKjnSj2rVm4v/egFfmayjGy+jIkk1EXjZE7HkiBHuZWmR5x9wVu9dJ73LptNqXt23Gu1O+YsqnMIZXIAD19CGO+iCCxhSeIUZvBvPxpsxMz5+SytG2XMCSzA+fwCLWpNh</latexit>

Ba(t)

<latexit sha1_base64="tWvb92+qyuQ1Z7OOjcyHYvd/6hM=">AAACFXicbZDLSsNAFIYnXmu9RV26CRahgsRJWlvdlbpxWcFeoA1hMp3W0MwkzEyEEvIY4sOIu+q2a9/GJEawrT/M8PH/58zlOIHnCgnhl7K2vrG5tV3YKe7u7R8cqkfHHeGHHJM29j2f9xwkiOcy0pau9Egv4ARRxyNdZ3KX5t1nwoXrs0c5DYhF0Zi5IxcjmVi2ejXIzujzsWNFUK/fmrBiXkIdZkrBhLVKLY6aNirLi9hWS7+htgpGDiWQq2Wr88HQxyElTGIPCdE3YCCtCHHpYo/ExUEoSIDwBI1JP0GGKBFWlD0q1s4TZ6iNfJ4sJrXM/dsRISrElDpJJUXySSxnqflv5tClm+XoxopcFoSSMLyYMZ9T5BFqRWGypxMwlv+7Ch1TN6r69UO11GjmsyiAU3AGysAAddAA96AF2gCDF/AGZuBDeVXelZny+VO6puQ9J2BByvwbB3ybxQ==</latexit>

µ(t)

<latexit sha1_base64="F2eHxOIgy3pL+EsMiqhwcwomXlY=">AAACFXicbZBbS8MwGIbTeZrzVPXSm+IQJshs58r0buiNlxPcAdYy0iybYUlaklQYZT9D/DHi3fR21/4bs1rBbb6Q8PC+35fDF0SUSGXbX0ZubX1jcyu/XdjZ3ds/MA+PWjKMBcJNFNJQdAIoMSUcNxVRFHcigSELKG4Ho7t53n7GQpKQP6pxhH0Gh5wMCIJKWz3z0kvP6Iph4Cd22XZdp+JeaEil4aZWdZyrSeKxuKTOJz2z+Btaq+BkUASZGj1z5vVDFDPMFaJQyq5jR8pPoFAEUTwpeLHEEUQjOMRdjRwyLP0kfdTEOtNO3xqEQi+urNT925FAJuWYBbqSQfUkl7O5+W8WsKWb1eDaTwiPYoU5Wsx4KBikmPlJrPf5BJzl/65Cq1J2qmX3oVqs32azyIMTcApKwAE1UAf3oAGaAIEX8Aam4MN4Nd6NqfH5U5ozsp5jsCBj9g1nRpwE</latexit>

�µa

<latexit sha1_base64="08Jc0J8ur7orK0g+7EPsL+eVc1U=">AAACGnicbVDLSsNAFJ3UV62vqEs3wSK4kDBpa6u7ohuXFewDmhAm02kNzkzCzEQoIT8ifoy4qy7cuPFvTGIE23rgDodzzp25c72Q+lJB+KWVVlbX1jfKm5Wt7Z3dPX3/oCeDSGDSxQENxMBDklCfk67yFSWDUBDEPEr63sN15vcfiZB+wO/UNCQOQxPuj32MVCq5esPO7xiKiefE0Gxd1mC9dgZNmCMjNdisN5PYHhGqkM0iFyWuXv1NGMvEKkgVFOi4+oc9CnDECFeYIimHFgyVEyOhfExJUrEjSUKEH9CEDFPKESPSifPJEuMkVUbGOBBpcWXk6t+OGDEpp8xLkwype7noZeK/nscWXlbjCyf2eRgpwvG8xwPBECXMiaP0zDZgLf53mfRqptUwz28b1fZVsYsyOALH4BRYoAXa4AZ0QBdg8ARewAy8ac/aqzbT3n+iJa3oOQRz0D6/AfrBnpQ=</latexit>

(z)

<latexit sha1_base64="A+PP+E8xLJOZeMZk/lQA++jJzV0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDiJexKRI9BLx4jmgckS5idzCZDZmeXmV4hhnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z+85FrI2L1gKOE+xHtKxEKRtFK96Wns26h6JbdGcgy8TJShAy1buGr04tZGnGFTFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctVTTixh/PTp2QU6v0SBhrWwrJTP09MaaRMaMosJ0RxYFZ9Kbif147xfDKHwuVpMgVmy8KU0kwJtO/SU9ozlCOLKFMC3srYQOqKUObTt6G4C2+vEwa52WvUr64qxSr11kcOTiGEyiBB5dQhVuoQR0Y9OEZXuHNkc6L8+58zFtXnGzmCP7A+fwBsUCNaw==</latexit>
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~BaDM ⇠ ��1gaN~v
p
⇢DM cos(mat+ �a)

<latexit sha1_base64="Jp0bs6PuDafTKQtcKJ1n8+Su5Vo=">AAACP3icbVDLSgMxFM34flt16SZYBEUsM6LoUqoLN4qC9YEzDndi2oZOkjHJFEqYbxO/wLUfIO7UrTtjLajVAwmH8yDkJFnKtPH9R29gcGh4ZHRsfGJyanpmtjQ3f6ZlrgitEZlKdZGApikTtGaYSelFpijwJKXnSWvv0z9vU6WZFKemk9GIQ0OwOiNgnBSXLsM2JbZaxBZiGyqO9w+LAoeacRw2gHO4tutBgRvOP3K6C+O2s2+Vcemm/O6EROoVHoNZC7Mmi2E1LpX9it8F/kuCHimjHo7j0kN4I0nOqTAkBa2vAj8zkQVlGElpMRHmmmZAWtCgV44K4FRHtjtBgZedcoPrUrkjDO6qPxsWuNYdnrgkB9PU/d6n+K+X8L6XTX0nskxkuaGC/PaEVBxSyiObu7twCwT9//1LzjYqwWZl62SzvFvtbTGGFtESWkEB2ka76AAdoxoi6A49oRf06t17z96L9/YVHfB6nQX0C977B2B5sS8=</latexit>

1

N

dN

dt
⇠ � 1

T1
� �Ba cos(mat+ �a) sin (!L(t)t)

<latexit sha1_base64="YwhGy0F66pk31aSfcRRTC+7+yc8="></latexit>

• No axion: N ⇠ e�t/T1

<latexit sha1_base64="NlmSWPN88Sh4u/4CLVWRtWkRDqc=">AAAB9nicbVDLTsJAFL3FF+Kr6tJNIzFxI7YEo0uiG1cGE14J1GY6XHDCzLTpTImk4U+MO3Trn7j2byzYhYAnuTcn59yb+/BDzpS27W8jt7a+sbmV3y7s7O7tH5iHR00VxBHFBg14ELV9opAziQ3NNMd2GCERPseWP7yb+a0RRooFsq7HIbqCDCTrM0p0Knmm+dBVTFj4lFzoy7rnTDyzaJfsOaxV4mSkCBlqnvnV7QU0Fig15USpjmOH2k1IpBnlOCl0Y4UhoUMywE5KJRGo3GS++cQ6S5We1Q+iNKS25urfjoQIpcbCTysF0c9q2ZuJ/3q+WJqs+zduwmQYa5R00ZNBJAhH4SZxmmcfcJbvXSXNcsmplK4eK8XqbfaLPJzAKZyDA9dQhXuoQQMojOAVpvBuvBhvxtT4+C3NGVnPMSzA+PwB++SS8g==</latexit>

B0

<latexit sha1_base64="Yp9p0dbnJJcdpEGfGcgc9KM0/ME=">AAAB53icbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eCF48YLZBAQ7bLgBt2t013a0IafoLxhl79RZ79Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tJRmjD0WSSipBNSjYIr9A03AjtxglSGAtvh+G7ut18w0TxST2YSYyDpSPEhZ9RY6bHRd/vlilt1F3DWiZeTCuRo9stfvUHEUonKMEG17npubIKMJoYzgdNSL9UYUzamI+xaqqhEHWSLVafOhVUGzjBKbCjjLNS/HRmVWk9kaCslNc961ZuL/3qhXJlshrdBxlWcGlRs2VNRIqlAGWSpzVP7AW/13nXSuqp6ter1Q61Sb+S/KMIZnMMleHADdbiHJvjAYASvMIN3wskbmZGP39ICyXtOYQnk8wdsPI2O</latexit>

dB0

dz

<latexit sha1_base64="KSNHcBPduZ4hU3zs2NsQUgALN+M=">AAAB9XicbVDLTsJAFL3FF+KDqks3jcTEFWkNRpcENy4xsUACTTOdTnHCzLSZmWqw6ZcYd+jWT3Ht31iwCwFPcm9Ozrk39xEkjCpt299GZWNza3unulvb2z84rJtHxz0VpxITF8csloMAKcKoIK6mmpFBIgniASP9YHI79/tPRCoaiwc9TYjH0VjQiGKkC8k366NIIpyFHd/Os/Al982G3bQXsNaJU5IGlOj65tcojHHKidCYIaWGjp1oL0NSU8xIXhuliiQIT9CYDAsqECfKyxaL59Z5oYRWFMsihLYW6t+ODHGlpjwoKjnSj2rVm4v/egFfmayjGy+jIkk1EXjZE7HkiBHuZWmR5x9wVu9dJ73LptNqXt23Gu1O+YsqnMIZXIAD19CGO+iCCxhSeIUZvBvPxpsxMz5+SytG2XMCSzA+fwCLWpNh</latexit>

Ba(t)

<latexit sha1_base64="tWvb92+qyuQ1Z7OOjcyHYvd/6hM=">AAACFXicbZDLSsNAFIYnXmu9RV26CRahgsRJWlvdlbpxWcFeoA1hMp3W0MwkzEyEEvIY4sOIu+q2a9/GJEawrT/M8PH/58zlOIHnCgnhl7K2vrG5tV3YKe7u7R8cqkfHHeGHHJM29j2f9xwkiOcy0pau9Egv4ARRxyNdZ3KX5t1nwoXrs0c5DYhF0Zi5IxcjmVi2ejXIzujzsWNFUK/fmrBiXkIdZkrBhLVKLY6aNirLi9hWS7+htgpGDiWQq2Wr88HQxyElTGIPCdE3YCCtCHHpYo/ExUEoSIDwBI1JP0GGKBFWlD0q1s4TZ6iNfJ4sJrXM/dsRISrElDpJJUXySSxnqflv5tClm+XoxopcFoSSMLyYMZ9T5BFqRWGypxMwlv+7Ch1TN6r69UO11GjmsyiAU3AGysAAddAA96AF2gCDF/AGZuBDeVXelZny+VO6puQ9J2BByvwbB3ybxQ==</latexit>

µ(t)

<latexit sha1_base64="F2eHxOIgy3pL+EsMiqhwcwomXlY=">AAACFXicbZBbS8MwGIbTeZrzVPXSm+IQJshs58r0buiNlxPcAdYy0iybYUlaklQYZT9D/DHi3fR21/4bs1rBbb6Q8PC+35fDF0SUSGXbX0ZubX1jcyu/XdjZ3ds/MA+PWjKMBcJNFNJQdAIoMSUcNxVRFHcigSELKG4Ho7t53n7GQpKQP6pxhH0Gh5wMCIJKWz3z0kvP6Iph4Cd22XZdp+JeaEil4aZWdZyrSeKxuKTOJz2z+Btaq+BkUASZGj1z5vVDFDPMFaJQyq5jR8pPoFAEUTwpeLHEEUQjOMRdjRwyLP0kfdTEOtNO3xqEQi+urNT925FAJuWYBbqSQfUkl7O5+W8WsKWb1eDaTwiPYoU5Wsx4KBikmPlJrPf5BJzl/65Cq1J2qmX3oVqs32azyIMTcApKwAE1UAf3oAGaAIEX8Aam4MN4Nd6NqfH5U5ozsp5jsCBj9g1nRpwE</latexit>

�µa

<latexit sha1_base64="08Jc0J8ur7orK0g+7EPsL+eVc1U=">AAACGnicbVDLSsNAFJ3UV62vqEs3wSK4kDBpa6u7ohuXFewDmhAm02kNzkzCzEQoIT8ifoy4qy7cuPFvTGIE23rgDodzzp25c72Q+lJB+KWVVlbX1jfKm5Wt7Z3dPX3/oCeDSGDSxQENxMBDklCfk67yFSWDUBDEPEr63sN15vcfiZB+wO/UNCQOQxPuj32MVCq5esPO7xiKiefE0Gxd1mC9dgZNmCMjNdisN5PYHhGqkM0iFyWuXv1NGMvEKkgVFOi4+oc9CnDECFeYIimHFgyVEyOhfExJUrEjSUKEH9CEDFPKESPSifPJEuMkVUbGOBBpcWXk6t+OGDEpp8xLkwype7noZeK/nscWXlbjCyf2eRgpwvG8xwPBECXMiaP0zDZgLf53mfRqptUwz28b1fZVsYsyOALH4BRYoAXa4AZ0QBdg8ARewAy8ac/aqzbT3n+iJa3oOQRz0D6/AfrBnpQ=</latexit>

(z)

<latexit sha1_base64="A+PP+E8xLJOZeMZk/lQA++jJzV0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDiJexKRI9BLx4jmgckS5idzCZDZmeXmV4hhnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z+85FrI2L1gKOE+xHtKxEKRtFK96Wns26h6JbdGcgy8TJShAy1buGr04tZGnGFTFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctVTTixh/PTp2QU6v0SBhrWwrJTP09MaaRMaMosJ0RxYFZ9Kbif147xfDKHwuVpMgVmy8KU0kwJtO/SU9ozlCOLKFMC3srYQOqKUObTt6G4C2+vEwa52WvUr64qxSr11kcOTiGEyiBB5dQhVuoQR0Y9OEZXuHNkc6L8+58zFtXnGzmCP7A+fwBsUCNaw==</latexit>

Axion DM detection with HPD
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~BaDM ⇠ ��1gaN~v
p
⇢DM cos(mat+ �a)

<latexit sha1_base64="Jp0bs6PuDafTKQtcKJ1n8+Su5Vo=">AAACP3icbVDLSgMxFM34flt16SZYBEUsM6LoUqoLN4qC9YEzDndi2oZOkjHJFEqYbxO/wLUfIO7UrTtjLajVAwmH8yDkJFnKtPH9R29gcGh4ZHRsfGJyanpmtjQ3f6ZlrgitEZlKdZGApikTtGaYSelFpijwJKXnSWvv0z9vU6WZFKemk9GIQ0OwOiNgnBSXLsM2JbZaxBZiGyqO9w+LAoeacRw2gHO4tutBgRvOP3K6C+O2s2+Vcemm/O6EROoVHoNZC7Mmi2E1LpX9it8F/kuCHimjHo7j0kN4I0nOqTAkBa2vAj8zkQVlGElpMRHmmmZAWtCgV44K4FRHtjtBgZedcoPrUrkjDO6qPxsWuNYdnrgkB9PU/d6n+K+X8L6XTX0nskxkuaGC/PaEVBxSyiObu7twCwT9//1LzjYqwWZl62SzvFvtbTGGFtESWkEB2ka76AAdoxoi6A49oRf06t17z96L9/YVHfB6nQX0C977B2B5sS8=</latexit>

1

N

dN

dt
⇠ � 1

T1
� �Ba cos(mat+ �a) sin (!L(t)t)

<latexit sha1_base64="YwhGy0F66pk31aSfcRRTC+7+yc8="></latexit>

• No axion: 


• When !L(t) = ma ±�ma

<latexit sha1_base64="5xe+BHMbcGddIh6AuuA9Jcxbtps=">AAACA3icbVBLS8NAEN7UV62vqEcRgkWol5JIRS9CUQ8ePFSwD2hC2Gyndek+QnYjlNCT+GPEW/Xqb/Dsv3Fbe7CtH8zwzffNMMxEMaNKu+63lVtaXlldy68XNja3tnfs3b2GkmlCoE4kk0krwgoYFVDXVDNoxQlgHjFoRv3rsd98gkRRKR70IIaA456gXUqwNlJoH/qSQw+HdyV9cslD7Mfc8W+AaeyYKrSLbtmdwFkk3pQU0RS10P7yO5KkHIQmDCvV9txYBxlONCUMhgU/VRBj0sc9aBsqMAcVZJMzhs6xUTpOVyYmhHYm6t+JDHOlBjwynRzrRzXvjcV/vYjPbdbdiyCjIk41CDLrCZlwzIAHWWry0HzAm793kTROy16lfHZfKVavpr/IowN0hErIQ+eoim5RDdURQc/oFY3Qu/VivVkj6+O3NWdNZ/bRDKzPH0dcmB0=</latexit>

N ⇠ e�t/T1

<latexit sha1_base64="NlmSWPN88Sh4u/4CLVWRtWkRDqc=">AAAB9nicbVDLTsJAFL3FF+Kr6tJNIzFxI7YEo0uiG1cGE14J1GY6XHDCzLTpTImk4U+MO3Trn7j2byzYhYAnuTcn59yb+/BDzpS27W8jt7a+sbmV3y7s7O7tH5iHR00VxBHFBg14ELV9opAziQ3NNMd2GCERPseWP7yb+a0RRooFsq7HIbqCDCTrM0p0Knmm+dBVTFj4lFzoy7rnTDyzaJfsOaxV4mSkCBlqnvnV7QU0Fig15USpjmOH2k1IpBnlOCl0Y4UhoUMywE5KJRGo3GS++cQ6S5We1Q+iNKS25urfjoQIpcbCTysF0c9q2ZuJ/3q+WJqs+zduwmQYa5R00ZNBJAhH4SZxmmcfcJbvXSXNcsmplK4eK8XqbfaLPJzAKZyDA9dQhXuoQQMojOAVpvBuvBhvxtT4+C3NGVnPMSzA+PwB++SS8g==</latexit>

Na ⇠ �Ba⌧a sin�a

<latexit sha1_base64="o7NfvckCcypaCb7EtJvmraspmyw=">AAACCXicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHUiyepYD+gCWGy3bZLdzchuxFK6A8Qf4x4q179AZ79N25rDrb1wQyP994wzIQxZ0o7zrdVWFvf2Nwqbpd2dvf2D8qHRy0VpQmhTRLxKOmEqChnkjY105x24oSiCDlth6Pbmd9+oolikXzU45j6AgeS9RlBbaSgXLkP0FNM2N4AhUC7HqDtaUznqvTiIQvQpJyqM4e9StycVCBHIyh/eb2IpIJKTTgq1XWdWPsZJpoRTiclL1U0RjLCAe0aKlFQ5WfzYyb2mVF6dj9KTEltz9W/ExkKpcYiNEmBeqiWvZn4rxeKpc26f+NnTMapppIsejJKBHIq/Cw1fWI+4C7fu0paF1X3snr1cFmp1fNfFOEETuEcXLiGGtxBA5pA4BleYQrv1ov1Zk2tj99owcpnjmEB1ucPef2bCw==</latexit>

⌧a

<latexit sha1_base64="airQv5qQPsJl9VL34yV6HGs3xXY=">AAAB6nicbVDJSgNBEK2OW4xb1KOXwSB4CjOi6DHoxWMEs0AyhJ5OJbbp7hm6e4Qw5B/EW/Tq/3j2b+zEOZjEB1U83quiligR3Fjf/yaFtfWNza3idmlnd2//oHx41DRxqhk2WCxi3Y6oQcEVNiy3AtuJRiojga1odDfzWy+oDY/Vox0nGEo6VHzAGbVOanYtTXu0V674VX8Ob5UEOalAjnqv/NXtxyyVqCwT1JhO4Cc2zKi2nAmclLqpwYSyER1ix1FFJZowm2878c6c0vcGsXahrDdX/3ZkVBozlpGrlNQ+mWVvJv7rRXJpsh3chBlXSWpRsUVPxVpSgTLMUpcn7gPB8r2rpHlRDS6rVw+Xldpt/osinMApnEMA11CDe6hDAxg8wytM4Z0I8kam5OO3tEDynmNYAPn8AUFYj0E=</latexit>

= axion coherence time

B0

<latexit sha1_base64="Yp9p0dbnJJcdpEGfGcgc9KM0/ME=">AAAB53icbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eCF48YLZBAQ7bLgBt2t013a0IafoLxhl79RZ79Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tJRmjD0WSSipBNSjYIr9A03AjtxglSGAtvh+G7ut18w0TxST2YSYyDpSPEhZ9RY6bHRd/vlilt1F3DWiZeTCuRo9stfvUHEUonKMEG17npubIKMJoYzgdNSL9UYUzamI+xaqqhEHWSLVafOhVUGzjBKbCjjLNS/HRmVWk9kaCslNc961ZuL/3qhXJlshrdBxlWcGlRs2VNRIqlAGWSpzVP7AW/13nXSuqp6ter1Q61Sb+S/KMIZnMMleHADdbiHJvjAYASvMIN3wskbmZGP39ICyXtOYQnk8wdsPI2O</latexit>

dB0

dz

<latexit sha1_base64="KSNHcBPduZ4hU3zs2NsQUgALN+M=">AAAB9XicbVDLTsJAFL3FF+KDqks3jcTEFWkNRpcENy4xsUACTTOdTnHCzLSZmWqw6ZcYd+jWT3Ht31iwCwFPcm9Ozrk39xEkjCpt299GZWNza3unulvb2z84rJtHxz0VpxITF8csloMAKcKoIK6mmpFBIgniASP9YHI79/tPRCoaiwc9TYjH0VjQiGKkC8k366NIIpyFHd/Os/Al982G3bQXsNaJU5IGlOj65tcojHHKidCYIaWGjp1oL0NSU8xIXhuliiQIT9CYDAsqECfKyxaL59Z5oYRWFMsihLYW6t+ODHGlpjwoKjnSj2rVm4v/egFfmayjGy+jIkk1EXjZE7HkiBHuZWmR5x9wVu9dJ73LptNqXt23Gu1O+YsqnMIZXIAD19CGO+iCCxhSeIUZvBvPxpsxMz5+SytG2XMCSzA+fwCLWpNh</latexit>

Ba(t)

<latexit sha1_base64="tWvb92+qyuQ1Z7OOjcyHYvd/6hM=">AAACFXicbZDLSsNAFIYnXmu9RV26CRahgsRJWlvdlbpxWcFeoA1hMp3W0MwkzEyEEvIY4sOIu+q2a9/GJEawrT/M8PH/58zlOIHnCgnhl7K2vrG5tV3YKe7u7R8cqkfHHeGHHJM29j2f9xwkiOcy0pau9Egv4ARRxyNdZ3KX5t1nwoXrs0c5DYhF0Zi5IxcjmVi2ejXIzujzsWNFUK/fmrBiXkIdZkrBhLVKLY6aNirLi9hWS7+htgpGDiWQq2Wr88HQxyElTGIPCdE3YCCtCHHpYo/ExUEoSIDwBI1JP0GGKBFWlD0q1s4TZ6iNfJ4sJrXM/dsRISrElDpJJUXySSxnqflv5tClm+XoxopcFoSSMLyYMZ9T5BFqRWGypxMwlv+7Ch1TN6r69UO11GjmsyiAU3AGysAAddAA96AF2gCDF/AGZuBDeVXelZny+VO6puQ9J2BByvwbB3ybxQ==</latexit>

µ(t)

<latexit sha1_base64="F2eHxOIgy3pL+EsMiqhwcwomXlY=">AAACFXicbZBbS8MwGIbTeZrzVPXSm+IQJshs58r0buiNlxPcAdYy0iybYUlaklQYZT9D/DHi3fR21/4bs1rBbb6Q8PC+35fDF0SUSGXbX0ZubX1jcyu/XdjZ3ds/MA+PWjKMBcJNFNJQdAIoMSUcNxVRFHcigSELKG4Ho7t53n7GQpKQP6pxhH0Gh5wMCIJKWz3z0kvP6Iph4Cd22XZdp+JeaEil4aZWdZyrSeKxuKTOJz2z+Btaq+BkUASZGj1z5vVDFDPMFaJQyq5jR8pPoFAEUTwpeLHEEUQjOMRdjRwyLP0kfdTEOtNO3xqEQi+urNT925FAJuWYBbqSQfUkl7O5+W8WsKWb1eDaTwiPYoU5Wsx4KBikmPlJrPf5BJzl/65Cq1J2qmX3oVqs32azyIMTcApKwAE1UAf3oAGaAIEX8Aam4MN4Nd6NqfH5U5ozsp5jsCBj9g1nRpwE</latexit>

�µa

<latexit sha1_base64="08Jc0J8ur7orK0g+7EPsL+eVc1U=">AAACGnicbVDLSsNAFJ3UV62vqEs3wSK4kDBpa6u7ohuXFewDmhAm02kNzkzCzEQoIT8ifoy4qy7cuPFvTGIE23rgDodzzp25c72Q+lJB+KWVVlbX1jfKm5Wt7Z3dPX3/oCeDSGDSxQENxMBDklCfk67yFSWDUBDEPEr63sN15vcfiZB+wO/UNCQOQxPuj32MVCq5esPO7xiKiefE0Gxd1mC9dgZNmCMjNdisN5PYHhGqkM0iFyWuXv1NGMvEKkgVFOi4+oc9CnDECFeYIimHFgyVEyOhfExJUrEjSUKEH9CEDFPKESPSifPJEuMkVUbGOBBpcWXk6t+OGDEpp8xLkwype7noZeK/nscWXlbjCyf2eRgpwvG8xwPBECXMiaP0zDZgLf53mfRqptUwz28b1fZVsYsyOALH4BRYoAXa4AZ0QBdg8ARewAy8ac/aqzbT3n+iJa3oOQRz0D6/AfrBnpQ=</latexit>

(z)

<latexit sha1_base64="A+PP+E8xLJOZeMZk/lQA++jJzV0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDiJexKRI9BLx4jmgckS5idzCZDZmeXmV4hhnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z+85FrI2L1gKOE+xHtKxEKRtFK96Wns26h6JbdGcgy8TJShAy1buGr04tZGnGFTFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctVTTixh/PTp2QU6v0SBhrWwrJTP09MaaRMaMosJ0RxYFZ9Kbif147xfDKHwuVpMgVmy8KU0kwJtO/SU9ozlCOLKFMC3srYQOqKUObTt6G4C2+vEwa52WvUr64qxSr11kcOTiGEyiBB5dQhVuoQR0Y9OEZXuHNkc6L8+58zFtXnGzmCP7A+fwBsUCNaw==</latexit>

Axion DM detection with HPD
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~BaDM ⇠ ��1gaN~v
p
⇢DM cos(mat+ �a)

<latexit sha1_base64="Jp0bs6PuDafTKQtcKJ1n8+Su5Vo=">AAACP3icbVDLSgMxFM34flt16SZYBEUsM6LoUqoLN4qC9YEzDndi2oZOkjHJFEqYbxO/wLUfIO7UrTtjLajVAwmH8yDkJFnKtPH9R29gcGh4ZHRsfGJyanpmtjQ3f6ZlrgitEZlKdZGApikTtGaYSelFpijwJKXnSWvv0z9vU6WZFKemk9GIQ0OwOiNgnBSXLsM2JbZaxBZiGyqO9w+LAoeacRw2gHO4tutBgRvOP3K6C+O2s2+Vcemm/O6EROoVHoNZC7Mmi2E1LpX9it8F/kuCHimjHo7j0kN4I0nOqTAkBa2vAj8zkQVlGElpMRHmmmZAWtCgV44K4FRHtjtBgZedcoPrUrkjDO6qPxsWuNYdnrgkB9PU/d6n+K+X8L6XTX0nskxkuaGC/PaEVBxSyiObu7twCwT9//1LzjYqwWZl62SzvFvtbTGGFtESWkEB2ka76AAdoxoi6A49oRf06t17z96L9/YVHfB6nQX0C977B2B5sS8=</latexit>

1

N

dN

dt
⇠ � 1

T1
� �Ba cos(mat+ �a) sin (!L(t)t)

<latexit sha1_base64="YwhGy0F66pk31aSfcRRTC+7+yc8="></latexit>

N ⇠ e�t/T1

<latexit sha1_base64="NlmSWPN88Sh4u/4CLVWRtWkRDqc=">AAAB9nicbVDLTsJAFL3FF+Kr6tJNIzFxI7YEo0uiG1cGE14J1GY6XHDCzLTpTImk4U+MO3Trn7j2byzYhYAnuTcn59yb+/BDzpS27W8jt7a+sbmV3y7s7O7tH5iHR00VxBHFBg14ELV9opAziQ3NNMd2GCERPseWP7yb+a0RRooFsq7HIbqCDCTrM0p0Knmm+dBVTFj4lFzoy7rnTDyzaJfsOaxV4mSkCBlqnvnV7QU0Fig15USpjmOH2k1IpBnlOCl0Y4UhoUMywE5KJRGo3GS++cQ6S5We1Q+iNKS25urfjoQIpcbCTysF0c9q2ZuJ/3q+WJqs+zduwmQYa5R00ZNBJAhH4SZxmmcfcJbvXSXNcsmplK4eK8XqbfaLPJzAKZyDA9dQhXuoQQMojOAVpvBuvBhvxtT4+C3NGVnPMSzA+PwB++SS8g==</latexit>

Na ⇠ �Ba⌧a sin�a

<latexit sha1_base64="o7NfvckCcypaCb7EtJvmraspmyw=">AAACCXicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHUiyepYD+gCWGy3bZLdzchuxFK6A8Qf4x4q179AZ79N25rDrb1wQyP994wzIQxZ0o7zrdVWFvf2Nwqbpd2dvf2D8qHRy0VpQmhTRLxKOmEqChnkjY105x24oSiCDlth6Pbmd9+oolikXzU45j6AgeS9RlBbaSgXLkP0FNM2N4AhUC7HqDtaUznqvTiIQvQpJyqM4e9StycVCBHIyh/eb2IpIJKTTgq1XWdWPsZJpoRTiclL1U0RjLCAe0aKlFQ5WfzYyb2mVF6dj9KTEltz9W/ExkKpcYiNEmBeqiWvZn4rxeKpc26f+NnTMapppIsejJKBHIq/Cw1fWI+4C7fu0paF1X3snr1cFmp1fNfFOEETuEcXLiGGtxBA5pA4BleYQrv1ov1Zk2tj99owcpnjmEB1ucPef2bCw==</latexit>

Since  is fixed by Leggett angle, nc

<latexit sha1_base64="BPwLiIYxawkIM+lLoONyUzoPHT8=">AAAB53icbVDJTgJBEK3GDXFDPXqZSEw8kRmD0SPRi0eMIiQwIT1NgR16mXT3mJAJn2C8oVe/yLN/44BzEPAlVXl5ryq1RLHg1vn+NymsrW9sbhW3Szu7e/sH5cOjJ6sTw7DJtNCmHVGLgitsOu4EtmODVEYCW9Hodua3XtBYrtWjG8cYSjpUfMAZdZn0oHqsV674VX8Ob5UEOalAjkav/NXta5ZIVI4Jam0n8GMXptQ4zgROSt3EYkzZiA6xk1FFJdowna868c4ype8NtMlCOW+u/u1IqbR2LKOsUlL3bJe9mfivF8mlyW5wHaZcxYlDxRY9pY2kAmWYJlmeZB8Ilu9dJU8X1aBWvbyvVeo3+S+KcAKncA4BXEEd7qABTWAwhFeYwjvh5I1MycdvaYHkPcewAPL5A/tzje0=</latexit>

B0

<latexit sha1_base64="Yp9p0dbnJJcdpEGfGcgc9KM0/ME=">AAAB53icbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eCF48YLZBAQ7bLgBt2t013a0IafoLxhl79RZ79Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tJRmjD0WSSipBNSjYIr9A03AjtxglSGAtvh+G7ut18w0TxST2YSYyDpSPEhZ9RY6bHRd/vlilt1F3DWiZeTCuRo9stfvUHEUonKMEG17npubIKMJoYzgdNSL9UYUzamI+xaqqhEHWSLVafOhVUGzjBKbCjjLNS/HRmVWk9kaCslNc961ZuL/3qhXJlshrdBxlWcGlRs2VNRIqlAGWSpzVP7AW/13nXSuqp6ter1Q61Sb+S/KMIZnMMleHADdbiHJvjAYASvMIN3wskbmZGP39ICyXtOYQnk8wdsPI2O</latexit>

dB0

dz

<latexit sha1_base64="KSNHcBPduZ4hU3zs2NsQUgALN+M=">AAAB9XicbVDLTsJAFL3FF+KDqks3jcTEFWkNRpcENy4xsUACTTOdTnHCzLSZmWqw6ZcYd+jWT3Ht31iwCwFPcm9Ozrk39xEkjCpt299GZWNza3unulvb2z84rJtHxz0VpxITF8csloMAKcKoIK6mmpFBIgniASP9YHI79/tPRCoaiwc9TYjH0VjQiGKkC8k366NIIpyFHd/Os/Al982G3bQXsNaJU5IGlOj65tcojHHKidCYIaWGjp1oL0NSU8xIXhuliiQIT9CYDAsqECfKyxaL59Z5oYRWFMsihLYW6t+ODHGlpjwoKjnSj2rVm4v/egFfmayjGy+jIkk1EXjZE7HkiBHuZWmR5x9wVu9dJ73LptNqXt23Gu1O+YsqnMIZXIAD19CGO+iCCxhSeIUZvBvPxpsxMz5+SytG2XMCSzA+fwCLWpNh</latexit>

Ba(t)

<latexit sha1_base64="tWvb92+qyuQ1Z7OOjcyHYvd/6hM=">AAACFXicbZDLSsNAFIYnXmu9RV26CRahgsRJWlvdlbpxWcFeoA1hMp3W0MwkzEyEEvIY4sOIu+q2a9/GJEawrT/M8PH/58zlOIHnCgnhl7K2vrG5tV3YKe7u7R8cqkfHHeGHHJM29j2f9xwkiOcy0pau9Egv4ARRxyNdZ3KX5t1nwoXrs0c5DYhF0Zi5IxcjmVi2ejXIzujzsWNFUK/fmrBiXkIdZkrBhLVKLY6aNirLi9hWS7+htgpGDiWQq2Wr88HQxyElTGIPCdE3YCCtCHHpYo/ExUEoSIDwBI1JP0GGKBFWlD0q1s4TZ6iNfJ4sJrXM/dsRISrElDpJJUXySSxnqflv5tClm+XoxopcFoSSMLyYMZ9T5BFqRWGypxMwlv+7Ch1TN6r69UO11GjmsyiAU3AGysAAddAA96AF2gCDF/AGZuBDeVXelZny+VO6puQ9J2BByvwbB3ybxQ==</latexit>

µ(t)

<latexit sha1_base64="F2eHxOIgy3pL+EsMiqhwcwomXlY=">AAACFXicbZBbS8MwGIbTeZrzVPXSm+IQJshs58r0buiNlxPcAdYy0iybYUlaklQYZT9D/DHi3fR21/4bs1rBbb6Q8PC+35fDF0SUSGXbX0ZubX1jcyu/XdjZ3ds/MA+PWjKMBcJNFNJQdAIoMSUcNxVRFHcigSELKG4Ho7t53n7GQpKQP6pxhH0Gh5wMCIJKWz3z0kvP6Iph4Cd22XZdp+JeaEil4aZWdZyrSeKxuKTOJz2z+Btaq+BkUASZGj1z5vVDFDPMFaJQyq5jR8pPoFAEUTwpeLHEEUQjOMRdjRwyLP0kfdTEOtNO3xqEQi+urNT925FAJuWYBbqSQfUkl7O5+W8WsKWb1eDaTwiPYoU5Wsx4KBikmPlJrPf5BJzl/65Cq1J2qmX3oVqs32azyIMTcApKwAE1UAf3oAGaAIEX8Aam4MN4Nd6NqfH5U5ozsp5jsCBj9g1nRpwE</latexit>

�µa

<latexit sha1_base64="08Jc0J8ur7orK0g+7EPsL+eVc1U=">AAACGnicbVDLSsNAFJ3UV62vqEs3wSK4kDBpa6u7ohuXFewDmhAm02kNzkzCzEQoIT8ifoy4qy7cuPFvTGIE23rgDodzzp25c72Q+lJB+KWVVlbX1jfKm5Wt7Z3dPX3/oCeDSGDSxQENxMBDklCfk67yFSWDUBDEPEr63sN15vcfiZB+wO/UNCQOQxPuj32MVCq5esPO7xiKiefE0Gxd1mC9dgZNmCMjNdisN5PYHhGqkM0iFyWuXv1NGMvEKkgVFOi4+oc9CnDECFeYIimHFgyVEyOhfExJUrEjSUKEH9CEDFPKESPSifPJEuMkVUbGOBBpcWXk6t+OGDEpp8xLkwype7noZeK/nscWXlbjCyf2eRgpwvG8xwPBECXMiaP0zDZgLf53mfRqptUwz28b1fZVsYsyOALH4BRYoAXa4AZ0QBdg8ARewAy8ac/aqzbT3n+iJa3oOQRz0D6/AfrBnpQ=</latexit>

(z)

<latexit sha1_base64="A+PP+E8xLJOZeMZk/lQA++jJzV0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDiJexKRI9BLx4jmgckS5idzCZDZmeXmV4hhnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z+85FrI2L1gKOE+xHtKxEKRtFK96Wns26h6JbdGcgy8TJShAy1buGr04tZGnGFTFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctVTTixh/PTp2QU6v0SBhrWwrJTP09MaaRMaMosJ0RxYFZ9Kbif147xfDKHwuVpMgVmy8KU0kwJtO/SU9ozlCOLKFMC3srYQOqKUObTt6G4C2+vEwa52WvUr64qxSr11kcOTiGEyiBB5dQhVuoQR0Y9OEZXuHNkc6L8+58zFtXnGzmCP7A+fwBsUCNaw==</latexit>

Na ! �VHPD ! �!L

<latexit sha1_base64="oadj1uWKgFLUy3tfFL8G9ORuP1o=">AAACInicbZDLSsNAFIYn9VbrrerSTbAIrkoiii5cFO2iC5EK9gJNCJPpaTt0LmFmopTQlxEfRtxIdSX4MKa1C3v5YYaf/zuHwzlhxKg2jvNtZVZW19Y3spu5re2d3b38/kFdy1gRqBHJpGqGWAOjAmqGGgbNSAHmIYNG2L8d88YTKE2leDSDCHyOu4J2KMEmjYL89X2APUW7PYOVks+2VwZmsF0PEk9xu1ItD5dQT3Lo4uAuyBecojORvWjcqSmgqapB/sNrSxJzEIYwrHXLdSLjJ1gZShgMc16sIcKkj7vQSq3AHLSfTLYc2idp0rY7UqVPGHuS/u9IMNd6wMO0kmPT0/NsHC5lIZ+bbDpXfkJFFBsQZJYJqThmwP0kTv9hegF3ft9FUz8ruufFi4fzQulmeossOkLH6BS56BKVUAVVUQ0R9ILe0Ah9Wq/WuzWyvv5KM9a05xDNyPr5BSXGpYA=</latexit>

• No axion: 


• When !L(t) = ma ±�ma

<latexit sha1_base64="5xe+BHMbcGddIh6AuuA9Jcxbtps=">AAACA3icbVBLS8NAEN7UV62vqEcRgkWol5JIRS9CUQ8ePFSwD2hC2Gyndek+QnYjlNCT+GPEW/Xqb/Dsv3Fbe7CtH8zwzffNMMxEMaNKu+63lVtaXlldy68XNja3tnfs3b2GkmlCoE4kk0krwgoYFVDXVDNoxQlgHjFoRv3rsd98gkRRKR70IIaA456gXUqwNlJoH/qSQw+HdyV9cslD7Mfc8W+AaeyYKrSLbtmdwFkk3pQU0RS10P7yO5KkHIQmDCvV9txYBxlONCUMhgU/VRBj0sc9aBsqMAcVZJMzhs6xUTpOVyYmhHYm6t+JDHOlBjwynRzrRzXvjcV/vYjPbdbdiyCjIk41CDLrCZlwzIAHWWry0HzAm793kTROy16lfHZfKVavpr/IowN0hErIQ+eoim5RDdURQc/oFY3Qu/VivVkj6+O3NWdNZ/bRDKzPH0dcmB0=</latexit>

Axion DM detection with HPD
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~BaDM ⇠ ��1gaN~v
p
⇢DM cos(mat+ �a)

<latexit sha1_base64="Jp0bs6PuDafTKQtcKJ1n8+Su5Vo=">AAACP3icbVDLSgMxFM34flt16SZYBEUsM6LoUqoLN4qC9YEzDndi2oZOkjHJFEqYbxO/wLUfIO7UrTtjLajVAwmH8yDkJFnKtPH9R29gcGh4ZHRsfGJyanpmtjQ3f6ZlrgitEZlKdZGApikTtGaYSelFpijwJKXnSWvv0z9vU6WZFKemk9GIQ0OwOiNgnBSXLsM2JbZaxBZiGyqO9w+LAoeacRw2gHO4tutBgRvOP3K6C+O2s2+Vcemm/O6EROoVHoNZC7Mmi2E1LpX9it8F/kuCHimjHo7j0kN4I0nOqTAkBa2vAj8zkQVlGElpMRHmmmZAWtCgV44K4FRHtjtBgZedcoPrUrkjDO6qPxsWuNYdnrgkB9PU/d6n+K+X8L6XTX0nskxkuaGC/PaEVBxSyiObu7twCwT9//1LzjYqwWZl62SzvFvtbTGGFtESWkEB2ka76AAdoxoi6A49oRf06t17z96L9/YVHfB6nQX0C977B2B5sS8=</latexit>

B0

<latexit sha1_base64="Yp9p0dbnJJcdpEGfGcgc9KM0/ME=">AAAB53icbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eCF48YLZBAQ7bLgBt2t013a0IafoLxhl79RZ79Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tJRmjD0WSSipBNSjYIr9A03AjtxglSGAtvh+G7ut18w0TxST2YSYyDpSPEhZ9RY6bHRd/vlilt1F3DWiZeTCuRo9stfvUHEUonKMEG17npubIKMJoYzgdNSL9UYUzamI+xaqqhEHWSLVafOhVUGzjBKbCjjLNS/HRmVWk9kaCslNc961ZuL/3qhXJlshrdBxlWcGlRs2VNRIqlAGWSpzVP7AW/13nXSuqp6ter1Q61Sb+S/KMIZnMMleHADdbiHJvjAYASvMIN3wskbmZGP39ICyXtOYQnk8wdsPI2O</latexit>

dB0

dz

<latexit sha1_base64="KSNHcBPduZ4hU3zs2NsQUgALN+M=">AAAB9XicbVDLTsJAFL3FF+KDqks3jcTEFWkNRpcENy4xsUACTTOdTnHCzLSZmWqw6ZcYd+jWT3Ht31iwCwFPcm9Ozrk39xEkjCpt299GZWNza3unulvb2z84rJtHxz0VpxITF8csloMAKcKoIK6mmpFBIgniASP9YHI79/tPRCoaiwc9TYjH0VjQiGKkC8k366NIIpyFHd/Os/Al982G3bQXsNaJU5IGlOj65tcojHHKidCYIaWGjp1oL0NSU8xIXhuliiQIT9CYDAsqECfKyxaL59Z5oYRWFMsihLYW6t+ODHGlpjwoKjnSj2rVm4v/egFfmayjGy+jIkk1EXjZE7HkiBHuZWmR5x9wVu9dJ73LptNqXt23Gu1O+YsqnMIZXIAD19CGO+iCCxhSeIUZvBvPxpsxMz5+SytG2XMCSzA+fwCLWpNh</latexit>

Ba(t)

<latexit sha1_base64="tWvb92+qyuQ1Z7OOjcyHYvd/6hM=">AAACFXicbZDLSsNAFIYnXmu9RV26CRahgsRJWlvdlbpxWcFeoA1hMp3W0MwkzEyEEvIY4sOIu+q2a9/GJEawrT/M8PH/58zlOIHnCgnhl7K2vrG5tV3YKe7u7R8cqkfHHeGHHJM29j2f9xwkiOcy0pau9Egv4ARRxyNdZ3KX5t1nwoXrs0c5DYhF0Zi5IxcjmVi2ejXIzujzsWNFUK/fmrBiXkIdZkrBhLVKLY6aNirLi9hWS7+htgpGDiWQq2Wr88HQxyElTGIPCdE3YCCtCHHpYo/ExUEoSIDwBI1JP0GGKBFWlD0q1s4TZ6iNfJ4sJrXM/dsRISrElDpJJUXySSxnqflv5tClm+XoxopcFoSSMLyYMZ9T5BFqRWGypxMwlv+7Ch1TN6r69UO11GjmsyiAU3AGysAAddAA96AF2gCDF/AGZuBDeVXelZny+VO6puQ9J2BByvwbB3ybxQ==</latexit>

µ(t)

<latexit sha1_base64="F2eHxOIgy3pL+EsMiqhwcwomXlY=">AAACFXicbZBbS8MwGIbTeZrzVPXSm+IQJshs58r0buiNlxPcAdYy0iybYUlaklQYZT9D/DHi3fR21/4bs1rBbb6Q8PC+35fDF0SUSGXbX0ZubX1jcyu/XdjZ3ds/MA+PWjKMBcJNFNJQdAIoMSUcNxVRFHcigSELKG4Ho7t53n7GQpKQP6pxhH0Gh5wMCIJKWz3z0kvP6Iph4Cd22XZdp+JeaEil4aZWdZyrSeKxuKTOJz2z+Btaq+BkUASZGj1z5vVDFDPMFaJQyq5jR8pPoFAEUTwpeLHEEUQjOMRdjRwyLP0kfdTEOtNO3xqEQi+urNT925FAJuWYBbqSQfUkl7O5+W8WsKWb1eDaTwiPYoU5Wsx4KBikmPlJrPf5BJzl/65Cq1J2qmX3oVqs32azyIMTcApKwAE1UAf3oAGaAIEX8Aam4MN4Nd6NqfH5U5ozsp5jsCBj9g1nRpwE</latexit>

�µa

<latexit sha1_base64="08Jc0J8ur7orK0g+7EPsL+eVc1U=">AAACGnicbVDLSsNAFJ3UV62vqEs3wSK4kDBpa6u7ohuXFewDmhAm02kNzkzCzEQoIT8ifoy4qy7cuPFvTGIE23rgDodzzp25c72Q+lJB+KWVVlbX1jfKm5Wt7Z3dPX3/oCeDSGDSxQENxMBDklCfk67yFSWDUBDEPEr63sN15vcfiZB+wO/UNCQOQxPuj32MVCq5esPO7xiKiefE0Gxd1mC9dgZNmCMjNdisN5PYHhGqkM0iFyWuXv1NGMvEKkgVFOi4+oc9CnDECFeYIimHFgyVEyOhfExJUrEjSUKEH9CEDFPKESPSifPJEuMkVUbGOBBpcWXk6t+OGDEpp8xLkwype7noZeK/nscWXlbjCyf2eRgpwvG8xwPBECXMiaP0zDZgLf53mfRqptUwz28b1fZVsYsyOALH4BRYoAXa4AZ0QBdg8ARewAy8ac/aqzbT3n+iJa3oOQRz0D6/AfrBnpQ=</latexit>

(z)

<latexit sha1_base64="A+PP+E8xLJOZeMZk/lQA++jJzV0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDiJexKRI9BLx4jmgckS5idzCZDZmeXmV4hhnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z+85FrI2L1gKOE+xHtKxEKRtFK96Wns26h6JbdGcgy8TJShAy1buGr04tZGnGFTFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctVTTixh/PTp2QU6v0SBhrWwrJTP09MaaRMaMosJ0RxYFZ9Kbif147xfDKHwuVpMgVmy8KU0kwJtO/SU9ozlCOLKFMC3srYQOqKUObTt6G4C2+vEwa52WvUr64qxSr11kcOTiGEyiBB5dQhVuoQR0Y9OEZXuHNkc6L8+58zFtXnGzmCP7A+fwBsUCNaw==</latexit>

}

<latexit sha1_base64="FmMT4TtSIP4UGU85o9PGowq5ulw=">AAACEXicbVDLSsNAFJ3UV62vqEs3wSIISkj6sGZXdOOygn1AE8pkOq1DZyZhZiKUkI8QP0bcVbcuXPs3pjEL23pghnPPuY+Z64eUSGVZ31phbX1jc6u4XdrZ3ds/0A+POjKIBMJtFNBA9HwoMSUctxVRFPdCgSHzKe76k9u5333CQpKAP6hpiD0Gx5yMCIIqlQb6hZv16Iux78WWaVftqlW5tEzHca6cRkqsSrXu1JLYTZKBXk7jDMYqsXNSBjlaA/3LHQYoYpgrRKGUfdsKlRdDoQiiOCm5kcQhRBM4xv2Ucsiw9OLsQYlxlipDYxSI9HBlZOrfihgyKafMTzMZVI9y2ZuL/3o+W5qsRtdeTHgYKczRoscDwSDFzIuj9J5vwF7+7yrpVEy7Ztbva+XmTb6LIjgBp+Ac2KABmuAOtEAbIPAMXsEMvGsv2ps20z5+UwtaXnMMFqB9/gAcjJrZ</latexit>

z0

<latexit sha1_base64="7PDmSMRNKa604O3RvA4lAvmv1/U=">AAAB53icbVDJSgNBEK2OW4xb1KOXwSB4CjMS0WPQi8eIZoFkCD2dSmzSyzDdI8QhnyDeole/yLN/42Scg0l8UMXjvSpqCULBjXXdb1JYW9/Y3Cpul3Z29/YPyodHLaPjiGGTaaGjTkANCq6wabkV2AkjpDIQ2A7Gt3O//YyR4Vo92kmIvqQjxYecUZtKDy99t1+uuFU3g7NKvJxUIEejX/7qDTSLJSrLBDWm67mh9RMaWc4ETku92GBI2ZiOsJtSRSUaP8lWnTpnqTJwhjpKQ1knU/92JFQaM5FBWimpfTLL3lz81wvk0mQ7vPYTrsLYomKLntKRpAKln8RpnqYf8JbvXSWti6pXq17e1yr1m/wXRTiBUzgHD66gDnfQgCYwGMErzOCdcPJGZuTjt7RA8p5jWAD5/AHA5I3G</latexit>

⇠ 3⇥ 10�13

✓
gaN

10�10GeV�1

◆✓
10�7eV

ma

◆⇣ ↵z0
0.02

⌘

<latexit sha1_base64="rn3/EcQAzTCEms1MLQR55MGamXM="></latexit>

�!DM
L

!0
L

⇠ �Ba↵z0⌧a

<latexit sha1_base64="ReFgkfmTG2JR1zFwuc6CNH0NLD0=">AAACMXicbVBNS8NAEN34/W3Vo5fFIngqiSh6LNWDoIKCbQU3hsk6rUt3N2F3I2jIjxJ/iEfxpl79E8ZaRKsPZni894ZhJk6lsM73n72R0bHxicmp6ZnZufmFxcrScssmmeHY5IlMzHkMFqXQ2HTCSTxPDYKKJbbj3t6n375BY0Wiz9xtiqGCrhYdwcGVUlQ5ZB0DPGf7KB1QlijsQnR0mTOj6P5xUeTfkl8wKxTrglJAG1EZBpleA72LfMocZBFElapf8/ugf0kwIFUywElUeWRXCc8UasclWHsR+KkLczBOcInFDMsspsB70MWLkmpQaMO8f3RB10vlinYSU5Z2tK/+nMhBWXur4jKpwF3bYe9T/NeL1dBm19kNc6HTzKHmvz2dGAUSVZhnZS/KDwTD9/4lrc1asFXbPt2q1huDX0yRVbJGNkhAdkidHJAT0iSc3JMn8kJevQfv2Xvx3r6iI95gZoX8gvf+AbPkq1M=</latexit>

↵ ⌘ dB

dz

1

B0

���
z0

<latexit sha1_base64="Pxuryu0dtS+dNilJZhJC9Ec3G/s=">AAACFnicbZC7TsMwFIadcivlFmBkiaiQmKoEFcFYhYWxSPQikShyHKe1ajshdiq1Jq+BeBjEVhhh5W1IQwba8ku2Pv//ObLO8WNKhDTNb62ytr6xuVXdru3s7u0f6IdHXRGlCcIdFNEo6ftQYEo47kgiKe7HCYbMp7jnj27meW+ME0Eifi8nMXYZHHASEgRlbnm66UAaD6Hh4MeUjJ0wgUgFdqaCaVY8LGV7ZubYZPDkqWmOnl43G2YhYxWsEuqgVNvTP50gQinDXCIKhXiwzFi6CiaSIIqzmpMKHEM0ggP8kCOHDAtXFZNlxlnuBEYYJfnh0ijcvx0KMiEmzM8rGZRDsZzNzX8zny39LMNrVxEepxJztJjxKGGQYuaqNL/nG7CW512F7kXDajYu75r1ll3uogpOwCk4Bxa4Ai1wC9qgAxB4Bq9gBt61F+1Nm2kfv6UVrew5BgvSvn4ABeWhYA==</latexit>

Resonant frequency shift
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~BaDM ⇠ ��1gaN~v
p
⇢DM cos(mat+ �a)

<latexit sha1_base64="Jp0bs6PuDafTKQtcKJ1n8+Su5Vo=">AAACP3icbVDLSgMxFM34flt16SZYBEUsM6LoUqoLN4qC9YEzDndi2oZOkjHJFEqYbxO/wLUfIO7UrTtjLajVAwmH8yDkJFnKtPH9R29gcGh4ZHRsfGJyanpmtjQ3f6ZlrgitEZlKdZGApikTtGaYSelFpijwJKXnSWvv0z9vU6WZFKemk9GIQ0OwOiNgnBSXLsM2JbZaxBZiGyqO9w+LAoeacRw2gHO4tutBgRvOP3K6C+O2s2+Vcemm/O6EROoVHoNZC7Mmi2E1LpX9it8F/kuCHimjHo7j0kN4I0nOqTAkBa2vAj8zkQVlGElpMRHmmmZAWtCgV44K4FRHtjtBgZedcoPrUrkjDO6qPxsWuNYdnrgkB9PU/d6n+K+X8L6XTX0nskxkuaGC/PaEVBxSyiObu7twCwT9//1LzjYqwWZl62SzvFvtbTGGFtESWkEB2ka76AAdoxoi6A49oRf06t17z96L9/YVHfB6nQX0C977B2B5sS8=</latexit>
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gaN = 5⇥ 10�5GeV�1

<latexit sha1_base64="Z5pLzrDewaVAqriPNXUTF4OQK4E=">AAACCnicbVBNS8NAEN3Ur1q/oh69BKvgxZJIi16Eogc9SQX7AU0Mm+22Lt3dhN2NUJb8AfHHiLfq1btn/43bmoOtPpjhzXszDDNRQolUrvtlFRYWl5ZXiqultfWNzS17e6cl41Qg3EQxjUUnghJTwnFTEUVxJxEYsojidjS8nPjtRywkifmdGiU4YHDASZ8gqIwU2geDUMOb7LzmK8KwdDz3Xh/XMu0L5lzhVmYqLwvtsltxp3D+Ei8nZZCjEdqffi9GKcNcIQql7HpuogINhSKI4qzkpxInEA3hAHcN5dCsDvT0msw5NErP6cfCBFfOVP09oSGTcsQi08mgepDz3kT814vY3GbVPws04UmqMEezHo8FgxSzQKcmTz7gzd/7l7ROKl61UrutlusX+S+KYA/sgyPggVNQB9egAZoAgSfwAsbgzXq2Xq2x9f7TWrDymV0wA+vjG0zDmtc=</latexit>

ma ⇠ 10�7eV

<latexit sha1_base64="bdK91Xmmes5ewESB87uZM7j8258=">AAAB/XicbVBNS8NAEJ3Ur1q/oh48eAkWwYslkUo9Fr14rGA/oIlhs53WpdlN2N0IJQR/jHirXv0Znv03pjUHW30ww+O9eQwzQRwypW37yyitrK6tb5Q3K1vbO7t75v5BR0WJpNimURjJXkAUhkxgWzMdYi+WSHgQYjcY38z87hNKxSJxrycxepyMBBsySnQu+eYR94mrGLcc+yE9b2SpK7mFncw3q3bNnsP6S5yCVKFAyzc/3UFEE45C05Ao1XfsWHspkZrRELOKmyiMCR2TEfZzKghH5aXzAzLrNFcG1jCSeQltzdXfiZRwpSY8yCc50Y9q2ZuJ/3oBX9qsh1deykScaBR00ROR5CRE7qVJ3mcfcJbv/Us6FzWnXru8q1eb18UvynAMJ3AGDjSgCbfQgjZQyOAFpvBmPBuvxtR4/xktGUXmEBZgfHwDFt+V0Q==</latexit>

• Frequency can increase or 
decrease depending on the 
instantaneous phase.


• The frequency shift is permanent 
after 


• Resonance only works for 
transverse component of the axion 
wind.

!L < ma

<latexit sha1_base64="gkkaOGiOUKyBCAWXo0Nb3/up3RY=">AAAB8HicbVDJSgNBEK2JW4xb1KOXYBA8hRmJ6MFD0IsHDxHMAplh6OlUYpNehu4eIQz5DfEWvfoznv0bJ3EOJvFBFY/3qqglijkz1nW/ncLa+sbmVnG7tLO7t39QPjxqG5Voii2quNLdiBjkTGLLMsuxG2skIuLYiUZ3M7/zgtowJZ/sOMZAkKFkA0aJzSTfVwKHJHy4ESEJy1W35s5RWSVeTqqQoxmWv/y+oolAaSknxvQ8N7ZBSrRllOOk5CcGY0JHZIi9jEoi0ATpfOdJ5SxT+pWB0llIW5mrfztSIowZiyirFMQ+m2VvJv7rRWJpsh1cBymTcWJR0kVPKi0IRxGkSZYn2Qe85XtXSfui5tVrl4/1auM2/0URTuAUzsGDK2jAPTShBRRieIUpvDvaeXOmzsdvacHJe45hAc7nD1EVkZA=</latexit>
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~BaDM ⇠ ��1gaN~v
p
⇢DM cos(mat+ �a)

<latexit sha1_base64="Jp0bs6PuDafTKQtcKJ1n8+Su5Vo=">AAACP3icbVDLSgMxFM34flt16SZYBEUsM6LoUqoLN4qC9YEzDndi2oZOkjHJFEqYbxO/wLUfIO7UrTtjLajVAwmH8yDkJFnKtPH9R29gcGh4ZHRsfGJyanpmtjQ3f6ZlrgitEZlKdZGApikTtGaYSelFpijwJKXnSWvv0z9vU6WZFKemk9GIQ0OwOiNgnBSXLsM2JbZaxBZiGyqO9w+LAoeacRw2gHO4tutBgRvOP3K6C+O2s2+Vcemm/O6EROoVHoNZC7Mmi2E1LpX9it8F/kuCHimjHo7j0kN4I0nOqTAkBa2vAj8zkQVlGElpMRHmmmZAWtCgV44K4FRHtjtBgZedcoPrUrkjDO6qPxsWuNYdnrgkB9PU/d6n+K+X8L6XTX0nskxkuaGC/PaEVBxSyiObu7twCwT9//1LzjYqwWZl62SzvFvtbTGGFtESWkEB2ka76AAdoxoi6A49oRf06t17z96L9/YVHfB6nQX0C977B2B5sS8=</latexit>
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gaN = 5⇥ 10�5GeV�1

<latexit sha1_base64="Z5pLzrDewaVAqriPNXUTF4OQK4E=">AAACCnicbVBNS8NAEN3Ur1q/oh69BKvgxZJIi16Eogc9SQX7AU0Mm+22Lt3dhN2NUJb8AfHHiLfq1btn/43bmoOtPpjhzXszDDNRQolUrvtlFRYWl5ZXiqultfWNzS17e6cl41Qg3EQxjUUnghJTwnFTEUVxJxEYsojidjS8nPjtRywkifmdGiU4YHDASZ8gqIwU2geDUMOb7LzmK8KwdDz3Xh/XMu0L5lzhVmYqLwvtsltxp3D+Ei8nZZCjEdqffi9GKcNcIQql7HpuogINhSKI4qzkpxInEA3hAHcN5dCsDvT0msw5NErP6cfCBFfOVP09oSGTcsQi08mgepDz3kT814vY3GbVPws04UmqMEezHo8FgxSzQKcmTz7gzd/7l7ROKl61UrutlusX+S+KYA/sgyPggVNQB9egAZoAgSfwAsbgzXq2Xq2x9f7TWrDymV0wA+vjG0zDmtc=</latexit>

ma ⇠ 10�7eV

<latexit sha1_base64="bdK91Xmmes5ewESB87uZM7j8258=">AAAB/XicbVBNS8NAEJ3Ur1q/oh48eAkWwYslkUo9Fr14rGA/oIlhs53WpdlN2N0IJQR/jHirXv0Znv03pjUHW30ww+O9eQwzQRwypW37yyitrK6tb5Q3K1vbO7t75v5BR0WJpNimURjJXkAUhkxgWzMdYi+WSHgQYjcY38z87hNKxSJxrycxepyMBBsySnQu+eYR94mrGLcc+yE9b2SpK7mFncw3q3bNnsP6S5yCVKFAyzc/3UFEE45C05Ao1XfsWHspkZrRELOKmyiMCR2TEfZzKghH5aXzAzLrNFcG1jCSeQltzdXfiZRwpSY8yCc50Y9q2ZuJ/3oBX9qsh1deykScaBR00ROR5CRE7qVJ3mcfcJbv/Us6FzWnXru8q1eb18UvynAMJ3AGDjSgCbfQgjZQyOAFpvBmPBuvxtR4/xktGUXmEBZgfHwDFt+V0Q==</latexit>

Foster et. al (2018)



Christina Gao | Axion Detection using Quantum Technologies and Systems

Scan axion mass

56

B0

<latexit sha1_base64="Yp9p0dbnJJcdpEGfGcgc9KM0/ME=">AAAB53icbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eCF48YLZBAQ7bLgBt2t013a0IafoLxhl79RZ79Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tJRmjD0WSSipBNSjYIr9A03AjtxglSGAtvh+G7ut18w0TxST2YSYyDpSPEhZ9RY6bHRd/vlilt1F3DWiZeTCuRo9stfvUHEUonKMEG17npubIKMJoYzgdNSL9UYUzamI+xaqqhEHWSLVafOhVUGzjBKbCjjLNS/HRmVWk9kaCslNc961ZuL/3qhXJlshrdBxlWcGlRs2VNRIqlAGWSpzVP7AW/13nXSuqp6ter1Q61Sb+S/KMIZnMMleHADdbiHJvjAYASvMIN3wskbmZGP39ICyXtOYQnk8wdsPI2O</latexit>

dB0

dz

<latexit sha1_base64="KSNHcBPduZ4hU3zs2NsQUgALN+M=">AAAB9XicbVDLTsJAFL3FF+KDqks3jcTEFWkNRpcENy4xsUACTTOdTnHCzLSZmWqw6ZcYd+jWT3Ht31iwCwFPcm9Ozrk39xEkjCpt299GZWNza3unulvb2z84rJtHxz0VpxITF8csloMAKcKoIK6mmpFBIgniASP9YHI79/tPRCoaiwc9TYjH0VjQiGKkC8k366NIIpyFHd/Os/Al982G3bQXsNaJU5IGlOj65tcojHHKidCYIaWGjp1oL0NSU8xIXhuliiQIT9CYDAsqECfKyxaL59Z5oYRWFMsihLYW6t+ODHGlpjwoKjnSj2rVm4v/egFfmayjGy+jIkk1EXjZE7HkiBHuZWmR5x9wVu9dJ73LptNqXt23Gu1O+YsqnMIZXIAD19CGO+iCCxhSeIUZvBvPxpsxMz5+SytG2XMCSzA+fwCLWpNh</latexit>

Ba(t)

<latexit sha1_base64="tWvb92+qyuQ1Z7OOjcyHYvd/6hM=">AAACFXicbZDLSsNAFIYnXmu9RV26CRahgsRJWlvdlbpxWcFeoA1hMp3W0MwkzEyEEvIY4sOIu+q2a9/GJEawrT/M8PH/58zlOIHnCgnhl7K2vrG5tV3YKe7u7R8cqkfHHeGHHJM29j2f9xwkiOcy0pau9Egv4ARRxyNdZ3KX5t1nwoXrs0c5DYhF0Zi5IxcjmVi2ejXIzujzsWNFUK/fmrBiXkIdZkrBhLVKLY6aNirLi9hWS7+htgpGDiWQq2Wr88HQxyElTGIPCdE3YCCtCHHpYo/ExUEoSIDwBI1JP0GGKBFWlD0q1s4TZ6iNfJ4sJrXM/dsRISrElDpJJUXySSxnqflv5tClm+XoxopcFoSSMLyYMZ9T5BFqRWGypxMwlv+7Ch1TN6r69UO11GjmsyiAU3AGysAAddAA96AF2gCDF/AGZuBDeVXelZny+VO6puQ9J2BByvwbB3ybxQ==</latexit>

µ(t)

<latexit sha1_base64="F2eHxOIgy3pL+EsMiqhwcwomXlY=">AAACFXicbZBbS8MwGIbTeZrzVPXSm+IQJshs58r0buiNlxPcAdYy0iybYUlaklQYZT9D/DHi3fR21/4bs1rBbb6Q8PC+35fDF0SUSGXbX0ZubX1jcyu/XdjZ3ds/MA+PWjKMBcJNFNJQdAIoMSUcNxVRFHcigSELKG4Ho7t53n7GQpKQP6pxhH0Gh5wMCIJKWz3z0kvP6Iph4Cd22XZdp+JeaEil4aZWdZyrSeKxuKTOJz2z+Btaq+BkUASZGj1z5vVDFDPMFaJQyq5jR8pPoFAEUTwpeLHEEUQjOMRdjRwyLP0kfdTEOtNO3xqEQi+urNT925FAJuWYBbqSQfUkl7O5+W8WsKWb1eDaTwiPYoU5Wsx4KBikmPlJrPf5BJzl/65Cq1J2qmX3oVqs32azyIMTcApKwAE1UAf3oAGaAIEX8Aam4MN4Nd6NqfH5U5ozsp5jsCBj9g1nRpwE</latexit>

�µa

<latexit sha1_base64="08Jc0J8ur7orK0g+7EPsL+eVc1U=">AAACGnicbVDLSsNAFJ3UV62vqEs3wSK4kDBpa6u7ohuXFewDmhAm02kNzkzCzEQoIT8ifoy4qy7cuPFvTGIE23rgDodzzp25c72Q+lJB+KWVVlbX1jfKm5Wt7Z3dPX3/oCeDSGDSxQENxMBDklCfk67yFSWDUBDEPEr63sN15vcfiZB+wO/UNCQOQxPuj32MVCq5esPO7xiKiefE0Gxd1mC9dgZNmCMjNdisN5PYHhGqkM0iFyWuXv1NGMvEKkgVFOi4+oc9CnDECFeYIimHFgyVEyOhfExJUrEjSUKEH9CEDFPKESPSifPJEuMkVUbGOBBpcWXk6t+OGDEpp8xLkwype7noZeK/nscWXlbjCyf2eRgpwvG8xwPBECXMiaP0zDZgLf53mfRqptUwz28b1fZVsYsyOALH4BRYoAXa4AZ0QBdg8ARewAy8ac/aqzbT3n+iJa3oOQRz0D6/AfrBnpQ=</latexit>

(z)

<latexit sha1_base64="A+PP+E8xLJOZeMZk/lQA++jJzV0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDiJexKRI9BLx4jmgckS5idzCZDZmeXmV4hhnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z+85FrI2L1gKOE+xHtKxEKRtFK96Wns26h6JbdGcgy8TJShAy1buGr04tZGnGFTFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctVTTixh/PTp2QU6v0SBhrWwrJTP09MaaRMaMosJ0RxYFZ9Kbif147xfDKHwuVpMgVmy8KU0kwJtO/SU9ozlCOLKFMC3srYQOqKUObTt6G4C2+vEwa52WvUr64qxSr11kcOTiGEyiBB5dQhVuoQR0Y9OEZXuHNkc6L8+58zFtXnGzmCP7A+fwBsUCNaw==</latexit>

• Decay of HPD naturally sweeps through 
many axion masses. 


• Choosing large gradient  covers more 
axion masses, but spends less time on 
each mass.


• Choosing small  may result in more than 
one axion coherence time spent on each 
axion mass.

↵

<latexit sha1_base64="Y0MElgFR1ugi0sezNswDlrM2OOQ=">AAAB6nicbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eiF4+YWCCBhmyXAVZ2t83u1oQ0/AfjDb36fzz7byzYg4AvmcnLezOZjzAW3FjX/SaFjc2t7Z3ibmlv/+DwqHx80jRRohn6LBKRbofUoOAKfcutwHaskcpQYCsc38/91gtqwyP1ZCcxBpIOFR9wRm0mNbtUxCPaK1fcqruAs068nFQgR6NX/ur2I5ZIVJYJakzHc2MbpFRbzgROS93EYEzZmA6xk1FFJZogXWw7dS4ype8MIp2Fss5C/duRUmnMRIZZpaR2ZFa9ufivF8qVyXZwG6RcxYlFxZY9FWlJBcogTbI8zT7grd67TppXVa9WvX6sVep3+S+KcAbncAke3EAdHqABPjB4hleYwTsR5I3MyMdvaYHkPaewBPL5Azsojz0=</latexit>

↵

<latexit sha1_base64="Y0MElgFR1ugi0sezNswDlrM2OOQ=">AAAB6nicbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eiF4+YWCCBhmyXAVZ2t83u1oQ0/AfjDb36fzz7byzYg4AvmcnLezOZjzAW3FjX/SaFjc2t7Z3ibmlv/+DwqHx80jRRohn6LBKRbofUoOAKfcutwHaskcpQYCsc38/91gtqwyP1ZCcxBpIOFR9wRm0mNbtUxCPaK1fcqruAs068nFQgR6NX/ur2I5ZIVJYJakzHc2MbpFRbzgROS93EYEzZmA6xk1FFJZogXWw7dS4ype8MIp2Fss5C/duRUmnMRIZZpaR2ZFa9ufivF8qVyXZwG6RcxYlFxZY9FWlJBcogTbI8zT7grd67TppXVa9WvX6sVep3+S+KcAbncAke3EAdHqABPjB4hleYwTsR5I3MyMdvaYHkPaewBPL5Azsojz0=</latexit>

~BaDM ⇠ ��1gaN~v
p
⇢DM cos(mat+ �a)

<latexit sha1_base64="Jp0bs6PuDafTKQtcKJ1n8+Su5Vo=">AAACP3icbVDLSgMxFM34flt16SZYBEUsM6LoUqoLN4qC9YEzDndi2oZOkjHJFEqYbxO/wLUfIO7UrTtjLajVAwmH8yDkJFnKtPH9R29gcGh4ZHRsfGJyanpmtjQ3f6ZlrgitEZlKdZGApikTtGaYSelFpijwJKXnSWvv0z9vU6WZFKemk9GIQ0OwOiNgnBSXLsM2JbZaxBZiGyqO9w+LAoeacRw2gHO4tutBgRvOP3K6C+O2s2+Vcemm/O6EROoVHoNZC7Mmi2E1LpX9it8F/kuCHimjHo7j0kN4I0nOqTAkBa2vAj8zkQVlGElpMRHmmmZAWtCgV44K4FRHtjtBgZedcoPrUrkjDO6qPxsWuNYdnrgkB9PU/d6n+K+X8L6XTX0nskxkuaGC/PaEVBxSyiObu7twCwT9//1LzjYqwWZl62SzvFvtbTGGFtESWkEB2ka76AAdoxoi6A49oRf06t17z96L9/YVHfB6nQX0C977B2B5sS8=</latexit>

!L = �B(zwall)

<latexit sha1_base64="1pyplxaBso5V68lWl0Tq2GaPwD0=">AAACBnicbVDLSsNAFJ3UV62vqEs3g0Wom5JIRTdCqRsXLirYBzQhTKbTOnQeYWai1JCt+DHirrr1D1z7N6Y1C1s9cC+Hc+7hcm8YMaqN43xZhaXlldW14nppY3Nre8fe3WtrGStMWlgyqboh0oRRQVqGGka6kSKIh4x0wtHl1O/cE6WpFLdmHBGfo6GgA4qRyaTAhp7kZIiCa3jhDRHnCDYqj0HiKQ4fEGPpcWCXnaozA/xL3JyUQY5mYH96fYljToTBDGndc53I+AlShmJG0pIXaxIhPEJD0suoQJxoP5ldksKjTOnDgVRZCQNn6u9EgrjWYx5mkxyZO73oTcV/vZAvbDaDcz+hIooNEXjeE1JxxAj3kzjrafYBd/Hev6R9UnVr1dObWrneyH9RBAfgEFSAC85AHVyBJmgBDJ7AC5iAN+vZerUm1vvPaMHKM/tgDtbHN6BBmWs=</latexit>

↵ ⌘ dB

dz

1

B0

���
z0

<latexit sha1_base64="Pxuryu0dtS+dNilJZhJC9Ec3G/s=">AAACFnicbZC7TsMwFIadcivlFmBkiaiQmKoEFcFYhYWxSPQikShyHKe1ajshdiq1Jq+BeBjEVhhh5W1IQwba8ku2Pv//ObLO8WNKhDTNb62ytr6xuVXdru3s7u0f6IdHXRGlCcIdFNEo6ftQYEo47kgiKe7HCYbMp7jnj27meW+ME0Eifi8nMXYZHHASEgRlbnm66UAaD6Hh4MeUjJ0wgUgFdqaCaVY8LGV7ZubYZPDkqWmOnl43G2YhYxWsEuqgVNvTP50gQinDXCIKhXiwzFi6CiaSIIqzmpMKHEM0ggP8kCOHDAtXFZNlxlnuBEYYJfnh0ijcvx0KMiEmzM8rGZRDsZzNzX8zny39LMNrVxEepxJztJjxKGGQYuaqNL/nG7CW512F7kXDajYu75r1ll3uogpOwCk4Bxa4Ai1wC9qgAxB4Bq9gBt61F+1Nm2kfv6UVrew5BgvSvn4ABeWhYA==</latexit>
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!L = �B(zwall)

<latexit sha1_base64="1pyplxaBso5V68lWl0Tq2GaPwD0=">AAACBnicbVDLSsNAFJ3UV62vqEs3g0Wom5JIRTdCqRsXLirYBzQhTKbTOnQeYWai1JCt+DHirrr1D1z7N6Y1C1s9cC+Hc+7hcm8YMaqN43xZhaXlldW14nppY3Nre8fe3WtrGStMWlgyqboh0oRRQVqGGka6kSKIh4x0wtHl1O/cE6WpFLdmHBGfo6GgA4qRyaTAhp7kZIiCa3jhDRHnCDYqj0HiKQ4fEGPpcWCXnaozA/xL3JyUQY5mYH96fYljToTBDGndc53I+AlShmJG0pIXaxIhPEJD0suoQJxoP5ldksKjTOnDgVRZCQNn6u9EgrjWYx5mkxyZO73oTcV/vZAvbDaDcz+hIooNEXjeE1JxxAj3kzjrafYBd/Hev6R9UnVr1dObWrneyH9RBAfgEFSAC85AHVyBJmgBDJ7AC5iAN+vZerUm1vvPaMHKM/tgDtbHN6BBmWs=</latexit>

↵ ⌘ dB

dz

1

B0

���
z0

<latexit sha1_base64="Pxuryu0dtS+dNilJZhJC9Ec3G/s=">AAACFnicbZC7TsMwFIadcivlFmBkiaiQmKoEFcFYhYWxSPQikShyHKe1ajshdiq1Jq+BeBjEVhhh5W1IQwba8ku2Pv//ObLO8WNKhDTNb62ytr6xuVXdru3s7u0f6IdHXRGlCcIdFNEo6ftQYEo47kgiKe7HCYbMp7jnj27meW+ME0Eifi8nMXYZHHASEgRlbnm66UAaD6Hh4MeUjJ0wgUgFdqaCaVY8LGV7ZubYZPDkqWmOnl43G2YhYxWsEuqgVNvTP50gQinDXCIKhXiwzFi6CiaSIIqzmpMKHEM0ggP8kCOHDAtXFZNlxlnuBEYYJfnh0ijcvx0KMiEmzM8rGZRDsZzNzX8zny39LMNrVxEepxJztJjxKGGQYuaqNL/nG7CW512F7kXDajYu75r1ll3uogpOwCk4Bxa4Ai1wC9qgAxB4Bq9gBt61F+1Nm2kfv6UVrew5BgvSvn4ABeWhYA==</latexit>

B0

<latexit sha1_base64="Yp9p0dbnJJcdpEGfGcgc9KM0/ME=">AAAB53icbVBNT8JAEJ3FL8Qv1KOXRmLiibQGo0eCF48YLZBAQ7bLgBt2t013a0IafoLxhl79RZ79Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tJRmjD0WSSipBNSjYIr9A03AjtxglSGAtvh+G7ut18w0TxST2YSYyDpSPEhZ9RY6bHRd/vlilt1F3DWiZeTCuRo9stfvUHEUonKMEG17npubIKMJoYzgdNSL9UYUzamI+xaqqhEHWSLVafOhVUGzjBKbCjjLNS/HRmVWk9kaCslNc961ZuL/3qhXJlshrdBxlWcGlRs2VNRIqlAGWSpzVP7AW/13nXSuqp6ter1Q61Sb+S/KMIZnMMleHADdbiHJvjAYASvMIN3wskbmZGP39ICyXtOYQnk8wdsPI2O</latexit>

dB0

dz

<latexit sha1_base64="KSNHcBPduZ4hU3zs2NsQUgALN+M=">AAAB9XicbVDLTsJAFL3FF+KDqks3jcTEFWkNRpcENy4xsUACTTOdTnHCzLSZmWqw6ZcYd+jWT3Ht31iwCwFPcm9Ozrk39xEkjCpt299GZWNza3unulvb2z84rJtHxz0VpxITF8csloMAKcKoIK6mmpFBIgniASP9YHI79/tPRCoaiwc9TYjH0VjQiGKkC8k366NIIpyFHd/Os/Al982G3bQXsNaJU5IGlOj65tcojHHKidCYIaWGjp1oL0NSU8xIXhuliiQIT9CYDAsqECfKyxaL59Z5oYRWFMsihLYW6t+ODHGlpjwoKjnSj2rVm4v/egFfmayjGy+jIkk1EXjZE7HkiBHuZWmR5x9wVu9dJ73LptNqXt23Gu1O+YsqnMIZXIAD19CGO+iCCxhSeIUZvBvPxpsxMz5+SytG2XMCSzA+fwCLWpNh</latexit>

Ba(t)

<latexit sha1_base64="tWvb92+qyuQ1Z7OOjcyHYvd/6hM=">AAACFXicbZDLSsNAFIYnXmu9RV26CRahgsRJWlvdlbpxWcFeoA1hMp3W0MwkzEyEEvIY4sOIu+q2a9/GJEawrT/M8PH/58zlOIHnCgnhl7K2vrG5tV3YKe7u7R8cqkfHHeGHHJM29j2f9xwkiOcy0pau9Egv4ARRxyNdZ3KX5t1nwoXrs0c5DYhF0Zi5IxcjmVi2ejXIzujzsWNFUK/fmrBiXkIdZkrBhLVKLY6aNirLi9hWS7+htgpGDiWQq2Wr88HQxyElTGIPCdE3YCCtCHHpYo/ExUEoSIDwBI1JP0GGKBFWlD0q1s4TZ6iNfJ4sJrXM/dsRISrElDpJJUXySSxnqflv5tClm+XoxopcFoSSMLyYMZ9T5BFqRWGypxMwlv+7Ch1TN6r69UO11GjmsyiAU3AGysAAddAA96AF2gCDF/AGZuBDeVXelZny+VO6puQ9J2BByvwbB3ybxQ==</latexit>

µ(t)

<latexit sha1_base64="F2eHxOIgy3pL+EsMiqhwcwomXlY=">AAACFXicbZBbS8MwGIbTeZrzVPXSm+IQJshs58r0buiNlxPcAdYy0iybYUlaklQYZT9D/DHi3fR21/4bs1rBbb6Q8PC+35fDF0SUSGXbX0ZubX1jcyu/XdjZ3ds/MA+PWjKMBcJNFNJQdAIoMSUcNxVRFHcigSELKG4Ho7t53n7GQpKQP6pxhH0Gh5wMCIJKWz3z0kvP6Iph4Cd22XZdp+JeaEil4aZWdZyrSeKxuKTOJz2z+Btaq+BkUASZGj1z5vVDFDPMFaJQyq5jR8pPoFAEUTwpeLHEEUQjOMRdjRwyLP0kfdTEOtNO3xqEQi+urNT925FAJuWYBbqSQfUkl7O5+W8WsKWb1eDaTwiPYoU5Wsx4KBikmPlJrPf5BJzl/65Cq1J2qmX3oVqs32azyIMTcApKwAE1UAf3oAGaAIEX8Aam4MN4Nd6NqfH5U5ozsp5jsCBj9g1nRpwE</latexit>

�µa

<latexit sha1_base64="08Jc0J8ur7orK0g+7EPsL+eVc1U=">AAACGnicbVDLSsNAFJ3UV62vqEs3wSK4kDBpa6u7ohuXFewDmhAm02kNzkzCzEQoIT8ifoy4qy7cuPFvTGIE23rgDodzzp25c72Q+lJB+KWVVlbX1jfKm5Wt7Z3dPX3/oCeDSGDSxQENxMBDklCfk67yFSWDUBDEPEr63sN15vcfiZB+wO/UNCQOQxPuj32MVCq5esPO7xiKiefE0Gxd1mC9dgZNmCMjNdisN5PYHhGqkM0iFyWuXv1NGMvEKkgVFOi4+oc9CnDECFeYIimHFgyVEyOhfExJUrEjSUKEH9CEDFPKESPSifPJEuMkVUbGOBBpcWXk6t+OGDEpp8xLkwype7noZeK/nscWXlbjCyf2eRgpwvG8xwPBECXMiaP0zDZgLf53mfRqptUwz28b1fZVsYsyOALH4BRYoAXa4AZ0QBdg8ARewAy8ac/aqzbT3n+iJa3oOQRz0D6/AfrBnpQ=</latexit>

(z)

<latexit sha1_base64="A+PP+E8xLJOZeMZk/lQA++jJzV0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDiJexKRI9BLx4jmgckS5idzCZDZmeXmV4hhnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z+85FrI2L1gKOE+xHtKxEKRtFK96Wns26h6JbdGcgy8TJShAy1buGr04tZGnGFTFJj2p6boD+mGgWTfJLvpIYnlA1pn7ctVTTixh/PTp2QU6v0SBhrWwrJTP09MaaRMaMosJ0RxYFZ9Kbif147xfDKHwuVpMgVmy8KU0kwJtO/SU9ozlCOLKFMC3srYQOqKUObTt6G4C2+vEwa52WvUr64qxSr11kcOTiGEyiBB5dQhVuoQR0Y9OEZXuHNkc6L8+58zFtXnGzmCP7A+fwBsUCNaw==</latexit>

~BaDM ⇠ ��1gaN~v
p
⇢DM cos(mat+ �a)

<latexit sha1_base64="Jp0bs6PuDafTKQtcKJ1n8+Su5Vo=">AAACP3icbVDLSgMxFM34flt16SZYBEUsM6LoUqoLN4qC9YEzDndi2oZOkjHJFEqYbxO/wLUfIO7UrTtjLajVAwmH8yDkJFnKtPH9R29gcGh4ZHRsfGJyanpmtjQ3f6ZlrgitEZlKdZGApikTtGaYSelFpijwJKXnSWvv0z9vU6WZFKemk9GIQ0OwOiNgnBSXLsM2JbZaxBZiGyqO9w+LAoeacRw2gHO4tutBgRvOP3K6C+O2s2+Vcemm/O6EROoVHoNZC7Mmi2E1LpX9it8F/kuCHimjHo7j0kN4I0nOqTAkBa2vAj8zkQVlGElpMRHmmmZAWtCgV44K4FRHtjtBgZedcoPrUrkjDO6qPxsWuNYdnrgkB9PU/d6n+K+X8L6XTX0nskxkuaGC/PaEVBxSyiObu7twCwT9//1LzjYqwWZl62SzvFvtbTGGFtESWkEB2ka76AAdoxoi6A49oRf06t17z96L9/YVHfB6nQX0C977B2B5sS8=</latexit>

�!stochastic
L

!0
L

⇠ ↵z0

r
⌧a
T1

<latexit sha1_base64="NmFZjVdsJqFvoJ6rEXoA8yq8AuY="></latexit>

SNR ⇠ N 1/4 �!DM

�!stochastic

<latexit sha1_base64="yOlvpZpWD5r146BJxmCjRFAbycA=">AAACQ3icbZBLSwMxFIUzvt9WXboZLIKrOiMVXYq6cGPxVRWcsdyJtzWYx5BkBAnz68S1a3+CuKtuBad1Flq9kHD4zj0J9yYpZ8YGwYs3NDwyOjY+MTk1PTM7N19ZWDw3KtMUm1RxpS8TMMiZxKZlluNlqhFEwvEiudvr+Rf3qA1T8sw+pBgL6EjWZhRsgVqV2EVa+KeNk9yPDBN+JMDeUuCukV+7cL1e4LYG6qJ95Bb8SAnswHU/tH+Y5yX/iY1V9BaMZTTPW5VqUAv65f8VYSmqpKyjVuU5ulE0Eygt5WDMVRikNnagi+c45lNRZjAFegcdvCqkBIEmdv015P5qQW78ttLFkdbv058JB8KYB5EUnb0pzaDXg/96iRj42ba3Y8dkmlmU9LcnlRbAUcQuK+7eBsLBef+K841aWK9tHterO7vlLibIMlkhayQkW2SHHJAj0iSUPJJX0iXv3pP35nW9j+/WIa/MLJFf5X1+Aefis6k=</latexit>

N = number of experiments

<latexit sha1_base64="suO0T1N0zx3TfgZLIlo1rzcGnyI=">AAACD3icbVDLSsNAFJ3UV62vqEs3wSLopiRS0Y1QdONKKtgHNKFMpjd16MwkzEzEEtJfED9G3FW3rlz7Nya1C9t6YIbDOfdwOdePGFXatr+NwtLyyupacb20sbm1vWPu7jVVGEsCDRKyULZ9rIBRAQ1NNYN2JAFzn0HLH1znfusRpKKhuNfDCDyO+4IGlGCdSV3zxOVYPxDMktv0MnElt0TMfZAjKwxGFjxFICkHoVXaNct2xZ7AWiTOlJTRFPWu+eX2QhLnacKwUh3HjrSXYKkpYZCW3FhBhMkA96GTUYE5KC+ZVEqto0zpWUEosye0NVH/JhLMlRpyP5vMC6h5Lxf/9Xw+t1kHF15CRRRrEGTWE6HkmAH3kjj78ws4830XSfO04lQrZ3fVcu1qeosiOkCH6Bg56BzV0A2qowYi6Bm9ojF6N16MN2NsfPyOFoxpZh/NwPj8AQZ9nsQ=</latexit>
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•  to prevent  
from destabilization


• very compelling reach even with 
a conservative setup


• more careful statistical treatment 
required

B0 . 0.55T

<latexit sha1_base64="bJ00h8DrZXtLnm2FysRJI2fM484=">AAACAHicbVBNS8NAEJ3Ur1q/ot70slgETyGRFj2WevFYoV/QhLDZbuvS3U3IboQSAuKPEW/Vq3/Cs//GtOZgWx/M8HhvHsNMEHGmtG1/G6WNza3tnfJuZW//4PDIPD7pqjCJCe2QkIdxP8CKciZpRzPNaT+KKRYBp71gcjf3e080ViyUbT2NqCfwWLIRI1jnkm+eNX3b5VQpxQSyrXodpW4sUDtDyDertmUvgNaJU5AqFGj55pc7DEkiqNSEY6UGjh1pL8WxZoTTrOImikaYTPCYDnIqsaDKSxc3ZOgyV4ZoFMZ5SY0W6t9EioVSUxHkkwLrR7XqzcV/vUCsbNajWy9lMko0lWTZk2EsMKfCS5O8Z/kHnNV710n32nJqVv2hVm00i1+U4Rwu4AocuIEG3EMLOkDgGV5hBu/Gi/FmzIyP39GSUWROYQnG5w+aVpXw</latexit>

3
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<latexit sha1_base64="NUr+kMgaE4+FoPf7/ORhea6ATag=">AAACG3icbVDLSsNAFJ3UV62vqEs3wSK40JI0CW13pW66rGAf0MQymU5raGYSZiZCGfIl4seIuyq4cuHfmMYsbPXAHQ7nnDtz53pR4HOh619KYWNza3unuFva2z84PFKPT3o8jBnCXRQGIRt4kOPAp7grfBHgQcQwJF6A+97sZun3HzHjfkjvxDzCLoFT6k98BEUqjVTbye4YsqnnSr2im5Zpmld6pdqw6w0jJXbDMqxaIu9N6TCitfF1K0lGajnNZtD+EiMnZZCjM1I/nHGIYoKpQAHkfGjokXAlZMJHAU5KTsxxBNEMTvEwpRQSzF2ZjZZoF6ky1iYhS4sKLVN/d0hIOJ8TL00SKB74urcU//U8svaymNRd6dMoFpiiVY+GjMAAE1fG6bncgLH+37+kV60YVsW+tcrNVr6LIjgD5+ASGKAGmqANOqALEHgCL2AB3pRn5VVZKO8/0YKS95yCFSif39RqnmI=</latexit>

N = tint/T1

<latexit sha1_base64="ocgoVHWGhJ2nTO7eL7LuVE+R7eY=">AAACAXicbVDLSsNAFL2pr1pfUZfdBIvgqibSohuh6MaVVOgLmhAm02kdOjMJMxOhhCzEjxF31a0f4dq/Ma1Z2NYD93I4517uI4gYVdq2v43C2vrG5lZxu7Szu7d/YB4edVQYS0zaOGSh7AVIEUYFaWuqGelFkiAeMNINxrczv/tEpKKhaOlJRDyORoIOKUY6k3yz7HKkHzFiyX16rf3EldyiQqfnLd/xzYpdteewVomTkwrkaPrmlzsIccyJ0JghpfqOHWkvQVJTzEhacmNFIoTHaET6GRWIE+Ul8yNS6zRTBtYwlFkIbc3Vvx0J4kpNeJBVzlZWy95M/NcL+NJkPbzyEiqiWBOBFz0RSo4Y4V4SZznNPuAs37tKOhdVp1atP9QqjZv8F0UowwmcgQOX0IA7aEIbMDzDK0zh3Xgx3oyp8fFbWjDynmNYgPH5AxMYmBs=</latexit>

SNR = 1

<latexit sha1_base64="gYgiolFQrlvUDV7Tp8wjsvNFZd8=">AAAB73icbVDJSgNBEK2JW4xb1KOXwSB4CjOi6EUIevEkcckCyRB6OpXYpJexu0cIw3yGeIte/RrP/o2TmINJfFDF470qagkjzoz1vG8nt7S8srqWXy9sbG5t7xR39+pGxZpijSqudDMkBjmTWLPMcmxGGokIOTbCwfXYb7ygNkzJRzuMMBCkL1mPUWIzqZW0tXAfbu/TS79TLHllbwJ3kfhTUoIpqp3iV7uraCxQWsqJMS3fi2yQEG0Z5ZgW2rHBiNAB6WMro5IINEEyWTl1jzKl6/aUzkJad6L+7UiIMGYowqxSEPtk5r2x+K8XirnJtncRJExGsUVJZz2ptCAcRZDEWU6zD/jz9y6S+knZPy2f3Z2WKlfTX+ThAA7hGHw4hwrcQBVqQEHBK4zg3Xl23pyR8/FbmnOmPfswA+fzB/7AkME=</latexit>
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Backups
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Fundamental frequency: 650 
MHz


Quality factor 


 (or 0.26 
Tesla) for all active modes

Q = 1010

Epeak = 80 MVm−1

Setup

Ongoing work at Fermilab SQMS center. R. Janish et al 19
Z. Bogorad et al 19
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