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50 Orders of Magnitude
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Outline

• Axion dark matter


• Axion nucleon coupling, nuclear magnetic resonance


• Superfluid Helium 3, homogeneous precession domain


• Searching for axion dark matter with Superfluid Helium 3

with Y. Kahn, J. Schütte-Engel, M. Backlund, B. DeMarco, 
E. Goldschmidt, A. Mande (UIUC); 

W.P. Halperin, M. Nguyen, J.W. Scott (Northwestern); 
J. Foster (MIT) 
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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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Axions are light Pseudo-scalars
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Axion and Axion Like Particles

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

• Many axion-like particles (ALPs) exist in the string landscape:


  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

• Large occupation number


• Cold dark matter


• An example of Wave-like DM
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Preskill et. al (1983), Abbott & Sikivi (1983), Dine & Fischler (1983)
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Axion Nucleon Coupling
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Axion nucleon coupling
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•         is constrained by astrophysical processes, such as 
star cooling.
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Axions couple to nuclear spins
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•         allows us to search for axion DM using Nuclear 
Magnetic Resonance (NMR).
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<latexit sha1_base64="+uGo8sXKyApzwKOJ8xQvHcZlY8k=">AAACIXicbZDLSsNAFIYn3q23qks3wSK0C0siioIbURduBAV7gU4Ik+mkDp1LmDkRJeRhxIcRV1524suY1i609YcZPv7/HA7nRIngFjzv05manpmdm19YLC0tr6yuldc3mlanhrIG1UKbdkQsE1yxBnAQrJ0YRmQkWCvqnw3y1h0zlmt1Aw8JCyTpKR5zSqCwwvIxCTNspHt+mVehhi2XLqbaYsFiqMqQwG6Go9jt55h2NQz5PseG926hFpYrXt0byp0EfwQVNNJVWH7FXU1TyRRQQazt+F4CQUYMcCpYXsKpZQmhfdJjnQIVkcwG2XDJ3N0pnK4ba1M8Be7Q/d2REWntg4yKSkng1o5nA/PfLJJjkyE+CjKukhSYon8zpY0kgskgS4s/Ly7gj+87Cc29ur9fP7jer5ycjm6xgLbQNqoiHx2iE3SBrlADUfSIntEbeneenBfnzfn4KZ1yRj2b6I+cr28JmaTu</latexit>

~S ⇠ N̄~�N

<latexit sha1_base64="yxPD+HPAVwR7YnjE6oY9/WgbO6o=">AAACB3icbZDNSsNAFIVv6l+tf1GXbqJFcFUSqeiy6MZVqWhboQllMp3WoTOTMDMplJC1+DDirrr1CVz7Nk5jF7b1wAyH79zL5d4wZlRp1/22Ciura+sbxc3S1vbO7p69f9BSUSIxaeKIRfIxRIowKkhTU83IYywJ4iEj7XB4M83bIyIVjcSDHsck4GggaJ9ipA3q2sf+iOD0PvMV5Y4fIpnWsxwZMOAoc+pdu+xW3FzOsvFmpgwzNbr2l9+LcMKJ0JghpTqeG+sgRVJTzEhW8hNFYoSHaEA6xgrEiQrSfJXMOTWk5/QjaZ7QTk7/dqSIKzXmoankSD+pxWwK/81CvjBZ96+ClIo40UTg+UxEkiNGeJAm5s/MBbzFfZdN67ziVSsXd9Vy7Xp2iyIcwQmcgQeXUINbaEATMDzDK0zg3Xqx3qyJ9fFbWrBmPYcwJ+vzB0Ysmwg=</latexit>



Christina Gao | Axion Wind Detection with the Homogeneous Precession Domain of Superfluid Helium-310

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>

• 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>

Graham, Rajendran (2013)

• Resonance condition:

Nuclear magnetic resonance

ma = !L = �B0

<latexit sha1_base64="SnU1C1IEqfI2o+qQTPCEKQRtGWc=">AAAB/3icbVBNS8NAEJ3Ur1q/op7ES7AInkoiFb0USr148FDBfkATwmS7jUuzuyG7EUoo4o8Rb9Wrv8Kz/8a09mCrD2Z4vDePYSaII6a0bX8ZhZXVtfWN4mZpa3tnd8/cP2grmSaEtoiMZNINUNGICdrSTEe0GycUeRDRTjC8nvqdR5ooJsW9HsXU4xgKNmAEdS755hH30apZruQ0RP+25obIOVoN3/bNsl2xZ7D+EmdOyjBH0zc/3b4kKadCkwiV6jl2rL0ME81IRMclN1U0RjLEkPZyKpBT5WWzE8bWaa70rYFM8hLamqm/ExlypUY8yCc56ge17E3Ff72AL23WgysvYyJONRVk0RMy4RhR7mVp3sf5B5zle/+S9nnFqVYu7qrlemP+iyIcwwmcgQOXUIcbaEILCDzBC0zgzXg2Xo2J8f4zWjDmmUNYgPHxDa9hlhE=</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>

Constraints on axion nucleon coupling
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Pulsed NMR
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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                     

16

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>

Unbroken phase B-phase A-phase
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• Spin 1/2 


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


• Cooper pairs                     

17

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>

Unbroken phase B-phase A-phase

Magnon BEC
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dB

dz

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

�

<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>

spins randomly oriented

[Bunkov and Volovik, arXiv:0904.3889 and arXiv:1003.4889]

B(z)

<latexit sha1_base64="JyR6G2oTgfeZrOLb+ChT4Fzwlq0=">AAAB6HicbVDLTsJQEJ3iC/GFunTTSExwQ1qD0SXBjUtM5JFAQ24vA1y5j6b31gQbfsG4Q7f+kGv/xlK7EPAkMzk5Zybz8APOtHGcbyu3sbm1vZPfLeztHxweFY9PWlpFIcUmVVyFHZ9o5Exi0zDDsROESITPse1P7hZ++xlDzZR8NNMAPUFGkg0ZJWYh1csvl/1iyak4Kex14makBBka/eJXb6BoJFAayonWXdcJjBeT0DDKcVboRRoDQidkhN2ESiJQe3G668y+SJSBPVRhEtLYqfq3IyZC66nwk0pBzFivegvxX88XK5PN8NaLmQwig5Iue1KFgnAUXhwleZZ8wF29d520riputXL9UC3V6tkv8nAG51AGF26gBvfQgCZQGMMrzOHderLerLn18Vuas7KeU1iC9fkD7AqN1A==</latexit>

Fomin (1984)



Christina Gao | Axion Wind Detection with the Homogeneous Precession Domain of Superfluid Helium-319

dB

dz

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

�

<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>

two domains!spins randomly oriented

wait 
20 ms

[Bunkov and Volovik, arXiv:0904.3889 and arXiv:1003.4889]

This behavior is known as the homogeneous precession domain (HPD)

coherent precession 
at fixed tip angle

)

<latexit sha1_base64="s9EH8AoUCtHK8P/Z81hPhiDcqMY=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4Kkmptt2VunFZwT6gM5RMmpmGZjJjkhFK6U+4caGIW3/HnX9jpq2gogcuHM65l3vv8RPBtUHow8mtrW9sbuW3Czu7e/sHxcOjro5TRVmHxiJWfZ9oJrhkHcONYP1EMRL5gvX8yVXm9+6Z0jyWt2aaMC8ioeQBp8RYqe+2eBhCdz4sllAZIYQxhhnBtUtkSaNRr+A6xJllUQIrtIfFd3cU0zRi0lBBtB5glBhvRpThVLB5wU01SwidkJANLJUkYtqbLe6dwzOrjGAQK1vSwIX6fWJGIq2nkW87I2LG+reXiX95g9QEdW/GZZIaJulyUZAKaGKYPQ9HXDFqxNQSQhW3t0I6JopQYyMq2BC+PoX/k26ljKvli5tqqdlaxZEHJ+AUnAMMaqAJrkEbdAAFAjyAJ/Ds3DmPzovzumzNOauZY/ADztsnzFqP1g==</latexit>

�0 = cos�1(�1/4)

<latexit sha1_base64="hnzjmrIxUNAfV3sTAM1d1lXNFio=">AAACAnicdVBNS0JBFJ1nX2Zfr1pFmyEJbKHNiKUuAqlNS4P8ADWZN446OO+DmXmBPKRNf6VNiyLa9iva9W+apwYVdeDC4Zx7ufceJxBcaYQ+rMTC4tLySnI1tba+sbllb+/UlR9KymrUF75sOkQxwT1W01wL1gwkI64jWMMZXcR+45ZJxX3vWo8D1nHJwON9Tok2UtfeaztMky6CZ7BNfXUTZfEkk8XHhaOunUY5hBDGGMYEF0+RIeVyKY9LEMeWQRrMUe3a7+2eT0OXeZoKolQLo0B3IiI1p4JNUu1QsYDQERmwlqEecZnqRNMXJvDQKD3Y96UpT8Op+n0iIq5SY9cxnS7RQ/Xbi8W/vFao+6VOxL0g1Myjs0X9UEDtwzgP2OOSUS3GhhAqubkV0iGRhGqTWsqE8PUp/J/U8zlcyJ1cFdKV83kcSbAPDkAGYFAEFXAJqqAGKLgDD+AJPFv31qP1Yr3OWhPWfGYX/ID19gkRaJVO</latexit>

and same frequency

!L(z) = �B0(z)

<latexit sha1_base64="4KYzBIvRfTmIqWAJYe/WAr9yC6c=">AAACBHicdVBNSwMxEM3W7/pV9eglWIR6KUmpWg9C0YsHDwq2FdqyzKZpG5rsLklWqKUHL/4VLx4U8eqP8Oa/MasVVPTBwMt7M2TmBbEUxhLy5mWmpmdm5+YXsotLyyurubX1uokSzXiNRTLSlwEYLkXIa1ZYyS9jzUEFkjeCwXHqN664NiIKL+ww5m0FvVB0BQPrJD+32YoU74F/WrjewYe41QOlAB/5xL39XJ4UCSGUUpwSur9HHDk4qJRoBdPUcsijCc783GurE7FE8dAyCcY0KYltewTaCib5ONtKDI+BDaDHm46GoLhpjz6OGONtp3RwN9KuQos/1O8TI1DGDFXgOhXYvvntpeJfXjOx3Up7JMI4sTxknx91E4lthNNEcEdozqwcOgJMC7crZn3QwKzLLetC+LoU/0/qpSItF3fPy/nq0SSOebSJtlABUbSPqugEnaEaYugG3aEH9Ojdevfek/f82ZrxJjMb6Ae8l3f/AZZq</latexit>

no precession 
(completely 

relaxed)

B(z)

<latexit sha1_base64="JyR6G2oTgfeZrOLb+ChT4Fzwlq0=">AAAB6HicbVDLTsJQEJ3iC/GFunTTSExwQ1qD0SXBjUtM5JFAQ24vA1y5j6b31gQbfsG4Q7f+kGv/xlK7EPAkMzk5Zybz8APOtHGcbyu3sbm1vZPfLeztHxweFY9PWlpFIcUmVVyFHZ9o5Exi0zDDsROESITPse1P7hZ++xlDzZR8NNMAPUFGkg0ZJWYh1csvl/1iyak4Kex14makBBka/eJXb6BoJFAayonWXdcJjBeT0DDKcVboRRoDQidkhN2ESiJQe3G668y+SJSBPVRhEtLYqfq3IyZC66nwk0pBzFivegvxX88XK5PN8NaLmQwig5Iue1KFgnAUXhwleZZ8wF29d520riputXL9UC3V6tkv8nAG51AGF26gBvfQgCZQGMMrzOHderLerLn18Vuas7KeU1iC9fkD7AqN1A==</latexit>

Fomin (1984)
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dB

dz

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

�

<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>

two domains!spins randomly oriented

wait 
20 ms

[Bunkov and Volovik, arXiv:0904.3889 and arXiv:1003.4889]

DOF: Euler angles 

B(z)

<latexit sha1_base64="JyR6G2oTgfeZrOLb+ChT4Fzwlq0=">AAAB6HicbVDLTsJQEJ3iC/GFunTTSExwQ1qD0SXBjUtM5JFAQ24vA1y5j6b31gQbfsG4Q7f+kGv/xlK7EPAkMzk5Zybz8APOtHGcbyu3sbm1vZPfLeztHxweFY9PWlpFIcUmVVyFHZ9o5Exi0zDDsROESITPse1P7hZ++xlDzZR8NNMAPUFGkg0ZJWYh1csvl/1iyak4Kex14makBBka/eJXb6BoJFAayonWXdcJjBeT0DDKcVboRRoDQidkhN2ESiJQe3G668y+SJSBPVRhEtLYqfq3IyZC66nwk0pBzFivegvxX88XK5PN8NaLmQwig5Iue1KFgnAUXhwleZZ8wF29d520riputXL9UC3V6tkv8nAG51AGF26gBvfQgCZQGMMrzOHderLerLn18Vuas7KeU1iC9fkD7AqN1A==</latexit>

�1

4

<latexit sha1_base64="47axJGhhVkPo8bRxfkaNtzvmG2o=">AAAB7HicdZDLTgIxFIbP4A3xhrp0M5GYuJF0CCDsiG5cYiKXBCakUzrY0HYmbceETHgJ4w7d+jqufRsLYiJE/6TNn/87J6c9QcyZNgh9OpmNza3tnexubm//4PAof3zS1lGiCG2RiEeqG2BNOZO0ZZjhtBsrikXAaScY385554kqzSL5YCYx9QUeSRYygo2Nulf9UGHilQf5Aioiq2rVnRuvhjxr6vVaqVR3vQVCqABLNQf5j/4wIomg0hCOte55KDZ+ipVhhNNprp9oGmMyxiPas1ZiQbWfLt47dS9sMnTDSNkjjbtIf3ekWGg9EYGtFNg86nU2D/9kgVibbMKanzIZJ4ZKsspkpATmVPhpYu+p3cDPN93/TbtU9MrFyn250LhZ7iILZ3AOl+DBNTTgDprQAgIcnmEGr450XpyZ8/ZdmnGWPaewIuf9Cxssj7Y=</latexit>

!(z) = �B(z)� ED(cos�(z) +
1

4
)

<latexit sha1_base64="vbMPgxUY1TeBpiAVjdJhVgZIcqo=">AAACF3icbZDLSsNAFIYn9VbrLerSTbAILWJJpKIboVQFlxXsBZoQJtOTGpqZCZmJUEOfQ3wYcVfdiUvfxmnNwrb+MMPH/5/D4RwvCgMhTfNbyy0tr6yu5dcLG5tb2zv67l5L8CQm0CQ85HHHwwLCgEFTBjKEThQDpl4IbW9wNcnbjxCLgLN7OYzAobjPAj8gWCrL1S2bU+jj0lP50u5jSrFRV2ycGDfudckmXNgeyEl8bPsxJla17OpFs2JOZSyClUERZWq4+qfd4yShwCQJsRBdy4ykk+JYBiSEUcFOBESYDHAfugoZpiCcdLrayDhSTs/weawek8bU/duRYirEkHqqkmL5IOaziflv5tG5ydK/cNKARYkERmYzxmOKQ6BOmqh/pC5gze+7CK3TilWtnN1Vi7V6dos8OkCHqIQsdI5q6BY1UBMR9Ixe0Ri9ay/amzbWPn5Lc1rWs49mpH39ADWynkU=</latexit>

ED

This behavior is known as the homogeneous precession domain (HPD)

Fomin (1984)
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dB

dz

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

[Bunkov and Volovik, arXiv:0904.3889 and arXiv:1003.4889]

This behavior is known as the homogeneous precession domain (HPD)

B(z)

<latexit sha1_base64="JyR6G2oTgfeZrOLb+ChT4Fzwlq0=">AAAB6HicbVDLTsJQEJ3iC/GFunTTSExwQ1qD0SXBjUtM5JFAQ24vA1y5j6b31gQbfsG4Q7f+kGv/xlK7EPAkMzk5Zybz8APOtHGcbyu3sbm1vZPfLeztHxweFY9PWlpFIcUmVVyFHZ9o5Exi0zDDsROESITPse1P7hZ++xlDzZR8NNMAPUFGkg0ZJWYh1csvl/1iyak4Kex14makBBka/eJXb6BoJFAayonWXdcJjBeT0DDKcVboRRoDQidkhN2ESiJQe3G668y+SJSBPVRhEtLYqfq3IyZC66nwk0pBzFivegvxX88XK5PN8NaLmQwig5Iue1KFgnAUXhwleZZ8wF29d520riputXL9UC3V6tkv8nAG51AGF26gBvfQgCZQGMMrzOHderLerLn18Vuas7KeU1iC9fkD7AqN1A==</latexit>

Fomin (1984)
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Adding axions
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• No axion: 

Axions wind pumps magnons into HPD

23

1

N

dN

dt
⇠ � 1

T1
�Ba cos(mat+ �a) sin (!L(t)t)

<latexit sha1_base64="RZ0BOrzgCI/XzL002tZAj8SsvXE="></latexit>

~BaDM ⇠ Ba cos(mat+ �)

<latexit sha1_base64="FUleIStt0fR45rFZngFQp0N9vrY=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSJUxJJIRZelunAjVLAPaEKYTKft0HmEmUmhDPkK8WPEXXUrrv0b09qFrR64l8M593C5N4opUdp1v6zcyura+kZ+s7C1vbO7Z+8fNJVIJMINJKiQ7QgqTAnHDU00xe1YYsgiilvR8Gbqt0ZYKiL4ox7HOGCwz0mPIKgzKbTP/RFGppaGBobGl8y5vU9Tx1eEObUQOj4SqsRCqM/8eEBOQ7volt0ZnL/Em5MimKMe2p9+V6CEYa4RhUp1PDfWgYFSE0RxWvAThWOIhrCPOxnlkGEVmNlZqXOSKV2nJ2RWXDsz9XfCQKbUmEXZJIN6oJa9qfivF7Glzbp3HRjC40RjjhY9LiSDFLPAJFlPsw94y/f+Jc2LslcpXz5UitXa/Bd5cASOQQl44ApUwR2ogwZA4Am8gAl4s56tV2tivf+M5qx55hAswPr4BozqnsM=</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>

Assuming transverse axion wind

1
VHPD

dVHPD

dt

V ⇠ V0e
�t/T1

<latexit sha1_base64="QmEbyRNV5nZf8KiI4OUnQHrUBpI=">AAAB+XicbVBNT8JAEJ3iF+JXlaOXRmLiRWwJRo9ELx4xgUICtdkuA27Y3TbdrQlp+C3GG3r1h3j231iwBwFfMpOX92YyH0HEmdK2/W0UNja3tneKu6W9/YPDI/P4xFVhElNs05CHcTcgCjmT2NZMc+xGMRIRcOwE4/u533nBWLFQtvQkQk+QkWRDRonOJN8su33FhOX6Nj6ll/qq5TtT36zYVXsBa504OalAjqZvfvUHIU0ESk05Uarn2JH2UhJrRjlOS/1EYUTomIywl1FJBCovXSw/tc4zZWANwzgLqa2F+rcjJUKpiQiySkH0s1r15uK/XiBWJuvhrZcyGSUaJV32ZBgLwlF4aZLl+Qec1XvXiVurOvXq9WO90rjLf1GEUziDC3DgBhrwAE1oA4UJvMIM3o3UeDNmxsdvacHIe8qwBOPzB+CVk/0=</latexit>



Christina Gao | Axion Wind Detection with the Homogeneous Precession Domain of Superfluid Helium-324

• 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 coherence time

1

N

dN

dt
⇠ � 1

T1
�Ba cos(mat+ �a) sin (!L(t)t)

<latexit sha1_base64="RZ0BOrzgCI/XzL002tZAj8SsvXE="></latexit>

~BaDM ⇠ Ba cos(mat+ �)

<latexit sha1_base64="FUleIStt0fR45rFZngFQp0N9vrY=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSJUxJJIRZelunAjVLAPaEKYTKft0HmEmUmhDPkK8WPEXXUrrv0b09qFrR64l8M593C5N4opUdp1v6zcyura+kZ+s7C1vbO7Z+8fNJVIJMINJKiQ7QgqTAnHDU00xe1YYsgiilvR8Gbqt0ZYKiL4ox7HOGCwz0mPIKgzKbTP/RFGppaGBobGl8y5vU9Tx1eEObUQOj4SqsRCqM/8eEBOQ7volt0ZnL/Em5MimKMe2p9+V6CEYa4RhUp1PDfWgYFSE0RxWvAThWOIhrCPOxnlkGEVmNlZqXOSKV2nJ2RWXDsz9XfCQKbUmEXZJIN6oJa9qfivF7Glzbp3HRjC40RjjhY9LiSDFLPAJFlPsw94y/f+Jc2LslcpXz5UitXa/Bd5cASOQQl44ApUwR2ogwZA4Am8gAl4s56tV2tivf+M5qx55hAswPr4BozqnsM=</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>

Assuming transverse axion wind

1
VHPD

dVHPD

dt

�VHPD

���
resonance

⇠ Ba⌧a

<latexit sha1_base64="0agSR03L9HOaWTc+hdgeCHA9AiQ=">AAACHXicbVBNS8NAEN3Ur1q/oh69BIvgqSRSqcdSe+ixgv2AJoTNdlqX7m7C7kYoMT9F/DHirepR/DembQ62+mBn3rw3wzITRIwqbdvfRmFjc2t7p7hb2ts/ODwyj0+6KowlgQ4JWSj7AVbAqICOpppBP5KAecCgF0xu537vEaSiobjX0wg8jseCjijBOpN8s+Y2gWlsdf3EldxqtZup26Djp2UpQYUCCwKpqyi3Gj62XI3jLPlm2a7YC1h/iZOTMsrR9s1PdxiSmIPQhGGlBo4daS/BUlPCIC25sYIIkwkewyCjAnNQXrJYMLUuMmVojUKZPaGthfp7IsFcqSkPsk6O9YNa9+biv17A137WoxsvoSKKNQiy6olQcsyAe0mcxTS7gLO+71/Svao41cr1XbVcb+S3KKIzdI4ukYNqqI5aqI06iKBn9Ipm6N14Md6MmfGxbC0Y+cwpWoHx9QOFcKMH</latexit>

V ⇠ V0e
�t/T1

<latexit sha1_base64="QmEbyRNV5nZf8KiI4OUnQHrUBpI=">AAAB+XicbVBNT8JAEJ3iF+JXlaOXRmLiRWwJRo9ELx4xgUICtdkuA27Y3TbdrQlp+C3GG3r1h3j231iwBwFfMpOX92YyH0HEmdK2/W0UNja3tneKu6W9/YPDI/P4xFVhElNs05CHcTcgCjmT2NZMc+xGMRIRcOwE4/u533nBWLFQtvQkQk+QkWRDRonOJN8su33FhOX6Nj6ll/qq5TtT36zYVXsBa504OalAjqZvfvUHIU0ESk05Uarn2JH2UhJrRjlOS/1EYUTomIywl1FJBCovXSw/tc4zZWANwzgLqa2F+rcjJUKpiQiySkH0s1r15uK/XiBWJuvhrZcyGSUaJV32ZBgLwlF4aZLl+Qec1XvXiVurOvXq9WO90rjLf1GEUziDC3DgBhrwAE1oA4UJvMIM3o3UeDNmxsdvacHIe8qwBOPzB+CVk/0=</latexit>

Axions wind pumps magnons into HPD



Christina Gao | Axion Wind Detection with the Homogeneous Precession Domain of Superfluid Helium-325

• 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 coherence time

1

N

dN

dt
⇠ � 1

T1
�Ba cos(mat+ �a) sin (!L(t)t)

<latexit sha1_base64="RZ0BOrzgCI/XzL002tZAj8SsvXE="></latexit>

~BaDM ⇠ Ba cos(mat+ �)

<latexit sha1_base64="FUleIStt0fR45rFZngFQp0N9vrY=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSJUxJJIRZelunAjVLAPaEKYTKft0HmEmUmhDPkK8WPEXXUrrv0b09qFrR64l8M593C5N4opUdp1v6zcyura+kZ+s7C1vbO7Z+8fNJVIJMINJKiQ7QgqTAnHDU00xe1YYsgiilvR8Gbqt0ZYKiL4ox7HOGCwz0mPIKgzKbTP/RFGppaGBobGl8y5vU9Tx1eEObUQOj4SqsRCqM/8eEBOQ7volt0ZnL/Em5MimKMe2p9+V6CEYa4RhUp1PDfWgYFSE0RxWvAThWOIhrCPOxnlkGEVmNlZqXOSKV2nJ2RWXDsz9XfCQKbUmEXZJIN6oJa9qfivF7Glzbp3HRjC40RjjhY9LiSDFLPAJFlPsw94y/f+Jc2LslcpXz5UitXa/Bd5cASOQQl44ApUwR2ogwZA4Am8gAl4s56tV2tivf+M5qx55hAswPr4BozqnsM=</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>

Assuming transverse axion wind

1
VHPD

dVHPD

dt

�VHPD

���
resonance

⇠ Ba⌧a

<latexit sha1_base64="0agSR03L9HOaWTc+hdgeCHA9AiQ=">AAACHXicbVBNS8NAEN3Ur1q/oh69BIvgqSRSqcdSe+ixgv2AJoTNdlqX7m7C7kYoMT9F/DHirepR/DembQ62+mBn3rw3wzITRIwqbdvfRmFjc2t7p7hb2ts/ODwyj0+6KowlgQ4JWSj7AVbAqICOpppBP5KAecCgF0xu537vEaSiobjX0wg8jseCjijBOpN8s+Y2gWlsdf3EldxqtZup26Djp2UpQYUCCwKpqyi3Gj62XI3jLPlm2a7YC1h/iZOTMsrR9s1PdxiSmIPQhGGlBo4daS/BUlPCIC25sYIIkwkewyCjAnNQXrJYMLUuMmVojUKZPaGthfp7IsFcqSkPsk6O9YNa9+biv17A137WoxsvoSKKNQiy6olQcsyAe0mcxTS7gLO+71/Svao41cr1XbVcb+S3KKIzdI4ukYNqqI5aqI06iKBn9Ipm6N14Md6MmfGxbC0Y+cwpWoHx9QOFcKMH</latexit>

V ⇠ V0e
�t/T1

<latexit sha1_base64="QmEbyRNV5nZf8KiI4OUnQHrUBpI=">AAAB+XicbVBNT8JAEJ3iF+JXlaOXRmLiRWwJRo9ELx4xgUICtdkuA27Y3TbdrQlp+C3GG3r1h3j231iwBwFfMpOX92YyH0HEmdK2/W0UNja3tneKu6W9/YPDI/P4xFVhElNs05CHcTcgCjmT2NZMc+xGMRIRcOwE4/u533nBWLFQtvQkQk+QkWRDRonOJN8su33FhOX6Nj6ll/qq5TtT36zYVXsBa504OalAjqZvfvUHIU0ESk05Uarn2JH2UhJrRjlOS/1EYUTomIywl1FJBCovXSw/tc4zZWANwzgLqa2F+rcjJUKpiQiySkH0s1r15uK/XiBWJuvhrZcyGSUaJV32ZBgLwlF4aZLl+Qec1XvXiVurOvXq9WO90rjLf1GEUziDC3DgBhrwAE1oA4UJvMIM3o3UeDNmxsdvacHIe8qwBOPzB+CVk/0=</latexit>

�VHPD ! �!L ⇠ !L
z0rzB

B0

�VHPD

V0

<latexit sha1_base64="RkObTZ7QzX6JPXx53UC+j2lTav0="></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>

Axions wind pumps magnons into HPD
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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>

Signal is a frequency shift
�!

!0

���
DM

⇠ gaNra
@zB

B0
z0⌧a

<latexit sha1_base64="qeSZS+W0+kkUDC70tOYKC9Y63ew="></latexit>

Signal

⇠ 3⇥ 10�13

✓
gaN

10�10GeV�1

◆✓
10�7eV

ma

◆✓
z0@zB/B0

0.02

◆

<latexit sha1_base64="U23M4xsofiZ6OlWlsbNuTjuRC7A="></latexit>

Assuming transverse axion wind

~BaDM ⇠ Ba cos(mat+ �)

<latexit sha1_base64="FUleIStt0fR45rFZngFQp0N9vrY=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSJUxJJIRZelunAjVLAPaEKYTKft0HmEmUmhDPkK8WPEXXUrrv0b09qFrR64l8M593C5N4opUdp1v6zcyura+kZ+s7C1vbO7Z+8fNJVIJMINJKiQ7QgqTAnHDU00xe1YYsgiilvR8Gbqt0ZYKiL4ox7HOGCwz0mPIKgzKbTP/RFGppaGBobGl8y5vU9Tx1eEObUQOj4SqsRCqM/8eEBOQ7volt0ZnL/Em5MimKMe2p9+V6CEYa4RhUp1PDfWgYFSE0RxWvAThWOIhrCPOxnlkGEVmNlZqXOSKV2nJ2RWXDsz9XfCQKbUmEXZJIN6oJa9qfivF7Glzbp3HRjC40RjjhY9LiSDFLPAJFlPsw94y/f+Jc2LslcpXz5UitXa/Bd5cASOQQl44ApUwR2ogwZA4Am8gAl4s56tV2tivf+M5qx55hAswPr4BozqnsM=</latexit>
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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>

Signal is a frequency shift
�!

!0

���
DM

⇠ gaNra
@zB

B0
z0⌧a

<latexit sha1_base64="qeSZS+W0+kkUDC70tOYKC9Y63ew="></latexit>
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◆

<latexit sha1_base64="U23M4xsofiZ6OlWlsbNuTjuRC7A="></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>

Assuming transverse axion wind

~BaDM ⇠ Ba cos(mat+ �)

<latexit sha1_base64="FUleIStt0fR45rFZngFQp0N9vrY=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSJUxJJIRZelunAjVLAPaEKYTKft0HmEmUmhDPkK8WPEXXUrrv0b09qFrR64l8M593C5N4opUdp1v6zcyura+kZ+s7C1vbO7Z+8fNJVIJMINJKiQ7QgqTAnHDU00xe1YYsgiilvR8Gbqt0ZYKiL4ox7HOGCwz0mPIKgzKbTP/RFGppaGBobGl8y5vU9Tx1eEObUQOj4SqsRCqM/8eEBOQ7volt0ZnL/Em5MimKMe2p9+V6CEYa4RhUp1PDfWgYFSE0RxWvAThWOIhrCPOxnlkGEVmNlZqXOSKV2nJ2RWXDsz9XfCQKbUmEXZJIN6oJa9qfivF7Glzbp3HRjC40RjjhY9LiSDFLPAJFlPsw94y/f+Jc2LslcpXz5UitXa/Bd5cASOQQl44ApUwR2ogwZA4Am8gAl4s56tV2tivf+M5qx55hAswPr4BozqnsM=</latexit>

�tres ⇠ 0.04sec

<latexit sha1_base64="hWlLjY/J3M1rsGMWIgbFMm8QvJY=">AAACC3icbZDLSsNAFIYn9VbrrerSzWApuCqJVHRZ1IXLCvYCTQiT6WkdOjMJMxOhhDyB+DDirrp17dq3MY1Z2NYfZvj5/nM4nBNEnGlj299WaW19Y3OrvF3Z2d3bP6geHnV1GCsKHRryUPUDooEzCR3DDId+pICIgEMvmNzM894TKM1C+WCmEXiCjCUbMUpMhvxq3b0Fbgg2fuIqgRXo1NVMYLthN3GONNDUr9YykAuvGqcwNVSo7Ve/3GFIYwHSUE60Hjh2ZLyEKMMoh7TixhoiQidkDIPMSiJAe0m+TorrGRniUaiyJw3O6d+OhAitpyLIKgUxj3o5m8N/s0AsTTajKy9hMooNSLqYyVAJwkF4SZz98ws4y/uumu55w2k2Lu6btdZ1cYsyOkGn6Aw56BK10B1qow6i6Bm9ohl6t16sN2tmffyWlqyi5xgtyPr8ASOhm00=</latexit>
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Statistical analysis (Ongoing work)
Fractional volume change due to axion wind

a(t′ )

a(t′ )

ωL(t′ )t′ 

ωL(t′ )t′ 

Assume Standard Halo Model hx(1)(t)i = 0

<latexit sha1_base64="QxF3x+eDayb0GK1wPnQFj/jo0Wc=">AAACAnicbZDLSsNAFIYn9VbrLepSF8EitJuSSEU3QtGNywr2Ak0sk+lpHZyZhJmJWEI24sOIu+rWd3Dt25jGLGzrDzP8fP85HM7xQ0aVtu1vo7C0vLK6VlwvbWxube+Yu3ttFUSSQIsELJBdHytgVEBLU82gG0rA3GfQ8R+upnnnEaSigbjV4xA8jkeCDinBOkV989ByGRYjBtbTXVxxqklFV12ZkQu7b5btmp3JWjRObsooV7NvfrmDgEQchCYMK9Vz7FB7MZaaEgZJyY0UhJg84BH0UiswB+XF2RaJdZySgTUMZPqEtjL6tyPGXKkx99NKjvW9ms+m8N/M53OT9fDci6kIIw2CzGYikBwz4F4cpX+SXsCZ33fRtE9qTr12elMvNy7zWxTRATpCFeSgM9RA16iJWoigZ/SKJujdeDHejInx8VtaMPKefTQj4/MH6ZyXTg==</latexit>

dx(1)

dt
⇠ �Ba cos(mat+ �a) sin (!L(t)t)

<latexit sha1_base64="X6XT/bTctCDQoKGsfDTKP9F6LxQ="></latexit>
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Statistical analysis (Ongoing work)

⌧a ⇠ 0.04sec

<latexit sha1_base64="L5OeTmGw58lI+M17P+AxuAHJoKU=">AAAB/3icbZBNS8NAEIYn9avWr6gn8RIsgqeSSEWPRS8eK9gPaELYbKd16e4m7G6EEor4Y8Rb9eqv8Oy/Ma052OoLu7w87wzDTJRwpo3rflmlldW19Y3yZmVre2d3z94/aOs4VRRbNOax6kZEI2cSW4YZjt1EIRERx040upnlnUdUmsXy3owTDAQZSjZglJgchfaRb0gaEl8z4bg1t+5kvhKORjoJ7WoO5nL+Gq8wVSjUDO1Pvx/TVKA0lBOte56bmCAjyjDKcVLxU40JoSMyxF5uJRGog2y+wsQ5zUnfGcQqf9I4c/q7IyNC67GI8kpBzINezmbw3ywSS5PN4CrImExSg5IuZjJWgnAUQZbm/+wC3vK+f037vObVaxd39WrjurhFGY7hBM7Ag0towC00oQUUnuAFpvBmPVuv1tR6/yktWUXPISzI+vgGMYSWZQ==</latexit>

hx(1)(t1)x
(1)(t2)i

<latexit sha1_base64="MCLkfo4o+1Ahs707Fq4ohjob9eM=">AAACDnicbZDLSsNAFIYnXmu9RV26CRYh3ZSkVHRZdOOygr1AE8NkelqHzkxCZiKWkFcQH0bcVbfuXPs2pjGgbf1hho//P4fDOX7IqFSW9aWtrK6tb2yWtsrbO7t7+/rBYUcGcUSgTQIWRD0fS2BUQFtRxaAXRoC5z6Drj69mefcBIkkDcasmIbgcjwQdUoJVZnm6aTgMixED4/EuMe1qairPrv5yvepEee7pFatm5TKWwS6gggq1PP3TGQQk5iAUYVjKvm2Fyk1wpChhkJadWEKIyRiPoJ+hwBykm+QbpcZp5gyMYRBlTygjd/92JJhLOeF+VsmxupeL2cz8N/P5wmQ1vHATKsJYgSDzmQgijhlwN4mzP80uYC/uuwydes1u1M5uGpXmZXGLEjpGJ8hENjpHTXSNWqiNCHpCL2iK3rRn7VWbau8/pSta0XOE5qR9fAPZGpuP</latexit>
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Fractional volume change due to axion wind

a(t′ )

a(t′ )

ωL(t′ )t′ 

ωL(t′ )t′ 

Assume Standard Halo Model hx(1)(t)i = 0

<latexit sha1_base64="QxF3x+eDayb0GK1wPnQFj/jo0Wc=">AAACAnicbZDLSsNAFIYn9VbrLepSF8EitJuSSEU3QtGNywr2Ak0sk+lpHZyZhJmJWEI24sOIu+rWd3Dt25jGLGzrDzP8fP85HM7xQ0aVtu1vo7C0vLK6VlwvbWxube+Yu3ttFUSSQIsELJBdHytgVEBLU82gG0rA3GfQ8R+upnnnEaSigbjV4xA8jkeCDinBOkV989ByGRYjBtbTXVxxqklFV12ZkQu7b5btmp3JWjRObsooV7NvfrmDgEQchCYMK9Vz7FB7MZaaEgZJyY0UhJg84BH0UiswB+XF2RaJdZySgTUMZPqEtjL6tyPGXKkx99NKjvW9ms+m8N/M53OT9fDci6kIIw2CzGYikBwz4F4cpX+SXsCZ33fRtE9qTr12elMvNy7zWxTRATpCFeSgM9RA16iJWoigZ/SKJujdeDHejInx8VtaMPKefTQj4/MH6ZyXTg==</latexit>

dx(1)

dt
⇠ �Ba cos(mat+ �a) sin (!L(t)t)

<latexit sha1_base64="X6XT/bTctCDQoKGsfDTKP9F6LxQ="></latexit>
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Scan axion mass

30

!L = �B(zwall)

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

• Decay of HPD naturally sweeps through 
many axion masses. 

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>

!L(0)� !L(T1)

�ma
⇠ 106

z0@zB

B0
⇠ 104

<latexit sha1_base64="hnynGxQW6KQ2Zno9GS9QtRwBHtE="></latexit>

⇠ !0
L

✓
1� z0@zB

B0

t

T1

◆

<latexit sha1_base64="waTm6hXAY26fLlBCY3t+VV6GLmc=">AAACLXicbZDLSsNAFIYnXmu9RV26GSyCLiyJVHRZ6kIXLhTsBUwMk/GkDp2ZhJmJoCGPJD6KC3EhVLe+hmntwrb+MMPP/53D4Zww4Uwbx/mwZmbn5hcWS0vl5ZXVtXV7Y7Ol41RRaNKYx6oTEg2cSWgaZjh0EgVEhBzaYe90wNsPoDSL5bV5TMAXpCtZxCgxRRTYZ55mAnuxgC4JLm4d7HGIzJ574EWK0OwpcLyEKMMID54aOM8agZPjIcMmuw7c3FOse2/2A7viVJ2h8LRxR6aCRroM7FfvLqapAGkoJ1rfuE5i/Gwwi3LIy16qISG0R7pwU1hJBGg/Gy6c490iucNRrIonDR6mfzsyIrR+FGFRKYi515NsEP7LQjEx2UQnfsZkkhqQdJzJWAnCQfhZWvx5cQF3ct9p0zqsurXq0VWtUm+MblFC22gH7SEXHaM6OkeXqIkoekZvqI8+rRfr3epbX7+lM9aoZwuNyfr+AWMIqRc=</latexit>

dx(1)

dt
⇠ �Ba cos(mat+ �a) sin (!L(t)t)

<latexit sha1_base64="X6XT/bTctCDQoKGsfDTKP9F6LxQ="></latexit>
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Signal to noise

31

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>

Signal

Noise

�!2
a ⇠ ⇢av

2
0g

2
aN!LT1↵

<latexit sha1_base64="3sYvs4kg3scs96/KZzsSHMD1muM=">AAACIHicbVDLSsNQEL2p7/qKunQTLIKrkpSK4qqoCxciCq0tNGmYXKftpfcRcm8ECf0X8WPEXXWpX2P6WGj1wAyHc84wzEQxZ9q47qdVWFhcWl5ZXSuub2xubds7u/dapQnFBlVcJa0INHImsWGY4diKEwQRcWxGg4ux33zERDMl6+YpxkBAT7Iuo2ByKbTP/EvkBnwlsAchdCq+ZsLxk74KwXkM3U6lF2ZwM8yNaeS6Hno+8LgPoV1yy+4Ezl/izUiJzHAb2iP/QdFUoDSUg9Ztz41NkEFiGOU4LPqpxhjoAHrYzqkEgTrIJjcOncNceXC6KslLGmei/pzIQGj9JKI8KcD09bw3Fv/1IjG32XRPg4zJODUo6W9PqkQARxFkad6H+Qe8+Xv/kvtK2auWj++qpdr57BerZJ8ckCPikRNSI1fkljQIJc/klYzIu/VivVkj62MaLVizmT3yC9bXN+BGpEE=</latexit>

↵ ⌘ z0@zB

B0

<latexit sha1_base64="v2VElIUhvmRiBk2NFGA7BvkNdg0=">AAACDXicbVDLSsNAFJ34rPUVdekmWERXJZGKLkvduKxgH9CEMJlO2qEzk3FmUmhDPkH8GHFX3bp07d+Y1Cxs64F7OZxzH9wbCEqUtu1vY219Y3Nru7RT3t3bPzg0j47bKoolwi0U0Uh2A6gwJRy3NNEUd4XEkAUUd4LRXe53xlgqEvFHPRHYY3DASUgQ1JnkmxcupGIIXfwUk7HlhhKiZOrbroBSE0j9aSNNGr6d+mbFrtpzWKvEKUgFFGj65pfbj1DMMNeIQqV6ji20l+RjEcVp2Y0VFhCN4AD3Msohw8pL5gel1nmm9K0wkllwbc3Vvx0JZEpNWJBVMqiHatnLxX+9gC1t1uGtlxAuYo05WvR4JBmkmHlJnOX8A87yvaukfVV1atXrh1ql3ih+UQKn4AxcAgfcgDq4B03QAgg8g1cwA+/Gi/FmzIyP39I1o+g5AQswPn8A2MOdhA==</latexit>

�!2
bkg ⇠ 1

N0
!2
L↵

2

<latexit sha1_base64="Jbdeihl12/wjbwE3wvRhTcHKQ0k=">AAACIXicbVBNS8NAEN34/W3Vo5dgETyVpCgKXop68CBSwX5Ak4bJOq1LdzdhdyNIyI8Rf4x4snoT/4yx5mBbH8zweO8Nw0wYc6aN43xaM7Nz8wuLS8srq2vrG5ulre2mjhJFsUEjHql2CBo5k9gwzHBsxwpBhBxb4eD8x289oNIskrfmMUZfQF+yHqNgcikonXoXyA14kcA+BKmnhB0O+lm36mkmbK+ngLrpdeBkReKqW7U94PE9dKtBqexUnBHsaeIWpEwK1IPSm3cX0USgNJSD1h3XiY2fgjKMcsxWvERjDHQAfezkVIJA7aejIzN7P1fu7F6k8pLGHql/J1IQWj+KME8KMPd60vsR//VCMbHZ9E78lMk4MSjpuCcjJYCj8NMk71n+AXfy3mnSrFbcw8rRzWG5dlb8Yonskj1yQFxyTGrkktRJg1DyRF7IkLxbz9arNbQ+fqMzVjGzQ8ZgfX0DxpyktA==</latexit>

N = number of measurements

<latexit sha1_base64="GiclUTBddHQvlgFfVkyFYUWTV+4=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSKIi5JIRTdC0Y0rqWAf0IQymd7UoTOTMDMRSki/QfwYcVfdunHt35jULGz1wAyHc+7hcq4fMaq0bX8ZpaXlldW18nplY3Nre8fc3WurMJYEWiRkoez6WAGjAlqaagbdSALmPoOOP7rO/c4jSEVDca/HEXgcDwUNKME6k/rmicuxfiCYJbfpZeJKbomY+yAnVhhMLA5YxRI4CK3Svlm1a/YM1l/iFKSKCjT75qc7CEmcpwnDSvUcO9JegqWmhEFacWMFESYjPIReRgXmoLxk1im1jjJlYAWhzJ7Q1kz9nUgwV2rM/Wwyb6AWvVz81/P5wmYdXHgJFVGsQZB5T4SSYwbcS+Lszy/gLPb9S9qnNadeO7urVxtXxS3K6AAdomPkoHPUQDeoiVqIoCf0gqbozXg2Xo2p8f4zWjKKzD6ag/HxDdOUnzM=</latexit>

SNR ⇠ N 1/2

s
�!2

a

�!2
bkg

<latexit sha1_base64="DQ+12TkshQKBtJjEkOfjJTH5zEE="></latexit>

Assume poisson noise 
in magnon number N0

dx(1)

dt
⇠ �Ba cos(mat+ �a) sin (!L(t)t)

<latexit sha1_base64="X6XT/bTctCDQoKGsfDTKP9F6LxQ="></latexit>
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Axion nucleon coupling limit

32
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•  to prevent  
from destabilization


• Very compelling reach even with 
a conservative setup


• More rigorous treatment 
ongoing, stay tuned!

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
He� B

<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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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-ZULF- comagnetometer


• 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>

Graham, Rajendran (2013)


