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Axion dark matter 

aDM(t) ⇠ A cos (!t� k · x)

<latexit sha1_base64="bHLrsoncIAAUcay3bu4jQLTWM48=">AAACJ3icbZBNixpBEIZ7Nh9rzMea5JhLsxLQQ2RmMWSPmuSQy4KB1V2wB+lpa9zG/hi6a0JkmN8T8mOCN5Mc959kdD2smhe6eXjfKoqqJFPSYxj+DY4ePHz0+Lj2pP702fMXJ42Xr0be5k7AUFhl3XXCPShpYIgSFVxnDrhOFFwl80/r/OobOC+tucRFBrHmMyNTKThW1qTR55OCOU0/X5QtbDMvNe1TJqxnClJsMathxim+K1iS0nnJxNTihr+XzMnZDbYnjWbYCTeihxBtoUm2GkwaSza1ItdgUCju/TgKM4wL7lAKBWWd5R4yLuZ8BuMKDdfg42KzaknfVs6UptZVzyDduPc7Cq69X+ikqtQcb/x+tjb/myV6bzKm53EhTZYjGLGbGes0V6DjIq/+srpAtL/vIYzOOlG38/5rt9n7uL1Fjbwhp6RFIvKB9MgXMiBDIsgP8ousyO/gZ7AMVsGfu9KjYNvzmuwouP0H9EOm4w==</latexit>
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⇠ A cos(mat)
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Basic Properties: 

• Bosonic, high occupation number, behave like a classical field 

• Velocity ~100 km/sec                
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Axion dark matter 

aDM(t) ⇠ A cos (!t� k · x)
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Dispersion relation
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Outline

• Examples of axion absorption 

• NMR with helium-3B, an example of forward scattering 

• An example with scattering
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Detection via absorption
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• Axions can convert to photons in a 
background magnetic field 

• Better conversion efficiency if photon’s 
dispersion is similar to axion’s, e.g. 
cavity photon
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Axions can interact with photons
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Light in special materials

MITRIDATE, TRICKLE, ZHANG, and ZUREK 
(2020)

MARSH, FONG, LENTZ, SMEJKAL and ALI 
(2019)

Antiferromagnetically 
doped  

topological insulators 
Polar crystals

GaAs
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Light in special materials

Antiferromagnetically 
doped  

topological insulators 
Polar crystals

GaAs
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Light in special materials

Antiferromagnetically 
doped  

topological insulators 
Polar crystals
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B

• Axions can convert to quasiparticles, such as phonons and magnons. 

• Target frequency: meV and above. 

• Detection of axion via detection of quasiparticles, itself challenging. 

• Quasiparticles must have high Q, or very little loss.
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Light in meta-materials

LAWSON, MILLAR, PANCALDI, VITAGLIANO AND WILCZEK 
(2019)

Array of wires, targeting 10-4 eV
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Light in meta-materials

https://www.teraxion.com/en/company/fiberbragggrating/

Photonic crystals, targeting eV

Nature Reviews Materials 
volume 
 1, Article number: 16048 (2016)

Bound States in Continuum

BLINOV, GAO, HARNIK, JANISH and SINCLAIR 
(2024)

https://www.nature.com/natrevmats
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receiver bus
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<latexit sha1_base64="rx1zOEd9XpjdVSGR+Y/mwv47nm4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+p5vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gD/pY2g</latexit>n1

<latexit sha1_base64="S2uFrAr160XuIGbQHIEFarejqCg=">AAACInicbVDLSgMxFM34tr6qLt0Ei+KqzIhU3YluXCrYB3RKyWRu22AmGZI7Qhn6LW78FTcuFHUl+DGmdRZqPRA4Offe3JwTpVJY9P0Pb2Z2bn5hcWm5tLK6tr5R3txqWJ0ZDnWupTatiFmQQkEdBUpopQZYEkloRrcX43rzDowVWt3gMIVOwvpK9ARn6KRu+TSMoC9Ubt0yHJX289AkNB1o1GoUhsU9BgSO2oxKIai46O2WK37Vn4BOk6AgFVLgqlt+C2PNswQUcsmsbQd+ip2cGRRcgns7s5Ayfsv60HZUsQRsJ59YHNE9p8S0p407CulE/TmRs8TaYRK5zoThwP6tjcX/au0MeyedXKg0Q1D8e1EvkxQ1HedFY2Gcdzl0hHEj3F8pHzDDOLpUSy6E4K/ladI4rAa1au36qHJ2XsSxRHbILjkgATkmZ+SSXJE64eSePJJn8uI9eE/eq/f+3TrjFTPb5Be8zy96rKTm</latexit>

photon

detector

<latexit sha1_base64="UvwZCuvc0JRfM8DrSU1WhxiJx7k="></latexit>

periodically

varying

resonator

<latexit sha1_base64="0OzA3ShKZDiIqTqAXe+ghqlvhT8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR5LvXisYD+gXUo2zbahSTYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pmyTVhLZIwhPdjbChnEnassxy2lWaYhFx2okmd3O/80S1YYl8tFNFQ4FHksWMYOukTtbXAjVmg3LFr/oLoHUS5KQCOZqD8ld/mJBUUGkJx8b0Al/ZMMPaMsLprNRPDVWYTPCI9hyVWFATZotzZ+jCKUMUJ9qVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIb34YZkyq1VJLlojjlyCZo/jsaMk2J5VNHMNHM3YrIGGtMrEuo5EIIVl9eJ+2ralCr1h6uK/VGHkcRzuAcLiGAG6jDPTShBQQm8Ayv8OYp78V79z6WrQUvnzmFP/A+fwADv49g</latexit>

B

12

Light in meta-materials

https://www.teraxion.com/en/company/fiberbragggrating/

Photonic crystals, targeting eV

BLINOV, GAO, HARNIK, JANISH and SINCLAIR 
(2024)
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Summary of detection via absorption

• Used axion-photon coupling as an example 

• Want photons with a gapped “flat” dispersion 

• Can exist in the form of polaritons in certain 
special materials, or in the form of “slow” light in 
meta-materials  

• Axion-electron coupling can also allow 
conversion into gapped magnon
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Forward scattering (NMR)
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Axions can couple to spins of fermions

15

<latexit sha1_base64="Wnn8IQzBlJ0W1pi5UN1L0aSKoXg=">AAACNXicbZDNSgMxFIUz/tb/qks3wSK4KjNi1WXRjQtBBauCMw53YqaGJpkhyQglzGOJj+FaxF116yuY1graeiHh8J17uZyb5Jxp4/sv3sTk1PTMbGVufmFxaXmlurp2qbNCEdoiGc/UdQKaciZpyzDD6XWuKIiE06ukc9T3rx6o0iyTF6ab00hAW7KUETAOxdXTUIC5J8DtSRnbUAnMpClDXeSaGtyOLaRlmIMyDHgcigIDDhNQ1tE2CAG31sEf3cBpXK35dX9QeFwEQ1FDwzqLq8/hXUYKQaUhHLS+CfzcRLa/kXBazoeFpjmQDrTpjZMSBNWRHQQv8ZYjdzjNlHvS4AH9PWFBaN0Vievsx9SjXh/+6yViZLNJDyLLZF4YKslfT2ZKAKcisoX7S3eBYDTvuLjcqQd79cb5bq15OLxFBW2gTbSNArSPmugYnaEWIugRvaIeeveevDev5318t054w5l19Ke8zy8lV67l</latexit>

Lint � gaf@µaf̄�
µ�5f

<latexit sha1_base64="7W2lS9B9wQZ8glwiqaOiCyJLs/k=">AAAB/XicbVDLSsNAFL2pr1pfURcu3ASL4Kok4mtZdOOygn1AE8JkOqlD5xFmJkIJwY8Rd9Wtn+HavzGtWdjWA/dyOOceLvdGCaPauO63VVlZXVvfqG7WtrZ3dvfs/YOOlqnCpI0lk6oXIU0YFaRtqGGklyiCeMRINxrdTf3uM1GaSvFoxgkJOBoKGlOMTCGF9tEwzFCc+5pyx48Vwo6XxSHKQ7vuNtwZnGXilaQOJVqh/eUPJE45EQYzpHXfcxMTZEgZihnJa36qSYLwCA1Jv6ACcaKDbHZA7pwWysCJpSpKGGem/k1kiGs95lExyZF50oveVPzXi/jCZhPfBBkVSWqIwPOekIojRniQpUWffsBbvHeZdM4b3lXj8uGi3rwtf1GFYziBM/DgGppwDy1oA4YcXmEC79aL9WZNrI/f0YpVZg5hDtbnDwJTlmk=</latexit>

gaf ⇠ 1

fa

NR fermions

Compared with
<latexit sha1_base64="k4iOCIVkUFh4wTETMVWAmN8psY8=">AAAB5nicbY9LS8NAFIVv6qvWV9SlLoJFcFUSkeqy1I3LivYBTQgz00k7NDMTMhOhhGz8Ae7ErUu36q/x35jGLLT1wIWPc+7lcnAUMqVt+8uorKyurW9UN2tb2zu7e+b+QU/JJCa0S2Qo4wFGioZM0K5mOqSDKKaI45D28fR6nvcfaKyYFPd6FlGPo7FgASNI55ZvHrtjxDnyAyt1cWDdZS4ZSV1wO/PNut2wC1nL4JRQh1Id3/x0R5IknApNQqTU0LEj7aUo1oyENKu5iaIRIlM0psMcBeJUeWnRIrNOc2dkBTLOR2ircH9fpIgrNeM43+RIT9RiNjf/zTBf+KyDKy9lIko0FWTe0lnstAy984bTbDRvL+qtdtm3CkdwAmfgwCW04AY60AUCj/AG7/BhTIwn49l4+VmtGOXNIfyR8foNliCMXQ==</latexit>

ωfS ·B
<latexit sha1_base64="RrVIa+nPWISrD19MwuGriCd1YiY=">AAACBnicbVDLSsNAFJ3UV62vqEs3wSK4Kon4WhbduKxgH9CEcDOd1KEzkzAzEcqQrfgx4q669Q9c+zemNQvbeuBeDufcw+XeKGVUadf9tiorq2vrG9XN2tb2zu6evX/QUUkmMWnjhCWyF4EijArS1lQz0kslAR4x0o1Gt1O/+0Skool40OOUBByGgsYUgy6k0HaGoYE492MJ2PgCIgYG8tz4Q+AcwjgP7brbcGdwlolXkjoq0QrtL3+Q4IwToTEDpfqem+rAgNQUM5LX/EyRFPAIhqRfUAGcqMDMLsmdk0IZOHEiixLamal/Ewa4UmMeFZMc9KNa9Kbiv17EFzbr+DowVKSZJgLPeyKRHBjhgcmKPv2At3jvMumcNbzLxsX9eb15U/6iio7QMTpFHrpCTXSHWqiNMHpGr2iC3q0X682aWB+/oxWrzByiOVifP52Km1Y=</latexit>

gaf
ra

�f

<latexit sha1_base64="GXczTrjXQfd+acE6CePJ7iWFgCs=">AAABz3icbU/LSsNAFL1TX7W+oi7dBIvgKiQirctSNy5bsA9oQ5lMb+vQmUnITJQSIm5dutXP8Gv8G9OahbYeuHA451zuPUEkuDau+0VKG5tb2zvl3cre/sHhkXV80tVhEjPssFCEcT+gGgVX2DHcCOxHMVIZCOwFs9uF33vEWPNQ3Zt5hL6kU8UnnFGTS73miA41lyOr6jruEvY68QpShQKtkfU5HIcskagME1TrgedGxk9pbDgTmFWGicaIshmd4iCnikrUfrp8N7MvcmVsT8I4H2Xspfp7I6VS67kM8qSk5kGvegvxXy+QK5fN5MZPuYoSg4pleUtvtdM66V45Xs2pta+rjWbRtwxncA6X4EEdGnAHLegAgxm8wTt8kDZ5Is/k5SdaIsXOKfwBef0G2xuDqg==</latexit>

Ba → <latexit sha1_base64="3Je7PqURCTWp9Hmges3XUNNzBUM=">AAACCXicbVDLSgMxFM34rPVVdekmWARXZab42ghFNy4r2Ad0ynAnzbShSWZIMkIZunXjr7hxoYhb/8Cdf2PazkJbDwQO55zLzT1hwpk2rvvtLC2vrK6tFzaKm1vbO7ulvf2mjlNFaIPEPFbtEDTlTNKGYYbTdqIoiJDTVji8mfitB6o0i+W9GSW0K6AvWcQIGCsFJez3QQgI5BX2IwUko/4gBDXOqiJIxv3ARspuxZ0CLxIvJ2WUox6UvvxeTFJBpSEctO54bmK6GSjDCKfjop9qmgAZQp92LJUgqO5m00vG+NgqPRzFyj5p8FT9PZGB0HokQpsUYAZ63puI/3md1ESX3YzJJDVUktmiKOXYxHhSC+4xRYnhI0uAKGb/iskAbCHGlle0JXjzJy+SZrXinVfO7k7Lteu8jgI6REfoBHnoAtXQLaqjBiLoET2jV/TmPDkvzrvzMYsuOfnMAfoD5/MHwXqaZg==</latexit>

�n =
e~
2mp

gn

<latexit sha1_base64="erVcEJk7qCK2ceD9KwWafQt02s0=">AAACCXicbVDJSgNBEO1xjXGLevTSGARPYUbcLkLQi8cIZoFMGGo6NUlj98zQ3SOEIVcv/ooXD4p49Q+8+Td2loMmPih4vFdFVb0wFVwb1/12FhaXlldWC2vF9Y3Nre3Szm5DJ5liWGeJSFQrBI2Cx1g33AhspQpBhgKb4f31yG8+oNI8ie/MIMWOhF7MI87AWCkoUb8HUkKAl9SPFLAc/X4IapgfywCHvQCDUtmtuGPQeeJNSZlMUQtKX343YZnE2DABWrc9NzWdHJThTOCw6GcaU2D30MO2pTFI1J18/MmQHlqlS6NE2YoNHau/J3KQWg9kaDslmL6e9Ubif147M9FFJ+dxmhmM2WRRlAlqEjqKhXa5QmbEwBJgittbKeuDDcTY8Io2BG/25XnSOK54Z5XT25Ny9WoaR4HskwNyRDxyTqrkhtRInTDySJ7JK3lznpwX5935mLQuONOZPfIHzucPlIKaSQ==</latexit>

�e =
e~
2me

ge

gyromagnetic ratio
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Axions can couple to nuclear spins

16

        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>

<latexit sha1_base64="oSSjZLcaadISIZ69KDmCOahwDjU=">AAACPXicbVDLSsNAFJ3Ud31VXboJFsFVScTXUnTjSipYW3BCuJnexNCZSZiZCDLk08RPcO1a3Klbt6aPhVYP3MvhnHMZ5kQ5T7XxvBenNjM7N7+wuFRfXlldW29sbN7orFAMOyzjmepFoJGnEjsmNRx7uUIQEcduNDgf+t17VDrN5LV5yDEQkMg0ThmYSgob3YvQUiVcjOOS6iLXaFzKQSYc6T0yS0VRhpKqscL6mXGT0MJl6dJYQeWPQhIiDiWUliYgBISyDBtNr+WN4P4l/oQ0yQTtsPFM+xkrBErDOGh963u5CSwokzKOZZ0WGnNgA0jwtqISBOrAjgoo3d1K6btxpqqRxh2pPy8sCK0fRFQlBZg7Pe0NxX+9SEy9bOKTwKYyLwxK9tuTmRLAUQS2qPawAX/6v3/JzX7LP2odXh00T88mXSySbbJD9ohPjskpuSBt0iGMPJJX8k4+nCfnzXl3PsfRmjO52SK/4Hx9A7+Bstg=</latexit>

He↵ � h~µni · gaN
~ra

�n

Lint � gaN@µaN̄�µ�5N

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

B? cos!t

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

• Resonance condition: ! = !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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Nuclear magnetic resonance

B0

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

• Resonance condition: ! = !L = �B0

<latexit sha1_base64="vnhodPSSL40iPMu0rTah8+C4tFI=">AAACAnicbZDLSsNAFIZP6q3WW9SlLoJFcFUSqeimUOrGhYsK9gJNCJPpNA6dS8hMhBK6ER9G3FW3voNr38a0zcK2/jDDx/+fw+GcIGJUadv+MQpr6xubW8Xt0s7u3v6BeXjUVjKJMWlhyWTcDZAijArS0lQz0o1ignjASCcY3k7zzjOJFZXiUY8i4nEUCjqgGOnM8s1TV3ISIqtmzcG/r7kh4hxZDd/2zbJdsWeyVsHJoQy5mr757fYlTjgRGjOkVM+xI+2lKNYUMzIuuYkiEcJDFJJehgJxorx0tsXYOs+cvjWQcfaEtmbu344UcaVGPMgqOdJPajmbmv9mAV+arAc3XkpFlGgi8GImZMwRI9xLk+wfZxdwlvddhfZlxalWrh6q5Xojv0URTuAMLsCBa6jDHTShBRhe4A0m8GG8Gu/GxPiclxaMvOcYFmR8/QIT85dn</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 and Rajendran (2013)

BaDM ⇠ sin(mat)

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

• Signal to noise is limited by decoherence of 
nuclear spins 

• Special phases of helium-3 have large coherence, 
can be a good NMR material
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Helium 3 B, homogeneous precession domain
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Properties of 3He

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

• T<~1K, Fermi liquid, He-3 quasiparticles

Phys. Rev. B 33, 7520 (1986)
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Properties of 3He

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

Unbroken phase B-phase A-phase

• T<~mK, superfluid phase (~ BEC of 
Cooper pairs of He-3 quasiparticles)

Phys. Rev. B 33, 7520 (1986)

<latexit sha1_base64="evvLV1QASIyFnj7mHlyIH02vHNQ=">AAAB63icdVDJSgNBEK2JW4xb1KOXwSB4CtNDzHIIBL148BDRLJAMoafTiU26e4bpHiEM8R/EW/Tq93j2b+zECCbogyoe71VRix9yprTjfFqptfWNza30dmZnd2//IHt41FRBHBHaIAEPoraPFeVM0oZmmtN2GFEsfE5b/uhq5rceaaRYIO/1OKSewEPJBoxgbaTWTRU93VVRL5tz8k7FLZUubEPK5YrrGIIKLnIrNso7c+RggXov+9HtByQWVGrCsVId5ITaS3CkGeF0kunGioaYjPCQdgyVWFDlJfN1J/aZUfr2IIhMSG3P1d8dCRZKjYVvKgXWD2rVm4l/er5YmawHZS9hMow1lWTZk0EkMKfCS2KTJ+YDP2fa/5Omm0fFfPG2kKtdLn6RhhM4hXNAUIIaXEMdGkBgBM8whVdLWC/W1Hr7Lk1Zi55jWIL1/gUwy48t</latexit>

L = 1 S = 1
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B-phase

But, a lot of degenerate ground states
f

<latexit sha1_base64="j34hsAD4sU3fi1RCzheca/vxcRc=">AAAB6nicbVDJTgJBEK3GDXFDPXqZSEw8kRnjdiR68YiJLAlMSE9TQEt3z2S6x4RM5h+MN/Tq/3j2b2xwDgK+pCov71WlliASXBvX/SaFtfWNza3idmlnd2//oHx41NRhEjNssFCEcTugGgVX2DDcCGxHMVIZCGwF4/uZ33rBWPNQPZlJhL6kQ8UHnFFjpWZ3RI2jeuWKW3XncFaJl5MK5Kj3yl/dfsgSicowQbXueG5k/JTGhjOBWambaIwoG9MhdixVVKL20/m2mXNmlb4zCGMbyjhz9W9HSqXWExnYSknNSC97M/FfL5BLk83g1k+5ihKDii16KowlFSj9NLE5sx/wlu9dJc2LqnddvXq8rNTu8l8U4QRO4Rw8uIEaPEAdGsDgGV5hCu9EkDcyJR+/pQWS9xzDAsjnD+LBjwQ=</latexit>

n̂

3
He� B

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

spontaneously broken spin orbit symmetry Leggett Rev. Mod. Phys. 47, 331 (1975)

<latexit sha1_base64="pao5HJaJztd1ya9OhZ5khMhnZCk=">AAACB3icbVBNS8NAEN3Ur1q/oh69RItQQUoiUj0WvXisYj+giWGznTZrdzchuxFKyFn8MeKtevUXePbfmNYcbOuDGR7vzWOY8UJGpTLNb62wtLyyulZcL21sbm3v6Lt7LRnEEYEmCVgQdTwsgVEBTUUVg04YAeYeg7Y3vJ747SeIJA3EvRqF4HA8ELRPCVaZ5OqH8JBQO/RpeucmNo+Nx7Ri+1gZ4tRWPih84upls2pOYSwSKydllKPh6l92LyAxB6EIw1J2LTNUToIjRQmDtGTHEkJMhngA3YwKzEE6yfSU1DjOlJ7RD6KshDKm6t9EgrmUI+5lkxwrX857E/Ffz+Nzm1X/0kmoCGMFgsx6Iog4ZsCdJM56mn3Amr93kbTOqlatWrs9L9ev8l8U0QE6QhVkoQtURzeogZqIoGf0isboXXvR3rSx9vE7WtDyzD6agfb5A0gJmmU=</latexit>

ei�Rµj(n̂, ✓)

<latexit sha1_base64="xK3QMNsUlL19+7tgJtbhfH09vfs=">AAAB5XicbVDJSgNBEK2JW4xb1KOXwSB4CjPidgx68eAhAbNAMoSeTiU26WXo7hHCMF8g3qJXP8mzf+MkzsEkPqji8V4VtYQRZ8Z63rdTWFvf2Nwqbpd2dvf2D8qHRy2jYk2xSRVXuhMSg5xJbFpmOXYijUSEHNvh+H7mt19QG6bkk51EGAgykmzIKLGZ1Hjslyte1ZvDXSV+TiqQo94vf/UGisYCpaWcGNP1vcgGCdGWUY5pqRcbjAgdkxF2MyqJQBMk80VT9yxTBu5Q6Sykdefq346ECGMmIswqBbHPZtmbif96oViabIe3QcJkFFuUdNGTSgvCUQRJnOU0+4C/fO8qaV1U/evqVeOyUrvLf1GEEziFc/DhBmrwAHVoAgWEV5jCuzNy3pyp8/FbWnDynmNYgPP5A1opjPc=</latexit>

L

<latexit sha1_base64="6GzoYZq3IyD+7rhAGNl6hc7Y0GQ=">AAAB5XicbVDJSgNBEK2JW4xb1KOXwSB4CjPidgx68ZigWSAZQk+nEpv0MnT3CGGYLxBv0auf5Nm/cRLnYBIfVPF4r4pawogzYz3v2ymsrW9sbhW3Szu7e/sH5cOjllGxptikiivdCYlBziQ2LbMcO5FGIkKO7XB8P/PbL6gNU/LJTiIMBBlJNmSU2ExqPPbLFa/qzeGuEj8nFchR75e/egNFY4HSUk6M6fpeZIOEaMsox7TUiw1GhI7JCLsZlUSgCZL5oql7likDd6h0FtK6c/VvR0KEMRMRZpWC2Gez7M3Ef71QLE22w9sgYTKKLUq66EmlBeEogiTOcpp9wF++d5W0Lqr+dfWqcVmp3eW/KMIJnMI5+HADNXiAOjSBAsIrTOHdGTlvztT5+C0tOHnPMSzA+fwBZLCM/g==</latexit>

S

<latexit sha1_base64="fDZhq/Fpf63WmB6ggaLGZYKUtjk=">AAAB6nicbVBNT8JAEJ3FL8Qv1KOXRmLiibTGoEeiF4+YWCCBhmyXAVZ2t013a0Ia/oPxhl79P579Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tRRmjD0WSSipB1SjYIr9A03AttxglSGAlvh+H7ut14w0TxST2YSYyDpUPEBZ9RYqdk1IzS0V664VXcBZ514OalAjkav/NXtRyyVqAwTVOuO58YmyGhiOBM4LXVTjTFlYzrEjqWKStRBtth26lxYpe8MosSGMs5C/duRUan1RIa2UlIz0qveXPzXC+XKZDO4DTKu4tSgYsueihJJBcogS22e2g94q/euk+ZV1atVa4/Xlfpd/osinME5XIIHN1CHB2iADwye4RVm8E4EeSMz8vFbWiB5zyksgXz+AFRoj1A=</latexit>

✓

<latexit sha1_base64="kUkZipbFC850FTjUsggvUXS/u80=">AAACGnicbVBLS8NAEJ74rPUV9eglWIQWoSRaH8eiFw8FK7UPaELYbLft0uxuyG6EEvpHxB8j3qoHL178N6ZtDrb1gxm++b4Zhhkv8KlUpvmjrayurW9sZray2zu7e/v6wWFDiijEpI6FL8KWhyTxKSd1RZVPWkFIEPN80vQGdxO/+UxCSQV/UsOAOAz1OO1SjFQiuXqp9pC/KLg1W1FGpDGrKmlVz1sF1w761FYiteLKWW3k6jmzaE5hLBMrJTlIUXX1L7sjcMQIV9hHUrYtM1BOjEJFsU9GWTuSJEB4gHqknVCOku1OPL1uZJwmSsfoijAJroyp+nciRkzKIfOSToZUXy56E/Ffz2MLm1X3xokpDyJFOJ73uAgZ8glz4ijJkw9Yi/cuk8Z50boqXj6WcuXb9BcZOIYTyIMF11CGe6hCHTC8wBuM4UN71d61sfY5a13R0pkjmIP2/QsDsp84</latexit>

SO(3)S ⇥ SO(3)L ⇥ U(1)� ! SO(3)L+S
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B-phase

<latexit sha1_base64="j34hsAD4sU3fi1RCzheca/vxcRc=">AAAB6nicbVDJTgJBEK3GDXFDPXqZSEw8kRnjdiR68YiJLAlMSE9TQEt3z2S6x4RM5h+MN/Tq/3j2b2xwDgK+pCov71WlliASXBvX/SaFtfWNza3idmlnd2//oHx41NRhEjNssFCEcTugGgVX2DDcCGxHMVIZCGwF4/uZ33rBWPNQPZlJhL6kQ8UHnFFjpWZ3RI2jeuWKW3XncFaJl5MK5Kj3yl/dfsgSicowQbXueG5k/JTGhjOBWambaIwoG9MhdixVVKL20/m2mXNmlb4zCGMbyjhz9W9HSqXWExnYSknNSC97M/FfL5BLk83g1k+5ihKDii16KowlFSj9NLE5sx/wlu9dJc2LqnddvXq8rNTu8l8U4QRO4Rw8uIEaPEAdGsDgGV5hCu9EkDcyJR+/pQWS9xzDAsjnD+LBjwQ=</latexit>

n̂

3
He� B

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

Leggett Rev. Mod. Phys. 47, 331 (1975)

<latexit sha1_base64="pao5HJaJztd1ya9OhZ5khMhnZCk=">AAACB3icbVBNS8NAEN3Ur1q/oh69RItQQUoiUj0WvXisYj+giWGznTZrdzchuxFKyFn8MeKtevUXePbfmNYcbOuDGR7vzWOY8UJGpTLNb62wtLyyulZcL21sbm3v6Lt7LRnEEYEmCVgQdTwsgVEBTUUVg04YAeYeg7Y3vJ747SeIJA3EvRqF4HA8ELRPCVaZ5OqH8JBQO/RpeucmNo+Nx7Ri+1gZ4tRWPih84upls2pOYSwSKydllKPh6l92LyAxB6EIw1J2LTNUToIjRQmDtGTHEkJMhngA3YwKzEE6yfSU1DjOlJ7RD6KshDKm6t9EgrmUI+5lkxwrX857E/Ffz+Nzm1X/0kmoCGMFgsx6Iog4ZsCdJM56mn3Amr93kbTOqlatWrs9L9ev8l8U0QE6QhVkoQtURzeogZqIoGf0isboXXvR3rSx9vE7WtDyzD6agfb5A0gJmmU=</latexit>

ei�Rµj(n̂, ✓)

<latexit sha1_base64="xK3QMNsUlL19+7tgJtbhfH09vfs=">AAAB5XicbVDJSgNBEK2JW4xb1KOXwSB4CjPidgx68eAhAbNAMoSeTiU26WXo7hHCMF8g3qJXP8mzf+MkzsEkPqji8V4VtYQRZ8Z63rdTWFvf2Nwqbpd2dvf2D8qHRy2jYk2xSRVXuhMSg5xJbFpmOXYijUSEHNvh+H7mt19QG6bkk51EGAgykmzIKLGZ1Hjslyte1ZvDXSV+TiqQo94vf/UGisYCpaWcGNP1vcgGCdGWUY5pqRcbjAgdkxF2MyqJQBMk80VT9yxTBu5Q6Sykdefq346ECGMmIswqBbHPZtmbif96oViabIe3QcJkFFuUdNGTSgvCUQRJnOU0+4C/fO8qaV1U/evqVeOyUrvLf1GEEziFc/DhBmrwAHVoAgWEV5jCuzNy3pyp8/FbWnDynmNYgPP5A1opjPc=</latexit>

L

<latexit sha1_base64="6GzoYZq3IyD+7rhAGNl6hc7Y0GQ=">AAAB5XicbVDJSgNBEK2JW4xb1KOXwSB4CjPidgx68ZigWSAZQk+nEpv0MnT3CGGYLxBv0auf5Nm/cRLnYBIfVPF4r4pawogzYz3v2ymsrW9sbhW3Szu7e/sH5cOjllGxptikiivdCYlBziQ2LbMcO5FGIkKO7XB8P/PbL6gNU/LJTiIMBBlJNmSU2ExqPPbLFa/qzeGuEj8nFchR75e/egNFY4HSUk6M6fpeZIOEaMsox7TUiw1GhI7JCLsZlUSgCZL5oql7likDd6h0FtK6c/VvR0KEMRMRZpWC2Gez7M3Ef71QLE22w9sgYTKKLUq66EmlBeEogiTOcpp9wF++d5W0Lqr+dfWqcVmp3eW/KMIJnMI5+HADNXiAOjSBAsIrTOHdGTlvztT5+C0tOHnPMSzA+fwBZLCM/g==</latexit>

S

<latexit sha1_base64="fDZhq/Fpf63WmB6ggaLGZYKUtjk=">AAAB6nicbVBNT8JAEJ3FL8Qv1KOXRmLiibTGoEeiF4+YWCCBhmyXAVZ2t013a0Ia/oPxhl79P579Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tRRmjD0WSSipB1SjYIr9A03AttxglSGAlvh+H7ut14w0TxST2YSYyDpUPEBZ9RYqdk1IzS0V664VXcBZ514OalAjkav/NXtRyyVqAwTVOuO58YmyGhiOBM4LXVTjTFlYzrEjqWKStRBtth26lxYpe8MosSGMs5C/duRUan1RIa2UlIz0qveXPzXC+XKZDO4DTKu4tSgYsueihJJBcogS22e2g94q/euk+ZV1atVa4/Xlfpd/osinME5XIIHN1CHB2iADwye4RVm8E4EeSMz8vFbWiB5zyksgXz+AFRoj1A=</latexit>

✓

<latexit sha1_base64="kUkZipbFC850FTjUsggvUXS/u80=">AAACGnicbVBLS8NAEJ74rPUV9eglWIQWoSRaH8eiFw8FK7UPaELYbLft0uxuyG6EEvpHxB8j3qoHL178N6ZtDrb1gxm++b4Zhhkv8KlUpvmjrayurW9sZray2zu7e/v6wWFDiijEpI6FL8KWhyTxKSd1RZVPWkFIEPN80vQGdxO/+UxCSQV/UsOAOAz1OO1SjFQiuXqp9pC/KLg1W1FGpDGrKmlVz1sF1w761FYiteLKWW3k6jmzaE5hLBMrJTlIUXX1L7sjcMQIV9hHUrYtM1BOjEJFsU9GWTuSJEB4gHqknVCOku1OPL1uZJwmSsfoijAJroyp+nciRkzKIfOSToZUXy56E/Ffz2MLm1X3xokpDyJFOJ73uAgZ8glz4ijJkw9Yi/cuk8Z50boqXj6WcuXb9BcZOIYTyIMF11CGe6hCHTC8wBuM4UN71d61sfY5a13R0pkjmIP2/QsDsp84</latexit>

SO(3)S ⇥ SO(3)L ⇥ U(1)� ! SO(3)L+S

<latexit sha1_base64="fhhCGFbClMdKpz22dx+MjYsiTBc=">AAAB7HicbVDJTgJBEK3BDXFDPXqZSEw8kRkj6pHohSMmsiQwIT1NAR26eybdPSY44SeMN/Tq73j2b2xwDgK+pCov71WlljDmTBvP+3ZyG5tb2zv53cLe/sHhUfH4pKmjRFFs0IhHqh0SjZxJbBhmOLZjhUSEHFvh+GHut55RaRbJJzOJMRBkKNmAUWKs1K653REx7kuvWPLK3gLuOvEzUoIM9V7xq9uPaCJQGsqJ1h3fi02QEmUY5TgtdBONMaFjMsSOpZII1EG62HfqXlil7w4iZUMad6H+7UiJ0HoiQlspiBnpVW8u/uuFYmWyGdwFKZNxYlDSZU9GShCOIkgTm6f2A/7qveukeVX2b8qVx+tS9T77RR7O4BwuwYdbqEIN6tAAChxeYQbvjnTenJnz8Vuac7KeU1iC8/kD3dSPjA==</latexit>

Hẑ

External magnetic field:
<latexit sha1_base64="RUOYM+BrRL8IeMI/1ruPRd+dWCQ=">AAAB7HicbVDJTgJBEK3BDXFDPXqZSEw8kRljwCPRC0dMZElgQnqaAjp090y6e0xwwk8Yb+jV3/Hs39jgHAR8SVVe3qtKLWHMmTae9+3ktrZ3dvfy+4WDw6Pjk+LpWUtHiaLYpBGPVCckGjmT2DTMcOzECokIObbDycPCbz+j0iyST2YaYyDISLIho8RYqVN3e2Ni3Jd+seSVvSXcTeJnpAQZGv3iV28Q0USgNJQTrbu+F5sgJcowynFW6CUaY0InZIRdSyURqIN0ue/MvbLKwB1GyoY07lL925ESofVUhLZSEDPW695C/NcLxdpkM7wLUibjxKCkq56MlCAcRZAmNs/sB/z1ezdJ66bsV8qVx9tS7T77RR4u4BKuwYcq1KAODWgCBQ6vMId3Rzpvztz5+C3NOVnPOazA+fwB3iaPjQ==</latexit>

Hẑ

spontaneously broken spin orbit symmetry
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B-phase

<latexit sha1_base64="j34hsAD4sU3fi1RCzheca/vxcRc=">AAAB6nicbVDJTgJBEK3GDXFDPXqZSEw8kRnjdiR68YiJLAlMSE9TQEt3z2S6x4RM5h+MN/Tq/3j2b2xwDgK+pCov71WlliASXBvX/SaFtfWNza3idmlnd2//oHx41NRhEjNssFCEcTugGgVX2DDcCGxHMVIZCGwF4/uZ33rBWPNQPZlJhL6kQ8UHnFFjpWZ3RI2jeuWKW3XncFaJl5MK5Kj3yl/dfsgSicowQbXueG5k/JTGhjOBWambaIwoG9MhdixVVKL20/m2mXNmlb4zCGMbyjhz9W9HSqXWExnYSknNSC97M/FfL5BLk83g1k+5ihKDii16KowlFSj9NLE5sx/wlu9dJc2LqnddvXq8rNTu8l8U4QRO4Rw8uIEaPEAdGsDgGV5hCu9EkDcyJR+/pQWS9xzDAsjnD+LBjwQ=</latexit>

n̂

3
He� B

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

Leggett Rev. Mod. Phys. 47, 331 (1975)

<latexit sha1_base64="pao5HJaJztd1ya9OhZ5khMhnZCk=">AAACB3icbVBNS8NAEN3Ur1q/oh69RItQQUoiUj0WvXisYj+giWGznTZrdzchuxFKyFn8MeKtevUXePbfmNYcbOuDGR7vzWOY8UJGpTLNb62wtLyyulZcL21sbm3v6Lt7LRnEEYEmCVgQdTwsgVEBTUUVg04YAeYeg7Y3vJ747SeIJA3EvRqF4HA8ELRPCVaZ5OqH8JBQO/RpeucmNo+Nx7Ri+1gZ4tRWPih84upls2pOYSwSKydllKPh6l92LyAxB6EIw1J2LTNUToIjRQmDtGTHEkJMhngA3YwKzEE6yfSU1DjOlJ7RD6KshDKm6t9EgrmUI+5lkxwrX857E/Ffz+Nzm1X/0kmoCGMFgsx6Iog4ZsCdJM56mn3Amr93kbTOqlatWrs9L9ev8l8U0QE6QhVkoQtURzeogZqIoGf0isboXXvR3rSx9vE7WtDyzD6agfb5A0gJmmU=</latexit>

ei�Rµj(n̂, ✓)

<latexit sha1_base64="xK3QMNsUlL19+7tgJtbhfH09vfs=">AAAB5XicbVDJSgNBEK2JW4xb1KOXwSB4CjPidgx68eAhAbNAMoSeTiU26WXo7hHCMF8g3qJXP8mzf+MkzsEkPqji8V4VtYQRZ8Z63rdTWFvf2Nwqbpd2dvf2D8qHRy2jYk2xSRVXuhMSg5xJbFpmOXYijUSEHNvh+H7mt19QG6bkk51EGAgykmzIKLGZ1Hjslyte1ZvDXSV+TiqQo94vf/UGisYCpaWcGNP1vcgGCdGWUY5pqRcbjAgdkxF2MyqJQBMk80VT9yxTBu5Q6Sykdefq346ECGMmIswqBbHPZtmbif96oViabIe3QcJkFFuUdNGTSgvCUQRJnOU0+4C/fO8qaV1U/evqVeOyUrvLf1GEEziFc/DhBmrwAHVoAgWEV5jCuzNy3pyp8/FbWnDynmNYgPP5A1opjPc=</latexit>

L

<latexit sha1_base64="6GzoYZq3IyD+7rhAGNl6hc7Y0GQ=">AAAB5XicbVDJSgNBEK2JW4xb1KOXwSB4CjPidgx68ZigWSAZQk+nEpv0MnT3CGGYLxBv0auf5Nm/cRLnYBIfVPF4r4pawogzYz3v2ymsrW9sbhW3Szu7e/sH5cOjllGxptikiivdCYlBziQ2LbMcO5FGIkKO7XB8P/PbL6gNU/LJTiIMBBlJNmSU2ExqPPbLFa/qzeGuEj8nFchR75e/egNFY4HSUk6M6fpeZIOEaMsox7TUiw1GhI7JCLsZlUSgCZL5oql7likDd6h0FtK6c/VvR0KEMRMRZpWC2Gez7M3Ef71QLE22w9sgYTKKLUq66EmlBeEogiTOcpp9wF++d5W0Lqr+dfWqcVmp3eW/KMIJnMI5+HADNXiAOjSBAsIrTOHdGTlvztT5+C0tOHnPMSzA+fwBZLCM/g==</latexit>

S

<latexit sha1_base64="fDZhq/Fpf63WmB6ggaLGZYKUtjk=">AAAB6nicbVBNT8JAEJ3FL8Qv1KOXRmLiibTGoEeiF4+YWCCBhmyXAVZ2t013a0Ia/oPxhl79P579Ny7Yg4AvmcnLezOZjzAWXBvX/SaFjc2t7Z3ibmlv/+DwqHx80tRRmjD0WSSipB1SjYIr9A03AttxglSGAlvh+H7ut14w0TxST2YSYyDpUPEBZ9RYqdk1IzS0V664VXcBZ514OalAjkav/NXtRyyVqAwTVOuO58YmyGhiOBM4LXVTjTFlYzrEjqWKStRBtth26lxYpe8MosSGMs5C/duRUan1RIa2UlIz0qveXPzXC+XKZDO4DTKu4tSgYsueihJJBcogS22e2g94q/euk+ZV1atVa4/Xlfpd/osinME5XIIHN1CHB2iADwye4RVm8E4EeSMz8vFbWiB5zyksgXz+AFRoj1A=</latexit>

✓

<latexit sha1_base64="kUkZipbFC850FTjUsggvUXS/u80=">AAACGnicbVBLS8NAEJ74rPUV9eglWIQWoSRaH8eiFw8FK7UPaELYbLft0uxuyG6EEvpHxB8j3qoHL178N6ZtDrb1gxm++b4Zhhkv8KlUpvmjrayurW9sZray2zu7e/v6wWFDiijEpI6FL8KWhyTxKSd1RZVPWkFIEPN80vQGdxO/+UxCSQV/UsOAOAz1OO1SjFQiuXqp9pC/KLg1W1FGpDGrKmlVz1sF1w761FYiteLKWW3k6jmzaE5hLBMrJTlIUXX1L7sjcMQIV9hHUrYtM1BOjEJFsU9GWTuSJEB4gHqknVCOku1OPL1uZJwmSsfoijAJroyp+nciRkzKIfOSToZUXy56E/Ffz2MLm1X3xokpDyJFOJ73uAgZ8glz4ijJkw9Yi/cuk8Z50boqXj6WcuXb9BcZOIYTyIMF11CGe6hCHTC8wBuM4UN71d61sfY5a13R0pkjmIP2/QsDsp84</latexit>

SO(3)S ⇥ SO(3)L ⇥ U(1)� ! SO(3)L+S

<latexit sha1_base64="fhhCGFbClMdKpz22dx+MjYsiTBc=">AAAB7HicbVDJTgJBEK3BDXFDPXqZSEw8kRkj6pHohSMmsiQwIT1NAR26eybdPSY44SeMN/Tq73j2b2xwDgK+pCov71WlljDmTBvP+3ZyG5tb2zv53cLe/sHhUfH4pKmjRFFs0IhHqh0SjZxJbBhmOLZjhUSEHFvh+GHut55RaRbJJzOJMRBkKNmAUWKs1K653REx7kuvWPLK3gLuOvEzUoIM9V7xq9uPaCJQGsqJ1h3fi02QEmUY5TgtdBONMaFjMsSOpZII1EG62HfqXlil7w4iZUMad6H+7UiJ0HoiQlspiBnpVW8u/uuFYmWyGdwFKZNxYlDSZU9GShCOIkgTm6f2A/7qveukeVX2b8qVx+tS9T77RR7O4BwuwYdbqEIN6tAAChxeYQbvjnTenJnz8Vuac7KeU1iC8/kD3dSPjA==</latexit>

Hẑ

External magnetic field:
<latexit sha1_base64="RUOYM+BrRL8IeMI/1ruPRd+dWCQ=">AAAB7HicbVDJTgJBEK3BDXFDPXqZSEw8kRljwCPRC0dMZElgQnqaAjp090y6e0xwwk8Yb+jV3/Hs39jgHAR8SVVe3qtKLWHMmTae9+3ktrZ3dvfy+4WDw6Pjk+LpWUtHiaLYpBGPVCckGjmT2DTMcOzECokIObbDycPCbz+j0iyST2YaYyDISLIho8RYqVN3e2Ni3Jd+seSVvSXcTeJnpAQZGv3iV28Q0USgNJQTrbu+F5sgJcowynFW6CUaY0InZIRdSyURqIN0ue/MvbLKwB1GyoY07lL925ESofVUhLZSEDPW695C/NcLxdpkM7wLUibjxKCkq56MlCAcRZAmNs/sB/z1ezdJ66bsV8qVx9tS7T77RR4u4BKuwYcq1KAODWgCBQ6vMId3Rzpvztz5+C3NOVnPOazA+fwB3iaPjQ==</latexit>

Hẑ

Dipole interaction: 
<latexit sha1_base64="it7NLLWl7jri4j0lK38+a6GO+qY=">AAAB+XicbVDLSsNAFL3xWesr2qWbYhHcWBIp1Y1QdOOygn1AE8pketMOzcyEmYlQQr9F3FW3fohr/8a0ZmFbD9zL4Zx7uY8gjpg2jvNtbWxube/sFvaK+weHR8f2yWlby0RRbFEZSdUNiMaICWwZZiLsxgoJDyLsBOOHud95QaWZFM9mEqPPyVCwkFFiMqlvlzwqtWdGaMjdlRcqQt1a3644VWeB8jpxc1KBHM2+/eUNJE04CkMjonXPdWLjp0QZRiOcFr1EY0zomAyxl1FBOGo/XSw/LV9kyqAcSpWFMOWF+rcjJVzrCQ+ySk7MSK96c/FfL+Ark01466dMxIlBQZc9IRUnEXI/TbI8zT7grt67TtrXVbderT/VKo37/BcFOINzuAQXbqABj9CEFlCYwCvM4N1KrTdrZn38lm5YeU8JlmB9/gCJm5Rr</latexit>

cos ✓ = �1

4

spontaneously broken spin orbit symmetry
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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 disoriented

[Bunkov and Volovik, 0904.3889 and 1003.4889]

B(z)

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

Characteristic time scale with superfluid
<latexit sha1_base64="OM8ZZKyeZkSBFmo1nlUTMoX/tGY=">AAAB9nicbVDLTsJAFL3FF+Kr6tJNIzHBDbbG15KoC5eY8EpoQ6bDBRpmps3MlEga/sS4Q7f+iWv/xoJdCHiSe3Nyzr25Dz9igdK2/W3k1tY3Nrfy24Wd3b39A/PwqKHCWFKs05CFsuUThSwQWNeBZtiKJBLuM2z6w4eZ3xyhVEEoanococdJXwS9gBKdSh3TdAc+kRfuIzJNrFLtvGMW7bI9h7VKnIwUIUO1Y3653ZDGHIWmjCjVduxIewmROqAMJwU3VhgROiR9bKdUEI7KS+abT6yzVOlavVCmIbQ1V/92JIQrNeZ+WsmJHqhlbyb+6/l8abLu3XlJIKJYo6CLngglJwy5l8RpnqQfcJbvXSWNy7JzU75+vipW7rNf5OEETqEEDtxCBZ6gCnWgMIJXmMK78WK8GVPj47c0Z2Q9x7AA4/MHhmeSpQ==</latexit>

~/�(T )

Spins tipped by a tip angle  immediately after the pulse β

<latexit sha1_base64="33adGKsg6FLJPSx8dR7XqmusMMc=">AAACFHicbVDLTsJAFJ3iC/GFunQzkZjAwtISgy6JumBjgkl5JLQ002HACTPTpjM1wYa/MH6McYdude3fWLALAU9yb07OuSc393oBo1IZxreWWVvf2NzKbud2dvf2D/KHRy3pRyEmTewzP+x4SBJGBWkqqhjpBCFB3GOk7Y1uZn77kYSS+sJS44A4HA0FHVCMVCK5ed2+JUwhWLRKtqQcmkavAovmObTKlotLvdgsVyYwtkMO7+pPEzdfMHRjDrhKzJQUQIqGm/+y+z6OOBEKMyRl1zQC5cQoVBQzMsnZkSQBwiM0JN2ECsSJdOL5XRN4lih9OPDDpISCc/VvIkZcyjH3kkmO1INc9mbiv57HlzarwZUTUxFEigi86Ak/5IgR7sRR0mcfMJfvXSWtim5W9er9RaF2nf4iC07AKSgCE1yCGqiDBmgCDJ7BK5iCd+1Fe9Om2sfvaEZLM8dgAdrnD67dnFI=</latexit>

�(T ) ⇠ 10
2
(1� T/Tc)

1/2
MHz

 Fomin Sov. Phys. JETP 61, 1207 (1985)



Christina Gao | Axion dark matter detection with exotic phases of matter26

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 disoriented

[Bunkov and Volovik, 0904.3889 and 1003.4889]

B(z)

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

 Fomin Sov. Phys. JETP 61, 1207 (1985)

two domains

wait 
20 ms

BEC of N Magnons
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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 disoriented

[Bunkov and Volovik, 0904.3889 and 1003.4889]

B(z)

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

 Fomin Sov. Phys. JETP 61, 1207 (1985)

two domains

wait 
20 ms

BEC of N Magnons
coherent precession 

at fixed 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
<latexit sha1_base64="1sWapMT/Hu6Q60OdUXn+xUiPVUQ=">AAACCHicdVA9SwNBEN3zM8avqKWFi0HQJuwGibEQQmwsLBRMIiThmNts4pLdu2N3T4ghpY1/xcZCEVt/gp3/xr0YQUUfDDzem2FmXhBLYSwh797U9Mzs3HxmIbu4tLyymltbr5so0YzXWCQjfRmA4VKEvGaFlfwy1hxUIHkj6B+nfuOaayOi8MIOYt5W0AtFVzCwTvJzW61I8R74p7s3PtnDR7jVA6UAV30yVvxcnhQIIZRSnBJ6UCKOHB6Wi7SMaWo55NEEZ37urdWJWKJ4aJkEY5qUxLY9BG0Fk3yUbSWGx8D60ONNR0NQ3LSH40dGeMcpHdyNtKvQ4rH6fWIIypiBClynAntlfnup+JfXTGy33B6KME4sD9nnom4isY1wmgruCM2ZlQNHgGnhbsXsCjQw67LLuhC+PsX/k3qxQEuF0vl+vlKdxJFBm2gb7SKKDlAFnaAzVEMM3aJ79IievDvvwXv2Xj5bp7zJzAb6Ae/1A2pql7M=</latexit>

!L(z0) = �B0(z0)

homogeneous 
precession domain 

(HPD)
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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 disoriented

[Bunkov and Volovik, 0904.3889 and 1003.4889]

B(z)

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

 Fomin Sov. Phys. JETP 61, 1207 (1985)

two domains

wait 
20 ms

BEC of N Magnons
Coherent decay of 
magnons N ~1/T1
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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 disoriented

[Bunkov and Volovik, 0904.3889 and 1003.4889]

B(z)

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

 Fomin Sov. Phys. JETP 61, 1207 (1985)

two domains

wait 
20 ms

BEC of N Magnons
Coherent decay of 
magnons N ~1/T1

T1 can be as large as 1000 sec!
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Axion wind detection using the HPD of He-3 

30

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>

GAO, HALPERIN, KAHN, NGUYEN, Schütte-Engel and 
SCOTT (2022)

FOSTER, GAO, HALPERIN, KAHN, MANDE, NGUYEN, Schütte-Engel 
and SCOTT (2023)

• Rely on axion-nucleon coupling 

• Target frequency: 10neV range 

• Scan axion masses naturally during decay of the 
HPD  

• Challenging to read out the signal, see Yoni’s talk
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An example of 2-2 scattering
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Optomechanical cavity filled with Superfluid He-4

MURGUI, WANG and ZUREK (2023)

Momentum conservation

Energy conservation

• Works because of phonon’s dispersion: 

• Target frequency: μeV ~ meV

<latexit sha1_base64="mXmDUCZDbkMzWnyxkDrghdYzEcA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilDuubnpTE65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms+fJQGjOUE4soUwLeythI6opQxtRyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QNjXo+P</latexit>

cs → 1
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Conclusion

• The landscape of axion dark matter is extremely broad, covering many orders of 
magnitude in mass range. Discovering different possibilities requires a varied set of 
experimental techniques. 

• Special materials /exotic matter can be advantageous in terms of better phase 
matching between axion and signal photon, unique target frequencies due to the 
quasiparticle dispersion, as well as lower noise in some cases. 

• In the future, more investigations, such as background noise characterization, 
signal readout optimization, for each proposed setup, are required.

Thank you for your attention!


