
Christopher Dessert 
2203.04319, 24xx.xxxxx 

D. Dunsky, B. Safdi, C. Scherb  

Axions++ 2023

Polarized Signatures of Axions at 
Magnetic White Dwarfs

Carl Knox, OzGrav
1



Polarization of MWDs
 R. Gill, J. Heyl 
arXiv:1105.2083

MWD

unpolarized light

axion (unobserved)

linear polarization

<latexit sha1_base64="EAHRfhThekq+DV2oDqVtTSO1s04=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKiB5DvHhMwDwgWcLspDcZMzu7zMwKYckXePGgiFc/yZt/4+RxUFGwoKGo6qa7K0gE18Z1P5zc2vrG5lZ+u7Czu7d/UDw8aus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj33O/eoNI/lrZkm6Ed0JHnIGTVWatYHxZJXdhcgf5MSrNAYFN/7w5ilEUrDBNW657mJ8TOqDGcCZ4V+qjGhbEJH2LNU0gi1ny0OnZEzqwxJGCtb0pCF+nUio5HW0yiwnRE1Y/3Tm4u/eb3UhFd+xmWSGpRsuShMBTExmX9NhlwhM2JqCWWK21sJG1NFmbHZFP4XQvui7FXLlWalVKuv4sjDCZzCOXhwCTW4gQa0gAHCAzzBs3PnPDovzuuyNeesZo7hG5y3T5u0jNI=</latexit>

B

2

<latexit sha1_base64="D7FrIQW3vfB4pEnl8UvrJhELoQU="></latexit>

La,conv = �ga��aE ·BMWD



Polarization of MWDs
 R. Gill, J. Heyl 
arXiv:1105.2083

MWD

unpolarized light

axion (unobserved)

linear polarization

<latexit sha1_base64="EAHRfhThekq+DV2oDqVtTSO1s04=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKiB5DvHhMwDwgWcLspDcZMzu7zMwKYckXePGgiFc/yZt/4+RxUFGwoKGo6qa7K0gE18Z1P5zc2vrG5lZ+u7Czu7d/UDw8aus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj33O/eoNI/lrZkm6Ed0JHnIGTVWatYHxZJXdhcgf5MSrNAYFN/7w5ilEUrDBNW657mJ8TOqDGcCZ4V+qjGhbEJH2LNU0gi1ny0OnZEzqwxJGCtb0pCF+nUio5HW0yiwnRE1Y/3Tm4u/eb3UhFd+xmWSGpRsuShMBTExmX9NhlwhM2JqCWWK21sJG1NFmbHZFP4XQvui7FXLlWalVKuv4sjDCZzCOXhwCTW4gQa0gAHCAzzBs3PnPDovzuuyNeesZo7hG5y3T5u0jNI=</latexit>

B

<latexit sha1_base64="2IcMAb4fiCjG4u45k7CwcKB9ug0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAdk1zA7mU2GzD6Y6VXDkv/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVhZXVvfKG6WtrZ3dvfK+wctHaeK8SaLZaw6PtVciog3UaDknURxGvqSt/3R9dRvP3ClRRzd4TjhXkgHkQgEo2ik+8z1A+IOKZKnSc/plSt21Z6BLBMnJxXI0eiVv9x+zNKQR8gk1brr2Al6GVUomOSTkptqnlA2ogPeNTSiIddeNrt6Qk6M0idBrExFSGbq74mMhlqPQ990hhSHetGbiv953RSDSy8TUZIij9h8UZBKgjGZRkD6QnGGcmwIZUqYWwkbUkUZmqBKJgRn8eVl0jqrOufV2m2tUr/K4yjCERzDKThwAXW4gQY0gYGCZ3iFN+vRerHerY95a8HKZw7hD6zPH8TWkgw=</latexit>

x̂1

<latexit sha1_base64="JfnWa4F4q8JlYaLto7rlyB4hSCo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1GPQi8cI5gHZNcxOZpMhsw9metWw5D+8eFDEq//izb9xkuxBEwsaiqpuurv8RAqNtv1trayurW9sFraK2zu7e/ulg8OWjlPFeJPFMlYdn2ouRcSbKFDyTqI4DX3J2/7oeuq3H7jSIo7ucJxwL6SDSASCUTTSfeb6AXGHFMnTpFftlcp2xZ6BLBMnJ2XI0eiVvtx+zNKQR8gk1brr2Al6GVUomOSToptqnlA2ogPeNTSiIddeNrt6Qk6N0idBrExFSGbq74mMhlqPQ990hhSHetGbiv953RSDSy8TUZIij9h8UZBKgjGZRkD6QnGGcmwIZUqYWwkbUkUZmqCKJgRn8eVl0qpWnPNK7bZWrl/lcRTgGE7gDBy4gDrcQAOawEDBM7zCm/VovVjv1se8dcXKZ47gD6zPH8Zakg0=</latexit>

x̂2 <latexit sha1_base64="ZCfBh5j/AEZDlc0TNWGIhEdgudQ=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0N6jHoxWME84DsGmYns8mQ2QczvWpY8h9ePCji1X/x5t84SfagiQUNRVU33V1+IoVG2/62lpZXVtfWCxvFza3tnd3S3n5Tx6livMFiGau2TzWXIuINFCh5O1Gchr7kLX94PfFbD1xpEUd3OEq4F9J+JALBKBrpPnP9gLgDiuRp3D3rlsp2xZ6CLBInJ2XIUe+WvtxezNKQR8gk1brj2Al6GVUomOTjoptqnlA2pH3eMTSiIddeNr16TI6N0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqCKJgRn/uVF0jytOOeV6m21XLvK4yjAIRzBCThwATW4gTo0gIGCZ3iFN+vRerHerY9Z65KVzxzAH1ifP8fekg4=</latexit>

x̂3

<latexit sha1_base64="gCsN1w/7Vb3rm5KUE/GOQOTOses=">AAAB9XicjVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DXjxGMA/IxjA7mU2GzM4uM71qWPIfXjwo4tV/8ebfOHkcVBQsaCiquumigkQKg6774eSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupj6rVuujYjVNY4T3o3oQIlQMIpWusn8ICT+kCK5n/QqvWLJK7szkL9JCRao94rvfj9macQVMkmN6Xhugt2MahRM8knBTw1PKBvRAe9YqmjETTebpZ6QI6v0SRhrOwrJTP16kdHImHEU2M2I4tD89Kbib14nxfCsmwmVpMgVmz8KU0kwJtMKSF9ozlCOLaFMC5uVsCHVlKEtqvC/EpqVsndSrl5VS7XzRR15OIBDOAYPTqEGl1CHBjDQ8ABP8OzcOY/Oi/M6X805i5t9+Abn7RPKv5IQ</latexit>

x̂2
<latexit sha1_base64="H20bs5fEb39OimY8wmn19uxYyGo=">AAAB9XicjVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BLx4jmAcka5idzCZDZmeXmV41LPkPLx4U8eq/ePNvnDwOKgoWNBRV3XRRQSKFQdf9cHILi0vLK/nVwtr6xuZWcXunYeJUM15nsYx1K6CGS6F4HQVK3ko0p1EgeTMYXkz85i3XRsTqGkcJ9yPaVyIUjKKVbrJOEJLOgCK5H3ePu8WSV3anIH+TEsxR6xbfO72YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342TT0mB1bpkTDWdhSSqfr1IqORMaMosJsRxYH56U3E37x2iuGZnwmVpMgVmz0KU0kwJpMKSE9ozlCOLKFMC5uVsAHVlKEtqvC/EhpHZe+kXLmqlKrn8zrysAf7cAgenEIVLqEGdWCg4QGe4Nm5cx6dF+d1tppz5je78A3O2yfMQ5IR</latexit>

x̂3

<latexit sha1_base64="NdO0tCbQHWeFxI2RMu8JJE+0Kyg=">AAAB9XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOya5idzCZDZmeXmV41LPkPLx4U8eq/ePNvnDwOKgoWNBRV3XRRYSqFQdf9cAoLi0vLK8XV0tr6xuZWeXunaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSscXkz81i3XRiTqGkcpD2LaVyISjKKVbnI/jIg/oEjux12vW654VXcK8jepwBz1bvnd7yUsi7lCJqkxHc9NMcipRsEkH5f8zPCUsiHt846lisbcBPk09ZgcWKVHokTbUUim6teLnMbGjOLQbsYUB+anNxF/8zoZRmdBLlSaIVds9ijKJMGETCogPaE5QzmyhDItbFbCBlRThrao0v9KaB5VvZPq8dVxpXY+r6MIe7APh+DBKdTgEurQAAYaHuAJnp0759F5cV5nqwVnfrML3+C8fQLJO5IP</latexit>

x̂1

<latexit sha1_base64="FsdqjOQuVs/Xjn9v/CsrYFZBklQ="></latexit>

A =
Ap
2
[a1x̂1 + a2x̂2]

3

<latexit sha1_base64="D7FrIQW3vfB4pEnl8UvrJhELoQU="></latexit>

La,conv = �ga��aE ·BMWD



Polarization of MWDs
 R. Gill, J. Heyl 
arXiv:1105.2083

MWD

unpolarized light

axion (unobserved)

linear polarization

<latexit sha1_base64="EAHRfhThekq+DV2oDqVtTSO1s04=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKiB5DvHhMwDwgWcLspDcZMzu7zMwKYckXePGgiFc/yZt/4+RxUFGwoKGo6qa7K0gE18Z1P5zc2vrG5lZ+u7Czu7d/UDw8aus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj33O/eoNI/lrZkm6Ed0JHnIGTVWatYHxZJXdhcgf5MSrNAYFN/7w5ilEUrDBNW657mJ8TOqDGcCZ4V+qjGhbEJH2LNU0gi1ny0OnZEzqwxJGCtb0pCF+nUio5HW0yiwnRE1Y/3Tm4u/eb3UhFd+xmWSGpRsuShMBTExmX9NhlwhM2JqCWWK21sJG1NFmbHZFP4XQvui7FXLlWalVKuv4sjDCZzCOXhwCTW4gQa0gAHCAzzBs3PnPDovzuuyNeesZo7hG5y3T5u0jNI=</latexit>

B

<latexit sha1_base64="FsdqjOQuVs/Xjn9v/CsrYFZBklQ="></latexit>

A =
Ap
2
[a1x̂1 + a2x̂2]

<latexit sha1_base64="2IcMAb4fiCjG4u45k7CwcKB9ug0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAdk1zA7mU2GzD6Y6VXDkv/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVhZXVvfKG6WtrZ3dvfK+wctHaeK8SaLZaw6PtVciog3UaDknURxGvqSt/3R9dRvP3ClRRzd4TjhXkgHkQgEo2ik+8z1A+IOKZKnSc/plSt21Z6BLBMnJxXI0eiVv9x+zNKQR8gk1brr2Al6GVUomOSTkptqnlA2ogPeNTSiIddeNrt6Qk6M0idBrExFSGbq74mMhlqPQ990hhSHetGbiv953RSDSy8TUZIij9h8UZBKgjGZRkD6QnGGcmwIZUqYWwkbUkUZmqBKJgRn8eVl0jqrOufV2m2tUr/K4yjCERzDKThwAXW4gQY0gYGCZ3iFN+vRerHerY95a8HKZw7hD6zPH8TWkgw=</latexit>

x̂1

<latexit sha1_base64="JfnWa4F4q8JlYaLto7rlyB4hSCo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1GPQi8cI5gHZNcxOZpMhsw9metWw5D+8eFDEq//izb9xkuxBEwsaiqpuurv8RAqNtv1trayurW9sFraK2zu7e/ulg8OWjlPFeJPFMlYdn2ouRcSbKFDyTqI4DX3J2/7oeuq3H7jSIo7ucJxwL6SDSASCUTTSfeb6AXGHFMnTpFftlcp2xZ6BLBMnJ2XI0eiVvtx+zNKQR8gk1brr2Al6GVUomOSToptqnlA2ogPeNTSiIddeNrt6Qk6N0idBrExFSGbq74mMhlqPQ990hhSHetGbiv953RSDSy8TUZIij9h8UZBKgjGZRkD6QnGGcmwIZUqYWwkbUkUZmqCKJgRn8eVl0qpWnPNK7bZWrl/lcRTgGE7gDBy4gDrcQAOawEDBM7zCm/VovVjv1se8dcXKZ47gD6zPH8Zakg0=</latexit>

x̂2 <latexit sha1_base64="ZCfBh5j/AEZDlc0TNWGIhEdgudQ=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0N6jHoxWME84DsGmYns8mQ2QczvWpY8h9ePCji1X/x5t84SfagiQUNRVU33V1+IoVG2/62lpZXVtfWCxvFza3tnd3S3n5Tx6livMFiGau2TzWXIuINFCh5O1Gchr7kLX94PfFbD1xpEUd3OEq4F9J+JALBKBrpPnP9gLgDiuRp3D3rlsp2xZ6CLBInJ2XIUe+WvtxezNKQR8gk1brj2Al6GVUomOTjoptqnlA2pH3eMTSiIddeNr16TI6N0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqCKJgRn/uVF0jytOOeV6m21XLvK4yjAIRzBCThwATW4gTo0gIGCZ3iFN+vRerHerY9Z65KVzxzAH1ifP8fekg4=</latexit>

x̂3

<latexit sha1_base64="gCsN1w/7Vb3rm5KUE/GOQOTOses=">AAAB9XicjVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DXjxGMA/IxjA7mU2GzM4uM71qWPIfXjwo4tV/8ebfOHkcVBQsaCiquumigkQKg6774eSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupj6rVuujYjVNY4T3o3oQIlQMIpWusn8ICT+kCK5n/QqvWLJK7szkL9JCRao94rvfj9macQVMkmN6Xhugt2MahRM8knBTw1PKBvRAe9YqmjETTebpZ6QI6v0SRhrOwrJTP16kdHImHEU2M2I4tD89Kbib14nxfCsmwmVpMgVmz8KU0kwJtMKSF9ozlCOLaFMC5uVsCHVlKEtqvC/EpqVsndSrl5VS7XzRR15OIBDOAYPTqEGl1CHBjDQ8ABP8OzcOY/Oi/M6X805i5t9+Abn7RPKv5IQ</latexit>

x̂2
<latexit sha1_base64="H20bs5fEb39OimY8wmn19uxYyGo=">AAAB9XicjVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BLx4jmAcka5idzCZDZmeXmV41LPkPLx4U8eq/ePNvnDwOKgoWNBRV3XRRQSKFQdf9cHILi0vLK/nVwtr6xuZWcXunYeJUM15nsYx1K6CGS6F4HQVK3ko0p1EgeTMYXkz85i3XRsTqGkcJ9yPaVyIUjKKVbrJOEJLOgCK5H3ePu8WSV3anIH+TEsxR6xbfO72YpRFXyCQ1pu25CfoZ1SiY5ONCJzU8oWxI+7xtqaIRN342TT0mB1bpkTDWdhSSqfr1IqORMaMosJsRxYH56U3E37x2iuGZnwmVpMgVmz0KU0kwJpMKSE9ozlCOLKFMC5uVsAHVlKEtqvC/EhpHZe+kXLmqlKrn8zrysAf7cAgenEIVLqEGdWCg4QGe4Nm5cx6dF+d1tppz5je78A3O2yfMQ5IR</latexit>

x̂3

<latexit sha1_base64="NdO0tCbQHWeFxI2RMu8JJE+0Kyg=">AAAB9XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOya5idzCZDZmeXmV41LPkPLx4U8eq/ePNvnDwOKgoWNBRV3XRRYSqFQdf9cAoLi0vLK8XV0tr6xuZWeXunaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSscXkz81i3XRiTqGkcpD2LaVyISjKKVbnI/jIg/oEjux12vW654VXcK8jepwBz1bvnd7yUsi7lCJqkxHc9NMcipRsEkH5f8zPCUsiHt846lisbcBPk09ZgcWKVHokTbUUim6teLnMbGjOLQbsYUB+anNxF/8zoZRmdBLlSaIVds9ijKJMGETCogPaE5QzmyhDItbFbCBlRThrao0v9KaB5VvZPq8dVxpXY+r6MIe7APh+DBKdTgEurQAAYaHuAJnp0759F5cV5nqwVnfrML3+C8fQLJO5IP</latexit>

x̂1

<latexit sha1_base64="eP2T9pcITyA0SJiFRlgb3xfVGuA="></latexit>

! Ap
2
[a1x̂1 + a2 (1� PL) x̂2]

4

<latexit sha1_base64="D7FrIQW3vfB4pEnl8UvrJhELoQU="></latexit>

La,conv = �ga��aE ·BMWD



1 102 3 4 5 6 7 8 9

d [RWD]

10°18

10°17

10°16

10°15

10°14

10°13

¢
x

[e
V

]

ma = 10°8 eV, ga∞∞ = 10°12 GeV°1

! = 1 eV, B0 = 103 MG

¢||

¢a

¢B

Euler-Heisenberg Mixing

• Axion-photon EOM: 
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Magnetic Field Measurements
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0.6

0.8

dF
/d

∏
[a

rb
.]

10
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Conclusion

• Polarization probes of MWDs poised 
to be one of the strongest 
constraints on light axions 
• Ongoing dedicated Lick and Keck 
Observatory observations of MWDs 
with Alex Filippenko at UC 
Berkeley
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Thank you!
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Astrophysical MWD Polarization

Lamb et al. 1974

• Photons propagate unpolarized from deep in MWD atmosphere 
• Astrophysical polarization created by bound-free absorption in the 
hydrogen atmosphere 

• At zero field, 

• In magnetic field, use Zeeman effect: 
17
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Astrophysical MWD Polarization

18Lamb et al. 1974
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Astrophysical MWD Polarization

19Lamb et al. 1974
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GRW+70º8247 Constraints
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PG 1031+234 Field Geometry

Schmidt et al. ApJ, 309:218-229,1986
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PG 1031+234 Analysis

Schmidt et al. ApJ, 309:218-229,1986
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