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Axion-Induced Polarization
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<latexit sha1_base64="OkL+YHKZE+iK+TjTBLZyl4JLq1s="></latexit>

A =
Ap
2
[a1x̂1 + a2x̂2]

<latexit sha1_base64="gG/OI9rv5F6KNoY1IpVznskK+EM="></latexit>

La�B = �ga��aE ·BMWD

<latexit sha1_base64="2IcMAb4fiCjG4u45k7CwcKB9ug0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAdk1zA7mU2GzD6Y6VXDkv/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVhZXVvfKG6WtrZ3dvfK+wctHaeK8SaLZaw6PtVciog3UaDknURxGvqSt/3R9dRvP3ClRRzd4TjhXkgHkQgEo2ik+8z1A+IOKZKnSc/plSt21Z6BLBMnJxXI0eiVv9x+zNKQR8gk1b rr2Al6GVUomOSTkptqnlA2ogPeNTSiIddeNrt6Qk6M0idBrExFSGbq74mMhlqPQ990hhSHetGbiv953RSDSy8TUZIij9h8UZBKgjGZRkD6QnGGcmwIZUqYWwkbUkUZmqBKJgRn8eVl0jqrOufV2m2tUr/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



Axion-Induced Polarization
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unpolarized light

MWD

B-field

linear polarization
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<latexit sha1_base64="OkL+YHKZE+iK+TjTBLZyl4JLq1s="></latexit>

A =
Ap
2
[a1x̂1 + a2x̂2]

<latexit sha1_base64="3aG9SEY7XZlHsdCuvHa/DGIIt9w="></latexit>

A(r) =
Ap
2
[a1x̂1 + a2 (1� PL) x̂2]

<latexit sha1_base64="gG/OI9rv5F6KNoY1IpVznskK+EM="></latexit>

La�B = �ga��aE ·BMWD

<latexit sha1_base64="2IcMAb4fiCjG4u45k7CwcKB9ug0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAdk1zA7mU2GzD6Y6VXDkv/w4kERr/6LN//GSbIHTSxoKKq66e7yEyk02va3VVhZXVvfKG6WtrZ3dvfK+wctHaeK8SaLZaw6PtVciog3UaDknURxGvqSt/3R9dRvP3ClRRzd4TjhXkgHkQgEo2ik+8z1A+IOKZKnSc/plSt21Z6BLBMnJxXI0eiVv9x+zNKQR8gk1b rr2Al6GVUomOSTkptqnlA2ogPeNTSiIddeNrt6Qk6M0idBrExFSGbq74mMhlqPQ990hhSHetGbiv953RSDSy8TUZIij9h8UZBKgjGZRkD6QnGGcmwIZUqYWwkbUkUZmqBKJgRn8eVl0jqrOufV2m2tUr/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



Axion-Photon Mixing
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• Axion-photon EOM: 
<latexit sha1_base64="5iCEoA81uAuWpXf9EKDx5kj6CTw="></latexit>
i@r + ! +

✓
�k �B

�B �a

◆�✓
Ak
a

◆
= 0

<latexit sha1_base64="bn50swknKIczed7rS8aDMOuf1Fo="></latexit>

�k / !

✓
B

Bcrit

◆2

�a / �m2
a

!
�B / ga��B

<latexit sha1_base64="xJHWHmBHLeyZKsjPMw+ouTeu01Y="></latexit>

=) tan 2✓ =
2�B

�k ��a

<latexit sha1_base64="n68zR+oYZnZVhESI0aU19B5X0vQ="></latexit>

La,conv = �ga��aE ·B+
2↵2

EM

45m4
e

⇥
(E2 �B2)2 + 7(E ·B)2

⇤



Axion Conversion in Dipole Field
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• Axion-photon EOM: 
<latexit sha1_base64="5iCEoA81uAuWpXf9EKDx5kj6CTw="></latexit>
i@r + ! +

✓
�k �B

�B �a

◆�✓
Ak
a

◆
= 0

<latexit sha1_base64="n68zR+oYZnZVhESI0aU19B5X0vQ="></latexit>

La,conv = �ga��aE ·B+
2↵2

EM

45m4
e

⇥
(E2 �B2)2 + 7(E ·B)2

⇤

<latexit sha1_base64="3AjzwdCIRuHTthNjaQbWqIeDJcA="></latexit>

⇣ ⇡ 10�2

✓
Rstar

0.01R�

◆⇣ !

1 eV

⌘✓
B0

100MG

◆2

<latexit sha1_base64="MiV3+X8EDiQpPSg3lHwR1rvPKmU="></latexit>

PL ⇡

8
><

>:

10�4
� ga��

10�12 GeV�1

�2 � B0
100 MG

�2 ⇣ Rstar
0.01 R�

⌘2
, ⇣ ⌧ 1

10�4
� ga��

10�12 GeV�1

�2 � B0
100 MG

�2/5 � 1 eV
!

�4/5 ⇣ Rstar
0.01 R�

⌘6/5
, ⇣ � 1
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<latexit sha1_base64="XChylmkT8qbAP84c+pIapfHG0/c=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgutCSlqBuh6EKXFewDmhgm00k7dCYJMxOhhPyEG3/FjQtF3Aru/BsnbRbaeuBeDufcy8w9fsyoVJb1bSwsLi2vrJbWyusbm1vb5s5uW0aJwKSFIxaJro8kYTQkLUUVI91YEMR9Rjr+6Cr3Ow9ESBqFd2ocE5ejQUgDipHSkmceD7wUOQPEedEzeAFt6z49sWuZA1NHcHhN2lkuZJ5ZsarWBHCe2AWpgAJNz/xy+hFOOAkVZkjKnm3Fyk2RUBQzkpWdRJIY4REakJ6mIeJEuunkqgweaqUPg0joChWcqL83UsSlHHNfT3KkhnLWy8X/vF6ignM3pWGcKBLi6UNBwqCKYB4R7FNBsGJjTRAWVP8V4iESCCsdZFmHYM+ePE/atap9Wq3f1iuNyyKOEtgHB+AI2OAMNMANaIIWwOARPINX8GY8GS/Gu/ExHV0wip098AfG5w8vrZ2S</latexit>

ga�� = 10�12 GeV�1
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<latexit sha1_base64="XChylmkT8qbAP84c+pIapfHG0/c=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgutCSlqBuh6EKXFewDmhgm00k7dCYJMxOhhPyEG3/FjQtF3Aru/BsnbRbaeuBeDufcy8w9fsyoVJb1bSwsLi2vrJbWyusbm1vb5s5uW0aJwKSFIxaJro8kYTQkLUUVI91YEMR9Rjr+6Cr3Ow9ESBqFd2ocE5ejQUgDipHSkmceD7wUOQPEedEzeAFt6z49sWuZA1NHcHhN2lkuZJ5ZsarWBHCe2AWpgAJNz/xy+hFOOAkVZkjKnm3Fyk2RUBQzkpWdRJIY4REakJ6mIeJEuunkqgweaqUPg0joChWcqL83UsSlHHNfT3KkhnLWy8X/vF6ignM3pWGcKBLi6UNBwqCKYB4R7FNBsGJjTRAWVP8V4iESCCsdZFmHYM+ePE/atap9Wq3f1iuNyyKOEtgHB+AI2OAMNMANaIIWwOARPINX8GY8GS/Gu/ExHV0wip098AfG5w8vrZ2S</latexit>

ga�� = 10�12 GeV�1

<latexit sha1_base64="6sqhzPIjLnCXhc1bkU3Ffz8J+vc=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEQpVUFTBWsDAwFEQfUhsix3Vaq45j2Q6iivIrLAwgxMqPsPE3uG0GaDnSlY7OuVf33hMIRpV2nG+rsLK6tr5R3Cxtbe/s7tn75baKE4lJC8cslt0AKcIoJy1NNSNdIQmKAkY6wfhq6nceiVQ05vd6IogXoSGnIcVIG8m3y03/BvaFjIWO4d1DelrLfLviVJ0Z4DJxc1IBOZq+/dUfxDiJCNeYIaV6riO0lyKpKWYkK/UTRQTCYzQkPUM5iojy0tntGTw2ygCGsTTFNZypvydSFCk1iQLTGSE9UoveVPzP6yU6vPBSykWiCcfzRWHCoPlzGgQcUEmwZhNDEJbU3ArxCEmEtYmrZEJwF19eJu1a1T2r1m/rlcZlHkcRHIIjcAJccA4a4Bo0QQtg8ASewSt4szLrxXq3PuatBSufOQB/YH3+ANFNk6o=</latexit>

PL / R�2

<latexit sha1_base64="ngdH2Zo0GnQk2YnZAVOkD607j5g=">AAAB/HicbVC7TsMwFHV4lvIKdGSxqJCYSlKVx1jBwsBQEH1IbYgc12mtOrFlO0hRVH6FhQGEWPkQNv4Gt80ALUe60tE59+reewLBqNKO820tLa+srq0XNoqbW9s7u/befkvxRGLSxJxx2QmQIozGpKmpZqQjJEFRwEg7GF1N/PYjkYry+F6ngngRGsQ0pBhpI/l2qeHfwJ6QXGgO7x6y6snp2LfLTsWZAi4SNydlkKPh21+9PsdJRGKNGVKq6zpCexmSmmJGxsVeoohAeIQGpGtojCKivGx6/BgeGaUPQy5NxRpO1d8TGYqUSqPAdEZID9W8NxH/87qJDi+8jMYi0STGs0VhwqB5dJIE7FNJsGapIQhLam6FeIgkwtrkVTQhuPMvL5JWteKeVWq3tXL9Mo+jAA7AITgGLjgHdXANGqAJMEjBM3gFb9aT9WK9Wx+z1iUrnymBP7A+fwBP4JPr</latexit>

PL / R2/5



Promising MWD Targets
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<latexit sha1_base64="1uvuXzzFaCsMDUipnPyVn+ff4XY="></latexit>

RE J0317� 853 (B = 200� 800 MG)

SDSS J1351 + 5419 (B = 761± 54 MG)

Grw + 70
�
8247 (B ⇡ 350 MG)

PG1031 + 234 (B ⇡ 400� 1000 MG)

SDSS J234605 (B = 798± 164 MG)

HE 1043� 0502 (B ⇡ 820 MG)

SDSS J1206 + 0613 (B = 761± 282 MG)

SDSS J1003 + 0538 (B = 672± 119 MG)

SDSS J0021 + 1502 (B = 531± 64 MG)

1504.08072



Promising MWD Targets

10

<latexit sha1_base64="1uvuXzzFaCsMDUipnPyVn+ff4XY="></latexit>

RE J0317� 853 (B = 200� 800 MG)

SDSS J1351 + 5419 (B = 761± 54 MG)

Grw + 70
�
8247 (B ⇡ 350 MG)

PG1031 + 234 (B ⇡ 400� 1000 MG)

SDSS J234605 (B = 798± 164 MG)

HE 1043� 0502 (B ⇡ 820 MG)

SDSS J1206 + 0613 (B = 761± 282 MG)

SDSS J1003 + 0538 (B = 672± 119 MG)

SDSS J0021 + 1502 (B = 531± 64 MG)

1504.08072



SDSS J1351 Modeling
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<latexit sha1_base64="oXfXWdJAjyX2E+GectgVAVsW96I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFkPAKtxJUMugjYVFBPMhd0fY2+wlS3b3jt09IYT8ChsLRWz9OXb+GzfJFZr4YODx3gwz86KUM21c99sprK1vbG4Vt0s7u3v7B+XDo7ZOMkVoiyQ8Ud0Ia8qZpC3DDKfdVFEsIk470ehm5neeqNIskQ9mnNJQ4IFkMSPYWOmx2bsLkB9Uw1654tbcOdAq8XJSgRzNXvkr6CckE1QawrHWvuemJpxgZRjhdFoKMk1TTEZ4QH1LJRZUh5P5wVNUtUofxYmyJQ2aq78nJlhoPRaR7RTYDPWyNxP/8/zMxFfhhMk0M1SSxaI448gkaPY96jNFieFjSzBRzN6KyBArTIzNqGRD8JZfXiXt85p3Uavf1yuN6zyOIpzAKZyBB5fQgFtoQgsICHiGV3hzlPPivDsfi9aCk88cwx84nz94xY+N</latexit> P
L
[%

]
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<latexit sha1_base64="oXfXWdJAjyX2E+GectgVAVsW96I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFkPAKtxJUMugjYVFBPMhd0fY2+wlS3b3jt09IYT8ChsLRWz9OXb+GzfJFZr4YODx3gwz86KUM21c99sprK1vbG4Vt0s7u3v7B+XDo7ZOMkVoiyQ8Ud0Ia8qZpC3DDKfdVFEsIk470ehm5neeqNIskQ9mnNJQ4IFkMSPYWOmx2bsLkB9Uw1654tbcOdAq8XJSgRzNXvkr6CckE1QawrHWvuemJpxgZRjhdFoKMk1TTEZ4QH1LJRZUh5P5wVNUtUofxYmyJQ2aq78nJlhoPRaR7RTYDPWyNxP/8/zMxFfhhMk0M1SSxaI448gkaPY96jNFieFjSzBRzN6KyBArTIzNqGRD8JZfXiXt85p3Uavf1yuN6zyOIpzAKZyBB5fQgFtoQgsICHiGV3hzlPPivDsfi9aCk88cwx84nz94xY+N</latexit> P
L
[%

]

<latexit sha1_base64="862QKpTExfmfq4evU9GfSiuzs4U=">AAACDnicbVC7TsMwFL0pr1JeAUYWi6oSU5UgBIwVLIxFog8pCZXjuq1Vx4lsB6mK+gUs/AoLAwixMrPxN7hpBmg5kqWjc+7D94QJZ0o7zrdVWlldW98ob1a2tnd29+z9g7aKU0loi8Q8lt0QK8qZoC3NNKfdRFIchZx2wvH1zO88UKlYLO70JKFBhIeCDRjB2kg9u5b5MkJMEDMgl3yExZDTqY+Yj7x7nzBJgp5ddepODrRM3IJUoUCzZ3/5/ZikERWacKyU5zqJDjIsNSNmeMVPFU0wGeMh9QwVOKIqyPJzpqhmlD4axNI8oVGu/u7IcKTUJApNZYT1SC16M/E/z0v14DLImEhSTQWZLxqkHOkYzbJBfSYp0XxiCCaSmb8iMsISE20SrJgQ3MWTl0n7tO6e189uz6qNqyKOMhzBMZyACxfQgBtoQgsIPMIzvMKb9WS9WO/Wx7y0ZBU9h/AH1ucP7e2cCA==</latexit>

inclination angle i [�]
<latexit sha1_base64="kuKZYsohXXWnoxWhJEnMHHCZIfg=">AAACFnicbVBNSwMxFMz6WetX1aOXYBG8WHalqMdSQb0IFa0K3aVk09c2NJtdkrdCWforvPhXvHhQxKt489+Y1h60dSAwzMzj5U2YSGHQdb+cmdm5+YXF3FJ+eWV1bb2wsXlj4lRzqPNYxvouZAakUFBHgRLuEg0sCiXchr2ToX97D9qIWF1jP4EgYh0l2oIztFKzsJ/5OqK1WDLt01MBsuXTK9SgOtgd+LTadH3aGGUuzgZBs1B0S+4IdJp4Y1IkY9SahU+/FfM0AoVcMmManptgkDGNgksY5P3UQMJ4j3WgYaliEZggG501oLtWadF2rO1TSEfq74mMRcb0o9AmI4ZdM+kNxf+8Rort4yATKkkRFP9Z1E4lxZgOO6ItoYGj7FvCuBb2r5R3mWYcbZN5W4I3efI0uTkoeYel8mW5WKmO68iRbbJD9ohHjkiFnJMaqRNOHsgTeSGvzqPz7Lw57z/RGWc8s0X+wPn4Bokrnlo=</latexit>

Polar Field Strength B0 [MG]



SDSS J1351 Analysis
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<latexit sha1_base64="oXfXWdJAjyX2E+GectgVAVsW96I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFkPAKtxJUMugjYVFBPMhd0fY2+wlS3b3jt09IYT8ChsLRWz9OXb+GzfJFZr4YODx3gwz86KUM21c99sprK1vbG4Vt0s7u3v7B+XDo7ZOMkVoiyQ8Ud0Ia8qZpC3DDKfdVFEsIk470ehm5neeqNIskQ9mnNJQ4IFkMSPYWOmx2bsLkB9Uw1654tbcOdAq8XJSgRzNXvkr6CckE1QawrHWvuemJpxgZRjhdFoKMk1TTEZ4QH1LJRZUh5P5wVNUtUofxYmyJQ2aq78nJlhoPRaR7RTYDPWyNxP/8/zMxFfhhMk0M1SSxaI448gkaPY96jNFieFjSzBRzN6KyBArTIzNqGRD8JZfXiXt85p3Uavf1yuN6zyOIpzAKZyBB5fQgFtoQgsICHiGV3hzlPPivDsfi9aCk88cwx84nz94xY+N</latexit> P
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Conclusion
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• Magnetic white dwarfs are very powerful probes of axions

• Studies still in their infancy, lots of room to improve

• Future dedicated polarization observations of MWDs



Thank you!
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Illustration by Sandbox Studio, Chicago with Ana Kova (Symmetry Magazine)
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