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Strong CP Problem
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µ⌫

<latexit sha1_base64="+OEcinMSdVfjA+7Nsp+QOoG8bfs="></latexit>

CP-violating ‘Theta therm’ Controls size of neutron electric dipole

|~d| = 3.6⇥ 10�16✓ e cm

<latexit sha1_base64="5pp8TkzMFG1RLidFccmxCzzj2N8="></latexit>
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·B

<latexit sha1_base64="DTc8mDp/rFQdQjmsRC4eTaMQZP0=">AAAB8XicdVDLSsNAFL3xWeur6tLNYBFcSEmk9bErdeOygn1gE8pkMmmHTiZhZiKU0L9w40IRt/6NO//GaRuhih64cDjnXu69x084U9q2P62l5ZXVtfXCRnFza3tnt7S331ZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP7qe+p0HKhWLxZ0eJ9SL8ECwkBGsjXTvkiDWyD1FjX6pbFfsGdACqdnO1bmDnFwpQ45mv/ThBjFJIyo04VipnmMn2suw1IxwOim6qaIJJiM8oD1DBY6o8rLZxRN0bJQAhbE0JTSaqYsTGY6UGke+6YywHqrf3lT8y+ulOrz0MiaSVFNB5ovClCMdo+n7KGCSEs3HhmAimbkVkSGWmGgTUtGE8P0p+p+0zypOtVK7rZbrjTyOAhzCEZyAAxdQhxtoQgsICHiEZ3ixlPVkvVpv89YlK585gB+w3r8AUt+QDA==</latexit>

a

<latexit sha1_base64="VqgrM3kwjyLpwAOgLEwoqYC3yEo=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0i01XorevHYgv2ANpTNdtKubjZhdyOU0F/gxYMiXv1J3vw3btMIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29jooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PXvruZ+9x6kYpG40dMYvJCMBQsYJdpILTIsVxy75rgXZw52bCdDRuruqYvdXKmgHM1h+X0wimgSgtCUE6X6rhNrLyVSM8phVhokCmJC78gY+oYKEoLy0uzQGT4yyggHkTQlNM7U7xMpCZWahr7pDImeqN/eXPzL6yc6qHspE3GiQdDFoiDhWEd4/jUeMQlU86khhEpmbsV0QiSh2mRTMiF8fYr/J50T263atVa10rjM4yiiA3SIjpGLzlEDXaMmaiOKAD2gJ/Rs3VqP1ov1umgtWPnMPvoB6+0T926NDw==</latexit>

(Static)
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Axion Detection

L = �ga��
4

aFµ⌫ F̃
µ⌫

<latexit sha1_base64="mIc5Pfvqqo5lQjjmXZIPrM2zOuM="></latexit>

⇠ ga��

<latexit sha1_base64="OUATkD0WmxHO7DO6MflZ1523ncE=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJVHRZdOOygn1AE8JkOmmHziRhZiKU2IW/4saFIm79DXf+jdM2C209cC+Hc+5l7pww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYJbZGEJ7IbYkU5i2lLM81pN5UUi5DTTji6mfqdByoVS+J7PU6pL/AgZhEjWBspsI88xQQaBDn2BliIok8Cu+rUnBnQMnELUoUCzcD+8voJyQSNNeFYqZ7rpNrPsdSMcDqpeJmiKSYjPKA9Q2MsqPLz2f0TdGqUPooSaSrWaKb+3sixUGosQjMpsB6qRW8q/uf1Mh1d+TmL00zTmMwfijKOdIKmYaA+k5RoPjYEE8nMrYgMscREm8gqJgR38cvLpH1ec+u1i7t6tXFdxFGGYziBM3DhEhpwC01oAYFHeIZXeLOerBfr3fqYj5asYucQ/sD6/AEiv5Yx</latexit>

a

<latexit sha1_base64="VqgrM3kwjyLpwAOgLEwoqYC3yEo=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0i01XorevHYgv2ANpTNdtKubjZhdyOU0F/gxYMiXv1J3vw3btMIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29jooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PXvruZ+9x6kYpG40dMYvJCMBQsYJdpILTIsVxy75rgXZw52bCdDRuruqYvdXKmgHM1h+X0wimgSgtCUE6X6rhNrLyVSM8phVhokCmJC78gY+oYKEoLy0uzQGT4yyggHkTQlNM7U7xMpCZWahr7pDImeqN/eXPzL6yc6qHspE3GiQdDFoiDhWEd4/jUeMQlU86khhEpmbsV0QiSh2mRTMiF8fYr/J50T263atVa10rjM4yiiA3SIjpGLzlEDXaMmaiOKAD2gJ/Rs3VqP1ov1umgtWPnMPvoB6+0T926NDw==</latexit>

E

<latexit sha1_base64="TK6Aci0UrFnriFDUnpmtB7x26E0=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01XoriuCxBfsBbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuE0rqOiDgcd7M8zM82POlHacDyu3tLyyupZfL2xsbm3vFHf3WipKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x1czv31PpWKRuNWTmHohHgoWMIK1kRrX/WLJsSuOe3HmIMd2MmSk6p66yF0oJVig3i++9wYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWl2aFTdGSUAQoiaUpolKnfJ1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQeaLgoQjHaHZ12jAJCWaTwzBRDJzKyIjLDHRJpuCCeHrU/Q/aZ3YbtmuNMql2uUijjwcwCEcgwvnUIMbqEMTCFB4gCd4tu6sR+vFep235qzFzD78gPX2Ccz+jPM=</latexit>

·B

<latexit sha1_base64="DTc8mDp/rFQdQjmsRC4eTaMQZP0=">AAAB8XicdVDLSsNAFL3xWeur6tLNYBFcSEmk9bErdeOygn1gE8pkMmmHTiZhZiKU0L9w40IRt/6NO//GaRuhih64cDjnXu69x084U9q2P62l5ZXVtfXCRnFza3tnt7S331ZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP7qe+p0HKhWLxZ0eJ9SL8ECwkBGsjXTvkiDWyD1FjX6pbFfsGdACqdnO1bmDnFwpQ45mv/ThBjFJIyo04VipnmMn2suw1IxwOim6qaIJJiM8oD1DBY6o8rLZxRN0bJQAhbE0JTSaqYsTGY6UGke+6YywHqrf3lT8y+ulOrz0MiaSVFNB5ovClCMdo+n7KGCSEs3HhmAimbkVkSGWmGgTUtGE8P0p+p+0zypOtVK7rZbrjTyOAhzCEZyAAxdQhxtoQgsICHiEZ3ixlPVkvVpv89YlK585gB+w3r8AUt+QDA==</latexit>

E

<latexit sha1_base64="TK6Aci0UrFnriFDUnpmtB7x26E0=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01XoriuCxBfsBbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuE0rqOiDgcd7M8zM82POlHacDyu3tLyyupZfL2xsbm3vFHf3WipKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x1czv31PpWKRuNWTmHohHgoWMIK1kRrX/WLJsSuOe3HmIMd2MmSk6p66yF0oJVig3i++9wYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWl2aFTdGSUAQoiaUpolKnfJ1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQeaLgoQjHaHZ12jAJCWaTwzBRDJzKyIjLDHRJpuCCeHrU/Q/aZ3YbtmuNMql2uUijjwcwCEcgwvnUIMbqEMTCFB4gCd4tu6sR+vFep235qzFzD78gPX2Ccz+jPM=</latexit>

·B

<latexit sha1_base64="DTc8mDp/rFQdQjmsRC4eTaMQZP0=">AAAB8XicdVDLSsNAFL3xWeur6tLNYBFcSEmk9bErdeOygn1gE8pkMmmHTiZhZiKU0L9w40IRt/6NO//GaRuhih64cDjnXu69x084U9q2P62l5ZXVtfXCRnFza3tnt7S331ZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP7qe+p0HKhWLxZ0eJ9SL8ECwkBGsjXTvkiDWyD1FjX6pbFfsGdACqdnO1bmDnFwpQ45mv/ThBjFJIyo04VipnmMn2suw1IxwOim6qaIJJiM8oD1DBY6o8rLZxRN0bJQAhbE0JTSaqYsTGY6UGke+6YywHqrf3lT8y+ulOrz0MiaSVFNB5ovClCMdo+n7KGCSEs3HhmAimbkVkSGWmGgTUtGE8P0p+p+0zypOtVK7rZbrjTyOAhzCEZyAAxdQhxtoQgsICHiEZ3ixlPVkvVpv89YlK585gB+w3r8AUt+QDA==</latexit>

a

<latexit sha1_base64="VqgrM3kwjyLpwAOgLEwoqYC3yEo=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0i01XorevHYgv2ANpTNdtKubjZhdyOU0F/gxYMiXv1J3vw3btMIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29jooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PXvruZ+9x6kYpG40dMYvJCMBQsYJdpILTIsVxy75rgXZw52bCdDRuruqYvdXKmgHM1h+X0wimgSgtCUE6X6rhNrLyVSM8phVhokCmJC78gY+oYKEoLy0uzQGT4yyggHkTQlNM7U7xMpCZWahr7pDImeqN/eXPzL6yc6qHspE3GiQdDFoiDhWEd4/jUeMQlU86khhEpmbsV0QiSh2mRTMiF8fYr/J50T263atVa10rjM4yiiA3SIjpGLzlEDXaMmaiOKAD2gJ/Rs3VqP1ov1umgtWPnMPvoB6+0T926NDw==</latexit>

(Static)

pa!� ⇠ g2a�� B
2 L2

<latexit sha1_base64="LSJX+2DQleDZ/AP5n9Bm6s0caw4=">AAACJnicbZDLSgMxFIYzXmu9VV26CRbBhZSZUtGNUOrGhYsK9gKdtpxJ02loMjMkGaUMfRo3voobFxURdz6KaTsLbT0Q8vP955Cc34s4U9q2v6yV1bX1jc3MVnZ7Z3dvP3dwWFdhLAmtkZCHsumBopwFtKaZ5rQZSQrC47ThDW+mfuORSsXC4EGPItoW4Aeszwhog7q566ibgCuZP9AgZfjk+iAEjLGrmMD+1JuBFHeK2D3Hlfl11yl2c3m7YM8KLwsnFXmUVrWbm7i9kMSCBppwUKrl2JFuJyA1I5yOs26saARkCD5tGRmAoKqdzNYc41NDergfSnMCjWf090QCQqmR8EynAD1Qi94U/ue1Yt2/aicsiGJNAzJ/qB9zrEM8zQz3mKRE85ERQCQzf8VkABKINslmTQjO4srLol4sOKXCxX0pX66kcWTQMTpBZ8hBl6iMblEV1RBBz+gVTdC79WK9WR/W57x1xUpnjtCfsr5/ACBfpNE=</latexit>

Length scale set by axion-photon coherence

(In non-adiabatic limit)

�k ⌘ (ka � k�)

<latexit sha1_base64="U0ppShrfedfuouGnYxsgYlnbOtI=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoMQC8OdRLQM2lgqGA3kjmNuM0mW2707d/eEcNja+FdsLBSx9R/Y+W/cxBR+PRh4vDfDzLwoE1wb1/1wSjOzc/ML5cXK0vLK6lp1feNSp7li2GapSFUnAo2CJ9g23AjsZApBRgKvovhk7F/doNI8TS7MKMNAwiDhfc7AWCmsUr+HwgCNqY/XOb+h9TgEukfj0B+AlLAbVmtuw52A/iXelNTIFGdh9d3vpSyXmBgmQOuu52YmKEAZzgTeVvxcYwYshgF2LU1Aog6KySe3dMcqPdpPla3E0In6faIAqfVIRrZTghnq395Y/M/r5qZ/FBQ8yXKDCfta1M8FNSkdx0J7XCEzYmQJMMXtrZQNQQEzNryKDcH7/fJfcrnf8JqNg/NmrXU8jaNMtsg2qROPHJIWOSVnpE0YuSMP5Ik8O/fOo/PivH61lpzpzCb5AeftEyz9mLw=</latexit>
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Axion Detection

L = �ga��
4

aFµ⌫ F̃
µ⌫

<latexit sha1_base64="mIc5Pfvqqo5lQjjmXZIPrM2zOuM="></latexit>

⇠ ga��

<latexit sha1_base64="OUATkD0WmxHO7DO6MflZ1523ncE=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJVHRZdOOygn1AE8JkOmmHziRhZiKU2IW/4saFIm79DXf+jdM2C209cC+Hc+5l7pww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYJbZGEJ7IbYkU5i2lLM81pN5UUi5DTTji6mfqdByoVS+J7PU6pL/AgZhEjWBspsI88xQQaBDn2BliIok8Cu+rUnBnQMnELUoUCzcD+8voJyQSNNeFYqZ7rpNrPsdSMcDqpeJmiKSYjPKA9Q2MsqPLz2f0TdGqUPooSaSrWaKb+3sixUGosQjMpsB6qRW8q/uf1Mh1d+TmL00zTmMwfijKOdIKmYaA+k5RoPjYEE8nMrYgMscREm8gqJgR38cvLpH1ec+u1i7t6tXFdxFGGYziBM3DhEhpwC01oAYFHeIZXeLOerBfr3fqYj5asYucQ/sD6/AEiv5Yx</latexit>

a

<latexit sha1_base64="VqgrM3kwjyLpwAOgLEwoqYC3yEo=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0i01XorevHYgv2ANpTNdtKubjZhdyOU0F/gxYMiXv1J3vw3btMIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29jooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PXvruZ+9x6kYpG40dMYvJCMBQsYJdpILTIsVxy75rgXZw52bCdDRuruqYvdXKmgHM1h+X0wimgSgtCUE6X6rhNrLyVSM8phVhokCmJC78gY+oYKEoLy0uzQGT4yyggHkTQlNM7U7xMpCZWahr7pDImeqN/eXPzL6yc6qHspE3GiQdDFoiDhWEd4/jUeMQlU86khhEpmbsV0QiSh2mRTMiF8fYr/J50T263atVa10rjM4yiiA3SIjpGLzlEDXaMmaiOKAD2gJ/Rs3VqP1ov1umgtWPnMPvoB6+0T926NDw==</latexit>

E

<latexit sha1_base64="TK6Aci0UrFnriFDUnpmtB7x26E0=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01XoriuCxBfsBbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuE0rqOiDgcd7M8zM82POlHacDyu3tLyyupZfL2xsbm3vFHf3WipKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x1czv31PpWKRuNWTmHohHgoWMIK1kRrX/WLJsSuOe3HmIMd2MmSk6p66yF0oJVig3i++9wYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWl2aFTdGSUAQoiaUpolKnfJ1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQeaLgoQjHaHZ12jAJCWaTwzBRDJzKyIjLDHRJpuCCeHrU/Q/aZ3YbtmuNMql2uUijjwcwCEcgwvnUIMbqEMTCFB4gCd4tu6sR+vFep235qzFzD78gPX2Ccz+jPM=</latexit>

·B

<latexit sha1_base64="DTc8mDp/rFQdQjmsRC4eTaMQZP0=">AAAB8XicdVDLSsNAFL3xWeur6tLNYBFcSEmk9bErdeOygn1gE8pkMmmHTiZhZiKU0L9w40IRt/6NO//GaRuhih64cDjnXu69x084U9q2P62l5ZXVtfXCRnFza3tnt7S331ZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP7qe+p0HKhWLxZ0eJ9SL8ECwkBGsjXTvkiDWyD1FjX6pbFfsGdACqdnO1bmDnFwpQ45mv/ThBjFJIyo04VipnmMn2suw1IxwOim6qaIJJiM8oD1DBY6o8rLZxRN0bJQAhbE0JTSaqYsTGY6UGke+6YywHqrf3lT8y+ulOrz0MiaSVFNB5ovClCMdo+n7KGCSEs3HhmAimbkVkSGWmGgTUtGE8P0p+p+0zypOtVK7rZbrjTyOAhzCEZyAAxdQhxtoQgsICHiEZ3ixlPVkvVpv89YlK585gB+w3r8AUt+QDA==</latexit>

E

<latexit sha1_base64="TK6Aci0UrFnriFDUnpmtB7x26E0=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0i01XoriuCxBfsBbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuE0rqOiDgcd7M8zM82POlHacDyu3tLyyupZfL2xsbm3vFHf3WipKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x1czv31PpWKRuNWTmHohHgoWMIK1kRrX/WLJsSuOe3HmIMd2MmSk6p66yF0oJVig3i++9wYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWl2aFTdGSUAQoiaUpolKnfJ1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQeaLgoQjHaHZ12jAJCWaTwzBRDJzKyIjLDHRJpuCCeHrU/Q/aZ3YbtmuNMql2uUijjwcwCEcgwvnUIMbqEMTCFB4gCd4tu6sR+vFep235qzFzD78gPX2Ccz+jPM=</latexit>

·B

<latexit sha1_base64="DTc8mDp/rFQdQjmsRC4eTaMQZP0=">AAAB8XicdVDLSsNAFL3xWeur6tLNYBFcSEmk9bErdeOygn1gE8pkMmmHTiZhZiKU0L9w40IRt/6NO//GaRuhih64cDjnXu69x084U9q2P62l5ZXVtfXCRnFza3tnt7S331ZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP7qe+p0HKhWLxZ0eJ9SL8ECwkBGsjXTvkiDWyD1FjX6pbFfsGdACqdnO1bmDnFwpQ45mv/ThBjFJIyo04VipnmMn2suw1IxwOim6qaIJJiM8oD1DBY6o8rLZxRN0bJQAhbE0JTSaqYsTGY6UGke+6YywHqrf3lT8y+ulOrz0MiaSVFNB5ovClCMdo+n7KGCSEs3HhmAimbkVkSGWmGgTUtGE8P0p+p+0zypOtVK7rZbrjTyOAhzCEZyAAxdQhxtoQgsICHiEZ3ixlPVkvVpv89YlK585gB+w3r8AUt+QDA==</latexit>

a

<latexit sha1_base64="VqgrM3kwjyLpwAOgLEwoqYC3yEo=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0i01XorevHYgv2ANpTNdtKubjZhdyOU0F/gxYMiXv1J3vw3btMIKvpg4PHeDDPz/JgzpR3nwyosLa+srhXXSxubW9s75d29jooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PXvruZ+9x6kYpG40dMYvJCMBQsYJdpILTIsVxy75rgXZw52bCdDRuruqYvdXKmgHM1h+X0wimgSgtCUE6X6rhNrLyVSM8phVhokCmJC78gY+oYKEoLy0uzQGT4yyggHkTQlNM7U7xMpCZWahr7pDImeqN/eXPzL6yc6qHspE3GiQdDFoiDhWEd4/jUeMQlU86khhEpmbsV0QiSh2mRTMiF8fYr/J50T263atVa10rjM4yiiA3SIjpGLzlEDXaMmaiOKAD2gJ/Rs3VqP1ov1umgtWPnMPvoB6+0T926NDw==</latexit>

(Static)

pa!� ⇠ g2a�� B
2 L2

<latexit sha1_base64="LSJX+2DQleDZ/AP5n9Bm6s0caw4=">AAACJnicbZDLSgMxFIYzXmu9VV26CRbBhZSZUtGNUOrGhYsK9gKdtpxJ02loMjMkGaUMfRo3voobFxURdz6KaTsLbT0Q8vP955Cc34s4U9q2v6yV1bX1jc3MVnZ7Z3dvP3dwWFdhLAmtkZCHsumBopwFtKaZ5rQZSQrC47ThDW+mfuORSsXC4EGPItoW4Aeszwhog7q566ibgCuZP9AgZfjk+iAEjLGrmMD+1JuBFHeK2D3Hlfl11yl2c3m7YM8KLwsnFXmUVrWbm7i9kMSCBppwUKrl2JFuJyA1I5yOs26saARkCD5tGRmAoKqdzNYc41NDergfSnMCjWf090QCQqmR8EynAD1Qi94U/ue1Yt2/aicsiGJNAzJ/qB9zrEM8zQz3mKRE85ERQCQzf8VkABKINslmTQjO4srLol4sOKXCxX0pX66kcWTQMTpBZ8hBl6iMblEV1RBBz+gVTdC79WK9WR/W57x1xUpnjtCfsr5/ACBfpNE=</latexit>

Length scale set by axion-photon coherence

(In non-adiabatic limit)

�k ⌘ (ka � k�)

<latexit sha1_base64="U0ppShrfedfuouGnYxsgYlnbOtI=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoMQC8OdRLQM2lgqGA3kjmNuM0mW2707d/eEcNja+FdsLBSx9R/Y+W/cxBR+PRh4vDfDzLwoE1wb1/1wSjOzc/ML5cXK0vLK6lp1feNSp7li2GapSFUnAo2CJ9g23AjsZApBRgKvovhk7F/doNI8TS7MKMNAwiDhfc7AWCmsUr+HwgCNqY/XOb+h9TgEukfj0B+AlLAbVmtuw52A/iXelNTIFGdh9d3vpSyXmBgmQOuu52YmKEAZzgTeVvxcYwYshgF2LU1Aog6KySe3dMcqPdpPla3E0In6faIAqfVIRrZTghnq395Y/M/r5qZ/FBQ8yXKDCfta1M8FNSkdx0J7XCEzYmQJMMXtrZQNQQEzNryKDcH7/fJfcrnf8JqNg/NmrXU8jaNMtsg2qROPHJIWOSVnpE0YuSMP5Ik8O/fOo/PivH61lpzpzCb5AeftEyz9mLw=</latexit>

Endow photon with effective mass, increase coherence length

Ideal targets: Large B field and dilute plasma



June, 2021 Axion-Photon Conversion in Magnetospheres: The Role of the PlasmaWorkshop on Weak Interactions & Neutrinos (WIN2021) 4

Neutron stars 

Enormous magnetic dipole

B0 ⇠ 1014 G
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Neutron stars 

**Rough illustration

Relevant work:

Raffelt & Stodolsky (1988), 
Pshirkov & Popov (2009), 
Huang et al (2018), Hook et 
al(2018), Safdi et al (2018), 
Battye et al (2020), Leroy et al 
(2020), Foster et al (2020), 
Buckley et al (2020), Edwards 
et al (2019), Edwards et al 
(2020), Witte et al (2021), 
Battye et al (2021) 



June, 2021 Axion-Photon Conversion in Magnetospheres: The Role of the PlasmaWorkshop on Weak Interactions & Neutrinos (WIN2021) 5

Neutron stars 
Axions

**Rough illustration

Relevant work:

Raffelt & Stodolsky (1988), 
Pshirkov & Popov (2009), 
Huang et al (2018), Hook et 
al(2018), Safdi et al (2018), 
Battye et al (2020), Leroy et al 
(2020), Foster et al (2020), 
Buckley et al (2020), Edwards 
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**Rough illustration
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Battye et al (2020), Leroy et al 
(2020), Foster et al (2020), 
Buckley et al (2020), Edwards 
et al (2019), Edwards et al 
(2020), Witte et al (2021), 
Battye et al (2021) 
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Relevant work:

Raffelt & Stodolsky (1988), 
Pshirkov & Popov (2009), 
Huang et al (2018), Hook et 
al(2018), Safdi et al (2018), 
Battye et al (2020), Leroy et al 
(2020), Foster et al (2020), 
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(Radio Band)



June, 2021 Axion-Photon Conversion in Magnetospheres: The Role of the PlasmaWorkshop on Weak Interactions & Neutrinos (WIN2021) 6

Uncertainties

Astrophysics

(Large Scale)

Astrophysics

(Small Scale)

Plasma/Particle

Physics
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Uncertainties

Halo Profile

Spatial distributions
Axion miniclusters

Refraction

Dark matter phase space Neutron star (Macroscopic)

Reflection

Absorption

Multi-dimensional

 mixing

(From photon 
production to detection)

Substructure
Relative velocities

Population properties

B, misalignment, 

period

Magnetospheres

Relativistic Plasma

Plasma distributions

Non polodial B fields
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Uncertainties

Refraction

Reflection

Absorption

Multi-dimensional

 mixing

Plasma/Particle 

(From production to detection)

Smooth Halo

NFW Profile

Single Neutron Star

(Properties well-measured)

Goldreich-Julien Magnetosphere
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Uncertainties

Refraction

Reflection
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Multi-dimensional

 mixing

Plasma/Particle 

(From production to detection)

Smooth Halo

NFW Profile

Single Neutron Star

(Properties well-measured)

Goldreich-Julien Magnetosphere

�F ⇠ 5?, 105?
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How accurate is the current formalism?
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SJW, Noordhuis, Edwards, Weniger (2021)

Steps:


1.) Sample axion phase space at conversion surface 
using Monte Carlo integration


2.) Compute conversion probability of each photon


3.) Ray trace photons to asymptotic infinity 


4.) During ray-tracing, account for energy exchange 
with the plasma


5.) Re-weight photons accounting for absorption and 
pre-mature axion-photon de-phasing




June, 2021 Axion-Photon Conversion in Magnetospheres: The Role of the PlasmaWorkshop on Weak Interactions & Neutrinos (WIN2021) 9

SJW, Noordhuis, Edwards, Weniger (2021)

Steps:


1.) Sample axion phase space at conversion surface 
using Monte Carlo integration


2.) Compute conversion probability of each photon


3.) Ray trace photons to asymptotic infinity 


4.) During ray-tracing, account for energy exchange 
with the plasma


5.) Re-weight photons accounting for absorption and 
pre-mature axion-photon de-phasing




June, 2021 Axion-Photon Conversion in Magnetospheres: The Role of the PlasmaWorkshop on Weak Interactions & Neutrinos (WIN2021) 10

SJW, Noordhuis, Edwards, Weniger (2021)

Steps:


1.) Sample axion phase space using Monte Carlo 
integration


2.) Compute conversion probability of each photon


3.) Ray trace photons to asymptotic infinity 


4.) During ray-tracing, account for energy exchange 
with the plasma


5.) Re-weight photons accounting for absorption and 
pre-mature axion-photon de-phasing


6.) Generate sky maps characterizing radio signal
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Relative Flux
SJW, Noordhuis, Edwards, Weniger (2021)

�B ⇠ �!� �ma

ma
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�R ⌘ Rpixel

Rtot
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Assumptions of Analytic Formalism

1.Photon trajectories at the conversion surface are radial

And the conversion surface is approximately radial


2.Axion-photon conversion can be treated in 1D


3.Radio line width set by asymptotic axion velocity distribution


4.Refraction does not play a major role in inducing anisotropy


5.Radio photons exit the magnetosphere without being absorbed
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Assumption

Photon trajectories at the conversion surface are radial
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Axion-Photon Conversion (1D)

Conversion probability / L2
c
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Axion-Photon Conversion (1D)

Conversion probability / L2
c
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c
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<latexit sha1_base64="4lw/EBIotof51DpDU+oizxcWvvg=">AAACGXicbZC9TsMwFIUd/il/AUYWiwqJqUoqEIwIFgYGkCit1JToxnVaq3Zi2Q5SFfoaLLwKCwMIMcLE2+CUDNByJEtH595r+36R5Ewbz/tyZmbn5hcWl5YrK6tr6xvu5taNTjNFaIOkPFWtCDTlLKENwwynLakoiIjTZjQ4K+rNO6o0S5NrM5S0I6CXsJgRMDYKXe8iJLd1HEiVSpPiIFZAcn+U3wcSlGHAw4Byjgdh0AMh4H4UulWv5o2Fp41fmioqdRm6H0E3JZmgiSEctG77njSdvLidcDqqBJmmEsgAerRtbQKC6k4+3myE92zSxXGq7EkMHqe/J3IQWg9FZDsFmL6erBXhf7V2ZuLjTs4SmRmakJ+H4oxjy6DAhLtMUWL40Bogitm/YtIHC8dYmBULwZ9cedrc1Gv+Qe3w6qB6clriWEI7aBftIx8doRN0ji5RAxH0gJ7QC3p1Hp1n5815/2mdccqZbfRHzuc3IxahDA==</latexit>
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Assumption #1

We can approximate photon trajectories as being radial at the conversion surface
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Assumption #1

The conversion probability is strongly dependent upon the incident angle

We can approximate photon trajectories as being radial at the conversion surface
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Assumption

We can approximate the axion-photon mixing using the 1D conversion formula
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Axion-Photon Conversion (2D)

Axion (in)

Photon (out)

SJW, Noordhuis, Edwards, Weniger (2021)
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Axion-Photon Conversion (2D)

Axion (in)

Photon (out)

↵

<latexit sha1_base64="a7YqkBbA1xhFAP7RlPgy5wTlbxw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJ66Lq1aqX97VK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AI4ZjyA=</latexit>

Lc

<latexit sha1_base64="GFnpP3GxnuUBRlPa/3FKLMaLkjs=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQh1XZXdOPCRUX7gDaUyXTSDp08mJkIJfQT3LhQxK1f5M6/cdJWUNEDFw7n3Mu99/gJZ1JZ1odRWFldW98obpa2tnd298r7B20Zp4LQFol5LLo+lpSziLYUU5x2E0Fx6HPa8SeXud+5p0KyOLpT04R6IR5FLGAEKy3dXg/IoFyxzLpTdRwXWaZru3bNykm9Xj+zkW1ac1Rgieag/N4fxiQNaaQIx1L2bCtRXoaFYoTTWamfSppgMsEj2tM0wiGVXjY/dYZOtDJEQSx0RQrN1e8TGQ6lnIa+7gyxGsvfXi7+5fVSFdS8jEVJqmhEFouClCMVo/xvNGSCEsWnmmAimL4VkTEWmCidTkmH8PUp+p+0HdN2zeqNW2lcLOMowhEcwynYcA4NuIImtIDACB7gCZ4NbjwaL8brorVgLGcO4QeMt0+KbY3+</latexit>

�

<latexit sha1_base64="jte/BBeW4fFADX8kGwQQ3saK9I0=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIm1SyLblxWsA9oQ5lMJ+3ozCTMTIQS+g9uXCji1v9x5984TSuo6IELh3Pu5d57opRRpR3nwyqtrK6tb5Q3K1vbO7t71f2DjkoyiUkbJyyRvQgpwqggbU01I71UEsQjRrrR3eXc794TqWgibvQ0JSFHY0FjipE2UmcwRpyjYbXm2L7neIELHdurB0FBzhp+3QugazsFamCJ1rD6PhglOONEaMyQUn3XSXWYI6kpZmRWGWSKpAjfoTHpGyoQJyrMi2tn8MQoIxgn0pTQsFC/T+SIKzXlkenkSE/Ub28u/uX1Mx0HYU5Fmmki8GJRnDGoEzh/HY6oJFizqSEIS2puhXiCJMLaBFQxIXx9Cv8nnbrt+nbj2q81L5ZxlMEROAanwAXnoAmuQAu0AQa34AE8gWcrsR6tF+t10VqyljOH4Aest0/4nI9q</latexit>

a

<latexit sha1_base64="dtzhZG0rNH5blUUHJ13V20RZM/s=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ8+YkMwt6MVjAmaBZAg9nUrSpmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVUvSARXmpAPa219Y3NrO7eT393bPzgsHB23VJxKBk0Wi1h2AqpA8AiammsBnUQCDQMB7WByPffb9yAVj6NbPU3AD+ko4kPOqDZSg/YLRWI7HnFdFxP7suxVy8SQSsXzqi52bLJAEa1Q7xfee4OYpSFEmgmqVNchifYzKjVnAmb5XqogoWxCR9A1NKIhKD9bHDrD50YZ4GEsTUUaL9TvExkNlZqGgekMqR6r395c/MvrpnpY9TMeJamGiC0XDVOBdYznX+MBl8C0mBpCmeTmVszGVFKmTTZ5E8LXp/h/0nJtp2SXG6Vi7WoVRw6dojN0gRxUQTV0g+qoiRgC9ICe0LN1Zz1aL9brsnXNWs2coB+w3j4BRJCNRQ==</latexit>

!
p ' m

a

<latexit sha1_base64="Omhj3UDw2eih/ciXuCrgg3Jbus0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIRY9FLx4r2A9oQ9hsJ+3S3STuboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6AaTm5nffQSpWBzd6ywBT5BRxEJGiTaSb1cHsYAR8RM8UEzAAxY+8e2aU3fmwKvELUgNFWj59tdgGNNUQKQpJ0r1XSfRXk6kZpTDtDJIFSSETsgI+oZGRIDy8vnxU3xqlCEOY2kq0niu/p7IiVAqE4HpFESP1bI3E//z+qkOr7ycRUmqIaKLRWHKsY7xLAk8ZBKo5pkhhEpmbsV0TCSh2uRVMSG4yy+vks553W3UL+4ateZ1EUcZHaMTdIZcdIma6Ba1UBtRlKFn9IrerCfrxXq3PhatJauYqaI/sD5/AEzalI0=</latexit>

�

<latexit sha1_base64="DgMinVQW3HGX+6P2qbv4paX3sVw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfnQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWII5H</latexit>

`

<latexit sha1_base64="qNfGA8NmqgGuQ+lowkcYm1mCh5o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1m/erisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5Aw/+jkM=</latexit>

Lc

<latexit sha1_base64="GFnpP3GxnuUBRlPa/3FKLMaLkjs=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQh1XZXdOPCRUX7gDaUyXTSDp08mJkIJfQT3LhQxK1f5M6/cdJWUNEDFw7n3Mu99/gJZ1JZ1odRWFldW98obpa2tnd298r7B20Zp4LQFol5LLo+lpSziLYUU5x2E0Fx6HPa8SeXud+5p0KyOLpT04R6IR5FLGAEKy3dXg/IoFyxzLpTdRwXWaZru3bNykm9Xj+zkW1ac1Rgieag/N4fxiQNaaQIx1L2bCtRXoaFYoTTWamfSppgMsEj2tM0wiGVXjY/dYZOtDJEQSx0RQrN1e8TGQ6lnIa+7gyxGsvfXi7+5fVSFdS8jEVJqmhEFouClCMVo/xvNGSCEsWnmmAimL4VkTEWmCidTkmH8PUp+p+0HdN2zeqNW2lcLOMowhEcwynYcA4NuIImtIDACB7gCZ4NbjwaL8brorVgLGcO4QeMt0+KbY3+</latexit>

⇡/2

<latexit sha1_base64="EZxKAhOtKnLrYh/Dft4ehK1bAEk=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4ipuaUnMrevFYwbSFNpTNdtMu3WzC7kYoob/BiwdFvPqDvPlv3LQVVPTBwOO9GWbmhSlnSiP0Ya2srq1vbJa2yts7u3v7lYPDtkoySahPEp7IbogV5UxQXzPNaTeVFMchp51wcl34nXsqFUvEnZ6mNIjxSLCIEayN5PdTdl4bVKrIrnl113Mhsi8QchoOLBTPcxrQsdEcVbBEa1B57w8TksVUaMKxUj0HpTrIsdSMcDor9zNFU0wmeER7hgocUxXk82Nn8NQoQxgl0pTQcK5+n8hxrNQ0Dk1njPVY/fYK8S+vl+noMsiZSDNNBVksijIOdQKLz+GQSUo0nxqCiWTmVkjGWGKiTT5lE8LXp/B/0q7ZjmvXb91q82oZRwkcgxNwBhzQAE1wA1rABwQw8ACewLMlrEfrxXpdtK5Yy5kj8APW2yeoUY6c</latexit>

Lc

<latexit sha1_base64="6mzIP/hvHGOAzR5dXEyINwZmTnI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0jatPZY9OLBQ0VbC20om+2mXbrZhN2NUEJ/ghcPinj1F3nz37j9EFT0wcDjvRlm5gUJZ0o7zoeVW1ldW9/Ibxa2tnd294r7B20Vp5LQFol5LDsBVpQzQVuaaU47iaQ4Cji9C8YXM//unkrFYnGrJwn1IzwULGQEayPdXPVJv1hybM+peRUXOXbFqdXLniE1t+6Wq8i1nTlKsESzX3zvDWKSRlRowrFSXddJtJ9hqRnhdFropYommIzxkHYNFTiiys/mp07RiVEGKIylKaHRXP0+keFIqUkUmM4I65H67c3Ev7xuqsO6nzGRpJoKslgUphzpGM3+RgMmKdF8YggmkplbERlhiYk26RRMCF+fov9Ju2y7nl299kqN82UceTiCYzgFF86gAZfQhBYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJc32N7g==</latexit>

SJW, Noordhuis, Edwards, Weniger (2021)
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Assumption

Radio photons exit the magnetosphere without being absorbed
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Photon Absorption
. .

 . 

Ee

<latexit sha1_base64="ZQn/v6GwuazNkbWtjV3CMpgr2OI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvDXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndevbg/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QMPZo2p</latexit>

�E = qB/me

<latexit sha1_base64="pWrZ0GhUVzJzCJWMIOz4pM2T/ao=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiZS0Y1QqoLLCvYBbQiT6U07dPJwZiKEUH/FjQtF3Poh7vwbp20WWj1w4XDOvdx7jxdzJpVlfRmFpeWV1bXiemljc2t7x9zda8soERRaNOKR6HpEAmchtBRTHLqxABJ4HDre+HLqdx5ASBaFdyqNwQnIMGQ+o0RpyTXL/SvgiuBrfIHvceMYBy64ZsWqWjPgv8TOSQXlaLrmZ38Q0SSAUFFOpOzZVqycjAjFKIdJqZ9IiAkdkyH0NA1JANLJZsdP8KFWBtiPhK5Q4Zn6cyIjgZRp4OnOgKiRXPSm4n9eL1H+uZOxME4UhHS+yE84VhGeJoEHTABVPNWEUMH0rZiOiCBU6bxKOgR78eW/pH1StWvV09tapd7I4yiifXSAjpCNzlAd3aAmaiGKUvSEXtCr8Wg8G2/G+7y1YOQzZfQLxsc3xqSS7A==</latexit>

Landau Levels

SJW, Noordhuis, Edwards, Weniger (2021)
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Photon Absorption
. .

 . 

Ee

<latexit sha1_base64="ZQn/v6GwuazNkbWtjV3CMpgr2OI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvDXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndevbg/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QMPZo2p</latexit>

�E = qB/me

<latexit sha1_base64="pWrZ0GhUVzJzCJWMIOz4pM2T/ao=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiZS0Y1QqoLLCvYBbQiT6U07dPJwZiKEUH/FjQtF3Poh7vwbp20WWj1w4XDOvdx7jxdzJpVlfRmFpeWV1bXiemljc2t7x9zda8soERRaNOKR6HpEAmchtBRTHLqxABJ4HDre+HLqdx5ASBaFdyqNwQnIMGQ+o0RpyTXL/SvgiuBrfIHvceMYBy64ZsWqWjPgv8TOSQXlaLrmZ38Q0SSAUFFOpOzZVqycjAjFKIdJqZ9IiAkdkyH0NA1JANLJZsdP8KFWBtiPhK5Q4Zn6cyIjgZRp4OnOgKiRXPSm4n9eL1H+uZOxME4UhHS+yE84VhGeJoEHTABVPNWEUMH0rZiOiCBU6bxKOgR78eW/pH1StWvV09tapd7I4yiifXSAjpCNzlAd3aAmaiGKUvSEXtCr8Wg8G2/G+7y1YOQzZfQLxsc3xqSS7A==</latexit>

Neutron 

Star

B / r�3

<latexit sha1_base64="l3XLI9DhkEz+I6DZoh1AfHLdLZI=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAhuDEltmnZX6sZlBfuANpbJdNIOnSTDzKRQQv/EjQtF3Pon7vwbpw9BRQ9cOJxzL/feE3BGpbLtD2NtfWNzazu3k9/d2z84NI+OWzJJBSZNnLBEdAIkCaMxaSqqGOlwQVAUMNIOxtdzvz0hQtIkvlNTTvwIDWMaUoyUlvqmWYc9LhKuEijus8urWd8s2Fa1Uil7HrStUtH1qmVNXMctV6vQsewFCmCFRt987w0SnEYkVpghKbuOzZWfIaEoZmSW76WScITHaEi6msYoItLPFpfP4LlWBjBMhK5YwYX6fSJDkZTTKNCdEVIj+dubi3953VSFFT+jMU8VifFyUZgyqP+cxwAHVBCs2FQThAXVt0I8QgJhpcPK6xC+PoX/k1bRckqWe1sq1OqrOHLgFJyBC+AAD9TADWiAJsBgAh7AE3g2MuPReDFel61rxmrmBPyA8fYJOOOTbg==</latexit>

�

<latexit sha1_base64="sPQL8yqu43205fRK9uKEP1QfFtg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiYOPHQ==</latexit>

Larger B leads to more absorption**

Landau Levels

SJW, Noordhuis, Edwards, Weniger (2021)
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Photon Absorption
. .

 . 

Ee

<latexit sha1_base64="ZQn/v6GwuazNkbWtjV3CMpgr2OI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvDXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndevbg/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QMPZo2p</latexit>

�E = qB/me

<latexit sha1_base64="pWrZ0GhUVzJzCJWMIOz4pM2T/ao=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiZS0Y1QqoLLCvYBbQiT6U07dPJwZiKEUH/FjQtF3Poh7vwbp20WWj1w4XDOvdx7jxdzJpVlfRmFpeWV1bXiemljc2t7x9zda8soERRaNOKR6HpEAmchtBRTHLqxABJ4HDre+HLqdx5ASBaFdyqNwQnIMGQ+o0RpyTXL/SvgiuBrfIHvceMYBy64ZsWqWjPgv8TOSQXlaLrmZ38Q0SSAUFFOpOzZVqycjAjFKIdJqZ9IiAkdkyH0NA1JANLJZsdP8KFWBtiPhK5Q4Zn6cyIjgZRp4OnOgKiRXPSm4n9eL1H+uZOxME4UhHS+yE84VhGeJoEHTABVPNWEUMH0rZiOiCBU6bxKOgR78eW/pH1StWvV09tapd7I4yiifXSAjpCNzlAd3aAmaiGKUvSEXtCr8Wg8G2/G+7y1YOQzZfQLxsc3xqSS7A==</latexit>

B0 = 5⇥ 1014G

<latexit sha1_base64="/PD3Wpa9ZNuZwlVOMfw55PLTkxM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4Kok0qIbodSFLivYB7QxTKaTdujkwcyNUEI2/oobF4q49TPc+TdO2yy09cCFwzn3cu89Xiy4Asv6Ngorq2vrG8XN0tb2zu6euX/QVlEiKWvRSESy6xHFBA9ZCzgI1o0lI4EnWMcbX0/9ziOTikfhPUxi5gRkGHKfUwJacs2jhmvhK1zrAw+Ywrb1kNrVDN+4ZtmqWDPgZWLnpIxyNF3zqz+IaBKwEKggSvVsKwYnJRI4FSwr9RPFYkLHZMh6moZEr3PS2QMZPtXKAPuR1BUCnqm/J1ISKDUJPN0ZEBipRW8q/uf1EvAvnZSHcQIspPNFfiIwRHiaBh5wySiIiSaESq5vxXREJKGgMyvpEOzFl5dJ+7xiVyu1u2q53sjjKKJjdILOkI0uUB3doiZqIYoy9Ixe0ZvxZLwY78bHvLVg5DOH6A+Mzx8xxpQ9</latexit>

Neutron 

Star

B / r�3

<latexit sha1_base64="l3XLI9DhkEz+I6DZoh1AfHLdLZI=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAhuDEltmnZX6sZlBfuANpbJdNIOnSTDzKRQQv/EjQtF3Pon7vwbpw9BRQ9cOJxzL/feE3BGpbLtD2NtfWNzazu3k9/d2z84NI+OWzJJBSZNnLBEdAIkCaMxaSqqGOlwQVAUMNIOxtdzvz0hQtIkvlNTTvwIDWMaUoyUlvqmWYc9LhKuEijus8urWd8s2Fa1Uil7HrStUtH1qmVNXMctV6vQsewFCmCFRt987w0SnEYkVpghKbuOzZWfIaEoZmSW76WScITHaEi6msYoItLPFpfP4LlWBjBMhK5YwYX6fSJDkZTTKNCdEVIj+dubi3953VSFFT+jMU8VifFyUZgyqP+cxwAHVBCs2FQThAXVt0I8QgJhpcPK6xC+PoX/k1bRckqWe1sq1OqrOHLgFJyBC+AAD9TADWiAJsBgAh7AE3g2MuPReDFel61rxmrmBPyA8fYJOOOTbg==</latexit>

�

<latexit sha1_base64="sPQL8yqu43205fRK9uKEP1QfFtg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiYOPHQ==</latexit>

Larger B leads to more absorption**

Landau Levels

SJW, Noordhuis, Edwards, Weniger (2021)
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Projected Sensitivity (SKA)
SJW, Noordhuis, Edwards, Weniger (2021)


