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OUTLINE

• My favourite explanation (a disclaimer) 

• The Axion 

• Cherry-picking



OUTLINE

• My favourite explanation (a disclaimer) 

• The Axion 

• Cherry-picking

Consumer Notice:
Not at all comprehensive and rich in personal biases



Toro Principle
If you rotate a plot by 180 degrees and you are still excited,  

you probably shouldn’t write a paper about it





An unphysical axion flux from the sun gives a “better fit” to the 
data

⇠ 4�

<latexit sha1_base64="Wurl+w6EEEY0uPRRDMFHHAklT14=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuyowU1F3RjcsK9gHtUDJppg1NMmOSKZSh3+HGhSJu/Rh3/o1pOwttPXC5h3PuJTcnTAQ31vO+0dr6xubWdmGnuLu3f3BYOjpumjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWO7mZ+a8y04bF6tJOEBZIMFI84JdZJQddwiavYtYEkvVLZq3hz4FXi56QMOeq90le3H9NUMmWpIMZ0fC+xQUa05VSwabGbGpYQOiID1nFUEclMkM2PnuJzp/RxFGtXyuK5+nsjI9KYiQzdpCR2aJa9mfif10ltdB1kXCWpZYouHopSgW2MZwngPteMWjFxhFDN3a2YDokm1Lqcii4Ef/nLq6R5WfGrlZuHarl2m8dRgFM4gwvw4QpqcA91aACFJ3iGV3hDY/SC3tHHYnQN5Tsn8Afo8wflZ5GO</latexit>

Dessert, Foster, Kahn, Safdi
2006.16220 



Claim: if this signals a bkg mismodeling that can happen with equal probability at 
lower energies, the axion p-value is ~ 0.1 

Real Message: Toro Principle

⇠ 4�

<latexit sha1_base64="Wurl+w6EEEY0uPRRDMFHHAklT14=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuyowU1F3RjcsK9gHtUDJppg1NMmOSKZSh3+HGhSJu/Rh3/o1pOwttPXC5h3PuJTcnTAQ31vO+0dr6xubWdmGnuLu3f3BYOjpumjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWO7mZ+a8y04bF6tJOEBZIMFI84JdZJQddwiavYtYEkvVLZq3hz4FXi56QMOeq90le3H9NUMmWpIMZ0fC+xQUa05VSwabGbGpYQOiID1nFUEclMkM2PnuJzp/RxFGtXyuK5+nsjI9KYiQzdpCR2aJa9mfif10ltdB1kXCWpZYouHopSgW2MZwngPteMWjFxhFDN3a2YDokm1Lqcii4Ef/nLq6R5WfGrlZuHarl2m8dRgFM4gwvw4QpqcA91aACFJ3iGV3hDY/SC3tHHYnQN5Tsn8Afo8wflZ5GO</latexit>

Dessert, Foster, Kahn, Safdi
2006.16220 



From the original talk by the collaboration (backup slides)





WHY THEORISTS LIKE 
AXIONS

• UV Motivation from String Theory 

• Strong CP 

• Generically predicted in a class of 
solutions to the Electroweak Hierarchy 
Problem 

• Simple and predictive cosmology



AXION-LIKE PARTICLES
Loosely, Goldstone Bosons of a symmetry broken at high 

scales
fa � v

<latexit sha1_base64="kWf36AtvnTdBWDdjpn15mUam2p8=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj04rGC/ZB2Kdk0uw1NskuSLZSlv8KLB0W8+nO8+W9M2z1o64OBx3szzMwLU8GN9bxvtLa+sbm1Xdop7+7tHxxWjo5bJsk0ZU2aiER3QmKY4Io1LbeCdVLNiAwFa4eju5nfHjNteKIe7SRlgSSx4hGnxDrpKeoT3ItjPO5Xql7NmwOvEr8gVSjQ6Fe+eoOEZpIpSwUxput7qQ1yoi2ngk3LvcywlNARiVnXUUUkM0E+P3iKz50ywFGiXSmL5+rviZxIYyYydJ2S2KFZ9mbif143s9FNkHOVZpYpulgUZQLbBM++xwOuGbVi4gihmrtbMR0STah1GZVdCP7yy6ukdVnzvZr/cFWt3xZxlOAUzuACfLiGOtxDA5pAQcIzvMIb0ugFvaOPResaKmZO4A/Q5w/5Vo/a</latexit><latexit sha1_base64="kWf36AtvnTdBWDdjpn15mUam2p8=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj04rGC/ZB2Kdk0uw1NskuSLZSlv8KLB0W8+nO8+W9M2z1o64OBx3szzMwLU8GN9bxvtLa+sbm1Xdop7+7tHxxWjo5bJsk0ZU2aiER3QmKY4Io1LbeCdVLNiAwFa4eju5nfHjNteKIe7SRlgSSx4hGnxDrpKeoT3ItjPO5Xql7NmwOvEr8gVSjQ6Fe+eoOEZpIpSwUxput7qQ1yoi2ngk3LvcywlNARiVnXUUUkM0E+P3iKz50ywFGiXSmL5+rviZxIYyYydJ2S2KFZ9mbif143s9FNkHOVZpYpulgUZQLbBM++xwOuGbVi4gihmrtbMR0STah1GZVdCP7yy6ukdVnzvZr/cFWt3xZxlOAUzuACfLiGOtxDA5pAQcIzvMIb0ugFvaOPResaKmZO4A/Q5w/5Vo/a</latexit><latexit sha1_base64="kWf36AtvnTdBWDdjpn15mUam2p8=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj04rGC/ZB2Kdk0uw1NskuSLZSlv8KLB0W8+nO8+W9M2z1o64OBx3szzMwLU8GN9bxvtLa+sbm1Xdop7+7tHxxWjo5bJsk0ZU2aiER3QmKY4Io1LbeCdVLNiAwFa4eju5nfHjNteKIe7SRlgSSx4hGnxDrpKeoT3ItjPO5Xql7NmwOvEr8gVSjQ6Fe+eoOEZpIpSwUxput7qQ1yoi2ngk3LvcywlNARiVnXUUUkM0E+P3iKz50ywFGiXSmL5+rviZxIYyYydJ2S2KFZ9mbif143s9FNkHOVZpYpulgUZQLbBM++xwOuGbVi4gihmrtbMR0STah1GZVdCP7yy6ukdVnzvZr/cFWt3xZxlOAUzuACfLiGOtxDA5pAQcIzvMIb0ugFvaOPResaKmZO4A/Q5w/5Vo/a</latexit><latexit sha1_base64="kWf36AtvnTdBWDdjpn15mUam2p8=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj04rGC/ZB2Kdk0uw1NskuSLZSlv8KLB0W8+nO8+W9M2z1o64OBx3szzMwLU8GN9bxvtLa+sbm1Xdop7+7tHxxWjo5bJsk0ZU2aiER3QmKY4Io1LbeCdVLNiAwFa4eju5nfHjNteKIe7SRlgSSx4hGnxDrpKeoT3ItjPO5Xql7NmwOvEr8gVSjQ6Fe+eoOEZpIpSwUxput7qQ1yoi2ngk3LvcywlNARiVnXUUUkM0E+P3iKz50ywFGiXSmL5+rviZxIYyYydJ2S2KFZ9mbif143s9FNkHOVZpYpulgUZQLbBM++xwOuGbVi4gihmrtbMR0STah1GZVdCP7yy6ukdVnzvZr/cFWt3xZxlOAUzuACfLiGOtxDA5pAQcIzvMIb0ugFvaOPResaKmZO4A/Q5w/5Vo/a</latexit>

g(@a)OSM
<latexit sha1_base64="oJXlYtYt4WDIrJS6zdhsSPjacFI=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1UxIRdFl040asaB/QhHAznbRDJw9mJkIJXbvxV9y4UMStX+DOv3HSZqGtBy4czrmXe+/xE86ksqxvY2FxaXlltbRWXt/Y3No2d3ZbMk4FoU0S81h0fJCUs4g2FVOcdhJBIfQ5bfvDy9xvP1AhWRzdq1FC3RD6EQsYAaUlzzzoV50EhGLAMRw7IagBAZ7djL3MESG+ux57ZsWqWRPgeWIXpIIKNDzzy+nFJA1ppAgHKbu2lSg3y5cQTsdlJ5U0ATKEPu1qGkFIpZtNXhnjI630cBALXZHCE/X3RAahlKPQ1535rXLWy8X/vG6qgnM3Y1GSKhqR6aIg5VjFOM8F95igRPGRJkAE07diMgABROn0yjoEe/bledI6qdlWzb49rdQvijhKaB8doiqy0RmqoyvUQE1E0CN6Rq/ozXgyXox342PaumAUM3voD4zPH7mImkY=</latexit><latexit sha1_base64="oJXlYtYt4WDIrJS6zdhsSPjacFI=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1UxIRdFl040asaB/QhHAznbRDJw9mJkIJXbvxV9y4UMStX+DOv3HSZqGtBy4czrmXe+/xE86ksqxvY2FxaXlltbRWXt/Y3No2d3ZbMk4FoU0S81h0fJCUs4g2FVOcdhJBIfQ5bfvDy9xvP1AhWRzdq1FC3RD6EQsYAaUlzzzoV50EhGLAMRw7IagBAZ7djL3MESG+ux57ZsWqWRPgeWIXpIIKNDzzy+nFJA1ppAgHKbu2lSg3y5cQTsdlJ5U0ATKEPu1qGkFIpZtNXhnjI630cBALXZHCE/X3RAahlKPQ1535rXLWy8X/vG6qgnM3Y1GSKhqR6aIg5VjFOM8F95igRPGRJkAE07diMgABROn0yjoEe/bledI6qdlWzb49rdQvijhKaB8doiqy0RmqoyvUQE1E0CN6Rq/ozXgyXox342PaumAUM3voD4zPH7mImkY=</latexit><latexit sha1_base64="oJXlYtYt4WDIrJS6zdhsSPjacFI=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1UxIRdFl040asaB/QhHAznbRDJw9mJkIJXbvxV9y4UMStX+DOv3HSZqGtBy4czrmXe+/xE86ksqxvY2FxaXlltbRWXt/Y3No2d3ZbMk4FoU0S81h0fJCUs4g2FVOcdhJBIfQ5bfvDy9xvP1AhWRzdq1FC3RD6EQsYAaUlzzzoV50EhGLAMRw7IagBAZ7djL3MESG+ux57ZsWqWRPgeWIXpIIKNDzzy+nFJA1ppAgHKbu2lSg3y5cQTsdlJ5U0ATKEPu1qGkFIpZtNXhnjI630cBALXZHCE/X3RAahlKPQ1535rXLWy8X/vG6qgnM3Y1GSKhqR6aIg5VjFOM8F95igRPGRJkAE07diMgABROn0yjoEe/bledI6qdlWzb49rdQvijhKaB8doiqy0RmqoyvUQE1E0CN6Rq/ozXgyXox342PaumAUM3voD4zPH7mImkY=</latexit><latexit sha1_base64="oJXlYtYt4WDIrJS6zdhsSPjacFI=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1UxIRdFl040asaB/QhHAznbRDJw9mJkIJXbvxV9y4UMStX+DOv3HSZqGtBy4czrmXe+/xE86ksqxvY2FxaXlltbRWXt/Y3No2d3ZbMk4FoU0S81h0fJCUs4g2FVOcdhJBIfQ5bfvDy9xvP1AhWRzdq1FC3RD6EQsYAaUlzzzoV50EhGLAMRw7IagBAZ7djL3MESG+ux57ZsWqWRPgeWIXpIIKNDzzy+nFJA1ppAgHKbu2lSg3y5cQTsdlJ5U0ATKEPu1qGkFIpZtNXhnjI630cBALXZHCE/X3RAahlKPQ1535rXLWy8X/vG6qgnM3Y1GSKhqR6aIg5VjFOM8F95igRPGRJkAE07diMgABROn0yjoEe/bledI6qdlWzb49rdQvijhKaB8doiqy0RmqoyvUQE1E0CN6Rq/ozXgyXox342PaumAUM3voD4zPH7mImkY=</latexit>

Derivatively coupled to the SM

3 couplings are used in Xenon’s analysis

L � �igaeaē�5e� ga�aFµ⌫
eFµ⌫ � iaN̄(g0an + g3an

�3

2
)N

<latexit sha1_base64="1BfsN49y73A8ov6nMWWxoASgrMQ="></latexit><latexit sha1_base64="1BfsN49y73A8ov6nMWWxoASgrMQ="></latexit><latexit sha1_base64="1BfsN49y73A8ov6nMWWxoASgrMQ="></latexit><latexit sha1_base64="1BfsN49y73A8ov6nMWWxoASgrMQ="></latexit>

ge↵an = �1.19g0an + g3an
<latexit sha1_base64="36NA3IAqa4Rn2J2xMuXoD0CEnsM=">AAACInicbZDNSgMxFIUz/lv/qi7dBIsgiGVGBe1CEN24rGBVaGvJpHfa0ExmSO6IZZhnceOruHGhqCvBhzFtZ6HWC4GPc+5Nbo4fS2HQdT+dicmp6ZnZufnCwuLS8kpxde3KRInmUOORjPSNzwxIoaCGAiXcxBpY6Eu49ntnA//6DrQRkbrEfgzNkHWUCARnaKVWsdJAuMfhPamGdpZ2WilT2W3a0CGFIMiy412v7FVorrs7Oey3iiW37A6LjoOXQ4nkVW0V3xvtiCchKOSSGVP33BibKdMouISs0EgMxIz3WAfqFhULwTTT4WoZ3bJKmwaRtkchHao/J1IWGtMPfdsZMuyav95A/M+rJxgcNVOh4gRB8dFDQSIpRnSQF20LDRxl3wLjWthdKe8yzTjaVAs2BO/vl8fhaq/suWXv4qB0cprHMUc2yCbZJh45JCfknFRJjXDyQJ7IC3l1Hp1n5835GLVOOPnMOvlVztc3+Sikdg==</latexit><latexit sha1_base64="36NA3IAqa4Rn2J2xMuXoD0CEnsM=">AAACInicbZDNSgMxFIUz/lv/qi7dBIsgiGVGBe1CEN24rGBVaGvJpHfa0ExmSO6IZZhnceOruHGhqCvBhzFtZ6HWC4GPc+5Nbo4fS2HQdT+dicmp6ZnZufnCwuLS8kpxde3KRInmUOORjPSNzwxIoaCGAiXcxBpY6Eu49ntnA//6DrQRkbrEfgzNkHWUCARnaKVWsdJAuMfhPamGdpZ2WilT2W3a0CGFIMiy412v7FVorrs7Oey3iiW37A6LjoOXQ4nkVW0V3xvtiCchKOSSGVP33BibKdMouISs0EgMxIz3WAfqFhULwTTT4WoZ3bJKmwaRtkchHao/J1IWGtMPfdsZMuyav95A/M+rJxgcNVOh4gRB8dFDQSIpRnSQF20LDRxl3wLjWthdKe8yzTjaVAs2BO/vl8fhaq/suWXv4qB0cprHMUc2yCbZJh45JCfknFRJjXDyQJ7IC3l1Hp1n5835GLVOOPnMOvlVztc3+Sikdg==</latexit><latexit sha1_base64="36NA3IAqa4Rn2J2xMuXoD0CEnsM=">AAACInicbZDNSgMxFIUz/lv/qi7dBIsgiGVGBe1CEN24rGBVaGvJpHfa0ExmSO6IZZhnceOruHGhqCvBhzFtZ6HWC4GPc+5Nbo4fS2HQdT+dicmp6ZnZufnCwuLS8kpxde3KRInmUOORjPSNzwxIoaCGAiXcxBpY6Eu49ntnA//6DrQRkbrEfgzNkHWUCARnaKVWsdJAuMfhPamGdpZ2WilT2W3a0CGFIMiy412v7FVorrs7Oey3iiW37A6LjoOXQ4nkVW0V3xvtiCchKOSSGVP33BibKdMouISs0EgMxIz3WAfqFhULwTTT4WoZ3bJKmwaRtkchHao/J1IWGtMPfdsZMuyav95A/M+rJxgcNVOh4gRB8dFDQSIpRnSQF20LDRxl3wLjWthdKe8yzTjaVAs2BO/vl8fhaq/suWXv4qB0cprHMUc2yCbZJh45JCfknFRJjXDyQJ7IC3l1Hp1n5835GLVOOPnMOvlVztc3+Sikdg==</latexit><latexit sha1_base64="36NA3IAqa4Rn2J2xMuXoD0CEnsM=">AAACInicbZDNSgMxFIUz/lv/qi7dBIsgiGVGBe1CEN24rGBVaGvJpHfa0ExmSO6IZZhnceOruHGhqCvBhzFtZ6HWC4GPc+5Nbo4fS2HQdT+dicmp6ZnZufnCwuLS8kpxde3KRInmUOORjPSNzwxIoaCGAiXcxBpY6Eu49ntnA//6DrQRkbrEfgzNkHWUCARnaKVWsdJAuMfhPamGdpZ2WilT2W3a0CGFIMiy412v7FVorrs7Oey3iiW37A6LjoOXQ4nkVW0V3xvtiCchKOSSGVP33BibKdMouISs0EgMxIz3WAfqFhULwTTT4WoZ3bJKmwaRtkchHao/J1IWGtMPfdsZMuyav95A/M+rJxgcNVOh4gRB8dFDQSIpRnSQF20LDRxl3wLjWthdKe8yzTjaVAs2BO/vl8fhaq/suWXv4qB0cprHMUc2yCbZJh45JCfknFRJjXDyQJ7IC3l1Hp1n5835GLVOOPnMOvlVztc3+Sikdg==</latexit>



AXIONS FROM THE SUN

g2a�
<latexit sha1_base64="ZNopkBlETkcjq4IwivaZ3lTscTI=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VbCu0sUy2m3bpbhJ3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYjVQ4CaCR6xpuFGsIdEMZSBYO1gdDPz22OmNI+jezNJmC9xEPGQUzRW8ge9DLsDlBKnj7VeueJW3TnIKvFyUoEcjV75q9uPaSpZZKhArTuemxg/Q2U4FWxa6qaaJUhHOGAdSyOUTPvZ/OgpObNKn4SxshUZMld/T2QotZ7IwHZKNEO97M3E/7xOasIrP+NRkhoW0cWiMBXExGSWAOlzxagRE0uQKm5vJXSICqmxOZVsCN7yy6ukVat6btW7u6jUr/M4inACp3AOHlxCHW6hAU2g8ATP8Apvzth5cd6dj0VrwclnjuEPnM8ftLOSCg==</latexit><latexit sha1_base64="ZNopkBlETkcjq4IwivaZ3lTscTI=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VbCu0sUy2m3bpbhJ3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYjVQ4CaCR6xpuFGsIdEMZSBYO1gdDPz22OmNI+jezNJmC9xEPGQUzRW8ge9DLsDlBKnj7VeueJW3TnIKvFyUoEcjV75q9uPaSpZZKhArTuemxg/Q2U4FWxa6qaaJUhHOGAdSyOUTPvZ/OgpObNKn4SxshUZMld/T2QotZ7IwHZKNEO97M3E/7xOasIrP+NRkhoW0cWiMBXExGSWAOlzxagRE0uQKm5vJXSICqmxOZVsCN7yy6ukVat6btW7u6jUr/M4inACp3AOHlxCHW6hAU2g8ATP8Apvzth5cd6dj0VrwclnjuEPnM8ftLOSCg==</latexit><latexit sha1_base64="ZNopkBlETkcjq4IwivaZ3lTscTI=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VbCu0sUy2m3bpbhJ3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYjVQ4CaCR6xpuFGsIdEMZSBYO1gdDPz22OmNI+jezNJmC9xEPGQUzRW8ge9DLsDlBKnj7VeueJW3TnIKvFyUoEcjV75q9uPaSpZZKhArTuemxg/Q2U4FWxa6qaaJUhHOGAdSyOUTPvZ/OgpObNKn4SxshUZMld/T2QotZ7IwHZKNEO97M3E/7xOasIrP+NRkhoW0cWiMBXExGSWAOlzxagRE0uQKm5vJXSICqmxOZVsCN7yy6ukVat6btW7u6jUr/M4inACp3AOHlxCHW6hAU2g8ATP8Apvzth5cd6dj0VrwclnjuEPnM8ftLOSCg==</latexit><latexit sha1_base64="ZNopkBlETkcjq4IwivaZ3lTscTI=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VbCu0sUy2m3bpbhJ3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYjVQ4CaCR6xpuFGsIdEMZSBYO1gdDPz22OmNI+jezNJmC9xEPGQUzRW8ge9DLsDlBKnj7VeueJW3TnIKvFyUoEcjV75q9uPaSpZZKhArTuemxg/Q2U4FWxa6qaaJUhHOGAdSyOUTPvZ/OgpObNKn4SxshUZMld/T2QotZ7IwHZKNEO97M3E/7xOasIrP+NRkhoW0cWiMBXExGSWAOlzxagRE0uQKm5vJXSICqmxOZVsCN7yy6ukVat6btW7u6jUr/M4inACp3AOHlxCHW6hAU2g8ATP8Apvzth5cd6dj0VrwclnjuEPnM8ftLOSCg==</latexit>

g2ae
<latexit sha1_base64="7yFw3YuNNVX2tmR59x7iTXkKx6k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0sWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHst7M0nQj+hQ8pAzaqzUGfYzitOHWr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+75ScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY8GXCFzIiJJZQpbm8lbEQVZcZGVLIheMsvr5JWreq5Ve/uolK/zuMowgmcwjl4cAl1uIUGNIGBgGd4hTfn0Xlx3p2PRWvByWeO4Q+czx/o14/e</latexit><latexit sha1_base64="7yFw3YuNNVX2tmR59x7iTXkKx6k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0sWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHst7M0nQj+hQ8pAzaqzUGfYzitOHWr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+75ScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY8GXCFzIiJJZQpbm8lbEQVZcZGVLIheMsvr5JWreq5Ve/uolK/zuMowgmcwjl4cAl1uIUGNIGBgGd4hTfn0Xlx3p2PRWvByWeO4Q+czx/o14/e</latexit><latexit sha1_base64="7yFw3YuNNVX2tmR59x7iTXkKx6k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0sWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHst7M0nQj+hQ8pAzaqzUGfYzitOHWr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+75ScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY8GXCFzIiJJZQpbm8lbEQVZcZGVLIheMsvr5JWreq5Ve/uolK/zuMowgmcwjl4cAl1uIUGNIGBgGd4hTfn0Xlx3p2PRWvByWeO4Q+czx/o14/e</latexit><latexit sha1_base64="7yFw3YuNNVX2tmR59x7iTXkKx6k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0sWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHst7M0nQj+hQ8pAzaqzUGfYzitOHWr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+75ScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY8GXCFzIiJJZQpbm8lbEQVZcZGVLIheMsvr5JWreq5Ve/uolK/zuMowgmcwjl4cAl1uIUGNIGBgGd4hTfn0Xlx3p2PRWvByWeO4Q+czx/o14/e</latexit>

ma . T�
<latexit sha1_base64="75iuCjBw89Qe7DlLeocCwxO/DL0=">AAACEHicbVA9SwNBEN3z2/gVtbRZDKJVuBNBS9HGMkJiArlw7O1NksXd22N3TgzH/QQb/4qNhSK2lnb+GzcxhV8PBh7vzezOvDiTwqLvf3gzs3PzC4tLy5WV1bX1jerm1pXVueHQ4lpq04mZBSlSaKFACZ3MAFOxhHZ8fT722zdgrNBpE0cZ9BQbpKIvOEMnRdX9EOEWJ+8UBpKyUBGjoQRrrVC0GRWhTjSWZVSt+XV/AvqXBFNSI1M0oup7mGieK0iRS2ZtN/Az7BXMoOASykqYW8gYv2YD6DqaMgW2V0wWKemeUxLa18ZVinSifp8omLJ2pGLXqRgO7W9vLP7ndXPsn/QKkWY5Qsq/PurnkqKm43RoIgxwlCNHGDfC7Ur5kBnG0WVYcSEEv0/+S64O64FfDy6Paqdn0ziWyA7ZJQckIMfklFyQBmkRTu7IA3kiz9699+i9eK9frTPedGab/ID39gmGYZ4i</latexit><latexit sha1_base64="75iuCjBw89Qe7DlLeocCwxO/DL0=">AAACEHicbVA9SwNBEN3z2/gVtbRZDKJVuBNBS9HGMkJiArlw7O1NksXd22N3TgzH/QQb/4qNhSK2lnb+GzcxhV8PBh7vzezOvDiTwqLvf3gzs3PzC4tLy5WV1bX1jerm1pXVueHQ4lpq04mZBSlSaKFACZ3MAFOxhHZ8fT722zdgrNBpE0cZ9BQbpKIvOEMnRdX9EOEWJ+8UBpKyUBGjoQRrrVC0GRWhTjSWZVSt+XV/AvqXBFNSI1M0oup7mGieK0iRS2ZtN/Az7BXMoOASykqYW8gYv2YD6DqaMgW2V0wWKemeUxLa18ZVinSifp8omLJ2pGLXqRgO7W9vLP7ndXPsn/QKkWY5Qsq/PurnkqKm43RoIgxwlCNHGDfC7Ur5kBnG0WVYcSEEv0/+S64O64FfDy6Paqdn0ziWyA7ZJQckIMfklFyQBmkRTu7IA3kiz9699+i9eK9frTPedGab/ID39gmGYZ4i</latexit><latexit sha1_base64="75iuCjBw89Qe7DlLeocCwxO/DL0=">AAACEHicbVA9SwNBEN3z2/gVtbRZDKJVuBNBS9HGMkJiArlw7O1NksXd22N3TgzH/QQb/4qNhSK2lnb+GzcxhV8PBh7vzezOvDiTwqLvf3gzs3PzC4tLy5WV1bX1jerm1pXVueHQ4lpq04mZBSlSaKFACZ3MAFOxhHZ8fT722zdgrNBpE0cZ9BQbpKIvOEMnRdX9EOEWJ+8UBpKyUBGjoQRrrVC0GRWhTjSWZVSt+XV/AvqXBFNSI1M0oup7mGieK0iRS2ZtN/Az7BXMoOASykqYW8gYv2YD6DqaMgW2V0wWKemeUxLa18ZVinSifp8omLJ2pGLXqRgO7W9vLP7ndXPsn/QKkWY5Qsq/PurnkqKm43RoIgxwlCNHGDfC7Ur5kBnG0WVYcSEEv0/+S64O64FfDy6Paqdn0ziWyA7ZJQckIMfklFyQBmkRTu7IA3kiz9699+i9eK9frTPedGab/ID39gmGYZ4i</latexit><latexit sha1_base64="75iuCjBw89Qe7DlLeocCwxO/DL0=">AAACEHicbVA9SwNBEN3z2/gVtbRZDKJVuBNBS9HGMkJiArlw7O1NksXd22N3TgzH/QQb/4qNhSK2lnb+GzcxhV8PBh7vzezOvDiTwqLvf3gzs3PzC4tLy5WV1bX1jerm1pXVueHQ4lpq04mZBSlSaKFACZ3MAFOxhHZ8fT722zdgrNBpE0cZ9BQbpKIvOEMnRdX9EOEWJ+8UBpKyUBGjoQRrrVC0GRWhTjSWZVSt+XV/AvqXBFNSI1M0oup7mGieK0iRS2ZtN/Az7BXMoOASykqYW8gYv2YD6DqaMgW2V0wWKemeUxLa18ZVinSifp8omLJ2pGLXqRgO7W9vLP7ndXPsn/QKkWY5Qsq/PurnkqKm43RoIgxwlCNHGDfC7Ur5kBnG0WVYcSEEv0/+S64O64FfDy6Paqdn0ziWyA7ZJQckIMfklFyQBmkRTu7IA3kiz9699+i9eK9frTPedGab/ID39gmGYZ4i</latexit>



AXIONS FROM THE SUN

Fe⇤
<latexit sha1_base64="v92NzjVcdimhso5nE9SG9YuM8Yg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiIB4r2A9sY9lsJ+3SzSbsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dpaWV1bX1gsbxc2t7Z3d0t5+Q8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD64nffEKleSzvzShBP6J9yUPOqLHSQ9ZREbnBx9Nxt1R2K+4UZJF4OSlDjlq39NXpxSyNUBomqNZtz02Mn1FlOBM4LnZSjQllQ9rHtqWSRqj9bHrxmBxbpUfCWNmShkzV3xMZjbQeRYHtjKgZ6HlvIv7ntVMTXvoZl0lqULLZojAVxMRk8j7pcYXMiJEllClubyVsQBVlxoZUtCF48y8vksZZxXMr3t15uXqVx1GAQziCE/DgAqpwCzWoAwMJz/AKb452Xpx352PWuuTkMwfwB87nD+TDkGQ=</latexit><latexit sha1_base64="v92NzjVcdimhso5nE9SG9YuM8Yg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiIB4r2A9sY9lsJ+3SzSbsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dpaWV1bX1gsbxc2t7Z3d0t5+Q8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD64nffEKleSzvzShBP6J9yUPOqLHSQ9ZREbnBx9Nxt1R2K+4UZJF4OSlDjlq39NXpxSyNUBomqNZtz02Mn1FlOBM4LnZSjQllQ9rHtqWSRqj9bHrxmBxbpUfCWNmShkzV3xMZjbQeRYHtjKgZ6HlvIv7ntVMTXvoZl0lqULLZojAVxMRk8j7pcYXMiJEllClubyVsQBVlxoZUtCF48y8vksZZxXMr3t15uXqVx1GAQziCE/DgAqpwCzWoAwMJz/AKb452Xpx352PWuuTkMwfwB87nD+TDkGQ=</latexit><latexit sha1_base64="v92NzjVcdimhso5nE9SG9YuM8Yg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiIB4r2A9sY9lsJ+3SzSbsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dpaWV1bX1gsbxc2t7Z3d0t5+Q8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD64nffEKleSzvzShBP6J9yUPOqLHSQ9ZREbnBx9Nxt1R2K+4UZJF4OSlDjlq39NXpxSyNUBomqNZtz02Mn1FlOBM4LnZSjQllQ9rHtqWSRqj9bHrxmBxbpUfCWNmShkzV3xMZjbQeRYHtjKgZ6HlvIv7ntVMTXvoZl0lqULLZojAVxMRk8j7pcYXMiJEllClubyVsQBVlxoZUtCF48y8vksZZxXMr3t15uXqVx1GAQziCE/DgAqpwCzWoAwMJz/AKb452Xpx352PWuuTkMwfwB87nD+TDkGQ=</latexit><latexit sha1_base64="v92NzjVcdimhso5nE9SG9YuM8Yg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiIB4r2A9sY9lsJ+3SzSbsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dpaWV1bX1gsbxc2t7Z3d0t5+Q8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD64nffEKleSzvzShBP6J9yUPOqLHSQ9ZREbnBx9Nxt1R2K+4UZJF4OSlDjlq39NXpxSyNUBomqNZtz02Mn1FlOBM4LnZSjQllQ9rHtqWSRqj9bHrxmBxbpUfCWNmShkzV3xMZjbQeRYHtjKgZ6HlvIv7ntVMTXvoZl0lqULLZojAVxMRk8j7pcYXMiJEllClubyVsQBVlxoZUtCF48y8vksZZxXMr3t15uXqVx1GAQziCE/DgAqpwCzWoAwMJz/AKb452Xpx352PWuuTkMwfwB87nD+TDkGQ=</latexit>

Fe
<latexit sha1_base64="suKXJgeefxkKlu8L3HYUeFXFg9Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FQTxWsLXQLiWbTtvQJLsmWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZelAhurO9/e4WV1bX1jeJmaWt7Z3evvH/QNHGqGTZYLGLdiqhBwRU2LLcCW4lGKiOBD9Hoeuo/PKE2PFb3dpxgKOlA8T5n1DqplXW0JDc46ZYrftWfgSyTICcVyFHvlr86vZilEpVlghrTDvzEhhnVljOBk1InNZhQNqIDbDuqqEQTZrN7J+TEKT3Sj7UrZclM/T2RUWnMWEauU1I7NIveVPzPa6e2fxlmXCWpRcXmi/qpIDYm0+dJj2tkVowdoUxzdythQ6opsy6ikgshWHx5mTTPqoFfDe7OK7WrPI4iHMExnEIAF1CDW6hDAxgIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AHGxo/I</latexit><latexit sha1_base64="suKXJgeefxkKlu8L3HYUeFXFg9Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FQTxWsLXQLiWbTtvQJLsmWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZelAhurO9/e4WV1bX1jeJmaWt7Z3evvH/QNHGqGTZYLGLdiqhBwRU2LLcCW4lGKiOBD9Hoeuo/PKE2PFb3dpxgKOlA8T5n1DqplXW0JDc46ZYrftWfgSyTICcVyFHvlr86vZilEpVlghrTDvzEhhnVljOBk1InNZhQNqIDbDuqqEQTZrN7J+TEKT3Sj7UrZclM/T2RUWnMWEauU1I7NIveVPzPa6e2fxlmXCWpRcXmi/qpIDYm0+dJj2tkVowdoUxzdythQ6opsy6ikgshWHx5mTTPqoFfDe7OK7WrPI4iHMExnEIAF1CDW6hDAxgIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AHGxo/I</latexit><latexit sha1_base64="suKXJgeefxkKlu8L3HYUeFXFg9Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FQTxWsLXQLiWbTtvQJLsmWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZelAhurO9/e4WV1bX1jeJmaWt7Z3evvH/QNHGqGTZYLGLdiqhBwRU2LLcCW4lGKiOBD9Hoeuo/PKE2PFb3dpxgKOlA8T5n1DqplXW0JDc46ZYrftWfgSyTICcVyFHvlr86vZilEpVlghrTDvzEhhnVljOBk1InNZhQNqIDbDuqqEQTZrN7J+TEKT3Sj7UrZclM/T2RUWnMWEauU1I7NIveVPzPa6e2fxlmXCWpRcXmi/qpIDYm0+dJj2tkVowdoUxzdythQ6opsy6ikgshWHx5mTTPqoFfDe7OK7WrPI4iHMExnEIAF1CDW6hDAxgIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AHGxo/I</latexit><latexit sha1_base64="suKXJgeefxkKlu8L3HYUeFXFg9Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FQTxWsLXQLiWbTtvQJLsmWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZelAhurO9/e4WV1bX1jeJmaWt7Z3evvH/QNHGqGTZYLGLdiqhBwRU2LLcCW4lGKiOBD9Hoeuo/PKE2PFb3dpxgKOlA8T5n1DqplXW0JDc46ZYrftWfgSyTICcVyFHvlr86vZilEpVlghrTDvzEhhnVljOBk1InNZhQNqIDbDuqqEQTZrN7J+TEKT3Sj7UrZclM/T2RUWnMWEauU1I7NIveVPzPa6e2fxlmXCWpRcXmi/qpIDYm0+dJj2tkVowdoUxzdythQ6opsy6ikgshWHx5mTTPqoFfDe7OK7WrPI4iHMExnEIAF1CDW6hDAxgIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AHGxo/I</latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

(ge↵an)
2

<latexit sha1_base64="sAa47tnUo4TK1QLzl08kPMQYpbo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5IUQZdFNy4r2Ae0aZhMb9qhk0mYmQg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bZWVtfWNzYLW8Xtnd29ffvgsKniVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0c3Ubz2AVCwW93qcgBeRgWAho0QbybePywM/I2LSy7oywhCGk/Ne1bdLTsWZAS8TNycllKPu21/dfkzTCISmnCjVcZ1EexmRmlEOk2I3VZAQOiID6BgqSATKy2bXT/CZUfo4jKUpofFM/T2RkUipcRSYzojooVr0puJ/XifV4ZWXMZGkGgSdLwpTjnWMp1HgPpNANR8bQqhk5lZMh0QSqk1gRROCu/jyMmlWK65Tce8uSrXrPI4COkGnqIxcdIlq6BbVUQNR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB8TslMM=</latexit><latexit sha1_base64="sAa47tnUo4TK1QLzl08kPMQYpbo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5IUQZdFNy4r2Ae0aZhMb9qhk0mYmQg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bZWVtfWNzYLW8Xtnd29ffvgsKniVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0c3Ubz2AVCwW93qcgBeRgWAho0QbybePywM/I2LSy7oywhCGk/Ne1bdLTsWZAS8TNycllKPu21/dfkzTCISmnCjVcZ1EexmRmlEOk2I3VZAQOiID6BgqSATKy2bXT/CZUfo4jKUpofFM/T2RkUipcRSYzojooVr0puJ/XifV4ZWXMZGkGgSdLwpTjnWMp1HgPpNANR8bQqhk5lZMh0QSqk1gRROCu/jyMmlWK65Tce8uSrXrPI4COkGnqIxcdIlq6BbVUQNR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB8TslMM=</latexit><latexit sha1_base64="sAa47tnUo4TK1QLzl08kPMQYpbo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5IUQZdFNy4r2Ae0aZhMb9qhk0mYmQg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bZWVtfWNzYLW8Xtnd29ffvgsKniVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0c3Ubz2AVCwW93qcgBeRgWAho0QbybePywM/I2LSy7oywhCGk/Ne1bdLTsWZAS8TNycllKPu21/dfkzTCISmnCjVcZ1EexmRmlEOk2I3VZAQOiID6BgqSATKy2bXT/CZUfo4jKUpofFM/T2RkUipcRSYzojooVr0puJ/XifV4ZWXMZGkGgSdLwpTjnWMp1HgPpNANR8bQqhk5lZMh0QSqk1gRROCu/jyMmlWK65Tce8uSrXrPI4COkGnqIxcdIlq6BbVUQNR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB8TslMM=</latexit><latexit sha1_base64="sAa47tnUo4TK1QLzl08kPMQYpbo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5IUQZdFNy4r2Ae0aZhMb9qhk0mYmQg1FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niDhTGnH+bZWVtfWNzYLW8Xtnd29ffvgsKniVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0c3Ubz2AVCwW93qcgBeRgWAho0QbybePywM/I2LSy7oywhCGk/Ne1bdLTsWZAS8TNycllKPu21/dfkzTCISmnCjVcZ1EexmRmlEOk2I3VZAQOiID6BgqSATKy2bXT/CZUfo4jKUpofFM/T2RkUipcRSYzojooVr0puJ/XifV4ZWXMZGkGgSdLwpTjnWMp1HgPpNANR8bQqhk5lZMh0QSqk1gRROCu/jyMmlWK65Tce8uSrXrPI4COkGnqIxcdIlq6BbVUQNR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB8TslMM=</latexit>



DETECTION IN XENON

Axio-electric effect ~ Photoelectric effect



Axion preferred at  
3.5 sigma

Axion preferred at  
2.1 sigma



TIP OF RGB STARS

gae < 4.3⇥ 10�13
<latexit sha1_base64="a51nP8ThJwq9r3FO8BawkhX24D8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4aMLejCRdGNywr2AW0Mk+mkHTqZhJmJUEJw46+4caGIW7/CnX/j9LHQ1gMXDufcy733BAlnSrvut1VYWl5ZXSuulzY2t7Z37N29popTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4fXYbz1QqVgs7vQooV6E+4KFjGBtJN8+6PsZpvll1al0NYuogsi9z05RJfftsuu4E8BFgmakDGao+/ZXtxeTNKJCE46V6iA30V6GpWaE07zUTRVNMBniPu0YKrDZ5mWTF3J4bJQeDGNpSmg4UX9PZDhSahQFpjPCeqDmvbH4n9dJdXjhZUwkqaaCTBeFKYc6huM8YI9JSjQfGYKJZOZWSAZYYqJNaiUTApp/eZE0zxzkOui2Wq5dzeIogkNwBE4AAuegBm5AHTQAAY/gGbyCN+vJerHerY9pa8GazeyDP7A+fwADfJXg</latexit><latexit sha1_base64="a51nP8ThJwq9r3FO8BawkhX24D8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4aMLejCRdGNywr2AW0Mk+mkHTqZhJmJUEJw46+4caGIW7/CnX/j9LHQ1gMXDufcy733BAlnSrvut1VYWl5ZXSuulzY2t7Z37N29popTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4fXYbz1QqVgs7vQooV6E+4KFjGBtJN8+6PsZpvll1al0NYuogsi9z05RJfftsuu4E8BFgmakDGao+/ZXtxeTNKJCE46V6iA30V6GpWaE07zUTRVNMBniPu0YKrDZ5mWTF3J4bJQeDGNpSmg4UX9PZDhSahQFpjPCeqDmvbH4n9dJdXjhZUwkqaaCTBeFKYc6huM8YI9JSjQfGYKJZOZWSAZYYqJNaiUTApp/eZE0zxzkOui2Wq5dzeIogkNwBE4AAuegBm5AHTQAAY/gGbyCN+vJerHerY9pa8GazeyDP7A+fwADfJXg</latexit><latexit sha1_base64="a51nP8ThJwq9r3FO8BawkhX24D8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4aMLejCRdGNywr2AW0Mk+mkHTqZhJmJUEJw46+4caGIW7/CnX/j9LHQ1gMXDufcy733BAlnSrvut1VYWl5ZXSuulzY2t7Z37N29popTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4fXYbz1QqVgs7vQooV6E+4KFjGBtJN8+6PsZpvll1al0NYuogsi9z05RJfftsuu4E8BFgmakDGao+/ZXtxeTNKJCE46V6iA30V6GpWaE07zUTRVNMBniPu0YKrDZ5mWTF3J4bJQeDGNpSmg4UX9PZDhSahQFpjPCeqDmvbH4n9dJdXjhZUwkqaaCTBeFKYc6huM8YI9JSjQfGYKJZOZWSAZYYqJNaiUTApp/eZE0zxzkOui2Wq5dzeIogkNwBE4AAuegBm5AHTQAAY/gGbyCN+vJerHerY9pa8GazeyDP7A+fwADfJXg</latexit><latexit sha1_base64="a51nP8ThJwq9r3FO8BawkhX24D8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN4aMLejCRdGNywr2AW0Mk+mkHTqZhJmJUEJw46+4caGIW7/CnX/j9LHQ1gMXDufcy733BAlnSrvut1VYWl5ZXSuulzY2t7Z37N29popTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4fXYbz1QqVgs7vQooV6E+4KFjGBtJN8+6PsZpvll1al0NYuogsi9z05RJfftsuu4E8BFgmakDGao+/ZXtxeTNKJCE46V6iA30V6GpWaE07zUTRVNMBniPu0YKrDZ5mWTF3J4bJQeDGNpSmg4UX9PZDhSahQFpjPCeqDmvbH4n9dJdXjhZUwkqaaCTBeFKYc6huM8YI9JSjQfGYKJZOZWSAZYYqJNaiUTApp/eZE0zxzkOui2Wq5dzeIogkNwBE4AAuegBm5AHTQAAY/gGbyCN+vJerHerY9pa8GazeyDP7A+fwADfJXg</latexit>

(gae)Xenon ⇠ few ⇥ 10�12
<latexit sha1_base64="D3vR3U4gFqqoznRwVBrLYVmiBHE=">AAACGnicbVBNSwMxEM36WetX1aOXYBHqwbIRQY+iF48VrBa6dcmms21okl2SrFKW/R1e/CtePCjiTbz4b0xrD2p9EHjz3gyTeVEquLG+/+nNzM7NLyyWlsrLK6tr65WNzSuTZJpBkyUi0a2IGhBcQdNyK6CVaqAyEnAdDc5G/vUtaMMTdWmHKXQk7Skec0atk8IKqfXCnEKxF+aBlrgFKlFFYLjE4zqGuyKwXILBxL/J98lBEVaqft0fA08TMiFVNEEjrLwH3YRlEpRlghrTJn5qOznVljMBRTnIDKSUDWgP2o4q6rZ18vFpBd51ShfHiXZPWTxWf07kVBozlJHrlNT2zV9vJP7ntTMbH3dyrtLMgmLfi+JMYJvgUU64yzUwK4aOUKa5+ytmfaopsy7NsguB/D15mlwd1IlfJxeH1ZPTSRwltI12UA0RdIRO0DlqoCZi6B49omf04j14T96r9/bdOuNNZrbQL3gfX1VtoGM=</latexit><latexit sha1_base64="D3vR3U4gFqqoznRwVBrLYVmiBHE=">AAACGnicbVBNSwMxEM36WetX1aOXYBHqwbIRQY+iF48VrBa6dcmms21okl2SrFKW/R1e/CtePCjiTbz4b0xrD2p9EHjz3gyTeVEquLG+/+nNzM7NLyyWlsrLK6tr65WNzSuTZJpBkyUi0a2IGhBcQdNyK6CVaqAyEnAdDc5G/vUtaMMTdWmHKXQk7Skec0atk8IKqfXCnEKxF+aBlrgFKlFFYLjE4zqGuyKwXILBxL/J98lBEVaqft0fA08TMiFVNEEjrLwH3YRlEpRlghrTJn5qOznVljMBRTnIDKSUDWgP2o4q6rZ18vFpBd51ShfHiXZPWTxWf07kVBozlJHrlNT2zV9vJP7ntTMbH3dyrtLMgmLfi+JMYJvgUU64yzUwK4aOUKa5+ytmfaopsy7NsguB/D15mlwd1IlfJxeH1ZPTSRwltI12UA0RdIRO0DlqoCZi6B49omf04j14T96r9/bdOuNNZrbQL3gfX1VtoGM=</latexit><latexit sha1_base64="D3vR3U4gFqqoznRwVBrLYVmiBHE=">AAACGnicbVBNSwMxEM36WetX1aOXYBHqwbIRQY+iF48VrBa6dcmms21okl2SrFKW/R1e/CtePCjiTbz4b0xrD2p9EHjz3gyTeVEquLG+/+nNzM7NLyyWlsrLK6tr65WNzSuTZJpBkyUi0a2IGhBcQdNyK6CVaqAyEnAdDc5G/vUtaMMTdWmHKXQk7Skec0atk8IKqfXCnEKxF+aBlrgFKlFFYLjE4zqGuyKwXILBxL/J98lBEVaqft0fA08TMiFVNEEjrLwH3YRlEpRlghrTJn5qOznVljMBRTnIDKSUDWgP2o4q6rZ18vFpBd51ShfHiXZPWTxWf07kVBozlJHrlNT2zV9vJP7ntTMbH3dyrtLMgmLfi+JMYJvgUU64yzUwK4aOUKa5+ytmfaopsy7NsguB/D15mlwd1IlfJxeH1ZPTSRwltI12UA0RdIRO0DlqoCZi6B49omf04j14T96r9/bdOuNNZrbQL3gfX1VtoGM=</latexit><latexit sha1_base64="D3vR3U4gFqqoznRwVBrLYVmiBHE=">AAACGnicbVBNSwMxEM36WetX1aOXYBHqwbIRQY+iF48VrBa6dcmms21okl2SrFKW/R1e/CtePCjiTbz4b0xrD2p9EHjz3gyTeVEquLG+/+nNzM7NLyyWlsrLK6tr65WNzSuTZJpBkyUi0a2IGhBcQdNyK6CVaqAyEnAdDc5G/vUtaMMTdWmHKXQk7Skec0atk8IKqfXCnEKxF+aBlrgFKlFFYLjE4zqGuyKwXILBxL/J98lBEVaqft0fA08TMiFVNEEjrLwH3YRlEpRlghrTJn5qOznVljMBRTnIDKSUDWgP2o4q6rZ18vFpBd51ShfHiXZPWTxWf07kVBozlJHrlNT2zV9vJP7ntTMbH3dyrtLMgmLfi+JMYJvgUU64yzUwK4aOUKa5+ytmfaopsy7NsguB/D15mlwd1IlfJxeH1ZPTSRwltI12UA0RdIRO0DlqoCZi6B49omf04j14T96r9/bdOuNNZrbQL3gfX1VtoGM=</latexit>

1311.1669

gae < 2.57⇥ 10�13
<latexit sha1_base64="55bB2aNepp05G2kNC+2DOsjhSYE=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJBYiOICKgNDBQtjkehDakPkuE5r1XEi20Gqog4s/AoLAwix8hFs/A1umwFajnSlo3Pu1b33BAlnSrvut7W0vLK6tl7YKG5ube/s2nv7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw+uJ33qgUrFY3OlRQr0I9wULGcHaSL5d6vsZpuPLinNehV3NIqogcu+zE3Q69u2y67hTwEWCclIGOeq+/dXtxSSNqNCEY6U6yE20l2GpGeF0XOymiiaYDHGfdgwV2GzzsukTY3hklB4MY2lKaDhVf09kOFJqFAWmM8J6oOa9ifif10l1eOFlTCSppoLMFoUphzqGk0Rgj0lKNB8Zgolk5lZIBlhiok1uRRMCmn95kTQrDnIddHtWrl3lcRRACRyCY4BAFdTADaiDBiDgETyDV/BmPVkv1rv1MWtdsvKZA/AH1ucP3baWSw==</latexit><latexit sha1_base64="55bB2aNepp05G2kNC+2DOsjhSYE=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJBYiOICKgNDBQtjkehDakPkuE5r1XEi20Gqog4s/AoLAwix8hFs/A1umwFajnSlo3Pu1b33BAlnSrvut7W0vLK6tl7YKG5ube/s2nv7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw+uJ33qgUrFY3OlRQr0I9wULGcHaSL5d6vsZpuPLinNehV3NIqogcu+zE3Q69u2y67hTwEWCclIGOeq+/dXtxSSNqNCEY6U6yE20l2GpGeF0XOymiiaYDHGfdgwV2GzzsukTY3hklB4MY2lKaDhVf09kOFJqFAWmM8J6oOa9ifif10l1eOFlTCSppoLMFoUphzqGk0Rgj0lKNB8Zgolk5lZIBlhiok1uRRMCmn95kTQrDnIddHtWrl3lcRRACRyCY4BAFdTADaiDBiDgETyDV/BmPVkv1rv1MWtdsvKZA/AH1ucP3baWSw==</latexit><latexit sha1_base64="55bB2aNepp05G2kNC+2DOsjhSYE=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJBYiOICKgNDBQtjkehDakPkuE5r1XEi20Gqog4s/AoLAwix8hFs/A1umwFajnSlo3Pu1b33BAlnSrvut7W0vLK6tl7YKG5ube/s2nv7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw+uJ33qgUrFY3OlRQr0I9wULGcHaSL5d6vsZpuPLinNehV3NIqogcu+zE3Q69u2y67hTwEWCclIGOeq+/dXtxSSNqNCEY6U6yE20l2GpGeF0XOymiiaYDHGfdgwV2GzzsukTY3hklB4MY2lKaDhVf09kOFJqFAWmM8J6oOa9ifif10l1eOFlTCSppoLMFoUphzqGk0Rgj0lKNB8Zgolk5lZIBlhiok1uRRMCmn95kTQrDnIddHtWrl3lcRRACRyCY4BAFdTADaiDBiDgETyDV/BmPVkv1rv1MWtdsvKZA/AH1ucP3baWSw==</latexit><latexit sha1_base64="55bB2aNepp05G2kNC+2DOsjhSYE=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJBYiOICKgNDBQtjkehDakPkuE5r1XEi20Gqog4s/AoLAwix8hFs/A1umwFajnSlo3Pu1b33BAlnSrvut7W0vLK6tl7YKG5ube/s2nv7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw+uJ33qgUrFY3OlRQr0I9wULGcHaSL5d6vsZpuPLinNehV3NIqogcu+zE3Q69u2y67hTwEWCclIGOeq+/dXtxSSNqNCEY6U6yE20l2GpGeF0XOymiiaYDHGfdgwV2GzzsukTY3hklB4MY2lKaDhVf09kOFJqFAWmM8J6oOa9ifif10l1eOFlTCSppoLMFoUphzqGk0Rgj0lKNB8Zgolk5lZIBlhiok1uRRMCmn95kTQrDnIddHtWrl3lcRRACRyCY4BAFdTADaiDBiDgETyDV/BmPVkv1rv1MWtdsvKZA/AH1ucP3baWSw==</latexit>

1802.10357
M5

M3

White Dwarf Constraints: 
1406.7712 

(more model dependent)



RELAXION

Budnik, Kim, Matsedonski, Perez, Soreq
2006.14568



TIP OF RGB STARS

For a recent review relevant to Xenon1T:
Di Luzio, Fedele, Giannotti, Mescia, Nardi

2006.15112

He

<latexit sha1_base64="K0T1FgJ0mKiedlA3nbbH73zOziY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLz1WsB/QhrLZTtqlu0nc3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBY+wabgR2EkUUhkIbAfju5nffkKleRw9mEmCvqTDiIecUWOlTtZTktRx2i9X3Ko7B1klXk4qkKPRL3/1BjFLJUaGCap113MT42dUGc4ETku9VGNC2ZgOsWtpRCVqP5vfOyVnVhmQMFa2IkPm6u+JjEqtJzKwnZKakV72ZuJ/Xjc14bWf8ShJDUZssShMBTExmT1PBlwhM2JiCWWK21sJG1FFmbERlWwI3vLLq6R1UfUuqzf3l5XabR5HEU7gFM7BgyuoQR0a0AQGAp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AzbKP1g==</latexit>

H

<latexit sha1_base64="0wo/HFb0O4BaisAksVNJbhT57hE=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQb0VvfRYwX5Au5Rsmm1Dk+ySZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQobm1vbO8Xd0t7+weFR+fikbeJUU9aisYh1NySGCa5Yy3IrWDfRjMhQsE44uZ/7nSemDY/Vo50mLJBkpHjEKbFO6mR9LXFjNihXvKq3AF4nfk4qkKM5KH/1hzFNJVOWCmJMz/cSG2REW04Fm5X6qWEJoRMyYj1HFZHMBNni3Bm+cMoQR7F2pSxeqL8nMiKNmcrQdUpix2bVm4v/eb3URjdBxlWSWqboclGUCmxjPP8dD7lm1IqpI4Rq7m7FdEw0odYlVHIh+Ksvr5P2VdWvVW8fapX6XR5HEc7gHC7Bh2uoQwOa0AIKE3iGV3hDCXpB7+hj2VpA+cwp/AH6/AENK49n</latexit>

He

<latexit sha1_base64="K0T1FgJ0mKiedlA3nbbH73zOziY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLz1WsB/QhrLZTtqlu0nc3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBY+wabgR2EkUUhkIbAfju5nffkKleRw9mEmCvqTDiIecUWOlTtZTktRx2i9X3Ko7B1klXk4qkKPRL3/1BjFLJUaGCap113MT42dUGc4ETku9VGNC2ZgOsWtpRCVqP5vfOyVnVhmQMFa2IkPm6u+JjEqtJzKwnZKakV72ZuJ/Xjc14bWf8ShJDUZssShMBTExmT1PBlwhM2JiCWWK21sJG1FFmbERlWwI3vLLq6R1UfUuqzf3l5XabR5HEU7gFM7BgyuoQR0a0AQGAp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AzbKP1g==</latexit>

H

<latexit sha1_base64="0wo/HFb0O4BaisAksVNJbhT57hE=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQb0VvfRYwX5Au5Rsmm1Dk+ySZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQobm1vbO8Xd0t7+weFR+fikbeJUU9aisYh1NySGCa5Yy3IrWDfRjMhQsE44uZ/7nSemDY/Vo50mLJBkpHjEKbFO6mR9LXFjNihXvKq3AF4nfk4qkKM5KH/1hzFNJVOWCmJMz/cSG2REW04Fm5X6qWEJoRMyYj1HFZHMBNni3Bm+cMoQR7F2pSxeqL8nMiKNmcrQdUpix2bVm4v/eb3URjdBxlWSWqboclGUCmxjPP8dD7lm1IqpI4Rq7m7FdEw0odYlVHIh+Ksvr5P2VdWvVW8fapX6XR5HEc7gHC7Bh2uoQwOa0AIKE3iGV3hDCXpB7+hj2VpA+cwp/AH6/AENK49n</latexit>

T ' 108 K ' 10 keV

<latexit sha1_base64="GYff/zc3kktF67mBRFh5l2I1VuM=">AAACEnicbZDLSgMxFIYzXmu9jbp0EyyCbsqMFKy4KboR3FToDTq1ZNLTNjSZGZOMUIY+gxtfxY0LRdy6cufbmLaDaOsPgZ/vnMPJ+f2IM6Ud58taWFxaXlnNrGXXNza3tu2d3ZoKY0mhSkMeyoZPFHAWQFUzzaERSSDC51D3B5fjev0epGJhUNHDCFqC9ALWZZRog9r2ccVTTMAddp3boneeeFLg69EPS8kAaqO2nXPyzkR43ripyaFU5bb96XVCGgsINOVEqabrRLqVEKkZ5TDKerGCiNAB6UHT2IAIUK1kctIIHxrSwd1QmhdoPKG/JxIilBoK33QKovtqtjaG/9Wase4WWwkLolhDQKeLujHHOsTjfHCHSaCaD40hVDLzV0z7RBKqTYpZE4I7e/K8qZ3k3UL+7KaQK12kcWTQPjpAR8hFp6iErlAZVRFFD+gJvaBX69F6tt6s92nrgpXO7KE/sj6+AQX1nHg=</latexit>

⇢ ' 106 g/cm3

<latexit sha1_base64="y7ACZP2cF+Da3gS0tQsOeKJwH24=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiKglUPMRSwcJYJPqQmrRyXLe1ajvBdpCqKB/Awq+wMIAQKx/Axt/gphmg5UiWj845V/Y9fsio0rb9beUWFpeWV/KrhbX1jc2t4vZOQwWRxKSOAxbIlo8UYVSQuqaakVYoCeI+I01/dD3xmw9EKhqIOz0OicfRQNA+xUgbqVssuXIYuIpycg8du3PqXsau5HCQHKU35p2TxKTssp0CzhMnIyWQodYtfrm9AEecCI0ZUqrt2KH2YiQ1xYwkBTdSJER4hAakbahAnCgvTpdJ4IFRerAfSHOEhqn6eyJGXKkx902SIz1Us95E/M9rR7p/7sVUhJEmAk8f6kcM6gBOmoE9KgnWbGwIwpKav0I8RBJhbformBKc2ZXnSeO47FTKF7eVUvUqqyMP9sA+OAQOOANVcANqoA4weATP4BW8WU/Wi/VufUyjOSub2QV/YH3+AD73mn4=</latexit>

Extra cooling from the axion delays the explosion 
(i.e. more He in the core) increasing the peak luminosity



WHAT DOES IT TAKE TO EVADE 
STELLAR COOLING?

DeRocco, Graham, Rajendran
2006.15112

mmedium 6= mvacuum

<latexit sha1_base64="u3l0NIGzkrk5VqX7eSZUE+m3Y/Y=">AAACC3icbZDLSgMxFIYz9VbrrerSTWgRXJUZKai7ohuXFewFOqVk0jNtaJIZk0yhDN278VXcuFDErS/gzrcxbWehrT8Efr5zDifnD2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFIUGjXik2gHRwJmEhmGGQztWQETAoRWMbmb11hiUZpG8N5MYuoIMJAsZJcaiXrEkeqmvBBbQZ4mYYl/CA87YmNDEsl6x7FbcufCq8TJTRpnqveKX349oIkAayonWHc+NTTclyjDKYVrwEw0xoSMygI61kgjQ3XR+yxSfWtLHYaTskwbP6e+JlAitJyKwnYKYoV6uzeB/tU5iwstuymScGJB0sShMODYRngWD+0wBNXxiDaGK2b9iOiSKUGPjK9gQvOWTV03zvOJVK1d31XLtOosjj05QCZ0hD12gGrpFddRAFD2iZ/SK3pwn58V5dz4WrTknmzlGf+R8/gBJPps7</latexit>

SM example: Photon



WHAT DOES IT TAKE TO EVADE 
STELLAR COOLING?

DeRocco, Graham, Rajendran
2006.15112

mmedium 6= mvacuum

<latexit sha1_base64="u3l0NIGzkrk5VqX7eSZUE+m3Y/Y=">AAACC3icbZDLSgMxFIYz9VbrrerSTWgRXJUZKai7ohuXFewFOqVk0jNtaJIZk0yhDN278VXcuFDErS/gzrcxbWehrT8Efr5zDifnD2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFIUGjXik2gHRwJmEhmGGQztWQETAoRWMbmb11hiUZpG8N5MYuoIMJAsZJcaiXrEkeqmvBBbQZ4mYYl/CA87YmNDEsl6x7FbcufCq8TJTRpnqveKX349oIkAayonWHc+NTTclyjDKYVrwEw0xoSMygI61kgjQ3XR+yxSfWtLHYaTskwbP6e+JlAitJyKwnYKYoV6uzeB/tU5iwstuymScGJB0sShMODYRngWD+0wBNXxiDaGK2b9iOiSKUGPjK9gQvOWTV03zvOJVK1d31XLtOosjj05QCZ0hD12gGrpFddRAFD2iZ/SK3pwn58V5dz4WrTknmzlGf+R8/gBJPps7</latexit>

In practice you need to work for it:

1.New confining gauge group 
2.New fermions 
3.New long range force 
4.New source of tuning



WHAT DOES IT TAKE TO EVADE 
STELLAR COOLING?

DeRocco, Graham, Rajendran
2006.15112

mmedium 6= mvacuum

<latexit sha1_base64="u3l0NIGzkrk5VqX7eSZUE+m3Y/Y=">AAACC3icbZDLSgMxFIYz9VbrrerSTWgRXJUZKai7ohuXFewFOqVk0jNtaJIZk0yhDN278VXcuFDErS/gzrcxbWehrT8Efr5zDifnD2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFIUGjXik2gHRwJmEhmGGQztWQETAoRWMbmb11hiUZpG8N5MYuoIMJAsZJcaiXrEkeqmvBBbQZ4mYYl/CA87YmNDEsl6x7FbcufCq8TJTRpnqveKX349oIkAayonWHc+NTTclyjDKYVrwEw0xoSMygI61kgjQ3XR+yxSfWtLHYaTskwbP6e+JlAitJyKwnYKYoV6uzeB/tU5iwstuymScGJB0sShMODYRngWD+0wBNXxiDaGK2b9iOiSKUGPjK9gQvOWTV03zvOJVK1d31XLtOosjj05QCZ0hD12gGrpFddRAFD2iZ/SK3pwn58V5dz4WrTknmzlGf+R8/gBJPps7</latexit>

In practice you need to work for it:

h�i = gNnB

m2
�

<latexit sha1_base64="q/XcnPWNrSSUQ3SMTSZEOdR8ibc=">AAACGHicbVDLSsNAFJ34rPUVdelmsAiualIK6kIodeNKKtgHNDFMppN06GQSZiZCCf0MN/6KGxeKuO3Ov3HSZqGtBy6cOede5t7jJ4xKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPbnK/+0SEpDF/UOOEuBEKOQ0oRkpLnnnuMMRDRqCTDCl0xPxxDZ1AIJyF3h3kXnOSRV7uP9YmnlmxqtYMcJnYBamAAi3PnDqDGKcR4QozJGXfthLlZkgoihmZlJ1UkgThEQpJX1OOIiLdbHbYBJ5qZQCDWOjiCs7U3xMZiqQcR77ujJAaykUvF//z+qkKLt2M8iRVhOP5R0HKoIphnhIcUEGwYmNNEBZU7wrxEOlIlM6yrEOwF09eJp1a1a5Xr+7rlUaziKMEjsEJOAM2uAANcAtaoA0weAav4B18GC/Gm/FpfM1bV4xi5gj8gTH9AdlUn68=</latexit>

m� ⇠ g1g2
h�i2

M

<latexit sha1_base64="qf+fnC2vqjvRc+ZMyqzj/395618=">AAACHHicbZDLSgMxFIYzXmu9jbp0EyyCqzJTC+qu6MaNUMFeoKlDJs20oUlmSDJCGfogbnwVNy4UceNC8G1Mp11o6w8HPv5zDsn5w4QzbTzv21laXlldWy9sFDe3tnd23b39po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh8GrSbz1QpVks78wooV2B+5JFjGBjrcA9FQEiAwaRZgL2A99WBaJIYZIhjmWfU5QMGFI53lfG2c0YBm7JK3u54CL4MyiBmeqB+4l6MUkFlYZwrHXH9xLTzbAyjHA6LqJU0wSTIe7TjkWJBdXdLD9uDI+t04NRrGxJA3P390aGhdYjEdpJgc1Az/cm5n+9Tmqi827GZJIaKsn0oSjl0MRwkhTsMUWJ4SMLmChm/wrJANtkjM2zaEPw509ehGal7FfLF7fVUu1yFkcBHIIjcAJ8cAZq4BrUQQMQ8AiewSt4c56cF+fd+ZiOLjmznQPwR87XD+GgoUs=</latexit>



STELLAR COOLING 
EVADED?

Gao, Liu, Wang, Wang, Xue, Zhong
2006.14598

Inverse Primakoff



STELLAR BASINS

Van Tilburg
2006.12431

E �m

m
+ �(R) < 0

<latexit sha1_base64="nZnUody3Yql7rtKP6oVW2eiSwok=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARKmKZkYIKLooiuKxiH9ApJZNmbGiSGZKMUIZx46+4caGIW//CnX9j2s5CWw9cOJxzL/fe40eMKu0431Zubn5hcSm/XFhZXVvfsDe3GiqMJSZ1HLJQtnykCKOC1DXVjLQiSRD3GWn6g8uR33wgUtFQ3OlhRDoc3QsaUIy0kbr2jhdIhJOrI54mPD30an1auj04d2DXLjplZww4S9yMFEGGWtf+8nohjjkRGjOkVNt1It1JkNQUM5IWvFiRCOEBuidtQwXiRHWS8Qcp3DdKDwahNCU0HKu/JxLElRpy33RypPtq2huJ/3ntWAennYSKKNZE4MmiIGZQh3AUB+xRSbBmQ0MQltTcCnEfmUi0Ca1gQnCnX54ljeOyWymf3VSK1YssjjzYBXugBFxwAqrgGtRAHWDwCJ7BK3iznqwX6936mLTmrGxmG/yB9fkDmE+Vsg==</latexit>

E ' m

<latexit sha1_base64="TukJv5odFmSuDXlie45tLGrPN14=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FRfAYwTwkWcLspJMMmdldZ2aFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ch5i3XAjsBUrpDIQ2AxG11O/+YRK8yi8N+MYfUkHIe9zRo2VHm46mkt8JLJbLLlldwayTLyMlCBDrVv86vQilkgMDRNU67bnxsZPqTKcCZwUOonGmLIRHWDb0pBK1H46O3hCTqzSI/1I2QoNmam/J1IqtR7LwHZKaoZ60ZuK/3ntxPQv/JSHcWIwZPNF/UQQE5Hp96THFTIjxpZQpri9lbAhVZQZm1HBhuAtvrxMGmdlr1K+vKuUqldZHHk4gmM4BQ/OoQq3UIM6MJDwDK/w5ijnxXl3PuatOSebOYQ/cD5/AGnvkC0=</latexit>

Particles emitted near threshold can be captured on long-lived orbits

Small phase space (and hence 
production rate) 

but astrophysically long times
⌧ ⇠ 107 y

<latexit sha1_base64="qbPRYtio/8PmY5bf23yxP4ndODI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUqjipujGZQX7gCaWyXTSDp2ZhJmJEEI2/oobF4q49TPc+TdO2yy09cCFwzn3cu89Qcyo0o7zbZVWVtfWN8qbla3tnd09e/+go6JEYtLGEYtkL0CKMCpIW1PNSC+WBPGAkW4wuZn63UciFY3EvU5j4nM0EjSkGGkjDewjT6MEeopy6DoPDe8q8ySHaT6wq07NmQEuE7cgVVCgNbC/vGGEE06Exgwp1XedWPsZkppiRvKKlygSIzxBI9I3VCBOlJ/NHsjhqVGGMIykKaHhTP09kSGuVMoD08mRHqtFbyr+5/UTHV74GRVxoonA80VhwqCO4DQNOKSSYM1SQxCW1NwK8RhJhLXJrGJCcBdfXiad85pbr13e1avN6yKOMjgGJ+AMuKABmuAWtEAbYJCDZ/AK3qwn68V6tz7mrSWrmDkEf2B9/gAmrpWB</latexit>



AXION BASIN

Van Tilburg
2006.12431



CHERRY PICKING
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Christmas Eve



INELASTIC DARK MATTER

Baryakhtar, Berlin, Liu, Weiner
2006.13918 

� = m�⇤ �m�

<latexit sha1_base64="ZbGY2hOWrrG3Kl396VC3mZJuVm8=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFEMGSSEFdCEU3LivYCzQxTCaTduhMEmYmQgkFN76KGxeKuPUl3Pk2TtostPWHgY//nMOZ8/sJo1JZ1rdRWlhcWl4pr1bW1jc2t8ztnbaMU4FJC8csFl0fScJoRFqKKka6iSCI+4x0/OF1Xu88ECFpHN2pUUJcjvoRDSlGSlueuecEhCkELyH3MgcP6P3x+IR7OXlm1apZE8F5sAuogkJNz/xyghinnEQKMyRlz7YS5WZIKIoZGVecVJIE4SHqk57GCHEi3WxywxgeaieAYSz0ixScuL8nMsSlHHFfd3KkBnK2lpv/1XqpCs/djEZJqkiEp4vClEEVwzwQGFBBsGIjDQgLqv8K8QAJhJWOraJDsGdPnof2ac2u1y5u69XGVRFHGeyDA3AEbHAGGuAGNEELYPAInsEreDOejBfj3fiYtpaMYmYX/JHx+QPOmZcD</latexit>

�,�⇤

<latexit sha1_base64="dlT+l5TYDhQ1if4KvWJJVWs1hLQ=">AAAB83icbVDLSsNAFL2pr1pfVZduBosgIiWRgrorunFZwT6giWUynbRDJ5MwMxFK6G+4caGIW3/GnX/jJM1CWw/cy+Gce5k7x485U9q2v63Syura+kZ5s7K1vbO7V90/6KgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn9xmfveJSsUi8aCnMfVCPBIsYARrI7kuGbNzlPXHs0G1ZtftHGiZOAWpQYHWoPrlDiOShFRowrFSfceOtZdiqRnhdFZxE0VjTCZ4RPuGChxS5aX5zTN0YpQhCiJpSmiUq783UhwqNQ19MxliPVaLXib+5/UTHVx5KRNxoqkg84eChCMdoSwANGSSEs2nhmAimbkVkTGWmGgTU8WE4Cx+eZl0LupOo35936g1b4o4ynAEx3AKDlxCE+6gBW0gEMMzvMKblVgv1rv1MR8tWcXOIfyB9fkD3yKQ8g==</latexit>

Dirac mass + small Majorana mass



INELASTIC DARK MATTER

Baryakhtar, Berlin, Liu, Weiner
2006.13918 



DARK PHOTON 
ABSORPTION

An, Pospelov, Pradler, Ritz
2006.13929 



CONCLUSION

• The most appealing new physics explanation put forward by the 
collaboration requires some model building work (or Primakoff 
events in the detector).  

• There are simple alternative new physics explanations that can 
(superficially) fit the excess (e.g. inelastic pseudo-Dirac dark 
matter) 

• Once the initial excitement will be over (maybe it already is) we 
will be left with a few interesting theoretical results (for instance 
stellar basins)



BACKUP



Yellow ~ 31 37Ar events

Szydagis, Levy, Blockinger, Kamaha, Parveen, Rischbieter  

2007.00528 



SIGNAL

ABC ⇠ g4ae
<latexit sha1_base64="+tfcYuACSkpPJmPYUIW4Omyst0Y=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlbTcuK9gHNDFMppN26MwkzEyEErLxV9y4UMStn+HOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7S2vrG5Vd6u7Ozu7R/Yh0ddFacSkw6OWSz7IVKEUUE6mmpG+okkiIeM9MJJa+b3HolUNBb3epoQn6ORoBHFSBspsE8yT3J402zl0FOUw1GQIZI/1AO76tScOeAqcQtSBQXagf3lDWOcciI0Zkipgesk2s+Q1BQzkle8VJEE4QkakYGhAnGi/Gz+QA7PjTKEUSxNCQ3n6u+JDHGlpjw0nRzpsVr2ZuJ/3iDV0bWfUZGkmgi8WBSlDOoYztKAQyoJ1mxqCMKSmlshHiOJsDaZVUwI7vLLq6R7WXOdmntXrzaaRRxlcArOwAVwwRVogFvQBh2AQQ6ewSt4s56sF+vd+li0lqxi5hj8gfX5A22KlaU=</latexit><latexit sha1_base64="+tfcYuACSkpPJmPYUIW4Omyst0Y=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlbTcuK9gHNDFMppN26MwkzEyEErLxV9y4UMStn+HOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7S2vrG5Vd6u7Ozu7R/Yh0ddFacSkw6OWSz7IVKEUUE6mmpG+okkiIeM9MJJa+b3HolUNBb3epoQn6ORoBHFSBspsE8yT3J402zl0FOUw1GQIZI/1AO76tScOeAqcQtSBQXagf3lDWOcciI0Zkipgesk2s+Q1BQzkle8VJEE4QkakYGhAnGi/Gz+QA7PjTKEUSxNCQ3n6u+JDHGlpjw0nRzpsVr2ZuJ/3iDV0bWfUZGkmgi8WBSlDOoYztKAQyoJ1mxqCMKSmlshHiOJsDaZVUwI7vLLq6R7WXOdmntXrzaaRRxlcArOwAVwwRVogFvQBh2AQQ6ewSt4s56sF+vd+li0lqxi5hj8gfX5A22KlaU=</latexit><latexit sha1_base64="+tfcYuACSkpPJmPYUIW4Omyst0Y=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlbTcuK9gHNDFMppN26MwkzEyEErLxV9y4UMStn+HOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7S2vrG5Vd6u7Ozu7R/Yh0ddFacSkw6OWSz7IVKEUUE6mmpG+okkiIeM9MJJa+b3HolUNBb3epoQn6ORoBHFSBspsE8yT3J402zl0FOUw1GQIZI/1AO76tScOeAqcQtSBQXagf3lDWOcciI0Zkipgesk2s+Q1BQzkle8VJEE4QkakYGhAnGi/Gz+QA7PjTKEUSxNCQ3n6u+JDHGlpjw0nRzpsVr2ZuJ/3iDV0bWfUZGkmgi8WBSlDOoYztKAQyoJ1mxqCMKSmlshHiOJsDaZVUwI7vLLq6R7WXOdmntXrzaaRRxlcArOwAVwwRVogFvQBh2AQQ6ewSt4s56sF+vd+li0lqxi5hj8gfX5A22KlaU=</latexit><latexit sha1_base64="+tfcYuACSkpPJmPYUIW4Omyst0Y=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlbTcuK9gHNDFMppN26MwkzEyEErLxV9y4UMStn+HOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7S2vrG5Vd6u7Ozu7R/Yh0ddFacSkw6OWSz7IVKEUUE6mmpG+okkiIeM9MJJa+b3HolUNBb3epoQn6ORoBHFSBspsE8yT3J402zl0FOUw1GQIZI/1AO76tScOeAqcQtSBQXagf3lDWOcciI0Zkipgesk2s+Q1BQzkle8VJEE4QkakYGhAnGi/Gz+QA7PjTKEUSxNCQ3n6u+JDHGlpjw0nRzpsVr2ZuJ/3iDV0bWfUZGkmgi8WBSlDOoYztKAQyoJ1mxqCMKSmlshHiOJsDaZVUwI7vLLq6R7WXOdmntXrzaaRRxlcArOwAVwwRVogFvQBh2AQQ6ewSt4s56sF+vd+li0lqxi5hj8gfX5A22KlaU=</latexit>

Primako↵ ⇠ g2aeg
2
a�

<latexit sha1_base64="EHnXZT5gXeIqReJZUHUh40tcIKo=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJCDFVSIcFYwcJYJPqQmlDduE5r1U4i20Gqov4DC7/CwgBCrCxs/A1OmwFajmT5+Jx7dX1PkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZDUBRziLa0kxz2k0kBRFw2gnG17nfeaBSsTi605OE+gKGEQsZAW2kvn2WeVLgpmQCxnEYTrGnmMDDfgZ0el/Pb28IQoB59O2qU3NmwMvELUgVFWj27S9vEJNU0EgTDkr1XCfRfgZSM8LptOKliiZAxjCkPUMjEFT52WynKT4xygCHsTQn0nim/u7IQCg1EYGpFKBHatHLxf+8XqrDSz9jUZJqGpH5oDDlWMc4DwgPmKRE84khQCQzf8VkBBKINjFWTAju4srLpF2vuU7NvT2vNq6KOMroCB2jU+SiC9RAN6iJWoigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fGeyeSA==</latexit><latexit sha1_base64="EHnXZT5gXeIqReJZUHUh40tcIKo=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJCDFVSIcFYwcJYJPqQmlDduE5r1U4i20Gqov4DC7/CwgBCrCxs/A1OmwFajmT5+Jx7dX1PkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZDUBRziLa0kxz2k0kBRFw2gnG17nfeaBSsTi605OE+gKGEQsZAW2kvn2WeVLgpmQCxnEYTrGnmMDDfgZ0el/Pb28IQoB59O2qU3NmwMvELUgVFWj27S9vEJNU0EgTDkr1XCfRfgZSM8LptOKliiZAxjCkPUMjEFT52WynKT4xygCHsTQn0nim/u7IQCg1EYGpFKBHatHLxf+8XqrDSz9jUZJqGpH5oDDlWMc4DwgPmKRE84khQCQzf8VkBBKINjFWTAju4srLpF2vuU7NvT2vNq6KOMroCB2jU+SiC9RAN6iJWoigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fGeyeSA==</latexit><latexit sha1_base64="EHnXZT5gXeIqReJZUHUh40tcIKo=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJCDFVSIcFYwcJYJPqQmlDduE5r1U4i20Gqov4DC7/CwgBCrCxs/A1OmwFajmT5+Jx7dX1PkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZDUBRziLa0kxz2k0kBRFw2gnG17nfeaBSsTi605OE+gKGEQsZAW2kvn2WeVLgpmQCxnEYTrGnmMDDfgZ0el/Pb28IQoB59O2qU3NmwMvELUgVFWj27S9vEJNU0EgTDkr1XCfRfgZSM8LptOKliiZAxjCkPUMjEFT52WynKT4xygCHsTQn0nim/u7IQCg1EYGpFKBHatHLxf+8XqrDSz9jUZJqGpH5oDDlWMc4DwgPmKRE84khQCQzf8VkBBKINjFWTAju4srLpF2vuU7NvT2vNq6KOMroCB2jU+SiC9RAN6iJWoigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fGeyeSA==</latexit><latexit sha1_base64="EHnXZT5gXeIqReJZUHUh40tcIKo=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJCDFVSIcFYwcJYJPqQmlDduE5r1U4i20Gqov4DC7/CwgBCrCxs/A1OmwFajmT5+Jx7dX1PkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZDUBRziLa0kxz2k0kBRFw2gnG17nfeaBSsTi605OE+gKGEQsZAW2kvn2WeVLgpmQCxnEYTrGnmMDDfgZ0el/Pb28IQoB59O2qU3NmwMvELUgVFWj27S9vEJNU0EgTDkr1XCfRfgZSM8LptOKliiZAxjCkPUMjEFT52WynKT4xygCHsTQn0nim/u7IQCg1EYGpFKBHatHLxf+8XqrDSz9jUZJqGpH5oDDlWMc4DwgPmKRE84khQCQzf8VkBBKINjFWTAju4srLpF2vuU7NvT2vNq6KOMroCB2jU+SiC9RAN6iJWoigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fGeyeSA==</latexit>

Fe ⇠ g2ae(g
e↵
an)

2
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Same axion production and detection mechanisms
PandaX-II Xenon1T

2.7⇥ 104kg ⇥ day
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