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AXIONS

• Minimal Extension of 
what we know to exist 

• Simple and predictive 
cosmology 

• Solve another big 
problem in particle 

physics 

• Ubiquitous in string 
theory
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ALPS DETECTION



ALP DARK MATTER IN THE LAB

<latexit sha1_base64="9q7iYeBbDDO7kB1uXt3yLToBQHA=">AAACC3icbVA9SwNBEN2L3/ErammzJAhW4U4kWopaWEYwH5CLYW8zlyzZvTt254RwpLfxr9hYKGLrH7Dz37j5KDTxwcDjvRlm5gWJFAZd99vJLS2vrK6tb+Q3t7Z3dgt7+3UTp5pDjccy1s2AGZAighoKlNBMNDAVSGgEg6ux33gAbUQc3eEwgbZivUiEgjO0UqdQ9K9BIqNIfQnGGKGoH2rGM8+9r4wy1WGjTqHklt0J6CLxZqREZqh2Cl9+N+apggi5ZMa0PDfBdsY0Ci5hlPdTAwnjA9aDlqURU2Da2eSXET2ySpeGsbYVIZ2ovycypowZqsB2KoZ9M++Nxf+8VorheTsTUZIiRHy6KEwlxZiOg6FdoYGjHFrCuBb2Vsr7zEaBNr68DcGbf3mR1E/KXqVcuT0tXVzO4lgnh6RIjolHzsgFuSFVUiOcPJJn8krenCfnxXl3PqatOWc2c0D+wPn8ATDzmoo=</latexit>
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<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>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>
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<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>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

Background

<latexit sha1_base64="kOUKmYKyTNGM+o0lyFouQY4292w=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwY0lKUXFVFMFlBfuApobJdNIOnUnizEQoIf/ixl9x40Ipblz4L07aLGzrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFLhrHApIlDFoqOhyRhNCBNRRUjnUgQxD1G2t7oJvPbz0RIGgYPahyRHkeDgPoUI6Ul17xyJOXQ8QXCCUoT30UpvHUTR3DojQYpzGzyBG3rMTmr2nOea5atijUFXCZ2TsogR8M1J04/xDEngcIMSdm1rUj1EiQUxYykJSeWJEJ4hAakq2mAOJG9ZPpjCk+00od+KHQFCk7VvxMJ4lKOuac7OVJDuehl4n9eN1b+ZS+hQRQrEuDZIj9mUIUwCwz2qSBYsbEmCAuqb4V4iHReSsda0iHYiy8vk1a1Yp9Xave1cv06j6MIjsAxOAU2uAB1cAcaoAkweAFv4AN8Gq/GuzExvmatBSOfOQRzMH5+AdwEo8Q=</latexit>

⇠ a

fa
Ebkg ' 10�21Ebkg

ALP DARK MATTER DETECTION

but you know exactly the waveform 
and the signal is always there 



Cavity

<latexit sha1_base64="JV3tBUyhjJhPd6bFvxS+uhGnDGI=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCWoAsYKFgaGItGH1ESR4zqtVdsJtoNURRlY+BUWBhBi5SPY+BvcNgO0HOlKR+fcq3vvCRNGlXacb6u0srq2vlHerGxt7+zu2fsHHRWnEpM2jlkseyFShFFB2ppqRnqJJIiHjHTD8dXU7z4QqWgs7vQkIT5HQ0EjipE2UmBXeeANEecIeopycg+9SCKcuXl2kwd2zak7M8Bl4hakBgq0AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH1DBeJE+dnsiRweG2UAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vH6qows/oyJJNRF4vihKGdQxnCYCB1QSrNnEEIQlNbdCPEImBW1yq5gQ3MWXl0nntO6e1Ru3jVrzsoijDKrgCJwAF5yDJrgGLdAGGDyCZ/AK3qwn68V6tz7mrSWrmDkEf2B9/gCNQ5gN</latexit>

m� ' 1

L

<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

AXION DARK MATTER DETECTION



Cavity

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>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

Background

Resonance
<latexit sha1_base64="w/Sj64pGnRW2nhuohTRan6xIwo8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEirosunHhooJ9QBPCZDpph85M4sxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeMGFUacf5tkpLyyura+X1ysbm1vaOvbvXVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCccXU38zgORisbiTo8T4nM0EDSiGGkjBfYBDxD0FOXkHnqRRDhz8+wmD+yqU3OmgIvELUgVFGgG9pfXj3HKidCYIaV6rpNoP0NSU8xIXvFSRRKER2hAeoYKxInys+n9OTw2Sh9GsTQlNJyqvycyxJUa89B0cqSHat6biP95vVRHF35GRZJqIvBsUZQyqGM4CQP2qSRYs7EhCEtqboV4iEwK2kRWMSG48y8vkvZpzT2r1W/r1cZlEUcZHIIjcAJccA4a4Bo0QQtg8AiewSt4s56sF+vd+pi1lqxiZh/8gfX5A55yld0=</latexit>

ma ' 1

L

AXION DARK MATTER DETECTION
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Cavity:

X

n

✓
@2
t +

!n

Qn
@t + !2

n

◆
En = ga��@t(B@ta)

<latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit>

AXION DETECTION



Cavity:

X

n

✓
@2
t +

!n

Qn
@t + !2

n

◆
En = ga��@t(B@ta)

<latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit>

AXION DETECTION

!1 ' ma
<latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit>

@t(B) ' 0
<latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit>



Cavity:
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Qn
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◆
En = ga��@t(B@ta)

<latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit>

AXION DETECTION

!1 ' ma
<latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit>

@t(B) ' 0
<latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit>
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<latexit sha1_base64="MO4JU/omCeSNLLsCl01gzSro6F4="></latexit><latexit sha1_base64="MO4JU/omCeSNLLsCl01gzSro6F4="></latexit><latexit sha1_base64="MO4JU/omCeSNLLsCl01gzSro6F4="></latexit><latexit sha1_base64="MO4JU/omCeSNLLsCl01gzSro6F4="></latexit>
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HETERODYNE DETECTION
[Berlin, RTD, S. Ellis, C. Nantista, J. Nielson, P. Schuster, S. Tantawi, N. Toro, K. Zhou‘19]
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@t + !2

n

◆
En = ga��@t(B@ta)

<latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit>

!1 ' !0 +ma
<latexit sha1_base64="aMx3rXHlstWW62FCwx8sxKVopyQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigi6LblxWsA9oQphMb9qhM0mcmQgldOPGX3HjQhG3/oM7/8Zpm4W2Hrhw5px7mXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSTFJo04YnshEQBZzE0NdMcOqkEIkIO7XB4PfHbDyAVS+I7PUrBF6Qfs4hRoo0U2IdeIqBPAhd7igm4x8XbORUBCeyqU3OmwIvELUgVFWgE9pfXS2gmINaUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqExEaD8fHrFGB8bpYejRJqKNZ6qvydyIpQaidB0CqIHat6biP953UxHl37O4jTTENPZR1HGsU7wJBLcYxKo5iNDCJXM7IrpgEhCtQmuYkJw509eJK2zmuvU3Nvzav2qiKOMDtAROkEuukB1dIMaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8ATy4l78=</latexit><latexit sha1_base64="aMx3rXHlstWW62FCwx8sxKVopyQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigi6LblxWsA9oQphMb9qhM0mcmQgldOPGX3HjQhG3/oM7/8Zpm4W2Hrhw5px7mXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSTFJo04YnshEQBZzE0NdMcOqkEIkIO7XB4PfHbDyAVS+I7PUrBF6Qfs4hRoo0U2IdeIqBPAhd7igm4x8XbORUBCeyqU3OmwIvELUgVFWgE9pfXS2gmINaUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqExEaD8fHrFGB8bpYejRJqKNZ6qvydyIpQaidB0CqIHat6biP953UxHl37O4jTTENPZR1HGsU7wJBLcYxKo5iNDCJXM7IrpgEhCtQmuYkJw509eJK2zmuvU3Nvzav2qiKOMDtAROkEuukB1dIMaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8ATy4l78=</latexit><latexit sha1_base64="aMx3rXHlstWW62FCwx8sxKVopyQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigi6LblxWsA9oQphMb9qhM0mcmQgldOPGX3HjQhG3/oM7/8Zpm4W2Hrhw5px7mXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSTFJo04YnshEQBZzE0NdMcOqkEIkIO7XB4PfHbDyAVS+I7PUrBF6Qfs4hRoo0U2IdeIqBPAhd7igm4x8XbORUBCeyqU3OmwIvELUgVFWgE9pfXS2gmINaUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqExEaD8fHrFGB8bpYejRJqKNZ6qvydyIpQaidB0CqIHat6biP953UxHl37O4jTTENPZR1HGsU7wJBLcYxKo5iNDCJXM7IrpgEhCtQmuYkJw509eJK2zmuvU3Nvzav2qiKOMDtAROkEuukB1dIMaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8ATy4l78=</latexit><latexit sha1_base64="aMx3rXHlstWW62FCwx8sxKVopyQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigi6LblxWsA9oQphMb9qhM0mcmQgldOPGX3HjQhG3/oM7/8Zpm4W2Hrhw5px7mXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSTFJo04YnshEQBZzE0NdMcOqkEIkIO7XB4PfHbDyAVS+I7PUrBF6Qfs4hRoo0U2IdeIqBPAhd7igm4x8XbORUBCeyqU3OmwIvELUgVFWgE9pfXS2gmINaUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqExEaD8fHrFGB8bpYejRJqKNZ6qvydyIpQaidB0CqIHat6biP953UxHl37O4jTTENPZR1HGsU7wJBLcYxKo5iNDCJXM7IrpgEhCtQmuYkJw509eJK2zmuvU3Nvzav2qiKOMDtAROkEuukB1dIMaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8ATy4l78=</latexit>

@t(B) ' i!0B
<latexit sha1_base64="qoP49jRaZSDY0pX61xLwLG8Nu9w=">AAACGnicbVBNS8NAEN3Ur1q/oh69LBahXkoigh5LvXisYD+gKWGznbRLd5O4uxFK6O/w4l/x4kERb+LFf+OmLaitDwYe780wMy9IOFPacb6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLrK/fY9SMXi6FaPE+gJMohYyCjRRvJt10uI1IxwX1c8QfQwCLP65NRTTMAdZl4sYEB8B/94vl12qs4UeJm4c1JGczR8+8PrxzQVEGnKiVJd10l0L8vXUg6TkpcqSAgdkQF0DY2IANXLpq9N8IlR+jiMpalI46n6eyIjQqmxCExnfqFa9HLxP6+b6vCyl7EoSTVEdLYoTDnWMc5zwn0mgWo+NoRQycytmA6JJFSbNEsmBHfx5WXSOqu6TtW9OS/X6vM4iugIHaMKctEFqqFr1EBNRNEDekIv6NV6tJ6tN+t91lqw5jOH6A+sz2+OxqEq</latexit><latexit sha1_base64="qoP49jRaZSDY0pX61xLwLG8Nu9w=">AAACGnicbVBNS8NAEN3Ur1q/oh69LBahXkoigh5LvXisYD+gKWGznbRLd5O4uxFK6O/w4l/x4kERb+LFf+OmLaitDwYe780wMy9IOFPacb6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLrK/fY9SMXi6FaPE+gJMohYyCjRRvJt10uI1IxwX1c8QfQwCLP65NRTTMAdZl4sYEB8B/94vl12qs4UeJm4c1JGczR8+8PrxzQVEGnKiVJd10l0L8vXUg6TkpcqSAgdkQF0DY2IANXLpq9N8IlR+jiMpalI46n6eyIjQqmxCExnfqFa9HLxP6+b6vCyl7EoSTVEdLYoTDnWMc5zwn0mgWo+NoRQycytmA6JJFSbNEsmBHfx5WXSOqu6TtW9OS/X6vM4iugIHaMKctEFqqFr1EBNRNEDekIv6NV6tJ6tN+t91lqw5jOH6A+sz2+OxqEq</latexit><latexit sha1_base64="qoP49jRaZSDY0pX61xLwLG8Nu9w=">AAACGnicbVBNS8NAEN3Ur1q/oh69LBahXkoigh5LvXisYD+gKWGznbRLd5O4uxFK6O/w4l/x4kERb+LFf+OmLaitDwYe780wMy9IOFPacb6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLrK/fY9SMXi6FaPE+gJMohYyCjRRvJt10uI1IxwX1c8QfQwCLP65NRTTMAdZl4sYEB8B/94vl12qs4UeJm4c1JGczR8+8PrxzQVEGnKiVJd10l0L8vXUg6TkpcqSAgdkQF0DY2IANXLpq9N8IlR+jiMpalI46n6eyIjQqmxCExnfqFa9HLxP6+b6vCyl7EoSTVEdLYoTDnWMc5zwn0mgWo+NoRQycytmA6JJFSbNEsmBHfx5WXSOqu6TtW9OS/X6vM4iugIHaMKctEFqqFr1EBNRNEDekIv6NV6tJ6tN+t91lqw5jOH6A+sz2+OxqEq</latexit><latexit sha1_base64="qoP49jRaZSDY0pX61xLwLG8Nu9w=">AAACGnicbVBNS8NAEN3Ur1q/oh69LBahXkoigh5LvXisYD+gKWGznbRLd5O4uxFK6O/w4l/x4kERb+LFf+OmLaitDwYe780wMy9IOFPacb6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLrK/fY9SMXi6FaPE+gJMohYyCjRRvJt10uI1IxwX1c8QfQwCLP65NRTTMAdZl4sYEB8B/94vl12qs4UeJm4c1JGczR8+8PrxzQVEGnKiVJd10l0L8vXUg6TkpcqSAgdkQF0DY2IANXLpq9N8IlR+jiMpalI46n6eyIjQqmxCExnfqFa9HLxP6+b6vCyl7EoSTVEdLYoTDnWMc5zwn0mgWo+NoRQycytmA6JJFSbNEsmBHfx5WXSOqu6TtW9OS/X6vM4iugIHaMKctEFqqFr1EBNRNEDekIv6NV6tJ6tN+t91lqw5jOH6A+sz2+OxqEq</latexit>

@tJe↵ = ga��@t(B@ta) / !0ma � m2
a

<latexit sha1_base64="6hAewEZAVOHiIE0LS/gOn59MJCc="></latexit><latexit sha1_base64="6hAewEZAVOHiIE0LS/gOn59MJCc="></latexit><latexit sha1_base64="6hAewEZAVOHiIE0LS/gOn59MJCc="></latexit><latexit sha1_base64="6hAewEZAVOHiIE0LS/gOn59MJCc="></latexit>

HETERODYNE DETECTION
[Berlin, RTD, S. Ellis, C. Nantista, J. Nielson, P. Schuster, S. Tantawi, N. Toro, K. Zhou‘19]



te�fold ⇠ year B ⇠ 0.2 T V = m3
<latexit sha1_base64="oZzKJ+/0DkBpZpUFQ4g6njZ0hu8="></latexit><latexit sha1_base64="oZzKJ+/0DkBpZpUFQ4g6njZ0hu8="></latexit><latexit sha1_base64="oZzKJ+/0DkBpZpUFQ4g6njZ0hu8="></latexit><latexit sha1_base64="oZzKJ+/0DkBpZpUFQ4g6njZ0hu8="></latexit>
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CRUCIAL INGREDIENTS IMPORTANT INGREDIENTS

• Large Q (cryogenics) 

• Good mode separation 
(clever geometry) 

• Tunability

• Isolation from vibrations 

• Integration time (for axion 
masses above kHz)
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MODE SEPARATION



PROTOTYPES



THREE PROTOTYPES



Exp: S. Calatroni, Z. Li, C. Nantista, J. Nielson, M. Oriunno, S. Tantawi 
Th: R.T. D’Agnolo, S. Ellis, P. Schuster, N. Toro, K. Zhou

All slides from: Z. Li and M. Oriunno



HE11 mode 
• Corrugated wave guide 
• Both E and B field transverse to the direction of propagation 
• Both E and B field concentrated around the center of the cavity 
• High Q 
⁃ Very low field on the outer wall 
⁃ Most of EM loss on the ends

Exp: S. Calatroni, Z. Li, C. Nantista, J. Nielson, M. Oriunno, S. Tantawi 
Th: R.T. D’Agnolo, S. Ellis, P. Schuster, N. Toro, K. Zhou



X-polarization

Y-polarization

B 

E 

E 

B 

1/4 wavelength fins on the endplates



Tunable mode coupler

Fixed mode coupler



Tuner 
gap

Tuner  
membra
ne

Membrane deformation



Tuner 
gap

Tuner  
membra
ne

Membrane deformation

gap = -1mm 
f ~ 2.8564 GHz

gap = +1mm 
f ~ 2.8445 GHz



Coupler of fixed frequency mode Coupler and tuner of tunable mode
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SQMS Team 
Parameters based on informal conversations 

VERY PRELIMINARY!
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The potential sensitivity is beyond current bounds



Small Collaboration (to be confirmed) 
Exp: A. Grudiev, J. Bremer, S. Calatroni, A. Castilla, A. MacPherson + 1 Fellow from PBC 

Th: R.T. D’Agnolo, S. Ellis

Material Budget: 450 kCHF/3 years from QTI 
Design to be confirmed 

Superconducting cavity operated at cryogenic temperatures



CONCLUSION

• A powerful theoretical idea with the potential of exploring the 
biggest region of unexplored axion parameter space, including 
two orders of magnitude on the QCD line 

• Still much to do on the experimental side (join us!) 

• The first prototype to take data (SLAC) is giving very 
encouraging results
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te = 107 s

Demonstrated 
in similar cavities

https://indico.physics.lbl.gov/indico/event/939/contributions/4371/
attachments/2162/2812/DarkSRF-Aspen.pdf

RESONANT

https://indico.physics.lbl.gov/indico/event/939/contributions/4371/attachments/2162/2812/DarkSRF-Aspen.pdf
https://indico.physics.lbl.gov/indico/event/939/contributions/4371/attachments/2162/2812/DarkSRF-Aspen.pdf
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BROADBANDA.Berlin, RTD, S. Ellis, K. Zhou 2007.15656
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We bound the total power in mechanical noise for by 
considering two cases: where the axion 

mass is situated at or near a local maximum of the noise PSD 
or at a 

local minimum (ma at the midpoint between two adjacent 
resonances, i.e., assuming a typical separation of ∼ 100 Hz 
between mechanical resonances, at 50 Hz separation from 
each). The total mechanical noise powers obtained in these 
two extreme cases, illustrated by dashed curves, define an 

envelope for the mechanical noise power at each 
scan step. The noise power only approaches the upper 

envelope in narrow regions of size ∆ωm about each resonance
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MAGO 
Measured the force PSD around kHz

We conservatively took it flat up to GHz
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External Force

VIBRATIONAL NOISE

We assumed that for every axion mass > kHz 
there is a corresponding resonant 

mechanical mode that is maximally coupled 
to the electromagnetic properties of the 

cavity. An OVERLY PESSIMISTIC assumption.
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Cavity Response

LEAKAGE NOISE



Sphase(!) '
1

2
✏21d S�(! � !0)

(! !1/Q1)2

(!2 � !2
1)

2 + (! !1/Q1)2
!0Q1

!0Q0
Pin

<latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit>

⇠ 1/ma
<latexit sha1_base64="To47Y0wueYWzyTlCnRLdZgIKYvE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6bWsd0V3bisYB/YDiWTZtrQJDMkGaEM/Qs3LhRx69+4829MH4KKHrhwOOde7r0nTDjTBqEPZ2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dU+VZrG8NeOEBgIPJIsYwcZKd13NBPRORQ/3CkXkVquo7PkQuecIlfyqJeisVPF96LlohiJYoN4rvHf7MUkFlYZwrHXHQ4kJMqwMI5xO8t1U0wSTER7QjqUSC6qDbHbxBB5bpQ+jWNmSBs7U7xMZFlqPRWg7BTZD/dubin95ndRElSBjMkkNlWS+KEo5NDGcvg/7TFFi+NgSTBSzt0IyxAoTY0PK2xC+PoX/k2bJ9ZDr3ZSLtctFHDlwCI7ACfDABaiBa1AHDUCABA/gCTw72nl0XpzXeeuSs5g5AD/gvH0CAsqQfA==</latexit><latexit sha1_base64="To47Y0wueYWzyTlCnRLdZgIKYvE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6bWsd0V3bisYB/YDiWTZtrQJDMkGaEM/Qs3LhRx69+4829MH4KKHrhwOOde7r0nTDjTBqEPZ2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dU+VZrG8NeOEBgIPJIsYwcZKd13NBPRORQ/3CkXkVquo7PkQuecIlfyqJeisVPF96LlohiJYoN4rvHf7MUkFlYZwrHXHQ4kJMqwMI5xO8t1U0wSTER7QjqUSC6qDbHbxBB5bpQ+jWNmSBs7U7xMZFlqPRWg7BTZD/dubin95ndRElSBjMkkNlWS+KEo5NDGcvg/7TFFi+NgSTBSzt0IyxAoTY0PK2xC+PoX/k2bJ9ZDr3ZSLtctFHDlwCI7ACfDABaiBa1AHDUCABA/gCTw72nl0XpzXeeuSs5g5AD/gvH0CAsqQfA==</latexit><latexit sha1_base64="To47Y0wueYWzyTlCnRLdZgIKYvE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6bWsd0V3bisYB/YDiWTZtrQJDMkGaEM/Qs3LhRx69+4829MH4KKHrhwOOde7r0nTDjTBqEPZ2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dU+VZrG8NeOEBgIPJIsYwcZKd13NBPRORQ/3CkXkVquo7PkQuecIlfyqJeisVPF96LlohiJYoN4rvHf7MUkFlYZwrHXHQ4kJMqwMI5xO8t1U0wSTER7QjqUSC6qDbHbxBB5bpQ+jWNmSBs7U7xMZFlqPRWg7BTZD/dubin95ndRElSBjMkkNlWS+KEo5NDGcvg/7TFFi+NgSTBSzt0IyxAoTY0PK2xC+PoX/k2bJ9ZDr3ZSLtctFHDlwCI7ACfDABaiBa1AHDUCABA/gCTw72nl0XpzXeeuSs5g5AD/gvH0CAsqQfA==</latexit><latexit sha1_base64="To47Y0wueYWzyTlCnRLdZgIKYvE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6bWsd0V3bisYB/YDiWTZtrQJDMkGaEM/Qs3LhRx69+4829MH4KKHrhwOOde7r0nTDjTBqEPZ2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dU+VZrG8NeOEBgIPJIsYwcZKd13NBPRORQ/3CkXkVquo7PkQuecIlfyqJeisVPF96LlohiJYoN4rvHf7MUkFlYZwrHXHQ4kJMqwMI5xO8t1U0wSTER7QjqUSC6qDbHbxBB5bpQ+jWNmSBs7U7xMZFlqPRWg7BTZD/dubin95ndRElSBjMkkNlWS+KEo5NDGcvg/7TFFi+NgSTBSzt0IyxAoTY0PK2xC+PoX/k2bJ9ZDr3ZSLtctFHDlwCI7ACfDABaiBa1AHDUCABA/gCTw72nl0XpzXeeuSs5g5AD/gvH0CAsqQfA==</latexit>

⇠ 1/ma
<latexit sha1_base64="To47Y0wueYWzyTlCnRLdZgIKYvE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6bWsd0V3bisYB/YDiWTZtrQJDMkGaEM/Qs3LhRx69+4829MH4KKHrhwOOde7r0nTDjTBqEPZ2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dU+VZrG8NeOEBgIPJIsYwcZKd13NBPRORQ/3CkXkVquo7PkQuecIlfyqJeisVPF96LlohiJYoN4rvHf7MUkFlYZwrHXHQ4kJMqwMI5xO8t1U0wSTER7QjqUSC6qDbHbxBB5bpQ+jWNmSBs7U7xMZFlqPRWg7BTZD/dubin95ndRElSBjMkkNlWS+KEo5NDGcvg/7TFFi+NgSTBSzt0IyxAoTY0PK2xC+PoX/k2bJ9ZDr3ZSLtctFHDlwCI7ACfDABaiBa1AHDUCABA/gCTw72nl0XpzXeeuSs5g5AD/gvH0CAsqQfA==</latexit><latexit sha1_base64="To47Y0wueYWzyTlCnRLdZgIKYvE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6bWsd0V3bisYB/YDiWTZtrQJDMkGaEM/Qs3LhRx69+4829MH4KKHrhwOOde7r0nTDjTBqEPZ2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dU+VZrG8NeOEBgIPJIsYwcZKd13NBPRORQ/3CkXkVquo7PkQuecIlfyqJeisVPF96LlohiJYoN4rvHf7MUkFlYZwrHXHQ4kJMqwMI5xO8t1U0wSTER7QjqUSC6qDbHbxBB5bpQ+jWNmSBs7U7xMZFlqPRWg7BTZD/dubin95ndRElSBjMkkNlWS+KEo5NDGcvg/7TFFi+NgSTBSzt0IyxAoTY0PK2xC+PoX/k2bJ9ZDr3ZSLtctFHDlwCI7ACfDABaiBa1AHDUCABA/gCTw72nl0XpzXeeuSs5g5AD/gvH0CAsqQfA==</latexit><latexit sha1_base64="To47Y0wueYWzyTlCnRLdZgIKYvE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6bWsd0V3bisYB/YDiWTZtrQJDMkGaEM/Qs3LhRx69+4829MH4KKHrhwOOde7r0nTDjTBqEPZ2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dU+VZrG8NeOEBgIPJIsYwcZKd13NBPRORQ/3CkXkVquo7PkQuecIlfyqJeisVPF96LlohiJYoN4rvHf7MUkFlYZwrHXHQ4kJMqwMI5xO8t1U0wSTER7QjqUSC6qDbHbxBB5bpQ+jWNmSBs7U7xMZFlqPRWg7BTZD/dubin95ndRElSBjMkkNlWS+KEo5NDGcvg/7TFFi+NgSTBSzt0IyxAoTY0PK2xC+PoX/k2bJ9ZDr3ZSLtctFHDlwCI7ACfDABaiBa1AHDUCABA/gCTw72nl0XpzXeeuSs5g5AD/gvH0CAsqQfA==</latexit><latexit sha1_base64="To47Y0wueYWzyTlCnRLdZgIKYvE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6bWsd0V3bisYB/YDiWTZtrQJDMkGaEM/Qs3LhRx69+4829MH4KKHrhwOOde7r0nTDjTBqEPZ2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dU+VZrG8NeOEBgIPJIsYwcZKd13NBPRORQ/3CkXkVquo7PkQuecIlfyqJeisVPF96LlohiJYoN4rvHf7MUkFlYZwrHXHQ4kJMqwMI5xO8t1U0wSTER7QjqUSC6qDbHbxBB5bpQ+jWNmSBs7U7xMZFlqPRWg7BTZD/dubin95ndRElSBjMkkNlWS+KEo5NDGcvg/7TFFi+NgSTBSzt0IyxAoTY0PK2xC+PoX/k2bJ9ZDr3ZSLtctFHDlwCI7ACfDABaiBa1AHDUCABA/gCTw72nl0XpzXeeuSs5g5AD/gvH0CAsqQfA==</latexit>

LEAKAGE NOISE
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<latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit>

From MAGO 
and other similar cavities

LEAKAGE NOISE



OVERCOUPLING

<latexit sha1_base64="pkJNGYR9SB5SBoiUdP9wtVIYl+0=">AAACNHicbVDLSgMxFM34rPVVdekmWIQKUmZEqsuiG8FNi7YVOmXIpHdqMPMguSOWYT7KjR/iRgQXirj1G0wfC18XEg7nQXKPn0ih0bafrZnZufmFxcJScXlldW29tLHZ1nGqOLR4LGN15TMNUkTQQoESrhIFLPQldPyb05HeuQWlRRxd4jCBXsgGkQgEZ2gor3R+4bkId5hpMchpxY1DGLA96mJM3UAxnjU9JzfXxMQTmefU3af/prxS2a7a46F/gTMFZTKdhld6dPsxT0OIkEumddexE+xlTKHgEvKim2pIGL9hA+gaGLEQdC8bL53TXcP0aRArcyKkY/Z7ImOh1sPQN86Q4bX+rY3I/7RuisFxLxNRkiJEfPJQkEpqKhk1SPtCAUc5NIBxJcxfKb9mpis0PRdNCc7vlf+C9kHVqVVrzcNy/WRaR4Fskx1SIQ45InVyRhqkRTi5J0/klbxZD9aL9W59TKwz1jSzRX6M9fkFw5GrhA==</latexit>

Ssig(!) !
Q1

Qcpl
Ssig(!)

<latexit sha1_base64="6mJ4bjmFW9tFc7t3u9iIRveM5GI="></latexit>

Snoise(!) = Sql(!) +
Q1

Qcpl

⇣
Sth(!) + Sphase(!) + S(1)

mech(!)
⌘
+

Q0

Qcpl
S(0)
mech(!)

Overcoupling can enlarge the scan step, keeping the SNR fixed



EXISTING PROTOTYPE
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Power = Energy/Time

Time

Axion stops being monochromatic

Steady State
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<latexit sha1_base64="/kQ9jd1ykflcTQaAzYJl+KyGWlY="></latexit>

min[⌧a, ⌧r] = min


Qa

ma
,
Q1

!1

�

<latexit sha1_base64="/NUZkV1wRH8+AAQpCsC6cdx99XM=">AAACAnicdVDLSgNBEJz1GeMr6kXwMhgET2E3JuglEPTiMQFjAklYeiezyZDZBzO9QljixV/x4kFBvPoV3vwbJw8hihZ0U1R1M9PlxVJotO1Pa2l5ZXVtPbOR3dza3tnN7e3f6ihRjDdYJCPV8kBzKULeQIGSt2LFIfAkb3rDq4nfvONKiyi8wVHMuwH0Q+ELBmgkN3eIlQ5C4kKl4ytgad2FcRqY5ubydsGegi6Qsn1WLhapM1fyZI6am/vo9CKWBDxEJkHrtmPH2E1BoWCSj7OdRPMY2BD6vG1oCAHX3XR6wZieGKVH/UiZCpFO1cWNFAKtR4FnJgPAgf7tTcS/vHaC/kU3FWGcIA/Z7CE/kRQjOomD9oTiDOXIEGBKmL9SNgCTBJrQsiaE70vp/6RZLDilguPUS/nq5TyPDDkix+SUOOScVMk1qZEGYeSePJJn8mI9WE/Wq/U2G12y5jsH5Aes9y96uJdf</latexit>

t = ⌧a =
Qa

ma

<latexit sha1_base64="GiB+R8mxWThiIjzcaELNBkjaMfs=">AAACB3icdVBNS8NAEN34WetX1KMIi0XwVJLaopdC0YvHFqwtNCFstpt26eaD3YlQQk9e/CtePCiIV/+CN/+N2zZCFX0w8Hhvhpl5fiK4Asv6NJaWV1bX1gsbxc2t7Z1dc2//VsWppKxNYxHLrk8UEzxibeAgWDeRjIS+YB1/dDX1O3dMKh5HNzBOmBuSQcQDTgloyTOPoO4AST1ZdwJJaNby7EnmxCEbEM08s2SVrRnwAqlZZ7VKBdu5UkI5mp754fRjmoYsAiqIUj3bSsDNiAROBZsUnVSxhNARGbCephEJmXKz2RsTfKKVPg5iqSsCPFMXJzISKjUOfd0ZEhiq395U/MvrpRBcuBmPkhRYROeLglRgiPE0E9znklEQY00IlVzfiumQ6DhAJ1fUIXx/iv8nnUrZrpZtu1UtNS7zPAroEB2jU2Sjc9RA16iJ2oiie/SIntGL8WA8Ga/G27x1ychnDtAPGO9f7N2ZOg==</latexit>

t = ⌧r =
Q1

!1



Power = Energy/Time

TimeEnergy

Static: !1 ' ma
<latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit>

Naively no reason to build resonators with Q > 10^6

<latexit sha1_base64="/kQ9jd1ykflcTQaAzYJl+KyGWlY="></latexit>

min[⌧a, ⌧r] = min


Qa

ma
,
Q1

!1

�<latexit sha1_base64="T1PdIgpukYci0u6ZEf3yYtUvP2A="></latexit>

!2
1B

2
aV min


Q2

a

m2
a

,
Q2

1

!2
1

�

<latexit sha1_base64="NunQLndLbPscJ1Mgkv6oK2jCa3k=">AAACDHicbVC7SgNBFJ31GeNr1dJmSBAsJOyGgJYhNpYJmAck63J3MkmGzMyuM7NCCOlt/BUbCwWx9QPs/Bsnj0ITD1w4nHMv994TJZxp43nfztr6xubWdmYnu7u3f3DoHh03dJwqQusk5rFqRaApZ5LWDTOcthJFQUScNqPh9dRvPlClWSxvzSihgYC+ZD1GwFgpdHPVjmaC3mMRAq6EcFfEDdwRTLZrIVzgWugHoZv3Ct4MeJX4C5JHC1RD96vTjUkqqDSEg9Zt30tMMAZlGOF0ku2kmiZAhtCnbUslCKqD8eyXCT6zShf3YmVLGjxTf0+MQWg9EpHtFGAGetmbiv957dT0roIxk0lqqCTzRb2UYxPjaTC4yxQlho8sAaKYvRWTASggxsaXtSH4yy+vkmax4JcKvl8r5cuVRR4ZdIpy6Bz56BKV0Q2qojoi6BE9o1f05jw5L8678zFvXXMWMyfoD5zPH2uumS4=</latexit>

P ' maB
2
aV min[Qa, Q1]



Power = Energy/Time

TimeEnergy

!2
1B

2
aV min


Q2

a

m2
a

,
Q2

!2
1

�

<latexit sha1_base64="6gG6DUkELCzoZIgI7gwn3poiXFE="></latexit><latexit sha1_base64="6gG6DUkELCzoZIgI7gwn3poiXFE="></latexit><latexit sha1_base64="6gG6DUkELCzoZIgI7gwn3poiXFE="></latexit><latexit sha1_base64="6gG6DUkELCzoZIgI7gwn3poiXFE="></latexit>

Great advantage of high-Q resonators at low ma

Oscillating: !1 > ma
<latexit sha1_base64="w8y61VrPprmp3VHgly1lCHujnfQ=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWZfeySQZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbMRjKmaQNyyyn7URTEDGnrXh0M/Vbj1QbpuS9HSc0FDCQrM8IWCc9dJWgA4gCfIVFBFG54lf9GfAyCXJSQTnqUfmr21MkFVRawsGYTuAnNsxAW0Y4nZS6qaEJkBEMaMdRCYKaMJtdPcEnTunhvtKupMUz9fdEBsKYsYhdpwA7NIveVPzP66S2fxlmTCappZLMF/VTjq3C0whwj2lKLB87AkQzdysmQ9BArAuq5EIIFl9eJs2zauBXg7vzSu06j6OIjtAxOkUBukA1dIvqqIEI0ugZvaI378l78d69j3lrwctnDtEfeJ8/M6iRpg==</latexit><latexit sha1_base64="w8y61VrPprmp3VHgly1lCHujnfQ=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWZfeySQZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbMRjKmaQNyyyn7URTEDGnrXh0M/Vbj1QbpuS9HSc0FDCQrM8IWCc9dJWgA4gCfIVFBFG54lf9GfAyCXJSQTnqUfmr21MkFVRawsGYTuAnNsxAW0Y4nZS6qaEJkBEMaMdRCYKaMJtdPcEnTunhvtKupMUz9fdEBsKYsYhdpwA7NIveVPzP66S2fxlmTCappZLMF/VTjq3C0whwj2lKLB87AkQzdysmQ9BArAuq5EIIFl9eJs2zauBXg7vzSu06j6OIjtAxOkUBukA1dIvqqIEI0ugZvaI378l78d69j3lrwctnDtEfeJ8/M6iRpg==</latexit><latexit sha1_base64="w8y61VrPprmp3VHgly1lCHujnfQ=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWZfeySQZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbMRjKmaQNyyyn7URTEDGnrXh0M/Vbj1QbpuS9HSc0FDCQrM8IWCc9dJWgA4gCfIVFBFG54lf9GfAyCXJSQTnqUfmr21MkFVRawsGYTuAnNsxAW0Y4nZS6qaEJkBEMaMdRCYKaMJtdPcEnTunhvtKupMUz9fdEBsKYsYhdpwA7NIveVPzP66S2fxlmTCappZLMF/VTjq3C0whwj2lKLB87AkQzdysmQ9BArAuq5EIIFl9eJs2zauBXg7vzSu06j6OIjtAxOkUBukA1dIvqqIEI0ugZvaI378l78d69j3lrwctnDtEfeJ8/M6iRpg==</latexit><latexit sha1_base64="w8y61VrPprmp3VHgly1lCHujnfQ=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWZfeySQZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbMRjKmaQNyyyn7URTEDGnrXh0M/Vbj1QbpuS9HSc0FDCQrM8IWCc9dJWgA4gCfIVFBFG54lf9GfAyCXJSQTnqUfmr21MkFVRawsGYTuAnNsxAW0Y4nZS6qaEJkBEMaMdRCYKaMJtdPcEnTunhvtKupMUz9fdEBsKYsYhdpwA7NIveVPzP66S2fxlmTCappZLMF/VTjq3C0whwj2lKLB87AkQzdysmQ9BArAuq5EIIFl9eJs2zauBXg7vzSu06j6OIjtAxOkUBukA1dIvqqIEI0ugZvaI378l78d69j3lrwctnDtEfeJ8/M6iRpg==</latexit>

<latexit sha1_base64="/kQ9jd1ykflcTQaAzYJl+KyGWlY="></latexit>

min[⌧a, ⌧r] = min


Qa

ma
,
Q1

!1

�

<latexit sha1_base64="7DRFL/JuoumgRvGnSkoFT6Q24+o="></latexit>

P ' !1B
2
aV min[Qa(!1/ma), Q1]



<latexit sha1_base64="hztf9mX/GXd52jL/+LJwHQYrOC8=">AAACJnicbVDLSgMxFM34tr6qLt0Ei6CbMqOibgRRF26UCrYKnVoy6Z02mMyMyR2hDPM1bvwVNy4qIu78FNNaxNeBwOGcc7m5J0ikMOi6b87I6Nj4xOTUdGFmdm5+obi4VDNxqjlUeSxjfRUwA1JEUEWBEq4SDUwFEi6Dm6O+f3kH2og4usBuAg3F2pEIBWdopWZx/6yZ+VrR49Oc+kYouKWee71FfQkhrvuhZnzgQy3P1Fc097Vod3CjWSy5ZXcA+pd4Q1IiQ1SaxZ7finmqIEIumTF1z02wkTGNgkvIC35qIGH8hrWhbmnEFJhGNjgzp2tWadEw1vZFSAfq94mMKWO6KrBJxbBjfnt98T+vnmK418hElKQIEf9cFKaSYkz7ndGW0MBRdi1hXAv7V8o7zFaDttmCLcH7ffJfUtssezvl7fPt0sHhsI4pskJWyTrxyC45ICekQqqEk3vySHrk2XlwnpwX5/UzOuIMZ5bJDzjvHwhPpPQ=</latexit>

NDM ' 103
✓

eV

mDM

◆

Dark Matter Particles in a de Broglie Volume Today

Galaxy:

Universe:
<latexit sha1_base64="Xtb1HTMGr46cH02R9oL0YivGnVY="></latexit>

NDM ' 10�3

✓
eV

mDM

◆



In each experimental bin we are summing over a multitude of plane waves 
with different phases

<latexit sha1_base64="kk9G2BrB/V0i02MD+2dGypIy9CE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW4loGXQxjKiMYHkCHubuWTJ3t6xuyeEkJ9gY6Egtv4hO/+Nm+QKTXww8Hhvhpl5YSqFsb7/7RXW1jc2t4rbpZ3dvf2D8uHRo0kyzbHJE5nodsgMSqGwaYWV2E41sjiU2ApHNzO/9YTaiEQ92HGKQcwGSkSCM+uke9ajvXLFr/pzkFVCc1KBHI1e+avbT3gWo7JcMmM61E9tMGHaCi5xWupmBlPGR2yAHUcVi9EEk/mpU3LmlD6JEu1KWTJXf09MWGzMOA5dZ8zs0Cx7M/E/r5PZ6CqYCJVmFhVfLIoySWxCZn+TvtDIrRw7wrgW7lbCh0wzbl06JRcCXX55lbQuqrRWpfSuVqlf53kU4QRO4RwoXEIdbqEBTeAwgGd4hTdPei/eu/exaC14+cwx/IH3+QN/Mo3C</latexit>a1

<latexit sha1_base64="pcMWAkUTjJ/DT8C/WxQtQ1xr3Rw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR6LXjxWtLbQhrLZbtqlm03YnQgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTRxOnmvE2i2WsuwE1XArF2yhQ8m6iOY0CyTvB5Gbud564NiJWDzhNuB/RkRKhYBStdE8HtUG54lbdBcg68XJSgRytQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF75mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66RTq3r1qufd1SvN6zyPIpzBOVyCBw1owi20oA0MRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AgLeNww==</latexit>a2

<latexit sha1_base64="VgB/P89Q7KB9hOAxY6GcLBTOZYE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0UI9FLx4rWltoQ5lsN+3SzSbsboQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nirIWjUWsOgFqJrhkLcONYJ1EMYwCwdrB+Gbmt5+Y0jyWD2aSMD/CoeQhp2isdI/9y3654lbdOcgq8XJSgRzNfvmrN4hpGjFpqECtu56bGD9DZTgVbFrqpZolSMc4ZF1LJUZM+9n81Ck5s8qAhLGyJQ2Zq78nMoy0nkSB7YzQjPSyNxP/87qpCa/8jMskNUzSxaIwFcTEZPY3GXDFqBETS5Aqbm8ldIQKqbHplGwI3vLLq6R9UfVqVc+7q1Ua13keRTiBUzgHD+rQgFtoQgsoDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AgjyNxA==</latexit>a3

ALP DARK MATTER IN THE LAB



In each experimental bin we are summing over a multitude of plane waves 
with different phases

<latexit sha1_base64="X9dMgq8ZDxmjh7CGpnMHFOGUIIM="></latexit>

�!a ' 1

mahv2DMi ' 106

ma

Effectively: very slow modulation of an  
approximately monochromatic field

<latexit sha1_base64="kk9G2BrB/V0i02MD+2dGypIy9CE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW4loGXQxjKiMYHkCHubuWTJ3t6xuyeEkJ9gY6Egtv4hO/+Nm+QKTXww8Hhvhpl5YSqFsb7/7RXW1jc2t4rbpZ3dvf2D8uHRo0kyzbHJE5nodsgMSqGwaYWV2E41sjiU2ApHNzO/9YTaiEQ92HGKQcwGSkSCM+uke9ajvXLFr/pzkFVCc1KBHI1e+avbT3gWo7JcMmM61E9tMGHaCi5xWupmBlPGR2yAHUcVi9EEk/mpU3LmlD6JEu1KWTJXf09MWGzMOA5dZ8zs0Cx7M/E/r5PZ6CqYCJVmFhVfLIoySWxCZn+TvtDIrRw7wrgW7lbCh0wzbl06JRcCXX55lbQuqrRWpfSuVqlf53kU4QRO4RwoXEIdbqEBTeAwgGd4hTdPei/eu/exaC14+cwx/IH3+QN/Mo3C</latexit>a1

<latexit sha1_base64="pcMWAkUTjJ/DT8C/WxQtQ1xr3Rw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR6LXjxWtLbQhrLZbtqlm03YnQgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTRxOnmvE2i2WsuwE1XArF2yhQ8m6iOY0CyTvB5Gbud564NiJWDzhNuB/RkRKhYBStdE8HtUG54lbdBcg68XJSgRytQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF75mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66RTq3r1qufd1SvN6zyPIpzBOVyCBw1owi20oA0MRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AgLeNww==</latexit>a2

<latexit sha1_base64="VgB/P89Q7KB9hOAxY6GcLBTOZYE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0UI9FLx4rWltoQ5lsN+3SzSbsboQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nirIWjUWsOgFqJrhkLcONYJ1EMYwCwdrB+Gbmt5+Y0jyWD2aSMD/CoeQhp2isdI/9y3654lbdOcgq8XJSgRzNfvmrN4hpGjFpqECtu56bGD9DZTgVbFrqpZolSMc4ZF1LJUZM+9n81Ck5s8qAhLGyJQ2Zq78nMoy0nkSB7YzQjPSyNxP/87qpCa/8jMskNUzSxaIwFcTEZPY3GXDFqBETS5Aqbm8ldIQKqbHplGwI3vLLq6R9UfVqVc+7q1Ua13keRTiBUzgHD+rQgFtoQgsoDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AgjyNxA==</latexit>a3

<latexit sha1_base64="6WKl3THzQocLorf0mWnlr8pVbZk="></latexit>

a(t) = a0


cos

✓
ma

✓
1 +

v21
2

◆
t+ �1

◆
+ cos

✓
ma

✓
1 +

v22
2

◆
t+ �2

◆
+ ...

�

<latexit sha1_base64="CBIlGIUFhXVmEfsO04T6cH3nem8="></latexit>

' a0 cos(mat+ �) [cos(�!at+ �0) + ...]

ALP DARK MATTER IN THE LAB
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|✓| . 10�10

Neutron Neutron

Electric  
Dipole

✓GG̃
<latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit>

Experimentally

✓ 6= 0
<latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit><latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit><latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit><latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit>

✓ = 0
<latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit>



✓GG̃
<latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit>

✓
✓ +

a

fa

◆
GG̃

<latexit sha1_base64="NPnHOw7NJQAN9qpx1CJeBUPI6OI="></latexit><latexit sha1_base64="NPnHOw7NJQAN9qpx1CJeBUPI6OI="></latexit><latexit sha1_base64="NPnHOw7NJQAN9qpx1CJeBUPI6OI="></latexit><latexit sha1_base64="NPnHOw7NJQAN9qpx1CJeBUPI6OI="></latexit>

hai = �✓fa
<latexit sha1_base64="//F4vyMjiYsqo74neu96GR6x3Q0="></latexit><latexit sha1_base64="//F4vyMjiYsqo74neu96GR6x3Q0="></latexit><latexit sha1_base64="//F4vyMjiYsqo74neu96GR6x3Q0="></latexit><latexit sha1_base64="//F4vyMjiYsqo74neu96GR6x3Q0="></latexit>

At the minimum

Introduce a new global symmetry at fa



a

fa

⇡

f⇡
+ ...

<latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit><latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit><latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit><latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit>

QCD Phase Transition
a

fa
GG̃

<latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit><latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit><latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit><latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit>

ma ⇠ m2
⇡

fa
⇠ 10�2 eV

109 GeV

fa
<latexit sha1_base64="j456rW01LfCF/7337t/ToFIUDCI="></latexit><latexit sha1_base64="j456rW01LfCF/7337t/ToFIUDCI="></latexit><latexit sha1_base64="j456rW01LfCF/7337t/ToFIUDCI="></latexit><latexit sha1_base64="j456rW01LfCF/7337t/ToFIUDCI="></latexit>

Mass

Relevant Coupling
a

fa
E ·B

<latexit sha1_base64="HgImdUPFTKoB9ozgdOVlonAfLJM=">AAACCnicbVBNS8MwGE7n15xfVY9eokPwNFoR9DgmgscJ7gPWUtIs3cLSpCSpMErPXvwrXjwo4tVf4M1/Y9b1oJsPJDx5nvflzfuECaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5nvm9ByIVFfxeTxPix2jEaUQx0kYK7GMvkghnKM+iwFxeGMGb3MNDoWHxaOWBXXcaTgG4TNyS1EGJdmB/eUOB05hwjRlSauA6ifYzJDXFjOQ1L1UkQXiCRmRgKEcxUX5WrJLDU6MMYSSkOVzDQv3dkaFYqWkcmsoY6bFa9Gbif94g1dGVn1GepJpwPB8UpQxqAWe5wCGVBGs2NQRhSc1fIR4jk4026dVMCO7iysuke95wnYZ7d1Fvtso4quAInIAz4IJL0AS3oA06AINH8AxewZv1ZL1Y79bHvLRilT2H4A+szx8uS5qJ</latexit><latexit sha1_base64="HgImdUPFTKoB9ozgdOVlonAfLJM=">AAACCnicbVBNS8MwGE7n15xfVY9eokPwNFoR9DgmgscJ7gPWUtIs3cLSpCSpMErPXvwrXjwo4tVf4M1/Y9b1oJsPJDx5nvflzfuECaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5nvm9ByIVFfxeTxPix2jEaUQx0kYK7GMvkghnKM+iwFxeGMGb3MNDoWHxaOWBXXcaTgG4TNyS1EGJdmB/eUOB05hwjRlSauA6ifYzJDXFjOQ1L1UkQXiCRmRgKEcxUX5WrJLDU6MMYSSkOVzDQv3dkaFYqWkcmsoY6bFa9Gbif94g1dGVn1GepJpwPB8UpQxqAWe5wCGVBGs2NQRhSc1fIR4jk4026dVMCO7iysuke95wnYZ7d1Fvtso4quAInIAz4IJL0AS3oA06AINH8AxewZv1ZL1Y79bHvLRilT2H4A+szx8uS5qJ</latexit><latexit sha1_base64="HgImdUPFTKoB9ozgdOVlonAfLJM=">AAACCnicbVBNS8MwGE7n15xfVY9eokPwNFoR9DgmgscJ7gPWUtIs3cLSpCSpMErPXvwrXjwo4tVf4M1/Y9b1oJsPJDx5nvflzfuECaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5nvm9ByIVFfxeTxPix2jEaUQx0kYK7GMvkghnKM+iwFxeGMGb3MNDoWHxaOWBXXcaTgG4TNyS1EGJdmB/eUOB05hwjRlSauA6ifYzJDXFjOQ1L1UkQXiCRmRgKEcxUX5WrJLDU6MMYSSkOVzDQv3dkaFYqWkcmsoY6bFa9Gbif94g1dGVn1GepJpwPB8UpQxqAWe5wCGVBGs2NQRhSc1fIR4jk4026dVMCO7iysuke95wnYZ7d1Fvtso4quAInIAz4IJL0AS3oA06AINH8AxewZv1ZL1Y79bHvLRilT2H4A+szx8uS5qJ</latexit><latexit sha1_base64="HgImdUPFTKoB9ozgdOVlonAfLJM=">AAACCnicbVBNS8MwGE7n15xfVY9eokPwNFoR9DgmgscJ7gPWUtIs3cLSpCSpMErPXvwrXjwo4tVf4M1/Y9b1oJsPJDx5nvflzfuECaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5nvm9ByIVFfxeTxPix2jEaUQx0kYK7GMvkghnKM+iwFxeGMGb3MNDoWHxaOWBXXcaTgG4TNyS1EGJdmB/eUOB05hwjRlSauA6ifYzJDXFjOQ1L1UkQXiCRmRgKEcxUX5WrJLDU6MMYSSkOVzDQv3dkaFYqWkcmsoY6bFa9Gbif94g1dGVn1GepJpwPB8UpQxqAWe5wCGVBGs2NQRhSc1fIR4jk4026dVMCO7iysuke95wnYZ7d1Fvtso4quAInIAz4IJL0AS3oA06AINH8AxewZv1ZL1Y79bHvLRilT2H4A+szx8uS5qJ</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>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

�
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Agrawal, Fan, Reece, Wang ‘18


