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Light bosonic dark matter
• Dark matter mass could be anywhere within ~ 50 orders of magnitude, 

from             to Planck scale

• For masses             , DM must be bosonic (Pauli exclusion), and must be 
produced non-thermally

• Many such DM candidates, and early-universe production mechanisms, in 
BSM theories:

• Axions, hidden photons, light moduli …

• Purely gravitational production during inflation, production during phase 
transitions, …

• Direct detection experiments very different to WIMPs
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Bosonic dark matter fields
• Bosonic DM expected to be coherent, classical-like 

oscillations of field

• Virialized velocity distribution within galaxies, v ⇠ 10�3
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<latexit sha1_base64="iN5QolQUknDkemmzWX6FPhBOetM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7RbDHghePFewHtmvJptk2NMkuSbZQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aekoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG/nfntClWaRfDDTmPoCDyULGcHGSo9lgSaXT+mVN+sXS27FXQCtEy8jJcjQ6Be/eoOIJIJKQzjWuuu5sfFTrAwjnM4KvUTTGJMxHtKupRILqv10cfEMXVhlgMJI2ZIGLdTfEykWWk9FYDsFNiO96s3F/7xuYsKanzIZJ4ZKslwUJhyZCM3fRwOmKDF8agkmitlbERlhhYmxIRVsCN7qy+ukVa14bsW7vy7Va1kceTiDcyiDBzdQhztoQBMISHiGV3hztPPivDsfy9ack82cwh84nz8e0o/c</latexit><latexit sha1_base64="iN5QolQUknDkemmzWX6FPhBOetM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7RbDHghePFewHtmvJptk2NMkuSbZQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aekoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG/nfntClWaRfDDTmPoCDyULGcHGSo9lgSaXT+mVN+sXS27FXQCtEy8jJcjQ6Be/eoOIJIJKQzjWuuu5sfFTrAwjnM4KvUTTGJMxHtKupRILqv10cfEMXVhlgMJI2ZIGLdTfEykWWk9FYDsFNiO96s3F/7xuYsKanzIZJ4ZKslwUJhyZCM3fRwOmKDF8agkmitlbERlhhYmxIRVsCN7qy+ukVa14bsW7vy7Va1kceTiDcyiDBzdQhztoQBMISHiGV3hztPPivDsfy9ack82cwh84nz8e0o/c</latexit><latexit sha1_base64="iN5QolQUknDkemmzWX6FPhBOetM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7RbDHghePFewHtmvJptk2NMkuSbZQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aekoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG/nfntClWaRfDDTmPoCDyULGcHGSo9lgSaXT+mVN+sXS27FXQCtEy8jJcjQ6Be/eoOIJIJKQzjWuuu5sfFTrAwjnM4KvUTTGJMxHtKupRILqv10cfEMXVhlgMJI2ZIGLdTfEykWWk9FYDsFNiO96s3F/7xuYsKanzIZJ4ZKslwUJhyZCM3fRwOmKDF8agkmitlbERlhhYmxIRVsCN7qy+ukVa14bsW7vy7Va1kceTiDcyiDBzdQhztoQBMISHiGV3hztPPivDsfy9ack82cwh84nz8e0o/c</latexit><latexit sha1_base64="iN5QolQUknDkemmzWX6FPhBOetM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7RbDHghePFewHtmvJptk2NMkuSbZQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aekoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG/nfntClWaRfDDTmPoCDyULGcHGSo9lgSaXT+mVN+sXS27FXQCtEy8jJcjQ6Be/eoOIJIJKQzjWuuu5sfFTrAwjnM4KvUTTGJMxHtKupRILqv10cfEMXVhlgMJI2ZIGLdTfEykWWk9FYDsFNiO96s3F/7xuYsKanzIZJ4ZKslwUJhyZCM3fRwOmKDF8agkmitlbERlhhYmxIRVsCN7qy+ukVa14bsW7vy7Va1kceTiDcyiDBzdQhztoQBMISHiGV3hztPPivDsfy9ack82cwh84nz8e0o/c</latexit>

(mv)�2
<latexit sha1_base64="ij99D/pvaorXKIXfIbv8K2DxIws=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7RbDHghePFewHtmvJptk2NMkuSbZQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aekoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG/nfntClWaRfDDTmPoCDyULGcHGSo9lgSaXT+lVddYvltyKuwBaJ15GSpCh0S9+9QYRSQSVhnCsdddzY+OnWBlGOJ0VeommMSZjPKRdSyUWVPvp4uIZurDKAIWRsiUNWqi/J1IstJ6KwHYKbEZ61ZuL/3ndxIQ1P2UyTgyVZLkoTDgyEZq/jwZMUWL41BJMFLO3IjLCChNjQyrYELzVl9dJq1rx3Ip3f12q17I48nAG51AGD26gDnfQgCYQkPAMr/DmaOfFeXc+lq05J5s5hT9wPn8AIFeP3Q==</latexit><latexit sha1_base64="ij99D/pvaorXKIXfIbv8K2DxIws=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7RbDHghePFewHtmvJptk2NMkuSbZQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aekoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG/nfntClWaRfDDTmPoCDyULGcHGSo9lgSaXT+lVddYvltyKuwBaJ15GSpCh0S9+9QYRSQSVhnCsdddzY+OnWBlGOJ0VeommMSZjPKRdSyUWVPvp4uIZurDKAIWRsiUNWqi/J1IstJ6KwHYKbEZ61ZuL/3ndxIQ1P2UyTgyVZLkoTDgyEZq/jwZMUWL41BJMFLO3IjLCChNjQyrYELzVl9dJq1rx3Ip3f12q17I48nAG51AGD26gDnfQgCYQkPAMr/DmaOfFeXc+lq05J5s5hT9wPn8AIFeP3Q==</latexit><latexit sha1_base64="ij99D/pvaorXKIXfIbv8K2DxIws=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7RbDHghePFewHtmvJptk2NMkuSbZQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aekoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG/nfntClWaRfDDTmPoCDyULGcHGSo9lgSaXT+lVddYvltyKuwBaJ15GSpCh0S9+9QYRSQSVhnCsdddzY+OnWBlGOJ0VeommMSZjPKRdSyUWVPvp4uIZurDKAIWRsiUNWqi/J1IstJ6KwHYKbEZ61ZuL/3ndxIQ1P2UyTgyVZLkoTDgyEZq/jwZMUWL41BJMFLO3IjLCChNjQyrYELzVl9dJq1rx3Ip3f12q17I48nAG51AGD26gDnfQgCYQkPAMr/DmaOfFeXc+lq05J5s5hT9wPn8AIFeP3Q==</latexit><latexit sha1_base64="ij99D/pvaorXKIXfIbv8K2DxIws=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7RbDHghePFewHtmvJptk2NMkuSbZQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aekoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG/nfntClWaRfDDTmPoCDyULGcHGSo9lgSaXT+lVddYvltyKuwBaJ15GSpCh0S9+9QYRSQSVhnCsdddzY+OnWBlGOJ0VeommMSZjPKRdSyUWVPvp4uIZurDKAIWRsiUNWqi/J1IstJ6KwHYKbEZ61ZuL/3ndxIQ1P2UyTgyVZLkoTDgyEZq/jwZMUWL41BJMFLO3IjLCChNjQyrYELzVl9dJq1rx3Ip3f12q17I48nAG51AGD26gDnfQgCYQkPAMr/DmaOfFeXc+lq05J5s5hT9wPn8AIFeP3Q==</latexit>

• Approximately Gaussian 
random field, with coherence 
length ~           , coherence 
time ~



Bosonic dark matter fields
• Bosonic DM expected to be coherent, classical-like 

oscillations of field

• Virialized velocity distribution within galaxies, v ⇠ 10�3
<latexit sha1_base64="dGsRVepLOU8Y/L7/GISfRb6WCbc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2XXCvZY8OKxgv2AdluyabYNTbJLkq2Upf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F47u535pQpVkkH800pr7AQ8lCRrCxUm+CupoJ5Lm99Koy6xdLbtldAK0TLyMlyFDvF7+6g4gkgkpDONa647mx8VOsDCOczgrdRNMYkzEe0o6lEguq/XRx9QxdWGWAwkjZkgYt1N8TKRZaT0VgOwU2I73qzcX/vE5iwqqfMhknhkqyXBQmHJkIzSNAA6YoMXxqCSaK2VsRGWGFibFBFWwI3urL66R5XfbcsvdwU6pVszjycAbncAke3EIN7qEODSCg4Ble4c15cl6cd+dj2ZpzsplT+APn8wfoPJFu</latexit><latexit sha1_base64="dGsRVepLOU8Y/L7/GISfRb6WCbc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2XXCvZY8OKxgv2AdluyabYNTbJLkq2Upf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F47u535pQpVkkH800pr7AQ8lCRrCxUm+CupoJ5Lm99Koy6xdLbtldAK0TLyMlyFDvF7+6g4gkgkpDONa647mx8VOsDCOczgrdRNMYkzEe0o6lEguq/XRx9QxdWGWAwkjZkgYt1N8TKRZaT0VgOwU2I73qzcX/vE5iwqqfMhknhkqyXBQmHJkIzSNAA6YoMXxqCSaK2VsRGWGFibFBFWwI3urL66R5XfbcsvdwU6pVszjycAbncAke3EIN7qEODSCg4Ble4c15cl6cd+dj2ZpzsplT+APn8wfoPJFu</latexit><latexit sha1_base64="dGsRVepLOU8Y/L7/GISfRb6WCbc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2XXCvZY8OKxgv2AdluyabYNTbJLkq2Upf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F47u535pQpVkkH800pr7AQ8lCRrCxUm+CupoJ5Lm99Koy6xdLbtldAK0TLyMlyFDvF7+6g4gkgkpDONa647mx8VOsDCOczgrdRNMYkzEe0o6lEguq/XRx9QxdWGWAwkjZkgYt1N8TKRZaT0VgOwU2I73qzcX/vE5iwqqfMhknhkqyXBQmHJkIzSNAA6YoMXxqCSaK2VsRGWGFibFBFWwI3urL66R5XfbcsvdwU6pVszjycAbncAke3EIN7qEODSCg4Ble4c15cl6cd+dj2ZpzsplT+APn8wfoPJFu</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fuSpuWAMZ62fsKkmnuuhHNoqufk=">AAAB6nicbZBLSwMxFIXv+Ky1anXrJlgEN5ZEF7oU3LisYB/QTksmzbShSWZIMpUy9H+4caGIP8id/8b0sdDWA4GPcxLuzYlSKazD+DvY2Nza3tkt7BX3SweHR+XjUsMmmWG8zhKZmFZELZdC87oTTvJWajhVkeTNaHQ/y5tjbqxI9JObpDxUdKBFLBh13uqOUccKhQju5pfX0165gqt4LrQOZAkVWKrWK391+gnLFNeOSWptm+DUhTk1TjDJp8VOZnlK2YgOeNujporbMJ9vPUXn3umjODH+aIfm7u8XOVXWTlTkbyrqhnY1m5n/Ze3MxbdhLnSaOa7ZYlCcSeQSNKsA9YXhzMmJB8qM8LsiNqSGMueLKvoSyOqX16FxVSW4Sh4xFOAUzuACCNzAHTxADerAwMALvMF78By8Bh+LujaCZW8n8EfB5w+nmpAY</latexit><latexit sha1_base64="fuSpuWAMZ62fsKkmnuuhHNoqufk=">AAAB6nicbZBLSwMxFIXv+Ky1anXrJlgEN5ZEF7oU3LisYB/QTksmzbShSWZIMpUy9H+4caGIP8id/8b0sdDWA4GPcxLuzYlSKazD+DvY2Nza3tkt7BX3SweHR+XjUsMmmWG8zhKZmFZELZdC87oTTvJWajhVkeTNaHQ/y5tjbqxI9JObpDxUdKBFLBh13uqOUccKhQju5pfX0165gqt4LrQOZAkVWKrWK391+gnLFNeOSWptm+DUhTk1TjDJp8VOZnlK2YgOeNujporbMJ9vPUXn3umjODH+aIfm7u8XOVXWTlTkbyrqhnY1m5n/Ze3MxbdhLnSaOa7ZYlCcSeQSNKsA9YXhzMmJB8qM8LsiNqSGMueLKvoSyOqX16FxVSW4Sh4xFOAUzuACCNzAHTxADerAwMALvMF78By8Bh+LujaCZW8n8EfB5w+nmpAY</latexit><latexit sha1_base64="BYfYPB9298x4fOeHfi55bV9Lyng=">AAAB9XicbVBNTwIxEJ3FL8Qv1KOXRmLiRdLVgxxJvHjERD4SWEi3FGhou5u2iyEb/ocXDxrj1f/izX9jgT0o+JJJXt6bycy8MBbcWIy/vdzG5tb2Tn63sLd/cHhUPD5pmCjRlNVpJCLdColhgitWt9wK1oo1IzIUrBmO7+Z+c8K04ZF6tNOYBZIMFR9wSqyTuhPUMVwiH3fTq5tZr1jCZbwAWid+RkqQodYrfnX6EU0kU5YKYkzbx7ENUqItp4LNCp3EsJjQMRmytqOKSGaCdHH1DF04pY8GkXalLFqovydSIo2ZytB1SmJHZtWbi/957cQOKkHKVZxYpuhy0SARyEZoHgHqc82oFVNHCNXc3YroiGhCrQuq4ELwV19eJ43rso/L/gMuVStZHHk4g3O4BB9uoQr3UIM6UNDwDK/w5j15L96797FszXnZzCn8gff5A+b8kWo=</latexit><latexit sha1_base64="dGsRVepLOU8Y/L7/GISfRb6WCbc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2XXCvZY8OKxgv2AdluyabYNTbJLkq2Upf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F47u535pQpVkkH800pr7AQ8lCRrCxUm+CupoJ5Lm99Koy6xdLbtldAK0TLyMlyFDvF7+6g4gkgkpDONa647mx8VOsDCOczgrdRNMYkzEe0o6lEguq/XRx9QxdWGWAwkjZkgYt1N8TKRZaT0VgOwU2I73qzcX/vE5iwqqfMhknhkqyXBQmHJkIzSNAA6YoMXxqCSaK2VsRGWGFibFBFWwI3urL66R5XfbcsvdwU6pVszjycAbncAke3EIN7qEODSCg4Ble4c15cl6cd+dj2ZpzsplT+APn8wfoPJFu</latexit><latexit sha1_base64="dGsRVepLOU8Y/L7/GISfRb6WCbc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2XXCvZY8OKxgv2AdluyabYNTbJLkq2Upf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F47u535pQpVkkH800pr7AQ8lCRrCxUm+CupoJ5Lm99Koy6xdLbtldAK0TLyMlyFDvF7+6g4gkgkpDONa647mx8VOsDCOczgrdRNMYkzEe0o6lEguq/XRx9QxdWGWAwkjZkgYt1N8TKRZaT0VgOwU2I73qzcX/vE5iwqqfMhknhkqyXBQmHJkIzSNAA6YoMXxqCSaK2VsRGWGFibFBFWwI3urL66R5XfbcsvdwU6pVszjycAbncAke3EIN7qEODSCg4Ble4c15cl6cd+dj2ZpzsplT+APn8wfoPJFu</latexit><latexit sha1_base64="dGsRVepLOU8Y/L7/GISfRb6WCbc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2XXCvZY8OKxgv2AdluyabYNTbJLkq2Upf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F47u535pQpVkkH800pr7AQ8lCRrCxUm+CupoJ5Lm99Koy6xdLbtldAK0TLyMlyFDvF7+6g4gkgkpDONa647mx8VOsDCOczgrdRNMYkzEe0o6lEguq/XRx9QxdWGWAwkjZkgYt1N8TKRZaT0VgOwU2I73qzcX/vE5iwqqfMhknhkqyXBQmHJkIzSNAA6YoMXxqCSaK2VsRGWGFibFBFWwI3urL66R5XfbcsvdwU6pVszjycAbncAke3EIN7qEODSCg4Ble4c15cl6cd+dj2ZpzsplT+APn8wfoPJFu</latexit><latexit sha1_base64="dGsRVepLOU8Y/L7/GISfRb6WCbc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2XXCvZY8OKxgv2AdluyabYNTbJLkq2Upf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F47u535pQpVkkH800pr7AQ8lCRrCxUm+CupoJ5Lm99Koy6xdLbtldAK0TLyMlyFDvF7+6g4gkgkpDONa647mx8VOsDCOczgrdRNMYkzEe0o6lEguq/XRx9QxdWGWAwkjZkgYt1N8TKRZaT0VgOwU2I73qzcX/vE5iwqqfMhknhkqyXBQmHJkIzSNAA6YoMXxqCSaK2VsRGWGFibFBFWwI3urL66R5XfbcsvdwU6pVszjycAbncAke3EIN7qEODSCg4Ble4c15cl6cd+dj2ZpzsplT+APn8wfoPJFu</latexit><latexit sha1_base64="dGsRVepLOU8Y/L7/GISfRb6WCbc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2XXCvZY8OKxgv2AdluyabYNTbJLkq2Upf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F47u535pQpVkkH800pr7AQ8lCRrCxUm+CupoJ5Lm99Koy6xdLbtldAK0TLyMlyFDvF7+6g4gkgkpDONa647mx8VOsDCOczgrdRNMYkzEe0o6lEguq/XRx9QxdWGWAwkjZkgYt1N8TKRZaT0VgOwU2I73qzcX/vE5iwqqfMhknhkqyXBQmHJkIzSNAA6YoMXxqCSaK2VsRGWGFibFBFWwI3urL66R5XfbcsvdwU6pVszjycAbncAke3EIN7qEODSCg4Ble4c15cl6cd+dj2ZpzsplT+APn8wfoPJFu</latexit><latexit sha1_base64="dGsRVepLOU8Y/L7/GISfRb6WCbc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2XXCvZY8OKxgv2AdluyabYNTbJLkq2Upf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0F47u535pQpVkkH800pr7AQ8lCRrCxUm+CupoJ5Lm99Koy6xdLbtldAK0TLyMlyFDvF7+6g4gkgkpDONa647mx8VOsDCOczgrdRNMYkzEe0o6lEguq/XRx9QxdWGWAwkjZkgYt1N8TKRZaT0VgOwU2I73qzcX/vE5iwqqfMhknhkqyXBQmHJkIzSNAA6YoMXxqCSaK2VsRGWGFibFBFWwI3urL66R5XfbcsvdwU6pVszjycAbncAke3EIN7qEODSCg4Ble4c15cl6cd+dj2ZpzsplT+APn8wfoPJFu</latexit>

(mv)�1
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• Approximately Gaussian 
random field, with coherence 
length ~           , coherence 
time ~



Bosonic dark matter detection

• Detect heavy and/or fermionic DM through 
scattering

• Many light DM candidates can be absorbed

• Convert whole energy (including rest mass) 
of DM, versus just kinetic energy

• Existing experiments:  
ADMX for axions,  
Xenon for dark photons, …
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Bosonic dark matter detection

• Detect heavy and/or fermionic DM through 
scattering

• Many light DM candidates can be absorbed

• Convert whole energy (including rest mass) 
of DM, versus just kinetic energy

• Existing experiments:  
ADMX for axions,  
Xenon for dark photons, …



Coherent absorption
• Incoherent vs coherent absorption: 
 
 
 
 
 
 
 

• Coherent absorption can take advantage of large target 
volume, while still absorbing into specific modes

Localized excitations Collective excitations
(photons, phonons, etc)



Coherent absorption
• Photons often a good signal - easily manipulated and detected

• In large target, photons are relativistic - momentum mismatch 
with DM:



Photonic materials
• Materials with periodic optical properties

1D 2D 3D



Dielectric haloscopes
• DM can Bragg-convert in medium, producing photons:

dielectric 
layers

mirror

lens

detector



Axion conversion

• Axion-photon coupling 
 
 
 

• Modifies Maxwell equations to 

• Instantaneous power transfer

r⇥B = @tE + J + g(ȧB +ra⇥ E)
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�
<latexit sha1_base64="at5SKITvjw4O+bPqUgjmTFm7FA0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoAcPAS8eI5gHJEvoncwmY+axzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq74pQzY4Pg2yusrW9sbhW3Szu7e/sH5cOjplGZJrRBFFe6HaOhnEnasMxy2k41RRFz2opHtzO/9US1YUo+2HFKI4EDyRJG0Dqp2R2gENgrV4JqMIe/SsKcVCBHvVf+6vYVyQSVlnA0phMGqY0mqC0jnE5L3czQFMkIB7TjqERBTTSZXzv1z5zS9xOlXUnrz9XfExMUxoxF7DoF2qFZ9mbif14ns8l1NGEyzSyVZLEoybhvlT973e8zTYnlY0eQaOZu9ckQNRLrAiq5EMLll1dJ86IaBtXw/rJSu8njKMIJnMI5hHAFNbiDOjSAwCM8wyu8ecp78d69j0VrwctnjuEPvM8fhR2PDw==</latexit><latexit sha1_base64="at5SKITvjw4O+bPqUgjmTFm7FA0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoAcPAS8eI5gHJEvoncwmY+axzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq74pQzY4Pg2yusrW9sbhW3Szu7e/sH5cOjplGZJrRBFFe6HaOhnEnasMxy2k41RRFz2opHtzO/9US1YUo+2HFKI4EDyRJG0Dqp2R2gENgrV4JqMIe/SsKcVCBHvVf+6vYVyQSVlnA0phMGqY0mqC0jnE5L3czQFMkIB7TjqERBTTSZXzv1z5zS9xOlXUnrz9XfExMUxoxF7DoF2qFZ9mbif14ns8l1NGEyzSyVZLEoybhvlT973e8zTYnlY0eQaOZu9ckQNRLrAiq5EMLll1dJ86IaBtXw/rJSu8njKMIJnMI5hHAFNbiDOjSAwCM8wyu8ecp78d69j0VrwctnjuEPvM8fhR2PDw==</latexit><latexit sha1_base64="at5SKITvjw4O+bPqUgjmTFm7FA0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoAcPAS8eI5gHJEvoncwmY+axzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq74pQzY4Pg2yusrW9sbhW3Szu7e/sH5cOjplGZJrRBFFe6HaOhnEnasMxy2k41RRFz2opHtzO/9US1YUo+2HFKI4EDyRJG0Dqp2R2gENgrV4JqMIe/SsKcVCBHvVf+6vYVyQSVlnA0phMGqY0mqC0jnE5L3czQFMkIB7TjqERBTTSZXzv1z5zS9xOlXUnrz9XfExMUxoxF7DoF2qFZ9mbif14ns8l1NGEyzSyVZLEoybhvlT973e8zTYnlY0eQaOZu9ckQNRLrAiq5EMLll1dJ86IaBtXw/rJSu8njKMIJnMI5hHAFNbiDOjSAwCM8wyu8ecp78d69j0VrwctnjuEPvM8fhR2PDw==</latexit><latexit sha1_base64="at5SKITvjw4O+bPqUgjmTFm7FA0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoAcPAS8eI5gHJEvoncwmY+axzMwKIeQfvHhQxKv/482/cZLsQRMLGoqqbrq74pQzY4Pg2yusrW9sbhW3Szu7e/sH5cOjplGZJrRBFFe6HaOhnEnasMxy2k41RRFz2opHtzO/9US1YUo+2HFKI4EDyRJG0Dqp2R2gENgrV4JqMIe/SsKcVCBHvVf+6vYVyQSVlnA0phMGqY0mqC0jnE5L3czQFMkIB7TjqERBTTSZXzv1z5zS9xOlXUnrz9XfExMUxoxF7DoF2qFZ9mbif14ns8l1NGEyzSyVZLEoybhvlT973e8zTYnlY0eQaOZu9ckQNRLrAiq5EMLll1dJ86IaBtXw/rJSu8njKMIJnMI5hHAFNbiDOjSAwCM8wyu8ecp78d69j0VrwctnjuEPvM8fhR2PDw==</latexit>



Axion conversion

• Axion-photon coupling 
 
 
 

• Modifies Maxwell equations to 

• Instantaneous power transfer

r⇥B = @tE + J + g(ȧB +ra⇥ E)
<latexit sha1_base64="8GbQQowu+O4X9bx5klsyLv9gVxE="></latexit><latexit sha1_base64="8GbQQowu+O4X9bx5klsyLv9gVxE="></latexit><latexit sha1_base64="8GbQQowu+O4X9bx5klsyLv9gVxE="></latexit><latexit sha1_base64="8GbQQowu+O4X9bx5klsyLv9gVxE="></latexit>

r · E = ⇢� gra ·B
<latexit sha1_base64="Z47Q/hUqEj4Tg/cMxItT/KbOBYk=">AAACE3icbVBNSwMxEM36WetX1aOXYBFEsOyKoAeFoggeK9gP6C5lNpu2odlkSbJCKf0PXvwrXjwo4tWLN/+NabuCtj4YeLw3w8y8MOFMG9f9cubmFxaXlnMr+dW19Y3NwtZ2TctUEVolkkvVCEFTzgStGmY4bSSKQhxyWg97VyO/fk+VZlLcmX5Cgxg6grUZAWOlVuHQFxBywD6JpMHX+AL7qivxEe7gzPnxLluFoltyx8CzxMtIEWWotAqffiRJGlNhCAetm56bmGAAyjDC6TDvp5omQHrQoU1LBcRUB4PxT0O8b5UIt6WyJQweq78nBhBr3Y9D2xmD6eppbyT+5zVT0z4LBkwkqaGCTBa1U46NxKOAcMQUJYb3LQGimL0Vky4oIMbGmLcheNMvz5LacclzS97tSbF8nsWRQ7toDx0gD52iMrpBFVRFBD2gJ/SCXp1H59l5c94nrXNONrOD/sD5+Abz9Zun</latexit><latexit sha1_base64="Z47Q/hUqEj4Tg/cMxItT/KbOBYk=">AAACE3icbVBNSwMxEM36WetX1aOXYBFEsOyKoAeFoggeK9gP6C5lNpu2odlkSbJCKf0PXvwrXjwo4tWLN/+NabuCtj4YeLw3w8y8MOFMG9f9cubmFxaXlnMr+dW19Y3NwtZ2TctUEVolkkvVCEFTzgStGmY4bSSKQhxyWg97VyO/fk+VZlLcmX5Cgxg6grUZAWOlVuHQFxBywD6JpMHX+AL7qivxEe7gzPnxLluFoltyx8CzxMtIEWWotAqffiRJGlNhCAetm56bmGAAyjDC6TDvp5omQHrQoU1LBcRUB4PxT0O8b5UIt6WyJQweq78nBhBr3Y9D2xmD6eppbyT+5zVT0z4LBkwkqaGCTBa1U46NxKOAcMQUJYb3LQGimL0Vky4oIMbGmLcheNMvz5LacclzS97tSbF8nsWRQ7toDx0gD52iMrpBFVRFBD2gJ/SCXp1H59l5c94nrXNONrOD/sD5+Abz9Zun</latexit><latexit sha1_base64="Z47Q/hUqEj4Tg/cMxItT/KbOBYk=">AAACE3icbVBNSwMxEM36WetX1aOXYBFEsOyKoAeFoggeK9gP6C5lNpu2odlkSbJCKf0PXvwrXjwo4tWLN/+NabuCtj4YeLw3w8y8MOFMG9f9cubmFxaXlnMr+dW19Y3NwtZ2TctUEVolkkvVCEFTzgStGmY4bSSKQhxyWg97VyO/fk+VZlLcmX5Cgxg6grUZAWOlVuHQFxBywD6JpMHX+AL7qivxEe7gzPnxLluFoltyx8CzxMtIEWWotAqffiRJGlNhCAetm56bmGAAyjDC6TDvp5omQHrQoU1LBcRUB4PxT0O8b5UIt6WyJQweq78nBhBr3Y9D2xmD6eppbyT+5zVT0z4LBkwkqaGCTBa1U46NxKOAcMQUJYb3LQGimL0Vky4oIMbGmLcheNMvz5LacclzS97tSbF8nsWRQ7toDx0gD52iMrpBFVRFBD2gJ/SCXp1H59l5c94nrXNONrOD/sD5+Abz9Zun</latexit><latexit sha1_base64="Z47Q/hUqEj4Tg/cMxItT/KbOBYk=">AAACE3icbVBNSwMxEM36WetX1aOXYBFEsOyKoAeFoggeK9gP6C5lNpu2odlkSbJCKf0PXvwrXjwo4tWLN/+NabuCtj4YeLw3w8y8MOFMG9f9cubmFxaXlnMr+dW19Y3NwtZ2TctUEVolkkvVCEFTzgStGmY4bSSKQhxyWg97VyO/fk+VZlLcmX5Cgxg6grUZAWOlVuHQFxBywD6JpMHX+AL7qivxEe7gzPnxLluFoltyx8CzxMtIEWWotAqffiRJGlNhCAetm56bmGAAyjDC6TDvp5omQHrQoU1LBcRUB4PxT0O8b5UIt6WyJQweq78nBhBr3Y9D2xmD6eppbyT+5zVT0z4LBkwkqaGCTBa1U46NxKOAcMQUJYb3LQGimL0Vky4oIMbGmLcheNMvz5LacclzS97tSbF8nsWRQ7toDx0gD52iMrpBFVRFBD2gJ/SCXp1H59l5c94nrXNONrOD/sD5+Abz9Zun</latexit>

PDM!SM '
Z

dV E · (gȧB)
<latexit sha1_base64="bQOo5wlZfs7Ly19NoOCBfr4F384="></latexit><latexit sha1_base64="bQOo5wlZfs7Ly19NoOCBfr4F384="></latexit><latexit sha1_base64="bQOo5wlZfs7Ly19NoOCBfr4F384="></latexit><latexit sha1_base64="bQOo5wlZfs7Ly19NoOCBfr4F384="></latexit>
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2
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4
gaFµ⌫ F̃

µ⌫

<latexit sha1_base64="aebFZ4B97Jxv3trsIQ0Ra+d4E8Y="></latexit><latexit sha1_base64="aebFZ4B97Jxv3trsIQ0Ra+d4E8Y="></latexit><latexit sha1_base64="aebFZ4B97Jxv3trsIQ0Ra+d4E8Y="></latexit><latexit sha1_base64="aebFZ4B97Jxv3trsIQ0Ra+d4E8Y="></latexit>

=
1

2
(@µa)

2 � 1

2
m2a2 + gaE ·B,

<latexit sha1_base64="uaCXiLzN/+DrOgNDau+pWwZkXTs="></latexit><latexit sha1_base64="uaCXiLzN/+DrOgNDau+pWwZkXTs="></latexit><latexit sha1_base64="uaCXiLzN/+DrOgNDau+pWwZkXTs="></latexit><latexit sha1_base64="uaCXiLzN/+DrOgNDau+pWwZkXTs="></latexit>
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Axion conversion

• Axion-photon coupling 
 
 
 

• Modifies Maxwell equations to 

• Instantaneous power transfer

r⇥B = @tE + J + g(ȧB +ra⇥ E)
<latexit sha1_base64="8GbQQowu+O4X9bx5klsyLv9gVxE="></latexit><latexit sha1_base64="8GbQQowu+O4X9bx5klsyLv9gVxE="></latexit><latexit sha1_base64="8GbQQowu+O4X9bx5klsyLv9gVxE="></latexit><latexit sha1_base64="8GbQQowu+O4X9bx5klsyLv9gVxE="></latexit>

r · E = ⇢� gra ·B
<latexit sha1_base64="Z47Q/hUqEj4Tg/cMxItT/KbOBYk=">AAACE3icbVBNSwMxEM36WetX1aOXYBFEsOyKoAeFoggeK9gP6C5lNpu2odlkSbJCKf0PXvwrXjwo4tWLN/+NabuCtj4YeLw3w8y8MOFMG9f9cubmFxaXlnMr+dW19Y3NwtZ2TctUEVolkkvVCEFTzgStGmY4bSSKQhxyWg97VyO/fk+VZlLcmX5Cgxg6grUZAWOlVuHQFxBywD6JpMHX+AL7qivxEe7gzPnxLluFoltyx8CzxMtIEWWotAqffiRJGlNhCAetm56bmGAAyjDC6TDvp5omQHrQoU1LBcRUB4PxT0O8b5UIt6WyJQweq78nBhBr3Y9D2xmD6eppbyT+5zVT0z4LBkwkqaGCTBa1U46NxKOAcMQUJYb3LQGimL0Vky4oIMbGmLcheNMvz5LacclzS97tSbF8nsWRQ7toDx0gD52iMrpBFVRFBD2gJ/SCXp1H59l5c94nrXNONrOD/sD5+Abz9Zun</latexit><latexit sha1_base64="Z47Q/hUqEj4Tg/cMxItT/KbOBYk=">AAACE3icbVBNSwMxEM36WetX1aOXYBFEsOyKoAeFoggeK9gP6C5lNpu2odlkSbJCKf0PXvwrXjwo4tWLN/+NabuCtj4YeLw3w8y8MOFMG9f9cubmFxaXlnMr+dW19Y3NwtZ2TctUEVolkkvVCEFTzgStGmY4bSSKQhxyWg97VyO/fk+VZlLcmX5Cgxg6grUZAWOlVuHQFxBywD6JpMHX+AL7qivxEe7gzPnxLluFoltyx8CzxMtIEWWotAqffiRJGlNhCAetm56bmGAAyjDC6TDvp5omQHrQoU1LBcRUB4PxT0O8b5UIt6WyJQweq78nBhBr3Y9D2xmD6eppbyT+5zVT0z4LBkwkqaGCTBa1U46NxKOAcMQUJYb3LQGimL0Vky4oIMbGmLcheNMvz5LacclzS97tSbF8nsWRQ7toDx0gD52iMrpBFVRFBD2gJ/SCXp1H59l5c94nrXNONrOD/sD5+Abz9Zun</latexit><latexit sha1_base64="Z47Q/hUqEj4Tg/cMxItT/KbOBYk=">AAACE3icbVBNSwMxEM36WetX1aOXYBFEsOyKoAeFoggeK9gP6C5lNpu2odlkSbJCKf0PXvwrXjwo4tWLN/+NabuCtj4YeLw3w8y8MOFMG9f9cubmFxaXlnMr+dW19Y3NwtZ2TctUEVolkkvVCEFTzgStGmY4bSSKQhxyWg97VyO/fk+VZlLcmX5Cgxg6grUZAWOlVuHQFxBywD6JpMHX+AL7qivxEe7gzPnxLluFoltyx8CzxMtIEWWotAqffiRJGlNhCAetm56bmGAAyjDC6TDvp5omQHrQoU1LBcRUB4PxT0O8b5UIt6WyJQweq78nBhBr3Y9D2xmD6eppbyT+5zVT0z4LBkwkqaGCTBa1U46NxKOAcMQUJYb3LQGimL0Vky4oIMbGmLcheNMvz5LacclzS97tSbF8nsWRQ7toDx0gD52iMrpBFVRFBD2gJ/SCXp1H59l5c94nrXNONrOD/sD5+Abz9Zun</latexit><latexit sha1_base64="Z47Q/hUqEj4Tg/cMxItT/KbOBYk=">AAACE3icbVBNSwMxEM36WetX1aOXYBFEsOyKoAeFoggeK9gP6C5lNpu2odlkSbJCKf0PXvwrXjwo4tWLN/+NabuCtj4YeLw3w8y8MOFMG9f9cubmFxaXlnMr+dW19Y3NwtZ2TctUEVolkkvVCEFTzgStGmY4bSSKQhxyWg97VyO/fk+VZlLcmX5Cgxg6grUZAWOlVuHQFxBywD6JpMHX+AL7qivxEe7gzPnxLluFoltyx8CzxMtIEWWotAqffiRJGlNhCAetm56bmGAAyjDC6TDvp5omQHrQoU1LBcRUB4PxT0O8b5UIt6WyJQweq78nBhBr3Y9D2xmD6eppbyT+5zVT0z4LBkwkqaGCTBa1U46NxKOAcMQUJYb3LQGimL0Vky4oIMbGmLcheNMvz5LacclzS97tSbF8nsWRQ7toDx0gD52iMrpBFVRFBD2gJ/SCXp1H59l5c94nrXNONrOD/sD5+Abz9Zun</latexit>
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dV E · (gȧB)
<latexit sha1_base64="bQOo5wlZfs7Ly19NoOCBfr4F384="></latexit><latexit sha1_base64="bQOo5wlZfs7Ly19NoOCBfr4F384="></latexit><latexit sha1_base64="bQOo5wlZfs7Ly19NoOCBfr4F384="></latexit><latexit sha1_base64="bQOo5wlZfs7Ly19NoOCBfr4F384="></latexit>
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2
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2
m2a2 � 1

4
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<latexit sha1_base64="aebFZ4B97Jxv3trsIQ0Ra+d4E8Y="></latexit><latexit sha1_base64="aebFZ4B97Jxv3trsIQ0Ra+d4E8Y="></latexit><latexit sha1_base64="aebFZ4B97Jxv3trsIQ0Ra+d4E8Y="></latexit><latexit sha1_base64="aebFZ4B97Jxv3trsIQ0Ra+d4E8Y="></latexit>
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1

2
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2 � 1

2
m2a2 + gaE ·B,

<latexit sha1_base64="uaCXiLzN/+DrOgNDau+pWwZkXTs="></latexit><latexit sha1_base64="uaCXiLzN/+DrOgNDau+pWwZkXTs="></latexit><latexit sha1_base64="uaCXiLzN/+DrOgNDau+pWwZkXTs="></latexit><latexit sha1_base64="uaCXiLzN/+DrOgNDau+pWwZkXTs="></latexit>
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B0
<latexit sha1_base64="IyRwTTahgCR38O959aKIy9+6BCM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjLTVltwUXTjsqJ9QDuUTJppQzOZIckIZegnuHGhiFu/yJ1/Y6atoKIHLhzOuZd77/FjzpRG6MPKrayurW/kNwtb2zu7e8X9g7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MlV5nfuqVQsEnd6GlMvxCPBAkawNtLt5QANiiVku/UaKtchsituuepm5KyKjAYdG81RAks0B8X3/jAiSUiFJhwr1XNQrL0US80Ip7NCP1E0xmSCR7RnqMAhVV46P3UGT4wyhEEkTQkN5+r3iRSHSk1D33SGWI/Vby8T//J6iQ5qXspEnGgqyGJRkHCoI5j9DYdMUqL51BBMJDO3QjLGEhNt0imYEL4+hf+Ttms7yHZuKqXGxTKOPDgCx+AUOOAcNMA1aIIWIGAEHsATeLa49Wi9WK+L1py1nDkEP2C9fQIvu423</latexit><latexit sha1_base64="IyRwTTahgCR38O959aKIy9+6BCM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjLTVltwUXTjsqJ9QDuUTJppQzOZIckIZegnuHGhiFu/yJ1/Y6atoKIHLhzOuZd77/FjzpRG6MPKrayurW/kNwtb2zu7e8X9g7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MlV5nfuqVQsEnd6GlMvxCPBAkawNtLt5QANiiVku/UaKtchsituuepm5KyKjAYdG81RAks0B8X3/jAiSUiFJhwr1XNQrL0US80Ip7NCP1E0xmSCR7RnqMAhVV46P3UGT4wyhEEkTQkN5+r3iRSHSk1D33SGWI/Vby8T//J6iQ5qXspEnGgqyGJRkHCoI5j9DYdMUqL51BBMJDO3QjLGEhNt0imYEL4+hf+Ttms7yHZuKqXGxTKOPDgCx+AUOOAcNMA1aIIWIGAEHsATeLa49Wi9WK+L1py1nDkEP2C9fQIvu423</latexit><latexit sha1_base64="IyRwTTahgCR38O959aKIy9+6BCM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjLTVltwUXTjsqJ9QDuUTJppQzOZIckIZegnuHGhiFu/yJ1/Y6atoKIHLhzOuZd77/FjzpRG6MPKrayurW/kNwtb2zu7e8X9g7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MlV5nfuqVQsEnd6GlMvxCPBAkawNtLt5QANiiVku/UaKtchsituuepm5KyKjAYdG81RAks0B8X3/jAiSUiFJhwr1XNQrL0US80Ip7NCP1E0xmSCR7RnqMAhVV46P3UGT4wyhEEkTQkN5+r3iRSHSk1D33SGWI/Vby8T//J6iQ5qXspEnGgqyGJRkHCoI5j9DYdMUqL51BBMJDO3QjLGEhNt0imYEL4+hf+Ttms7yHZuKqXGxTKOPDgCx+AUOOAcNMA1aIIWIGAEHsATeLa49Wi9WK+L1py1nDkEP2C9fQIvu423</latexit><latexit sha1_base64="IyRwTTahgCR38O959aKIy9+6BCM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjLTVltwUXTjsqJ9QDuUTJppQzOZIckIZegnuHGhiFu/yJ1/Y6atoKIHLhzOuZd77/FjzpRG6MPKrayurW/kNwtb2zu7e8X9g7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MlV5nfuqVQsEnd6GlMvxCPBAkawNtLt5QANiiVku/UaKtchsituuepm5KyKjAYdG81RAks0B8X3/jAiSUiFJhwr1XNQrL0US80Ip7NCP1E0xmSCR7RnqMAhVV46P3UGT4wyhEEkTQkN5+r3iRSHSk1D33SGWI/Vby8T//J6iQ5qXspEnGgqyGJRkHCoI5j9DYdMUqL51BBMJDO3QjLGEhNt0imYEL4+hf+Ttms7yHZuKqXGxTKOPDgCx+AUOOAcNMA1aIIWIGAEHsATeLa49Wi9WK+L1py1nDkEP2C9fQIvu423</latexit>



Photon modes
• In infinite periodic material, have photon Bloch modes 
 E(~r) = ei

~k·~ru~k(z)
<latexit sha1_base64="G8le7c5ZrlHGBIjIUunEZzTOfmM=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0mzIjQl0oFERwWcE+oFNLJr3ThmYeJJlCHeZT3Pgrblwoojv9GtPpLLT1wIWTc+4l9x4n5Ewq0/wyciura+sb+c3C1vbO7l5x/6Alg0hQaNKAB6LjEAmc+dBUTHHohAKI53BoO+Ormd+egJAs8O/UNISeR4Y+cxklSkv9Yu26bE+AxiKp4EsM9zHD6XucYJsOAoUzN8FRP86cpPxQ6RdLZtVMgZeJlZESytDoFz/tQUAjD3xFOZGya5mh6sVEKEY5JAU7khASOiZD6GrqEw9kL04PTPCJVgbYDYQuX+FU/T0RE0/KqefoTo+okVz0ZuJ/XjdS7nkvZn4YKfDp/CM34lgFeJYWHjABVPGpJoQKpnfFdEQEoUpnWtAhWIsnL5PWadUyq9btWal+kcWRR0foGJWRhWqojm5QAzURRY/oGb2iN+PJeDHejY95a87IZg7RHxjfP2TJoyE=</latexit><latexit sha1_base64="G8le7c5ZrlHGBIjIUunEZzTOfmM=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0mzIjQl0oFERwWcE+oFNLJr3ThmYeJJlCHeZT3Pgrblwoojv9GtPpLLT1wIWTc+4l9x4n5Ewq0/wyciura+sb+c3C1vbO7l5x/6Alg0hQaNKAB6LjEAmc+dBUTHHohAKI53BoO+Ormd+egJAs8O/UNISeR4Y+cxklSkv9Yu26bE+AxiKp4EsM9zHD6XucYJsOAoUzN8FRP86cpPxQ6RdLZtVMgZeJlZESytDoFz/tQUAjD3xFOZGya5mh6sVEKEY5JAU7khASOiZD6GrqEw9kL04PTPCJVgbYDYQuX+FU/T0RE0/KqefoTo+okVz0ZuJ/XjdS7nkvZn4YKfDp/CM34lgFeJYWHjABVPGpJoQKpnfFdEQEoUpnWtAhWIsnL5PWadUyq9btWal+kcWRR0foGJWRhWqojm5QAzURRY/oGb2iN+PJeDHejY95a87IZg7RHxjfP2TJoyE=</latexit><latexit sha1_base64="G8le7c5ZrlHGBIjIUunEZzTOfmM=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0mzIjQl0oFERwWcE+oFNLJr3ThmYeJJlCHeZT3Pgrblwoojv9GtPpLLT1wIWTc+4l9x4n5Ewq0/wyciura+sb+c3C1vbO7l5x/6Alg0hQaNKAB6LjEAmc+dBUTHHohAKI53BoO+Ormd+egJAs8O/UNISeR4Y+cxklSkv9Yu26bE+AxiKp4EsM9zHD6XucYJsOAoUzN8FRP86cpPxQ6RdLZtVMgZeJlZESytDoFz/tQUAjD3xFOZGya5mh6sVEKEY5JAU7khASOiZD6GrqEw9kL04PTPCJVgbYDYQuX+FU/T0RE0/KqefoTo+okVz0ZuJ/XjdS7nkvZn4YKfDp/CM34lgFeJYWHjABVPGpJoQKpnfFdEQEoUpnWtAhWIsnL5PWadUyq9btWal+kcWRR0foGJWRhWqojm5QAzURRY/oGb2iN+PJeDHejY95a87IZg7RHxjfP2TJoyE=</latexit><latexit sha1_base64="G8le7c5ZrlHGBIjIUunEZzTOfmM=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0mzIjQl0oFERwWcE+oFNLJr3ThmYeJJlCHeZT3Pgrblwoojv9GtPpLLT1wIWTc+4l9x4n5Ewq0/wyciura+sb+c3C1vbO7l5x/6Alg0hQaNKAB6LjEAmc+dBUTHHohAKI53BoO+Ormd+egJAs8O/UNISeR4Y+cxklSkv9Yu26bE+AxiKp4EsM9zHD6XucYJsOAoUzN8FRP86cpPxQ6RdLZtVMgZeJlZESytDoFz/tQUAjD3xFOZGya5mh6sVEKEY5JAU7khASOiZD6GrqEw9kL04PTPCJVgbYDYQuX+FU/T0RE0/KqefoTo+okVz0ZuJ/XjdS7nkvZn4YKfDp/CM34lgFeJYWHjABVPGpJoQKpnfFdEQEoUpnWtAhWIsnL5PWadUyq9btWal+kcWRR0foGJWRhWqojm5QAzURRY/oGb2iN+PJeDHejY95a87IZg7RHxjfP2TJoyE=</latexit>
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Photon modes
• In infinite periodic material, have photon Bloch modes 
 E(~r) = ei

~k·~ru~k(z)
<latexit sha1_base64="G8le7c5ZrlHGBIjIUunEZzTOfmM=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0mzIjQl0oFERwWcE+oFNLJr3ThmYeJJlCHeZT3Pgrblwoojv9GtPpLLT1wIWTc+4l9x4n5Ewq0/wyciura+sb+c3C1vbO7l5x/6Alg0hQaNKAB6LjEAmc+dBUTHHohAKI53BoO+Ormd+egJAs8O/UNISeR4Y+cxklSkv9Yu26bE+AxiKp4EsM9zHD6XucYJsOAoUzN8FRP86cpPxQ6RdLZtVMgZeJlZESytDoFz/tQUAjD3xFOZGya5mh6sVEKEY5JAU7khASOiZD6GrqEw9kL04PTPCJVgbYDYQuX+FU/T0RE0/KqefoTo+okVz0ZuJ/XjdS7nkvZn4YKfDp/CM34lgFeJYWHjABVPGpJoQKpnfFdEQEoUpnWtAhWIsnL5PWadUyq9btWal+kcWRR0foGJWRhWqojm5QAzURRY/oGb2iN+PJeDHejY95a87IZg7RHxjfP2TJoyE=</latexit><latexit sha1_base64="G8le7c5ZrlHGBIjIUunEZzTOfmM=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0mzIjQl0oFERwWcE+oFNLJr3ThmYeJJlCHeZT3Pgrblwoojv9GtPpLLT1wIWTc+4l9x4n5Ewq0/wyciura+sb+c3C1vbO7l5x/6Alg0hQaNKAB6LjEAmc+dBUTHHohAKI53BoO+Ormd+egJAs8O/UNISeR4Y+cxklSkv9Yu26bE+AxiKp4EsM9zHD6XucYJsOAoUzN8FRP86cpPxQ6RdLZtVMgZeJlZESytDoFz/tQUAjD3xFOZGya5mh6sVEKEY5JAU7khASOiZD6GrqEw9kL04PTPCJVgbYDYQuX+FU/T0RE0/KqefoTo+okVz0ZuJ/XjdS7nkvZn4YKfDp/CM34lgFeJYWHjABVPGpJoQKpnfFdEQEoUpnWtAhWIsnL5PWadUyq9btWal+kcWRR0foGJWRhWqojm5QAzURRY/oGb2iN+PJeDHejY95a87IZg7RHxjfP2TJoyE=</latexit><latexit sha1_base64="G8le7c5ZrlHGBIjIUunEZzTOfmM=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0mzIjQl0oFERwWcE+oFNLJr3ThmYeJJlCHeZT3Pgrblwoojv9GtPpLLT1wIWTc+4l9x4n5Ewq0/wyciura+sb+c3C1vbO7l5x/6Alg0hQaNKAB6LjEAmc+dBUTHHohAKI53BoO+Ormd+egJAs8O/UNISeR4Y+cxklSkv9Yu26bE+AxiKp4EsM9zHD6XucYJsOAoUzN8FRP86cpPxQ6RdLZtVMgZeJlZESytDoFz/tQUAjD3xFOZGya5mh6sVEKEY5JAU7khASOiZD6GrqEw9kL04PTPCJVgbYDYQuX+FU/T0RE0/KqefoTo+okVz0ZuJ/XjdS7nkvZn4YKfDp/CM34lgFeJYWHjABVPGpJoQKpnfFdEQEoUpnWtAhWIsnL5PWadUyq9btWal+kcWRR0foGJWRhWqojm5QAzURRY/oGb2iN+PJeDHejY95a87IZg7RHxjfP2TJoyE=</latexit><latexit sha1_base64="G8le7c5ZrlHGBIjIUunEZzTOfmM=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0mzIjQl0oFERwWcE+oFNLJr3ThmYeJJlCHeZT3Pgrblwoojv9GtPpLLT1wIWTc+4l9x4n5Ewq0/wyciura+sb+c3C1vbO7l5x/6Alg0hQaNKAB6LjEAmc+dBUTHHohAKI53BoO+Ormd+egJAs8O/UNISeR4Y+cxklSkv9Yu26bE+AxiKp4EsM9zHD6XucYJsOAoUzN8FRP86cpPxQ6RdLZtVMgZeJlZESytDoFz/tQUAjD3xFOZGya5mh6sVEKEY5JAU7khASOiZD6GrqEw9kL04PTPCJVgbYDYQuX+FU/T0RE0/KqefoTo+okVz0ZuJ/XjdS7nkvZn4YKfDp/CM34lgFeJYWHjABVPGpJoQKpnfFdEQEoUpnWtAhWIsnL5PWadUyq9btWal+kcWRR0foGJWRhWqojm5QAzURRY/oGb2iN+PJeDHejY95a87IZg7RHxjfP2TJoyE=</latexit>
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n1 = 1, n2 = 2
<latexit sha1_base64="1ov+kqt2swzbIUToKOX9viJW1Sc=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqRMiqALhYIblxXsBdphyKSZNjSTGZJMoQx9EzcuFHHrm7jzbUzbWWjrD4GP/5zDOfnDVHBtPO/bWVvf2NzaLu2Ud/f2Dw7do+OWTjJFWZMmIlGdkGgmuGRNw41gnVQxEoeCtcPR/azeHjOleSKfzCRlfkwGkkecEmOtwHVlgNEdwpdIBjULtcCteFVvLrQKuIAKFGoE7levn9AsZtJQQbTuYi81fk6U4VSwabmXaZYSOiID1rUoScy0n88vn6Jz6/RRlCj7pEFz9/dETmKtJ3FoO2Nihnq5NjP/q3UzE934OZdpZpiki0VRJpBJ0CwG1OeKUSMmFghV3N6K6JAoQo0Nq2xDwMtfXoVWrYq9Kn68qtRvizhKcApncAEYrqEOD9CAJlAYwzO8wpuTOy/Ou/OxaF1zipkT+CPn8wd2R5Dr</latexit><latexit sha1_base64="1ov+kqt2swzbIUToKOX9viJW1Sc=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqRMiqALhYIblxXsBdphyKSZNjSTGZJMoQx9EzcuFHHrm7jzbUzbWWjrD4GP/5zDOfnDVHBtPO/bWVvf2NzaLu2Ud/f2Dw7do+OWTjJFWZMmIlGdkGgmuGRNw41gnVQxEoeCtcPR/azeHjOleSKfzCRlfkwGkkecEmOtwHVlgNEdwpdIBjULtcCteFVvLrQKuIAKFGoE7levn9AsZtJQQbTuYi81fk6U4VSwabmXaZYSOiID1rUoScy0n88vn6Jz6/RRlCj7pEFz9/dETmKtJ3FoO2Nihnq5NjP/q3UzE934OZdpZpiki0VRJpBJ0CwG1OeKUSMmFghV3N6K6JAoQo0Nq2xDwMtfXoVWrYq9Kn68qtRvizhKcApncAEYrqEOD9CAJlAYwzO8wpuTOy/Ou/OxaF1zipkT+CPn8wd2R5Dr</latexit><latexit sha1_base64="1ov+kqt2swzbIUToKOX9viJW1Sc=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqRMiqALhYIblxXsBdphyKSZNjSTGZJMoQx9EzcuFHHrm7jzbUzbWWjrD4GP/5zDOfnDVHBtPO/bWVvf2NzaLu2Ud/f2Dw7do+OWTjJFWZMmIlGdkGgmuGRNw41gnVQxEoeCtcPR/azeHjOleSKfzCRlfkwGkkecEmOtwHVlgNEdwpdIBjULtcCteFVvLrQKuIAKFGoE7levn9AsZtJQQbTuYi81fk6U4VSwabmXaZYSOiID1rUoScy0n88vn6Jz6/RRlCj7pEFz9/dETmKtJ3FoO2Nihnq5NjP/q3UzE934OZdpZpiki0VRJpBJ0CwG1OeKUSMmFghV3N6K6JAoQo0Nq2xDwMtfXoVWrYq9Kn68qtRvizhKcApncAEYrqEOD9CAJlAYwzO8wpuTOy/Ou/OxaF1zipkT+CPn8wd2R5Dr</latexit><latexit sha1_base64="1ov+kqt2swzbIUToKOX9viJW1Sc=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqRMiqALhYIblxXsBdphyKSZNjSTGZJMoQx9EzcuFHHrm7jzbUzbWWjrD4GP/5zDOfnDVHBtPO/bWVvf2NzaLu2Ud/f2Dw7do+OWTjJFWZMmIlGdkGgmuGRNw41gnVQxEoeCtcPR/azeHjOleSKfzCRlfkwGkkecEmOtwHVlgNEdwpdIBjULtcCteFVvLrQKuIAKFGoE7levn9AsZtJQQbTuYi81fk6U4VSwabmXaZYSOiID1rUoScy0n88vn6Jz6/RRlCj7pEFz9/dETmKtJ3FoO2Nihnq5NjP/q3UzE934OZdpZpiki0VRJpBJ0CwG1OeKUSMmFghV3N6K6JAoQo0Nq2xDwMtfXoVWrYq9Kn68qtRvizhKcApncAEYrqEOD9CAJlAYwzO8wpuTOy/Ou/OxaF1zipkT+CPn8wd2R5Dr</latexit>



Half-wave stack
• For equal phase depths,                  , have no bandgaps at 

k=0: 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• Axion oscillations excite mode 
with non-zero  

Z
dV E

<latexit sha1_base64="NpPIoE7oAhxFV2tYBuo5rEMsb5s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAsXBRFcVrC10g4lk8m0oXkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXnLuiVLOjPX9b6+0srq2vlHerGxt7+zuVfcP2kZlmtAWUVzpToQN5UzSlmWW006qKRYRpw/R6HrqPzxRbZiS93ac0lDggWQJI9g66bHHpEVxG930qzW/7s+AlklQkBoUaParX71YkUxQaQnHxnQDP7VhjrVlhNNJpZcZmmIywgPadVRiQU2YzwJP0IlTYpQo7Z4LMFN/b+RYGDMWkZsU2A7NojcV//O6mU0uw5zJNLNUkvlHScaRVWh6PYqZpsTysSOYaOayIjLEGhPrOqq4EoLFk5dJ+6we+PXg7rzWuCrqKMMRHMMpBHABDbiFJrSAgIBneIU3T3sv3rv3MR8tecXOIfyB9/kDx9WPtA==</latexit><latexit sha1_base64="NpPIoE7oAhxFV2tYBuo5rEMsb5s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAsXBRFcVrC10g4lk8m0oXkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXnLuiVLOjPX9b6+0srq2vlHerGxt7+zuVfcP2kZlmtAWUVzpToQN5UzSlmWW006qKRYRpw/R6HrqPzxRbZiS93ac0lDggWQJI9g66bHHpEVxG930qzW/7s+AlklQkBoUaParX71YkUxQaQnHxnQDP7VhjrVlhNNJpZcZmmIywgPadVRiQU2YzwJP0IlTYpQo7Z4LMFN/b+RYGDMWkZsU2A7NojcV//O6mU0uw5zJNLNUkvlHScaRVWh6PYqZpsTysSOYaOayIjLEGhPrOqq4EoLFk5dJ+6we+PXg7rzWuCrqKMMRHMMpBHABDbiFJrSAgIBneIU3T3sv3rv3MR8tecXOIfyB9/kDx9WPtA==</latexit><latexit sha1_base64="NpPIoE7oAhxFV2tYBuo5rEMsb5s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAsXBRFcVrC10g4lk8m0oXkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXnLuiVLOjPX9b6+0srq2vlHerGxt7+zuVfcP2kZlmtAWUVzpToQN5UzSlmWW006qKRYRpw/R6HrqPzxRbZiS93ac0lDggWQJI9g66bHHpEVxG930qzW/7s+AlklQkBoUaParX71YkUxQaQnHxnQDP7VhjrVlhNNJpZcZmmIywgPadVRiQU2YzwJP0IlTYpQo7Z4LMFN/b+RYGDMWkZsU2A7NojcV//O6mU0uw5zJNLNUkvlHScaRVWh6PYqZpsTysSOYaOayIjLEGhPrOqq4EoLFk5dJ+6we+PXg7rzWuCrqKMMRHMMpBHABDbiFJrSAgIBneIU3T3sv3rv3MR8tecXOIfyB9/kDx9WPtA==</latexit><latexit sha1_base64="NpPIoE7oAhxFV2tYBuo5rEMsb5s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAsXBRFcVrC10g4lk8m0oXkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXnLuiVLOjPX9b6+0srq2vlHerGxt7+zuVfcP2kZlmtAWUVzpToQN5UzSlmWW006qKRYRpw/R6HrqPzxRbZiS93ac0lDggWQJI9g66bHHpEVxG930qzW/7s+AlklQkBoUaParX71YkUxQaQnHxnQDP7VhjrVlhNNJpZcZmmIywgPadVRiQU2YzwJP0IlTYpQo7Z4LMFN/b+RYGDMWkZsU2A7NojcV//O6mU0uw5zJNLNUkvlHScaRVWh6PYqZpsTysSOYaOayIjLEGhPrOqq4EoLFk5dJ+6we+PXg7rzWuCrqKMMRHMMpBHABDbiFJrSAgIBneIU3T3sv3rv3MR8tecXOIfyB9/kDx9WPtA==</latexit>

n1d1 = n2d2
<latexit sha1_base64="pw/DavnhIsr9EjRceH3v4Z0RuUY=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFWSIuhCoeDGZQV7gTaEyWTSDp1MwsxEKbGP4saFIm59Ene+jdM2C2394cDHf85hzvxBypnSjvNtldbWNza3ytuVnd29/QO7ethRSSYJbZOEJ7IXYEU5E7Stmea0l0qK44DTbjC+mfW7D1Qqloh7PUmpF+OhYBEjWBvLt6vCd1Fo6hoJv2Go4ds1p+7MhVbBLaAGhVq+/TUIE5LFVGjCsVJ910m1l2OpGeF0WhlkiqaYjPGQ9g0KHFPl5fPTp+jUOCGKEmlKaDR3f2/kOFZqEgdmMsZ6pJZ7M/O/Xj/T0aWXM5FmmgqyeCjKONIJmuWAQiYp0XxiABPJzK2IjLDERJu0KiYEd/nLq9Bp1F2n7t6d15pXRRxlOIYTOAMXLqAJt9CCNhB4hGd4hTfryXqx3q2PxWjJKnaO4I+szx8jZJHy</latexit><latexit sha1_base64="pw/DavnhIsr9EjRceH3v4Z0RuUY=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFWSIuhCoeDGZQV7gTaEyWTSDp1MwsxEKbGP4saFIm59Ene+jdM2C2394cDHf85hzvxBypnSjvNtldbWNza3ytuVnd29/QO7ethRSSYJbZOEJ7IXYEU5E7Stmea0l0qK44DTbjC+mfW7D1Qqloh7PUmpF+OhYBEjWBvLt6vCd1Fo6hoJv2Go4ds1p+7MhVbBLaAGhVq+/TUIE5LFVGjCsVJ910m1l2OpGeF0WhlkiqaYjPGQ9g0KHFPl5fPTp+jUOCGKEmlKaDR3f2/kOFZqEgdmMsZ6pJZ7M/O/Xj/T0aWXM5FmmgqyeCjKONIJmuWAQiYp0XxiABPJzK2IjLDERJu0KiYEd/nLq9Bp1F2n7t6d15pXRRxlOIYTOAMXLqAJt9CCNhB4hGd4hTfryXqx3q2PxWjJKnaO4I+szx8jZJHy</latexit><latexit sha1_base64="pw/DavnhIsr9EjRceH3v4Z0RuUY=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFWSIuhCoeDGZQV7gTaEyWTSDp1MwsxEKbGP4saFIm59Ene+jdM2C2394cDHf85hzvxBypnSjvNtldbWNza3ytuVnd29/QO7ethRSSYJbZOEJ7IXYEU5E7Stmea0l0qK44DTbjC+mfW7D1Qqloh7PUmpF+OhYBEjWBvLt6vCd1Fo6hoJv2Go4ds1p+7MhVbBLaAGhVq+/TUIE5LFVGjCsVJ910m1l2OpGeF0WhlkiqaYjPGQ9g0KHFPl5fPTp+jUOCGKEmlKaDR3f2/kOFZqEgdmMsZ6pJZ7M/O/Xj/T0aWXM5FmmgqyeCjKONIJmuWAQiYp0XxiABPJzK2IjLDERJu0KiYEd/nLq9Bp1F2n7t6d15pXRRxlOIYTOAMXLqAJt9CCNhB4hGd4hTfryXqx3q2PxWjJKnaO4I+szx8jZJHy</latexit><latexit sha1_base64="pw/DavnhIsr9EjRceH3v4Z0RuUY=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFWSIuhCoeDGZQV7gTaEyWTSDp1MwsxEKbGP4saFIm59Ene+jdM2C2394cDHf85hzvxBypnSjvNtldbWNza3ytuVnd29/QO7ethRSSYJbZOEJ7IXYEU5E7Stmea0l0qK44DTbjC+mfW7D1Qqloh7PUmpF+OhYBEjWBvLt6vCd1Fo6hoJv2Go4ds1p+7MhVbBLaAGhVq+/TUIE5LFVGjCsVJ910m1l2OpGeF0WhlkiqaYjPGQ9g0KHFPl5fPTp+jUOCGKEmlKaDR3f2/kOFZqEgdmMsZ6pJZ7M/O/Xj/T0aWXM5FmmgqyeCjKONIJmuWAQiYp0XxiABPJzK2IjLDERJu0KiYEd/nLq9Bp1F2n7t6d15pXRRxlOIYTOAMXLqAJt9CCNhB4hGd4hTfryXqx3q2PxWjJKnaO4I+szx8jZJHy</latexit>

n1 = 1, n2 = 2
<latexit sha1_base64="1ov+kqt2swzbIUToKOX9viJW1Sc=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqRMiqALhYIblxXsBdphyKSZNjSTGZJMoQx9EzcuFHHrm7jzbUzbWWjrD4GP/5zDOfnDVHBtPO/bWVvf2NzaLu2Ud/f2Dw7do+OWTjJFWZMmIlGdkGgmuGRNw41gnVQxEoeCtcPR/azeHjOleSKfzCRlfkwGkkecEmOtwHVlgNEdwpdIBjULtcCteFVvLrQKuIAKFGoE7levn9AsZtJQQbTuYi81fk6U4VSwabmXaZYSOiID1rUoScy0n88vn6Jz6/RRlCj7pEFz9/dETmKtJ3FoO2Nihnq5NjP/q3UzE934OZdpZpiki0VRJpBJ0CwG1OeKUSMmFghV3N6K6JAoQo0Nq2xDwMtfXoVWrYq9Kn68qtRvizhKcApncAEYrqEOD9CAJlAYwzO8wpuTOy/Ou/OxaF1zipkT+CPn8wd2R5Dr</latexit><latexit sha1_base64="1ov+kqt2swzbIUToKOX9viJW1Sc=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqRMiqALhYIblxXsBdphyKSZNjSTGZJMoQx9EzcuFHHrm7jzbUzbWWjrD4GP/5zDOfnDVHBtPO/bWVvf2NzaLu2Ud/f2Dw7do+OWTjJFWZMmIlGdkGgmuGRNw41gnVQxEoeCtcPR/azeHjOleSKfzCRlfkwGkkecEmOtwHVlgNEdwpdIBjULtcCteFVvLrQKuIAKFGoE7levn9AsZtJQQbTuYi81fk6U4VSwabmXaZYSOiID1rUoScy0n88vn6Jz6/RRlCj7pEFz9/dETmKtJ3FoO2Nihnq5NjP/q3UzE934OZdpZpiki0VRJpBJ0CwG1OeKUSMmFghV3N6K6JAoQo0Nq2xDwMtfXoVWrYq9Kn68qtRvizhKcApncAEYrqEOD9CAJlAYwzO8wpuTOy/Ou/OxaF1zipkT+CPn8wd2R5Dr</latexit><latexit sha1_base64="1ov+kqt2swzbIUToKOX9viJW1Sc=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqRMiqALhYIblxXsBdphyKSZNjSTGZJMoQx9EzcuFHHrm7jzbUzbWWjrD4GP/5zDOfnDVHBtPO/bWVvf2NzaLu2Ud/f2Dw7do+OWTjJFWZMmIlGdkGgmuGRNw41gnVQxEoeCtcPR/azeHjOleSKfzCRlfkwGkkecEmOtwHVlgNEdwpdIBjULtcCteFVvLrQKuIAKFGoE7levn9AsZtJQQbTuYi81fk6U4VSwabmXaZYSOiID1rUoScy0n88vn6Jz6/RRlCj7pEFz9/dETmKtJ3FoO2Nihnq5NjP/q3UzE934OZdpZpiki0VRJpBJ0CwG1OeKUSMmFghV3N6K6JAoQo0Nq2xDwMtfXoVWrYq9Kn68qtRvizhKcApncAEYrqEOD9CAJlAYwzO8wpuTOy/Ou/OxaF1zipkT+CPn8wd2R5Dr</latexit><latexit sha1_base64="1ov+kqt2swzbIUToKOX9viJW1Sc=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqRMiqALhYIblxXsBdphyKSZNjSTGZJMoQx9EzcuFHHrm7jzbUzbWWjrD4GP/5zDOfnDVHBtPO/bWVvf2NzaLu2Ud/f2Dw7do+OWTjJFWZMmIlGdkGgmuGRNw41gnVQxEoeCtcPR/azeHjOleSKfzCRlfkwGkkecEmOtwHVlgNEdwpdIBjULtcCteFVvLrQKuIAKFGoE7levn9AsZtJQQbTuYi81fk6U4VSwabmXaZYSOiID1rUoScy0n88vn6Jz6/RRlCj7pEFz9/dETmKtJ3FoO2Nihnq5NjP/q3UzE934OZdpZpiki0VRJpBJ0CwG1OeKUSMmFghV3N6K6JAoQo0Nq2xDwMtfXoVWrYq9Kn68qtRvizhKcApncAEYrqEOD9CAJlAYwzO8wpuTOy/Ou/OxaF1zipkT+CPn8wd2R5Dr</latexit>



Half-wave stack
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• Axion oscillations excite mode 
with non-zero  

Z
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<latexit sha1_base64="NpPIoE7oAhxFV2tYBuo5rEMsb5s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAsXBRFcVrC10g4lk8m0oXkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXnLuiVLOjPX9b6+0srq2vlHerGxt7+zuVfcP2kZlmtAWUVzpToQN5UzSlmWW006qKRYRpw/R6HrqPzxRbZiS93ac0lDggWQJI9g66bHHpEVxG930qzW/7s+AlklQkBoUaParX71YkUxQaQnHxnQDP7VhjrVlhNNJpZcZmmIywgPadVRiQU2YzwJP0IlTYpQo7Z4LMFN/b+RYGDMWkZsU2A7NojcV//O6mU0uw5zJNLNUkvlHScaRVWh6PYqZpsTysSOYaOayIjLEGhPrOqq4EoLFk5dJ+6we+PXg7rzWuCrqKMMRHMMpBHABDbiFJrSAgIBneIU3T3sv3rv3MR8tecXOIfyB9/kDx9WPtA==</latexit><latexit sha1_base64="NpPIoE7oAhxFV2tYBuo5rEMsb5s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAsXBRFcVrC10g4lk8m0oXkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXnLuiVLOjPX9b6+0srq2vlHerGxt7+zuVfcP2kZlmtAWUVzpToQN5UzSlmWW006qKRYRpw/R6HrqPzxRbZiS93ac0lDggWQJI9g66bHHpEVxG930qzW/7s+AlklQkBoUaParX71YkUxQaQnHxnQDP7VhjrVlhNNJpZcZmmIywgPadVRiQU2YzwJP0IlTYpQo7Z4LMFN/b+RYGDMWkZsU2A7NojcV//O6mU0uw5zJNLNUkvlHScaRVWh6PYqZpsTysSOYaOayIjLEGhPrOqq4EoLFk5dJ+6we+PXg7rzWuCrqKMMRHMMpBHABDbiFJrSAgIBneIU3T3sv3rv3MR8tecXOIfyB9/kDx9WPtA==</latexit><latexit sha1_base64="NpPIoE7oAhxFV2tYBuo5rEMsb5s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAsXBRFcVrC10g4lk8m0oXkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXnLuiVLOjPX9b6+0srq2vlHerGxt7+zuVfcP2kZlmtAWUVzpToQN5UzSlmWW006qKRYRpw/R6HrqPzxRbZiS93ac0lDggWQJI9g66bHHpEVxG930qzW/7s+AlklQkBoUaParX71YkUxQaQnHxnQDP7VhjrVlhNNJpZcZmmIywgPadVRiQU2YzwJP0IlTYpQo7Z4LMFN/b+RYGDMWkZsU2A7NojcV//O6mU0uw5zJNLNUkvlHScaRVWh6PYqZpsTysSOYaOayIjLEGhPrOqq4EoLFk5dJ+6we+PXg7rzWuCrqKMMRHMMpBHABDbiFJrSAgIBneIU3T3sv3rv3MR8tecXOIfyB9/kDx9WPtA==</latexit><latexit sha1_base64="NpPIoE7oAhxFV2tYBuo5rEMsb5s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAsXBRFcVrC10g4lk8m0oXkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXnLuiVLOjPX9b6+0srq2vlHerGxt7+zuVfcP2kZlmtAWUVzpToQN5UzSlmWW006qKRYRpw/R6HrqPzxRbZiS93ac0lDggWQJI9g66bHHpEVxG930qzW/7s+AlklQkBoUaParX71YkUxQaQnHxnQDP7VhjrVlhNNJpZcZmmIywgPadVRiQU2YzwJP0IlTYpQo7Z4LMFN/b+RYGDMWkZsU2A7NojcV//O6mU0uw5zJNLNUkvlHScaRVWh6PYqZpsTysSOYaOayIjLEGhPrOqq4EoLFk5dJ+6we+PXg7rzWuCrqKMMRHMMpBHABDbiFJrSAgIBneIU3T3sv3rv3MR8tecXOIfyB9/kDx9WPtA==</latexit>

• For equal phase depths,                  , have no bandgaps at 
k=0: 

n1d1 = n2d2
<latexit sha1_base64="pw/DavnhIsr9EjRceH3v4Z0RuUY=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFWSIuhCoeDGZQV7gTaEyWTSDp1MwsxEKbGP4saFIm59Ene+jdM2C2394cDHf85hzvxBypnSjvNtldbWNza3ytuVnd29/QO7ethRSSYJbZOEJ7IXYEU5E7Stmea0l0qK44DTbjC+mfW7D1Qqloh7PUmpF+OhYBEjWBvLt6vCd1Fo6hoJv2Go4ds1p+7MhVbBLaAGhVq+/TUIE5LFVGjCsVJ910m1l2OpGeF0WhlkiqaYjPGQ9g0KHFPl5fPTp+jUOCGKEmlKaDR3f2/kOFZqEgdmMsZ6pJZ7M/O/Xj/T0aWXM5FmmgqyeCjKONIJmuWAQiYp0XxiABPJzK2IjLDERJu0KiYEd/nLq9Bp1F2n7t6d15pXRRxlOIYTOAMXLqAJt9CCNhB4hGd4hTfryXqx3q2PxWjJKnaO4I+szx8jZJHy</latexit><latexit sha1_base64="pw/DavnhIsr9EjRceH3v4Z0RuUY=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFWSIuhCoeDGZQV7gTaEyWTSDp1MwsxEKbGP4saFIm59Ene+jdM2C2394cDHf85hzvxBypnSjvNtldbWNza3ytuVnd29/QO7ethRSSYJbZOEJ7IXYEU5E7Stmea0l0qK44DTbjC+mfW7D1Qqloh7PUmpF+OhYBEjWBvLt6vCd1Fo6hoJv2Go4ds1p+7MhVbBLaAGhVq+/TUIE5LFVGjCsVJ910m1l2OpGeF0WhlkiqaYjPGQ9g0KHFPl5fPTp+jUOCGKEmlKaDR3f2/kOFZqEgdmMsZ6pJZ7M/O/Xj/T0aWXM5FmmgqyeCjKONIJmuWAQiYp0XxiABPJzK2IjLDERJu0KiYEd/nLq9Bp1F2n7t6d15pXRRxlOIYTOAMXLqAJt9CCNhB4hGd4hTfryXqx3q2PxWjJKnaO4I+szx8jZJHy</latexit><latexit sha1_base64="pw/DavnhIsr9EjRceH3v4Z0RuUY=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFWSIuhCoeDGZQV7gTaEyWTSDp1MwsxEKbGP4saFIm59Ene+jdM2C2394cDHf85hzvxBypnSjvNtldbWNza3ytuVnd29/QO7ethRSSYJbZOEJ7IXYEU5E7Stmea0l0qK44DTbjC+mfW7D1Qqloh7PUmpF+OhYBEjWBvLt6vCd1Fo6hoJv2Go4ds1p+7MhVbBLaAGhVq+/TUIE5LFVGjCsVJ910m1l2OpGeF0WhlkiqaYjPGQ9g0KHFPl5fPTp+jUOCGKEmlKaDR3f2/kOFZqEgdmMsZ6pJZ7M/O/Xj/T0aWXM5FmmgqyeCjKONIJmuWAQiYp0XxiABPJzK2IjLDERJu0KiYEd/nLq9Bp1F2n7t6d15pXRRxlOIYTOAMXLqAJt9CCNhB4hGd4hTfryXqx3q2PxWjJKnaO4I+szx8jZJHy</latexit><latexit sha1_base64="pw/DavnhIsr9EjRceH3v4Z0RuUY=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFWSIuhCoeDGZQV7gTaEyWTSDp1MwsxEKbGP4saFIm59Ene+jdM2C2394cDHf85hzvxBypnSjvNtldbWNza3ytuVnd29/QO7ethRSSYJbZOEJ7IXYEU5E7Stmea0l0qK44DTbjC+mfW7D1Qqloh7PUmpF+OhYBEjWBvLt6vCd1Fo6hoJv2Go4ds1p+7MhVbBLaAGhVq+/TUIE5LFVGjCsVJ910m1l2OpGeF0WhlkiqaYjPGQ9g0KHFPl5fPTp+jUOCGKEmlKaDR3f2/kOFZqEgdmMsZ6pJZ7M/O/Xj/T0aWXM5FmmgqyeCjKONIJmuWAQiYp0XxiABPJzK2IjLDERJu0KiYEd/nLq9Bp1F2n7t6d15pXRRxlOIYTOAMXLqAJt9CCNhB4hGd4hTfryXqx3q2PxWjJKnaO4I+szx8jZJHy</latexit>

n1 = 1, n2 = 2
<latexit sha1_base64="1ov+kqt2swzbIUToKOX9viJW1Sc=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqRMiqALhYIblxXsBdphyKSZNjSTGZJMoQx9EzcuFHHrm7jzbUzbWWjrD4GP/5zDOfnDVHBtPO/bWVvf2NzaLu2Ud/f2Dw7do+OWTjJFWZMmIlGdkGgmuGRNw41gnVQxEoeCtcPR/azeHjOleSKfzCRlfkwGkkecEmOtwHVlgNEdwpdIBjULtcCteFVvLrQKuIAKFGoE7levn9AsZtJQQbTuYi81fk6U4VSwabmXaZYSOiID1rUoScy0n88vn6Jz6/RRlCj7pEFz9/dETmKtJ3FoO2Nihnq5NjP/q3UzE934OZdpZpiki0VRJpBJ0CwG1OeKUSMmFghV3N6K6JAoQo0Nq2xDwMtfXoVWrYq9Kn68qtRvizhKcApncAEYrqEOD9CAJlAYwzO8wpuTOy/Ou/OxaF1zipkT+CPn8wd2R5Dr</latexit><latexit sha1_base64="1ov+kqt2swzbIUToKOX9viJW1Sc=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqRMiqALhYIblxXsBdphyKSZNjSTGZJMoQx9EzcuFHHrm7jzbUzbWWjrD4GP/5zDOfnDVHBtPO/bWVvf2NzaLu2Ud/f2Dw7do+OWTjJFWZMmIlGdkGgmuGRNw41gnVQxEoeCtcPR/azeHjOleSKfzCRlfkwGkkecEmOtwHVlgNEdwpdIBjULtcCteFVvLrQKuIAKFGoE7levn9AsZtJQQbTuYi81fk6U4VSwabmXaZYSOiID1rUoScy0n88vn6Jz6/RRlCj7pEFz9/dETmKtJ3FoO2Nihnq5NjP/q3UzE934OZdpZpiki0VRJpBJ0CwG1OeKUSMmFghV3N6K6JAoQo0Nq2xDwMtfXoVWrYq9Kn68qtRvizhKcApncAEYrqEOD9CAJlAYwzO8wpuTOy/Ou/OxaF1zipkT+CPn8wd2R5Dr</latexit><latexit sha1_base64="1ov+kqt2swzbIUToKOX9viJW1Sc=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqRMiqALhYIblxXsBdphyKSZNjSTGZJMoQx9EzcuFHHrm7jzbUzbWWjrD4GP/5zDOfnDVHBtPO/bWVvf2NzaLu2Ud/f2Dw7do+OWTjJFWZMmIlGdkGgmuGRNw41gnVQxEoeCtcPR/azeHjOleSKfzCRlfkwGkkecEmOtwHVlgNEdwpdIBjULtcCteFVvLrQKuIAKFGoE7levn9AsZtJQQbTuYi81fk6U4VSwabmXaZYSOiID1rUoScy0n88vn6Jz6/RRlCj7pEFz9/dETmKtJ3FoO2Nihnq5NjP/q3UzE934OZdpZpiki0VRJpBJ0CwG1OeKUSMmFghV3N6K6JAoQo0Nq2xDwMtfXoVWrYq9Kn68qtRvizhKcApncAEYrqEOD9CAJlAYwzO8wpuTOy/Ou/OxaF1zipkT+CPn8wd2R5Dr</latexit><latexit sha1_base64="1ov+kqt2swzbIUToKOX9viJW1Sc=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqRMiqALhYIblxXsBdphyKSZNjSTGZJMoQx9EzcuFHHrm7jzbUzbWWjrD4GP/5zDOfnDVHBtPO/bWVvf2NzaLu2Ud/f2Dw7do+OWTjJFWZMmIlGdkGgmuGRNw41gnVQxEoeCtcPR/azeHjOleSKfzCRlfkwGkkecEmOtwHVlgNEdwpdIBjULtcCteFVvLrQKuIAKFGoE7levn9AsZtJQQbTuYi81fk6U4VSwabmXaZYSOiID1rUoScy0n88vn6Jz6/RRlCj7pEFz9/dETmKtJ3FoO2Nihnq5NjP/q3UzE934OZdpZpiki0VRJpBJ0CwG1OeKUSMmFghV3N6K6JAoQo0Nq2xDwMtfXoVWrYq9Kn68qtRvizhKcApncAEYrqEOD9CAJlAYwzO8wpuTOy/Ou/OxaF1zipkT+CPn8wd2R5Dr</latexit>



Converted power
• For stack of     periods, with area    , converted power from DM at half-

wave frequency is  

• For “open cavity”,

• Frequency coverage: 
 
 
 
 
 
 

• Higher peak power compensated for by reduced bandwidth: frequency-
averaged conversion power 
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<latexit sha1_base64="9XX8MahdXoMKdPodwxn6AgYQ+eI="></latexit><latexit sha1_base64="9XX8MahdXoMKdPodwxn6AgYQ+eI="></latexit><latexit sha1_base64="9XX8MahdXoMKdPodwxn6AgYQ+eI="></latexit><latexit sha1_base64="9XX8MahdXoMKdPodwxn6AgYQ+eI="></latexit>

/ N
<latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit>

3.0 3.1 3.2 3.3
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N = 30
<latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit><latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit><latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit><latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit>

N = 100
<latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit><latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit><latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit><latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit>

Q / N
<latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit>

N
<latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit> A

<latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit><latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit><latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit><latexit sha1_base64="G4TwIUaSjMs8j5OfmQ26XxD7jqI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYmOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHbL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A5EPjL8=</latexit>



Converted power
• For stack of     periods, with area    , converted power from DM at half-

wave frequency is  

• For “open cavity”,

• Frequency coverage: 
 
 
 
 
 
 

• Higher peak power compensated for by reduced bandwidth: frequency-
averaged conversion power 
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<latexit sha1_base64="9XX8MahdXoMKdPodwxn6AgYQ+eI="></latexit><latexit sha1_base64="9XX8MahdXoMKdPodwxn6AgYQ+eI="></latexit><latexit sha1_base64="9XX8MahdXoMKdPodwxn6AgYQ+eI="></latexit><latexit sha1_base64="9XX8MahdXoMKdPodwxn6AgYQ+eI="></latexit>

/ N
<latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit><latexit sha1_base64="zKqgWH/MllHh3aXf9OkElBDCQdE=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaGERsLGSCCZGkiXMTmaTIfNiZlYIIV9hY6GIrZ9j5984SbbQxAMDh3PuZe45iebMujD8Dgorq2vrG8XN0tb2zu5eef+gaVVmCG0QxZVpJdhSziRtOOY4bWlDsUg4fUiG11P/4Ykay5S8dyNNY4H7kqWMYOelx442SjuFbrvlSlgNZ0DLJMpJBXLUu+WvTk+RTFDpCMfWtqNQu3iMjWOE00mpk1mqMRniPm17KrGgNh7PDp6gE6/0UKqMf9Khmfp7Y4yFtSOR+EmB3cAuelPxP6+dufQyHjOpM0clmX+UZhz5iNP0qMcMJY6PPMHEMH8rIgNsMHG+o5IvIVqMvEyaZ9UorEZ355XaVV5HEY7gGE4hgguowQ3UoQEEBDzDK7wFJngJ3oOP+WghyHcO4Q+Czx+X1pA8</latexit>

N = 30
<latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit><latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit><latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit><latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit>

N = 100
<latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit><latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit><latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit><latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit>

Q / N
<latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit><latexit sha1_base64="nx0hCuuZJ/alMkroq4OXwV/uf38=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6MJFwY0racE+YDqUTJppQzNJSO4IZehnuHGhiFu/xp1/Y9rOQqsHAodz7iX3nFgLbsH3v7zS2vrG5lZ5u7Kzu7d/UD086liVGcraVAllejGxTHDJ2sBBsJ42jKSxYN14cjv3u4/MWK7kA0w1i1IykjzhlICTwhbua6M0KHw/qNb8ur8A/kuCgtRQgeag+tkfKpqlTAIVxNow8DVEOTHAqWCzSj+zTBM6ISMWOipJymyUL06e4TOnDHGijHsS8EL9uZGT1NppGrvJlMDYrnpz8T8vzCC5jnIudQZM0uVHSSawizjPj4fcMApi6gihhrtbMR0TQyi4liquhGA18l/SuagHfj1oXdYaN0UdZXSCTtE5CtAVaqA71ERtRJFCT+gFvXrgPXtv3vtytOQVO8foF7yPb5FdkME=</latexit>

N
<latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit><latexit sha1_base64="bezQlKzCj1ZfX3HwFe8yZhJMxxk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMlCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6TDjMw=</latexit> A
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• Converted photons emitted in narrow 
cone around layer normal, opening angle  

• Allows focussing down to area 
 
 

Collimated emission

• Material periodicity “donates” 
momentum in parallel direction, doesn’t 
affect DM momentum in perpendicular 
directions 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Optical-frequency absorption
• Analogous scheme proposed at microwave 

frequencies: MADMAX experiment

• At higher frequencies, photon detection becomes 
much harder …

• until we reach near-IR/optical frequencies!

• Experimental challenges:

• low noise photon detection

• background suppression (thermal, radioactive, 
cosmic)

• fabrication and scanning



Photon detection
• Collimated emission means that emitted photons can be 

focused down to area            of layers’ area

• e.g.               detector for            layers

• Enables use of small, low-noise detectors

• Widely-available: PMT, CCD 

• Lower-noise superconducting  
detectors: TES, MKID, nanowires
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(100µm)2
<latexit sha1_base64="vWoECzcKQD90HPs2WCCMEAn6Omg=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARKkjJFEEXLgpuXFawD+iMJZNm2tAkMyQZoYxd+CtuXCji1t9w59+YtrPQ6oELh3Pu5d57woQzbRD6cgpLyyura8X10sbm1vaOu7vX0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTscXU399j1VmsXy1owTGgg8kCxiBBsr9dyDiocQzHwloH8KfZFCMTm5q/XcMqqiGeBf4uWkDHI0eu6n349JKqg0hGOtux5KTJBhZRjhdFLyU00TTEZ4QLuWSiyoDrLZ/RN4bJU+jGJlSxo4U39OZFhoPRah7RTYDPWiNxX/87qpiS6CjMkkNVSS+aIo5dDEcBoG7DNFieFjSzBRzN4KyRArTIyNrGRD8BZf/ktataqHqt7NWbl+mcdRBIfgCFSAB85BHVyDBmgCAh7AE3gBr86j8+y8Oe/z1oKTz+yDX3A+vgGL+ZPZ</latexit><latexit sha1_base64="vWoECzcKQD90HPs2WCCMEAn6Omg=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARKkjJFEEXLgpuXFawD+iMJZNm2tAkMyQZoYxd+CtuXCji1t9w59+YtrPQ6oELh3Pu5d57woQzbRD6cgpLyyura8X10sbm1vaOu7vX0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTscXU399j1VmsXy1owTGgg8kCxiBBsr9dyDiocQzHwloH8KfZFCMTm5q/XcMqqiGeBf4uWkDHI0eu6n349JKqg0hGOtux5KTJBhZRjhdFLyU00TTEZ4QLuWSiyoDrLZ/RN4bJU+jGJlSxo4U39OZFhoPRah7RTYDPWiNxX/87qpiS6CjMkkNVSS+aIo5dDEcBoG7DNFieFjSzBRzN4KyRArTIyNrGRD8BZf/ktataqHqt7NWbl+mcdRBIfgCFSAB85BHVyDBmgCAh7AE3gBr86j8+y8Oe/z1oKTz+yDX3A+vgGL+ZPZ</latexit><latexit sha1_base64="vWoECzcKQD90HPs2WCCMEAn6Omg=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARKkjJFEEXLgpuXFawD+iMJZNm2tAkMyQZoYxd+CtuXCji1t9w59+YtrPQ6oELh3Pu5d57woQzbRD6cgpLyyura8X10sbm1vaOu7vX0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTscXU399j1VmsXy1owTGgg8kCxiBBsr9dyDiocQzHwloH8KfZFCMTm5q/XcMqqiGeBf4uWkDHI0eu6n349JKqg0hGOtux5KTJBhZRjhdFLyU00TTEZ4QLuWSiyoDrLZ/RN4bJU+jGJlSxo4U39OZFhoPRah7RTYDPWiNxX/87qpiS6CjMkkNVSS+aIo5dDEcBoG7DNFieFjSzBRzN4KyRArTIyNrGRD8BZf/ktataqHqt7NWbl+mcdRBIfgCFSAB85BHVyDBmgCAh7AE3gBr86j8+y8Oe/z1oKTz+yDX3A+vgGL+ZPZ</latexit><latexit sha1_base64="vWoECzcKQD90HPs2WCCMEAn6Omg=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARKkjJFEEXLgpuXFawD+iMJZNm2tAkMyQZoYxd+CtuXCji1t9w59+YtrPQ6oELh3Pu5d57woQzbRD6cgpLyyura8X10sbm1vaOu7vX0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTscXU399j1VmsXy1owTGgg8kCxiBBsr9dyDiocQzHwloH8KfZFCMTm5q/XcMqqiGeBf4uWkDHI0eu6n349JKqg0hGOtux5KTJBhZRjhdFLyU00TTEZ4QLuWSiyoDrLZ/RN4bJU+jGJlSxo4U39OZFhoPRah7RTYDPWiNxX/87qpiS6CjMkkNVSS+aIo5dDEcBoG7DNFieFjSzBRzN4KyRArTIyNrGRD8BZf/ktataqHqt7NWbl+mcdRBIfgCFSAB85BHVyDBmgCAh7AE3gBr86j8+y8Oe/z1oKTz+yDX3A+vgGL+ZPZ</latexit>

(10 cm)2
<latexit sha1_base64="DpwCnjkaPk6+wZZ6t8LyYT5uHqQ=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0WoICUpgh48FLx4rGA/oIlls920S3eTsLtRSuxP8eJBEa/+Em/+G7dtDtr6YODx3gwz84KEM6Ud59taWV1b39gsbBW3d3b39u3SQUvFqSS0SWIey06AFeUsok3NNKedRFIsAk7bweh66rcfqFQsju70OKG+wIOIhYxgbaSeXaq4Dso8KZB3RsTk9L7Ws8tO1ZkBLRM3J2XI0ejZX14/JqmgkSYcK9V1nUT7GZaaEU4nRS9VNMFkhAe0a2iEBVV+Njt9gk6M0kdhLE1FGs3U3xMZFkqNRWA6BdZDtehNxf+8bqrDSz9jUZJqGpH5ojDlSMdomgPqM0mJ5mNDMJHM3IrIEEtMtEmraEJwF19eJq1a1XWq7u15uX6Vx1GAIziGCrhwAXW4gQY0gcAjPMMrvFlP1ov1bn3MW1esfOYQ/sD6/AHD7pJc</latexit><latexit sha1_base64="DpwCnjkaPk6+wZZ6t8LyYT5uHqQ=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0WoICUpgh48FLx4rGA/oIlls920S3eTsLtRSuxP8eJBEa/+Em/+G7dtDtr6YODx3gwz84KEM6Ud59taWV1b39gsbBW3d3b39u3SQUvFqSS0SWIey06AFeUsok3NNKedRFIsAk7bweh66rcfqFQsju70OKG+wIOIhYxgbaSeXaq4Dso8KZB3RsTk9L7Ws8tO1ZkBLRM3J2XI0ejZX14/JqmgkSYcK9V1nUT7GZaaEU4nRS9VNMFkhAe0a2iEBVV+Njt9gk6M0kdhLE1FGs3U3xMZFkqNRWA6BdZDtehNxf+8bqrDSz9jUZJqGpH5ojDlSMdomgPqM0mJ5mNDMJHM3IrIEEtMtEmraEJwF19eJq1a1XWq7u15uX6Vx1GAIziGCrhwAXW4gQY0gcAjPMMrvFlP1ov1bn3MW1esfOYQ/sD6/AHD7pJc</latexit><latexit sha1_base64="DpwCnjkaPk6+wZZ6t8LyYT5uHqQ=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0WoICUpgh48FLx4rGA/oIlls920S3eTsLtRSuxP8eJBEa/+Em/+G7dtDtr6YODx3gwz84KEM6Ud59taWV1b39gsbBW3d3b39u3SQUvFqSS0SWIey06AFeUsok3NNKedRFIsAk7bweh66rcfqFQsju70OKG+wIOIhYxgbaSeXaq4Dso8KZB3RsTk9L7Ws8tO1ZkBLRM3J2XI0ejZX14/JqmgkSYcK9V1nUT7GZaaEU4nRS9VNMFkhAe0a2iEBVV+Njt9gk6M0kdhLE1FGs3U3xMZFkqNRWA6BdZDtehNxf+8bqrDSz9jUZJqGpH5ojDlSMdomgPqM0mJ5mNDMJHM3IrIEEtMtEmraEJwF19eJq1a1XWq7u15uX6Vx1GAIziGCrhwAXW4gQY0gcAjPMMrvFlP1ov1bn3MW1esfOYQ/sD6/AHD7pJc</latexit><latexit sha1_base64="DpwCnjkaPk6+wZZ6t8LyYT5uHqQ=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0WoICUpgh48FLx4rGA/oIlls920S3eTsLtRSuxP8eJBEa/+Em/+G7dtDtr6YODx3gwz84KEM6Ud59taWV1b39gsbBW3d3b39u3SQUvFqSS0SWIey06AFeUsok3NNKedRFIsAk7bweh66rcfqFQsju70OKG+wIOIhYxgbaSeXaq4Dso8KZB3RsTk9L7Ws8tO1ZkBLRM3J2XI0ejZX14/JqmgkSYcK9V1nUT7GZaaEU4nRS9VNMFkhAe0a2iEBVV+Njt9gk6M0kdhLE1FGs3U3xMZFkqNRWA6BdZDtehNxf+8bqrDSz9jUZJqGpH5ojDlSMdomgPqM0mJ5mNDMJHM3IrIEEtMtEmraEJwF19eJq1a1XWq7u15uX6Vx1GAIziGCrhwAXW4gQY0gcAjPMMrvFlP1ov1bn3MW1esfOYQ/sD6/AHD7pJc</latexit>

DCR ⇠ 10�3 Hz
<latexit sha1_base64="YKRxYguoryIPlGa2khrg2te9SvM=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEAFUCSDAwVCpDx4LoQ2pC5bhOa9VOIttBKlF2Fn6FhQGEWPkBNv4GN2SAliNd6eice3XvPV7EqFSW9WUUFhaXlleKq6W19Y3NLXN7py3DWGDSwiELRddDkjAakJaiipFuJAjiHiMdb1yf+p07IiQNgxs1iYjL0TCgPsVIaalvlhNHcHhZv06hIymHtnWbHJ2kMJOdQ9i4T/tmxapaGeA8sXNSATmaffPTGYQ45iRQmCEpe7YVKTdBQlHMSFpyYkkihMdoSHqaBogT6SbZLync18oA+qHQFSiYqb8nEsSlnHBPd3KkRnLWm4r/eb1Y+eduQoMoViTAP4v8mEEVwmkwcEAFwYpNNEFYUH0rxCMkEFY6vpIOwZ59eZ60j6u2VbWvTiu1izyOItgDZXAAbHAGaqABmqAFMHgAT+AFvBqPxrPxZrz/tBaMfGYX/IHx8Q3bapj+</latexit><latexit sha1_base64="YKRxYguoryIPlGa2khrg2te9SvM=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEAFUCSDAwVCpDx4LoQ2pC5bhOa9VOIttBKlF2Fn6FhQGEWPkBNv4GN2SAliNd6eice3XvPV7EqFSW9WUUFhaXlleKq6W19Y3NLXN7py3DWGDSwiELRddDkjAakJaiipFuJAjiHiMdb1yf+p07IiQNgxs1iYjL0TCgPsVIaalvlhNHcHhZv06hIymHtnWbHJ2kMJOdQ9i4T/tmxapaGeA8sXNSATmaffPTGYQ45iRQmCEpe7YVKTdBQlHMSFpyYkkihMdoSHqaBogT6SbZLync18oA+qHQFSiYqb8nEsSlnHBPd3KkRnLWm4r/eb1Y+eduQoMoViTAP4v8mEEVwmkwcEAFwYpNNEFYUH0rxCMkEFY6vpIOwZ59eZ60j6u2VbWvTiu1izyOItgDZXAAbHAGaqABmqAFMHgAT+AFvBqPxrPxZrz/tBaMfGYX/IHx8Q3bapj+</latexit><latexit sha1_base64="YKRxYguoryIPlGa2khrg2te9SvM=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEAFUCSDAwVCpDx4LoQ2pC5bhOa9VOIttBKlF2Fn6FhQGEWPkBNv4GN2SAliNd6eice3XvPV7EqFSW9WUUFhaXlleKq6W19Y3NLXN7py3DWGDSwiELRddDkjAakJaiipFuJAjiHiMdb1yf+p07IiQNgxs1iYjL0TCgPsVIaalvlhNHcHhZv06hIymHtnWbHJ2kMJOdQ9i4T/tmxapaGeA8sXNSATmaffPTGYQ45iRQmCEpe7YVKTdBQlHMSFpyYkkihMdoSHqaBogT6SbZLync18oA+qHQFSiYqb8nEsSlnHBPd3KkRnLWm4r/eb1Y+eduQoMoViTAP4v8mEEVwmkwcEAFwYpNNEFYUH0rxCMkEFY6vpIOwZ59eZ60j6u2VbWvTiu1izyOItgDZXAAbHAGaqABmqAFMHgAT+AFvBqPxrPxZrz/tBaMfGYX/IHx8Q3bapj+</latexit><latexit sha1_base64="YKRxYguoryIPlGa2khrg2te9SvM=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEAFUCSDAwVCpDx4LoQ2pC5bhOa9VOIttBKlF2Fn6FhQGEWPkBNv4GN2SAliNd6eice3XvPV7EqFSW9WUUFhaXlleKq6W19Y3NLXN7py3DWGDSwiELRddDkjAakJaiipFuJAjiHiMdb1yf+p07IiQNgxs1iYjL0TCgPsVIaalvlhNHcHhZv06hIymHtnWbHJ2kMJOdQ9i4T/tmxapaGeA8sXNSATmaffPTGYQ45iRQmCEpe7YVKTdBQlHMSFpyYkkihMdoSHqaBogT6SbZLync18oA+qHQFSiYqb8nEsSlnHBPd3KkRnLWm4r/eb1Y+eduQoMoViTAP4v8mEEVwmkwcEAFwYpNNEFYUH0rxCMkEFY6vpIOwZ59eZ60j6u2VbWvTiu1izyOItgDZXAAbHAGaqABmqAFMHgAT+AFvBqPxrPxZrz/tBaMfGYX/IHx8Q3bapj+</latexit>

DCR < 10�5 Hz
<latexit sha1_base64="NdUJPI/C1zVqaaS3Xa7XsKQeIyM=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJAaoEgWDoUKkMHQuiD6kJleO6rVU7iWwHqUQZWfgVFgYQYuUT2Pgb3DQDtBzpSkfn3Kt77/FCRqWyrG8jt7C4tLySXy2srW9sbpnbO00ZRAKTBg5YINoekoRRnzQUVYy0Q0EQ9xhpeaPqxG/dEyFp4N+qcUhcjgY+7VOMlJa65n7sCA6vqjcJLEPbuotPzhOYas4xrD0kXbNolawUcJ7YGSmCDPWu+eX0Ahxx4ivMkJQd2wqVGyOhKGYkKTiRJCHCIzQgHU19xIl04/SRBB5qpQf7gdDlK5iqvydixKUcc093cqSGctabiP95nUj1L92Y+mGkiI+ni/oRgyqAk1RgjwqCFRtrgrCg+laIh0ggrHR2BR2CPfvyPGmelmyrZF+fFSvlLI482AMH4AjY4AJUQA3UQQNg8AiewSt4M56MF+Pd+Ji25oxsZhf8gfH5AyMMl3k=</latexit><latexit sha1_base64="NdUJPI/C1zVqaaS3Xa7XsKQeIyM=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJAaoEgWDoUKkMHQuiD6kJleO6rVU7iWwHqUQZWfgVFgYQYuUT2Pgb3DQDtBzpSkfn3Kt77/FCRqWyrG8jt7C4tLySXy2srW9sbpnbO00ZRAKTBg5YINoekoRRnzQUVYy0Q0EQ9xhpeaPqxG/dEyFp4N+qcUhcjgY+7VOMlJa65n7sCA6vqjcJLEPbuotPzhOYas4xrD0kXbNolawUcJ7YGSmCDPWu+eX0Ahxx4ivMkJQd2wqVGyOhKGYkKTiRJCHCIzQgHU19xIl04/SRBB5qpQf7gdDlK5iqvydixKUcc093cqSGctabiP95nUj1L92Y+mGkiI+ni/oRgyqAk1RgjwqCFRtrgrCg+laIh0ggrHR2BR2CPfvyPGmelmyrZF+fFSvlLI482AMH4AjY4AJUQA3UQQNg8AiewSt4M56MF+Pd+Ji25oxsZhf8gfH5AyMMl3k=</latexit><latexit sha1_base64="NdUJPI/C1zVqaaS3Xa7XsKQeIyM=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJAaoEgWDoUKkMHQuiD6kJleO6rVU7iWwHqUQZWfgVFgYQYuUT2Pgb3DQDtBzpSkfn3Kt77/FCRqWyrG8jt7C4tLySXy2srW9sbpnbO00ZRAKTBg5YINoekoRRnzQUVYy0Q0EQ9xhpeaPqxG/dEyFp4N+qcUhcjgY+7VOMlJa65n7sCA6vqjcJLEPbuotPzhOYas4xrD0kXbNolawUcJ7YGSmCDPWu+eX0Ahxx4ivMkJQd2wqVGyOhKGYkKTiRJCHCIzQgHU19xIl04/SRBB5qpQf7gdDlK5iqvydixKUcc093cqSGctabiP95nUj1L92Y+mGkiI+ni/oRgyqAk1RgjwqCFRtrgrCg+laIh0ggrHR2BR2CPfvyPGmelmyrZF+fFSvlLI482AMH4AjY4AJUQA3UQQNg8AiewSt4M56MF+Pd+Ji25oxsZhf8gfH5AyMMl3k=</latexit><latexit sha1_base64="NdUJPI/C1zVqaaS3Xa7XsKQeIyM=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJAaoEgWDoUKkMHQuiD6kJleO6rVU7iWwHqUQZWfgVFgYQYuUT2Pgb3DQDtBzpSkfn3Kt77/FCRqWyrG8jt7C4tLySXy2srW9sbpnbO00ZRAKTBg5YINoekoRRnzQUVYy0Q0EQ9xhpeaPqxG/dEyFp4N+qcUhcjgY+7VOMlJa65n7sCA6vqjcJLEPbuotPzhOYas4xrD0kXbNolawUcJ7YGSmCDPWu+eX0Ahxx4ivMkJQd2wqVGyOhKGYkKTiRJCHCIzQgHU19xIl04/SRBB5qpQf7gdDlK5iqvydixKUcc093cqSGctabiP95nUj1L92Y+mGkiI+ni/oRgyqAk1RgjwqCFRtrgrCg+laIh0ggrHR2BR2CPfvyPGmelmyrZF+fFSvlLI482AMH4AjY4AJUQA3UQQNg8AiewSt4M56MF+Pd+Ji25oxsZhf8gfH5AyMMl3k=</latexit>



Thermal backgrounds
• Blackbody photons: if detector’s field of view is at 

temperature    , number of blackbody photons hitting 
detector is  
 
 
 

T
<latexit sha1_base64="E9axecgT/BSbsFvhtOpdbRgoEe0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGOZQL4gOcLeZi5Zs7d37O4J4cgvsLFQxNafZOe/cZNcoYkPBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj/3O0+oNI9l00wT9CM6kjzkjBorNZqDcsWtuguQdeLlpAI56oPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616jetK7S6PowhncA6X4MEN1OAB6tACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/rduM0g==</latexit><latexit sha1_base64="E9axecgT/BSbsFvhtOpdbRgoEe0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGOZQL4gOcLeZi5Zs7d37O4J4cgvsLFQxNafZOe/cZNcoYkPBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj/3O0+oNI9l00wT9CM6kjzkjBorNZqDcsWtuguQdeLlpAI56oPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616jetK7S6PowhncA6X4MEN1OAB6tACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/rduM0g==</latexit><latexit sha1_base64="E9axecgT/BSbsFvhtOpdbRgoEe0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGOZQL4gOcLeZi5Zs7d37O4J4cgvsLFQxNafZOe/cZNcoYkPBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj/3O0+oNI9l00wT9CM6kjzkjBorNZqDcsWtuguQdeLlpAI56oPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616jetK7S6PowhncA6X4MEN1OAB6tACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/rduM0g==</latexit><latexit sha1_base64="E9axecgT/BSbsFvhtOpdbRgoEe0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGOZQL4gOcLeZi5Zs7d37O4J4cgvsLFQxNafZOe/cZNcoYkPBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj/3O0+oNI9l00wT9CM6kjzkjBorNZqDcsWtuguQdeLlpAI56oPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616jetK7S6PowhncA6X4MEN1OAB6tACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/rduM0g==</latexit>

�BB ⇠ �! !2

4⇡2
Adete

�!/T

<latexit sha1_base64="BX7O8OUxLeLoNtamSxiu5U3uSEY="></latexit><latexit sha1_base64="BX7O8OUxLeLoNtamSxiu5U3uSEY="></latexit><latexit sha1_base64="BX7O8OUxLeLoNtamSxiu5U3uSEY="></latexit><latexit sha1_base64="BX7O8OUxLeLoNtamSxiu5U3uSEY="></latexit>

�BB ⇠ 10�5 Hz
<latexit sha1_base64="ViW62wnSoqKznhlChiJduZOm1cA=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEgdoEoQCAaGqgx0LBJ9SE2IHNdtrdpJZDtIJcovsPArLAwgxMrGxt/gphmg5UhXOjrnXt17jx8xKpVlfRsLi0vLK6uFteL6xubWtrmz25JhLDBp4pCFouMjSRgNSFNRxUgnEgRxn5G2P7qa+O17IiQNg1s1jojL0SCgfYqR0pJnlp1rxDnyEkdwWKul0JGUQ9u6S47PUpipzhGsP6SeWbIqVgY4T+yclECOhmd+Ob0Qx5wECjMkZde2IuUmSCiKGUmLTixJhPAIDUhX0wBxIt0k+yiFh1rpwX4odAUKZurviQRxKcfc150cqaGc9Sbif143Vv0LN6FBFCsS4OmifsygCuEkHtijgmDFxpogLKi+FeIhEggrHWJRh2DPvjxPWicV26rYN6el6mUeRwHsgwNQBjY4B1VQBw3QBBg8gmfwCt6MJ+PFeDc+pq0LRj6zB/7A+PwBiCWbhQ==</latexit><latexit sha1_base64="ViW62wnSoqKznhlChiJduZOm1cA=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEgdoEoQCAaGqgx0LBJ9SE2IHNdtrdpJZDtIJcovsPArLAwgxMrGxt/gphmg5UhXOjrnXt17jx8xKpVlfRsLi0vLK6uFteL6xubWtrmz25JhLDBp4pCFouMjSRgNSFNRxUgnEgRxn5G2P7qa+O17IiQNg1s1jojL0SCgfYqR0pJnlp1rxDnyEkdwWKul0JGUQ9u6S47PUpipzhGsP6SeWbIqVgY4T+yclECOhmd+Ob0Qx5wECjMkZde2IuUmSCiKGUmLTixJhPAIDUhX0wBxIt0k+yiFh1rpwX4odAUKZurviQRxKcfc150cqaGc9Sbif143Vv0LN6FBFCsS4OmifsygCuEkHtijgmDFxpogLKi+FeIhEggrHWJRh2DPvjxPWicV26rYN6el6mUeRwHsgwNQBjY4B1VQBw3QBBg8gmfwCt6MJ+PFeDc+pq0LRj6zB/7A+PwBiCWbhQ==</latexit><latexit sha1_base64="ViW62wnSoqKznhlChiJduZOm1cA=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEgdoEoQCAaGqgx0LBJ9SE2IHNdtrdpJZDtIJcovsPArLAwgxMrGxt/gphmg5UhXOjrnXt17jx8xKpVlfRsLi0vLK6uFteL6xubWtrmz25JhLDBp4pCFouMjSRgNSFNRxUgnEgRxn5G2P7qa+O17IiQNg1s1jojL0SCgfYqR0pJnlp1rxDnyEkdwWKul0JGUQ9u6S47PUpipzhGsP6SeWbIqVgY4T+yclECOhmd+Ob0Qx5wECjMkZde2IuUmSCiKGUmLTixJhPAIDUhX0wBxIt0k+yiFh1rpwX4odAUKZurviQRxKcfc150cqaGc9Sbif143Vv0LN6FBFCsS4OmifsygCuEkHtijgmDFxpogLKi+FeIhEggrHWJRh2DPvjxPWicV26rYN6el6mUeRwHsgwNQBjY4B1VQBw3QBBg8gmfwCt6MJ+PFeDc+pq0LRj6zB/7A+PwBiCWbhQ==</latexit><latexit sha1_base64="ViW62wnSoqKznhlChiJduZOm1cA=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEgdoEoQCAaGqgx0LBJ9SE2IHNdtrdpJZDtIJcovsPArLAwgxMrGxt/gphmg5UhXOjrnXt17jx8xKpVlfRsLi0vLK6uFteL6xubWtrmz25JhLDBp4pCFouMjSRgNSFNRxUgnEgRxn5G2P7qa+O17IiQNg1s1jojL0SCgfYqR0pJnlp1rxDnyEkdwWKul0JGUQ9u6S47PUpipzhGsP6SeWbIqVgY4T+yclECOhmd+Ob0Qx5wECjMkZde2IuUmSCiKGUmLTixJhPAIDUhX0wBxIt0k+yiFh1rpwX4odAUKZurviQRxKcfc150cqaGc9Sbif143Vv0LN6FBFCsS4OmifsygCuEkHtijgmDFxpogLKi+FeIhEggrHWJRh2DPvjxPWicV26rYN6el6mUeRwHsgwNQBjY4B1VQBw3QBBg8gmfwCt6MJ+PFeDc+pq0LRj6zB/7A+PwBiCWbhQ==</latexit>
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T = 300K
<latexit sha1_base64="U0FqvjfSDxfSniQIj9+d+C8ODNo=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQkpGBV0oFNwIbir0BZ2hZNK0DU0yQ5IRyzC/4saFIm79EXf+jWk7C209cOFwzr3ce08Yc6YNQt9OYWV1bX2juFna2t7Z3XP3yy0dJYrQJol4pDoh1pQzSZuGGU47saJYhJy2w/Ht1G8/UqVZJBtmEtNA4KFkA0awsVLPLTfgDTxHCKa+EtA/hfdZz62gKpoBLhMvJxWQo95zv/x+RBJBpSEca931UGyCFCvDCKdZyU80jTEZ4yHtWiqxoDpIZ7dn8NgqfTiIlC1p4Ez9PZFiofVEhLZTYDPSi95U/M/rJmZwFaRMxomhkswXDRIOTQSnQcA+U5QYPrEEE8XsrZCMsMLE2LhKNgRv8eVl0jqreqjqPVxUatd5HEVwCI7ACfDAJaiBO1AHTUDAE3gGr+DNyZwX5935mLcWnHzmAPyB8/kDgpuSIw==</latexit><latexit sha1_base64="U0FqvjfSDxfSniQIj9+d+C8ODNo=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQkpGBV0oFNwIbir0BZ2hZNK0DU0yQ5IRyzC/4saFIm79EXf+jWk7C209cOFwzr3ce08Yc6YNQt9OYWV1bX2juFna2t7Z3XP3yy0dJYrQJol4pDoh1pQzSZuGGU47saJYhJy2w/Ht1G8/UqVZJBtmEtNA4KFkA0awsVLPLTfgDTxHCKa+EtA/hfdZz62gKpoBLhMvJxWQo95zv/x+RBJBpSEca931UGyCFCvDCKdZyU80jTEZ4yHtWiqxoDpIZ7dn8NgqfTiIlC1p4Ez9PZFiofVEhLZTYDPSi95U/M/rJmZwFaRMxomhkswXDRIOTQSnQcA+U5QYPrEEE8XsrZCMsMLE2LhKNgRv8eVl0jqreqjqPVxUatd5HEVwCI7ACfDAJaiBO1AHTUDAE3gGr+DNyZwX5935mLcWnHzmAPyB8/kDgpuSIw==</latexit><latexit sha1_base64="U0FqvjfSDxfSniQIj9+d+C8ODNo=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQkpGBV0oFNwIbir0BZ2hZNK0DU0yQ5IRyzC/4saFIm79EXf+jWk7C209cOFwzr3ce08Yc6YNQt9OYWV1bX2juFna2t7Z3XP3yy0dJYrQJol4pDoh1pQzSZuGGU47saJYhJy2w/Ht1G8/UqVZJBtmEtNA4KFkA0awsVLPLTfgDTxHCKa+EtA/hfdZz62gKpoBLhMvJxWQo95zv/x+RBJBpSEca931UGyCFCvDCKdZyU80jTEZ4yHtWiqxoDpIZ7dn8NgqfTiIlC1p4Ez9PZFiofVEhLZTYDPSi95U/M/rJmZwFaRMxomhkswXDRIOTQSnQcA+U5QYPrEEE8XsrZCMsMLE2LhKNgRv8eVl0jqreqjqPVxUatd5HEVwCI7ACfDAJaiBO1AHTUDAE3gGr+DNyZwX5935mLcWnHzmAPyB8/kDgpuSIw==</latexit><latexit sha1_base64="U0FqvjfSDxfSniQIj9+d+C8ODNo=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQkpGBV0oFNwIbir0BZ2hZNK0DU0yQ5IRyzC/4saFIm79EXf+jWk7C209cOFwzr3ce08Yc6YNQt9OYWV1bX2juFna2t7Z3XP3yy0dJYrQJol4pDoh1pQzSZuGGU47saJYhJy2w/Ht1G8/UqVZJBtmEtNA4KFkA0awsVLPLTfgDTxHCKa+EtA/hfdZz62gKpoBLhMvJxWQo95zv/x+RBJBpSEca931UGyCFCvDCKdZyU80jTEZ4yHtWiqxoDpIZ7dn8NgqfTiIlC1p4Ez9PZFiofVEhLZTYDPSi95U/M/rJmZwFaRMxomhkswXDRIOTQSnQcA+U5QYPrEEE8XsrZCMsMLE2LhKNgRv8eVl0jqreqjqPVxUatd5HEVwCI7ACfDAJaiBO1AHTUDAE3gGr+DNyZwX5935mLcWnHzmAPyB8/kDgpuSIw==</latexit>

Adet = (100µm)2
<latexit sha1_base64="Q8B9bkF+/7nlATGf5jQwSioXH4g=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICUpgi4UKm5cVrAPaGKYTKbt0JkkzEyEEvIDbvwVNy4UcevenX/jNM1CqwcuHM65l3vv8WNGpbKsL6O0sLi0vFJeraytb2xumds7HRklApM2jlgkej6ShNGQtBVVjPRiQRD3Gen646up370nQtIovFWTmLgcDUM6oBgpLXnmwaWXOoLDgKgMXsCabVkwF5xj6PAE8uzoruGZVatu5YB/iV2QKijQ8sxPJ4hwwkmoMENS9m0rVm6KhKKYkaziJJLECI/RkPQ1DREn0k3zbzJ4qJUADiKhK1QwV39OpIhLOeG+7uRIjeS8NxX/8/qJGpy5KQ3jRJEQzxYNEgZVBKfRwIAKghWbaIKwoPpWiEdIIKx0gBUdgj3/8l/SadRtq27fnFSb50UcZbAH9kEN2OAUNME1aIE2wOABPIEX8Go8Gs/Gm/E+ay0Zxcwu+AXj4xszzpkS</latexit><latexit sha1_base64="Q8B9bkF+/7nlATGf5jQwSioXH4g=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICUpgi4UKm5cVrAPaGKYTKbt0JkkzEyEEvIDbvwVNy4UcevenX/jNM1CqwcuHM65l3vv8WNGpbKsL6O0sLi0vFJeraytb2xumds7HRklApM2jlgkej6ShNGQtBVVjPRiQRD3Gen646up370nQtIovFWTmLgcDUM6oBgpLXnmwaWXOoLDgKgMXsCabVkwF5xj6PAE8uzoruGZVatu5YB/iV2QKijQ8sxPJ4hwwkmoMENS9m0rVm6KhKKYkaziJJLECI/RkPQ1DREn0k3zbzJ4qJUADiKhK1QwV39OpIhLOeG+7uRIjeS8NxX/8/qJGpy5KQ3jRJEQzxYNEgZVBKfRwIAKghWbaIKwoPpWiEdIIKx0gBUdgj3/8l/SadRtq27fnFSb50UcZbAH9kEN2OAUNME1aIE2wOABPIEX8Go8Gs/Gm/E+ay0Zxcwu+AXj4xszzpkS</latexit><latexit sha1_base64="Q8B9bkF+/7nlATGf5jQwSioXH4g=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICUpgi4UKm5cVrAPaGKYTKbt0JkkzEyEEvIDbvwVNy4UcevenX/jNM1CqwcuHM65l3vv8WNGpbKsL6O0sLi0vFJeraytb2xumds7HRklApM2jlgkej6ShNGQtBVVjPRiQRD3Gen646up370nQtIovFWTmLgcDUM6oBgpLXnmwaWXOoLDgKgMXsCabVkwF5xj6PAE8uzoruGZVatu5YB/iV2QKijQ8sxPJ4hwwkmoMENS9m0rVm6KhKKYkaziJJLECI/RkPQ1DREn0k3zbzJ4qJUADiKhK1QwV39OpIhLOeG+7uRIjeS8NxX/8/qJGpy5KQ3jRJEQzxYNEgZVBKfRwIAKghWbaIKwoPpWiEdIIKx0gBUdgj3/8l/SadRtq27fnFSb50UcZbAH9kEN2OAUNME1aIE2wOABPIEX8Go8Gs/Gm/E+ay0Zxcwu+AXj4xszzpkS</latexit><latexit sha1_base64="Q8B9bkF+/7nlATGf5jQwSioXH4g=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICUpgi4UKm5cVrAPaGKYTKbt0JkkzEyEEvIDbvwVNy4UcevenX/jNM1CqwcuHM65l3vv8WNGpbKsL6O0sLi0vFJeraytb2xumds7HRklApM2jlgkej6ShNGQtBVVjPRiQRD3Gen646up370nQtIovFWTmLgcDUM6oBgpLXnmwaWXOoLDgKgMXsCabVkwF5xj6PAE8uzoruGZVatu5YB/iV2QKijQ8sxPJ4hwwkmoMENS9m0rVm6KhKKYkaziJJLECI/RkPQ1DREn0k3zbzJ4qJUADiKhK1QwV39OpIhLOeG+7uRIjeS8NxX/8/qJGpy5KQ3jRJEQzxYNEgZVBKfRwIAKghWbaIKwoPpWiEdIIKx0gBUdgj3/8l/SadRtq27fnFSb50UcZbAH9kEN2OAUNME1aIE2wOABPIEX8Go8Gs/Gm/E+ay0Zxcwu+AXj4xszzpkS</latexit>

�BB down

<latexit sha1_base64="L9De/JtvpY7M8vxsB2sglnL8990=">AAACBXicdVC7SgNBFJ31GeMraqnFYBCsltloNAEL0UJLBZMI2RBmJ5NkyDyWmVk1LGls/BUbC0Vs/Qc7/8ZJjKCiBy4czrmXe++JYs6MRejdm5icmp6Zzcxl5xcWl5ZzK6tVoxJNaIUorvRlhA3lTNKKZZbTy1hTLCJOa1HveOjXrqg2TMkL249pQ+COZG1GsHVSM7cRnmAhcDMNtYBHRwMYikjdpLClruWgmcsjv1AuoZ0yRP5uYadYGJK9InIaDHw0Qh6McdbMvYUtRRJBpSUcG1MPUGwbKdaWEU4H2TAxNMakhzu07qjEgppGOvpiALec0oJtpV1JC0fq94kUC2P6InKdAtuu+e0Nxb+8emLbpUbKZJxYKsnnonbCoVVwGAlsMU2J5X1HMNHM3QpJF2tMrAsu60L4+hT+T6oFP0B+cL6bPzwYx5EB62ATbIMA7INDcArOQAUQcAvuwSN48u68B+/Ze/lsnfDGM2vgB7zXD2+DmIg=</latexit><latexit sha1_base64="L9De/JtvpY7M8vxsB2sglnL8990=">AAACBXicdVC7SgNBFJ31GeMraqnFYBCsltloNAEL0UJLBZMI2RBmJ5NkyDyWmVk1LGls/BUbC0Vs/Qc7/8ZJjKCiBy4czrmXe++JYs6MRejdm5icmp6Zzcxl5xcWl5ZzK6tVoxJNaIUorvRlhA3lTNKKZZbTy1hTLCJOa1HveOjXrqg2TMkL249pQ+COZG1GsHVSM7cRnmAhcDMNtYBHRwMYikjdpLClruWgmcsjv1AuoZ0yRP5uYadYGJK9InIaDHw0Qh6McdbMvYUtRRJBpSUcG1MPUGwbKdaWEU4H2TAxNMakhzu07qjEgppGOvpiALec0oJtpV1JC0fq94kUC2P6InKdAtuu+e0Nxb+8emLbpUbKZJxYKsnnonbCoVVwGAlsMU2J5X1HMNHM3QpJF2tMrAsu60L4+hT+T6oFP0B+cL6bPzwYx5EB62ATbIMA7INDcArOQAUQcAvuwSN48u68B+/Ze/lsnfDGM2vgB7zXD2+DmIg=</latexit><latexit sha1_base64="L9De/JtvpY7M8vxsB2sglnL8990=">AAACBXicdVC7SgNBFJ31GeMraqnFYBCsltloNAEL0UJLBZMI2RBmJ5NkyDyWmVk1LGls/BUbC0Vs/Qc7/8ZJjKCiBy4czrmXe++JYs6MRejdm5icmp6Zzcxl5xcWl5ZzK6tVoxJNaIUorvRlhA3lTNKKZZbTy1hTLCJOa1HveOjXrqg2TMkL249pQ+COZG1GsHVSM7cRnmAhcDMNtYBHRwMYikjdpLClruWgmcsjv1AuoZ0yRP5uYadYGJK9InIaDHw0Qh6McdbMvYUtRRJBpSUcG1MPUGwbKdaWEU4H2TAxNMakhzu07qjEgppGOvpiALec0oJtpV1JC0fq94kUC2P6InKdAtuu+e0Nxb+8emLbpUbKZJxYKsnnonbCoVVwGAlsMU2J5X1HMNHM3QpJF2tMrAsu60L4+hT+T6oFP0B+cL6bPzwYx5EB62ATbIMA7INDcArOQAUQcAvuwSN48u68B+/Ze/lsnfDGM2vgB7zXD2+DmIg=</latexit><latexit sha1_base64="L9De/JtvpY7M8vxsB2sglnL8990=">AAACBXicdVC7SgNBFJ31GeMraqnFYBCsltloNAEL0UJLBZMI2RBmJ5NkyDyWmVk1LGls/BUbC0Vs/Qc7/8ZJjKCiBy4czrmXe++JYs6MRejdm5icmp6Zzcxl5xcWl5ZzK6tVoxJNaIUorvRlhA3lTNKKZZbTy1hTLCJOa1HveOjXrqg2TMkL249pQ+COZG1GsHVSM7cRnmAhcDMNtYBHRwMYikjdpLClruWgmcsjv1AuoZ0yRP5uYadYGJK9InIaDHw0Qh6McdbMvYUtRRJBpSUcG1MPUGwbKdaWEU4H2TAxNMakhzu07qjEgppGOvpiALec0oJtpV1JC0fq94kUC2P6InKdAtuu+e0Nxb+8emLbpUbKZJxYKsnnonbCoVVwGAlsMU2J5X1HMNHM3QpJF2tMrAsu60L4+hT+T6oFP0B+cL6bPzwYx5EB62ATbIMA7INDcArOQAUQcAvuwSN48u68B+/Ze/lsnfDGM2vgB7zXD2+DmIg=</latexit>



Radioactivity / cosmic rays
• Materials of target, shielding, detector etc will contain some 

radioactive isotopes; unpurified materials could result in          

• Cosmic ray muons: flux                       , each deposits energy                   
in target

• All of these events much more energetic than signal photons, 
and unless they shower into very many particles, unlikely to hit 
small detector

• Characterise these backgrounds: active veto / purification / 
shielding if necessary

⇠ 1� 100 keV
<latexit sha1_base64="epVtRilQIlJ8WNzKRGg5cpkU64w=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEF1oSEXThouDGZQX7gM5QMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YPhbaeuDC4Zx7ufeeKBXcWIS+vcLS8srqWnG9tLG5tb3j7+41TJJpyuo0EYluRcQwwRWrW24Fa6WaERkJ1owGN2O/+cC04Ym6t8OUhZL0FI85JdZJHf8gMFxCDM8gRgjmgZYwOIUD1hh1/DKqoAngIsEzUgYz1Dr+V9BNaCaZslQQY9oYpTbMibacCjYqBZlhKaED0mNtRxWRzIT55IURPHZKF8aJdqUsnKi/J3IijRnKyHVKYvtm3huL/3ntzMZXYc5Vmlmm6HRRnAloEzjOA3a5ZtSKoSOEau5uhbRPNKHWpVZyIeD5lxdJ47yCUQXfXZSr17M4iuAQHIETgMElqIJbUAN1QMEjeAav4M178l68d+9j2lrwZjP74A+8zx9e/pTU</latexit><latexit sha1_base64="epVtRilQIlJ8WNzKRGg5cpkU64w=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEF1oSEXThouDGZQX7gM5QMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YPhbaeuDC4Zx7ufeeKBXcWIS+vcLS8srqWnG9tLG5tb3j7+41TJJpyuo0EYluRcQwwRWrW24Fa6WaERkJ1owGN2O/+cC04Ym6t8OUhZL0FI85JdZJHf8gMFxCDM8gRgjmgZYwOIUD1hh1/DKqoAngIsEzUgYz1Dr+V9BNaCaZslQQY9oYpTbMibacCjYqBZlhKaED0mNtRxWRzIT55IURPHZKF8aJdqUsnKi/J3IijRnKyHVKYvtm3huL/3ntzMZXYc5Vmlmm6HRRnAloEzjOA3a5ZtSKoSOEau5uhbRPNKHWpVZyIeD5lxdJ47yCUQXfXZSr17M4iuAQHIETgMElqIJbUAN1QMEjeAav4M178l68d+9j2lrwZjP74A+8zx9e/pTU</latexit><latexit sha1_base64="epVtRilQIlJ8WNzKRGg5cpkU64w=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEF1oSEXThouDGZQX7gM5QMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YPhbaeuDC4Zx7ufeeKBXcWIS+vcLS8srqWnG9tLG5tb3j7+41TJJpyuo0EYluRcQwwRWrW24Fa6WaERkJ1owGN2O/+cC04Ym6t8OUhZL0FI85JdZJHf8gMFxCDM8gRgjmgZYwOIUD1hh1/DKqoAngIsEzUgYz1Dr+V9BNaCaZslQQY9oYpTbMibacCjYqBZlhKaED0mNtRxWRzIT55IURPHZKF8aJdqUsnKi/J3IijRnKyHVKYvtm3huL/3ntzMZXYc5Vmlmm6HRRnAloEzjOA3a5ZtSKoSOEau5uhbRPNKHWpVZyIeD5lxdJ47yCUQXfXZSr17M4iuAQHIETgMElqIJbUAN1QMEjeAav4M178l68d+9j2lrwZjP74A+8zx9e/pTU</latexit><latexit sha1_base64="epVtRilQIlJ8WNzKRGg5cpkU64w=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEF1oSEXThouDGZQX7gM5QMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YPhbaeuDC4Zx7ufeeKBXcWIS+vcLS8srqWnG9tLG5tb3j7+41TJJpyuo0EYluRcQwwRWrW24Fa6WaERkJ1owGN2O/+cC04Ym6t8OUhZL0FI85JdZJHf8gMFxCDM8gRgjmgZYwOIUD1hh1/DKqoAngIsEzUgYz1Dr+V9BNaCaZslQQY9oYpTbMibacCjYqBZlhKaED0mNtRxWRzIT55IURPHZKF8aJdqUsnKi/J3IijRnKyHVKYvtm3huL/3ntzMZXYc5Vmlmm6HRRnAloEzjOA3a5ZtSKoSOEau5uhbRPNKHWpVZyIeD5lxdJ47yCUQXfXZSr17M4iuAQHIETgMElqIJbUAN1QMEjeAav4M178l68d+9j2lrwZjP74A+8zx9e/pTU</latexit>

⇠ 1/(10 cm2 sec)
<latexit sha1_base64="yfmh8pv+Nyt7avrByZ35i1XA3ZU=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoQeqkCLpwUXDjsoJ9QGcsmTTTBpOZIckIZZhvcOOvuHGhiFtX7vwb03YQbT1w4eSce8m9x485U9pxvqzC0vLK6lpxvbSxubW9Y+/utVWUSEJbJOKR7PpYUc5C2tJMc9qNJcXC57Tj311O/M49lYpF4Y0ex9QTeBiygBGsjdS3q65iAiJ4AivIgakrBXSPIRHZbR3+PBUlWbVvl52aMwVcJCgnZZCj2bc/3UFEEkFDTThWqoecWHsplpoRTrOSmygaY3KHh7RnaIgFVV46PSmDR0YZwCCSpkINp+rviRQLpcbCN50C65Ga9ybif14v0cG5l7IwTjQNyeyjIOFQR3CSDxwwSYnmY0MwkczsCskIS0y0SbFkQkDzJy+Sdr2GnBq6Pi03LvI4iuAAHIIKQOAMNMAVaIIWIOABPIEX8Go9Ws/Wm/U+ay1Y+cw++APr4xuYcZpH</latexit><latexit sha1_base64="yfmh8pv+Nyt7avrByZ35i1XA3ZU=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoQeqkCLpwUXDjsoJ9QGcsmTTTBpOZIckIZZhvcOOvuHGhiFtX7vwb03YQbT1w4eSce8m9x485U9pxvqzC0vLK6lpxvbSxubW9Y+/utVWUSEJbJOKR7PpYUc5C2tJMc9qNJcXC57Tj311O/M49lYpF4Y0ex9QTeBiygBGsjdS3q65iAiJ4AivIgakrBXSPIRHZbR3+PBUlWbVvl52aMwVcJCgnZZCj2bc/3UFEEkFDTThWqoecWHsplpoRTrOSmygaY3KHh7RnaIgFVV46PSmDR0YZwCCSpkINp+rviRQLpcbCN50C65Ga9ybif14v0cG5l7IwTjQNyeyjIOFQR3CSDxwwSYnmY0MwkczsCskIS0y0SbFkQkDzJy+Sdr2GnBq6Pi03LvI4iuAAHIIKQOAMNMAVaIIWIOABPIEX8Go9Ws/Wm/U+ay1Y+cw++APr4xuYcZpH</latexit><latexit sha1_base64="yfmh8pv+Nyt7avrByZ35i1XA3ZU=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoQeqkCLpwUXDjsoJ9QGcsmTTTBpOZIckIZZhvcOOvuHGhiFtX7vwb03YQbT1w4eSce8m9x485U9pxvqzC0vLK6lpxvbSxubW9Y+/utVWUSEJbJOKR7PpYUc5C2tJMc9qNJcXC57Tj311O/M49lYpF4Y0ex9QTeBiygBGsjdS3q65iAiJ4AivIgakrBXSPIRHZbR3+PBUlWbVvl52aMwVcJCgnZZCj2bc/3UFEEkFDTThWqoecWHsplpoRTrOSmygaY3KHh7RnaIgFVV46PSmDR0YZwCCSpkINp+rviRQLpcbCN50C65Ga9ybif14v0cG5l7IwTjQNyeyjIOFQR3CSDxwwSYnmY0MwkczsCskIS0y0SbFkQkDzJy+Sdr2GnBq6Pi03LvI4iuAAHIIKQOAMNMAVaIIWIOABPIEX8Go9Ws/Wm/U+ay1Y+cw++APr4xuYcZpH</latexit><latexit sha1_base64="yfmh8pv+Nyt7avrByZ35i1XA3ZU=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoQeqkCLpwUXDjsoJ9QGcsmTTTBpOZIckIZZhvcOOvuHGhiFtX7vwb03YQbT1w4eSce8m9x485U9pxvqzC0vLK6lpxvbSxubW9Y+/utVWUSEJbJOKR7PpYUc5C2tJMc9qNJcXC57Tj311O/M49lYpF4Y0ex9QTeBiygBGsjdS3q65iAiJ4AivIgakrBXSPIRHZbR3+PBUlWbVvl52aMwVcJCgnZZCj2bc/3UFEEkFDTThWqoecWHsplpoRTrOSmygaY3KHh7RnaIgFVV46PSmDR0YZwCCSpkINp+rviRQLpcbCN50C65Ga9ybif14v0cG5l7IwTjQNyeyjIOFQR3CSDxwwSYnmY0MwkczsCskIS0y0SbFkQkDzJy+Sdr2GnBq6Pi03LvI4iuAAHIIKQOAMNMAVaIIWIOABPIEX8Go9Ws/Wm/U+ay1Y+cw++APr4xuYcZpH</latexit>

⇠ 100 decays / sec
<latexit sha1_base64="XFnYhzwdHczv5UBRC8HcYjo7/Ek=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5qIoAcPBS8eK9gPaELZbCbt0t0k7G7EEnry4l/x4kERr/4Gb/4bt20O2vpg4PHeDDPzgpQzpR3n2yotLa+srpXXKxubW9s79u5eSyWZpNCkCU9kJyAKOIuhqZnm0EklEBFwaAfD64nfvgepWBLf6VEKviD9mEWMEm2knn3oKSaw6zjYE0HykOMQKBkpfIoV0HHPrjo1Zwq8SNyCVFGBRs/+8sKEZgJiTTlRqus6qfZzIjWjHMYVL1OQEjokfegaGhMBys+nb4zxsVFCHCXSVKzxVP09kROh1EgEplMQPVDz3kT8z+tmOrr0cxanmYaYzhZFGcc6wZNMcMgkUM1HhhAqmbkV0wGRhGqTXMWE4M6/vEhaZzXXqbm359X6VRFHGR2gI3SCXHSB6ugGNVATUfSIntErerOerBfr3fqYtZasYmYf/YH1+QMFQ5eK</latexit><latexit sha1_base64="XFnYhzwdHczv5UBRC8HcYjo7/Ek=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5qIoAcPBS8eK9gPaELZbCbt0t0k7G7EEnry4l/x4kERr/4Gb/4bt20O2vpg4PHeDDPzgpQzpR3n2yotLa+srpXXKxubW9s79u5eSyWZpNCkCU9kJyAKOIuhqZnm0EklEBFwaAfD64nfvgepWBLf6VEKviD9mEWMEm2knn3oKSaw6zjYE0HykOMQKBkpfIoV0HHPrjo1Zwq8SNyCVFGBRs/+8sKEZgJiTTlRqus6qfZzIjWjHMYVL1OQEjokfegaGhMBys+nb4zxsVFCHCXSVKzxVP09kROh1EgEplMQPVDz3kT8z+tmOrr0cxanmYaYzhZFGcc6wZNMcMgkUM1HhhAqmbkV0wGRhGqTXMWE4M6/vEhaZzXXqbm359X6VRFHGR2gI3SCXHSB6ugGNVATUfSIntErerOerBfr3fqYtZasYmYf/YH1+QMFQ5eK</latexit><latexit sha1_base64="XFnYhzwdHczv5UBRC8HcYjo7/Ek=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5qIoAcPBS8eK9gPaELZbCbt0t0k7G7EEnry4l/x4kERr/4Gb/4bt20O2vpg4PHeDDPzgpQzpR3n2yotLa+srpXXKxubW9s79u5eSyWZpNCkCU9kJyAKOIuhqZnm0EklEBFwaAfD64nfvgepWBLf6VEKviD9mEWMEm2knn3oKSaw6zjYE0HykOMQKBkpfIoV0HHPrjo1Zwq8SNyCVFGBRs/+8sKEZgJiTTlRqus6qfZzIjWjHMYVL1OQEjokfegaGhMBys+nb4zxsVFCHCXSVKzxVP09kROh1EgEplMQPVDz3kT8z+tmOrr0cxanmYaYzhZFGcc6wZNMcMgkUM1HhhAqmbkV0wGRhGqTXMWE4M6/vEhaZzXXqbm359X6VRFHGR2gI3SCXHSB6ugGNVATUfSIntErerOerBfr3fqYtZasYmYf/YH1+QMFQ5eK</latexit><latexit sha1_base64="XFnYhzwdHczv5UBRC8HcYjo7/Ek=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5qIoAcPBS8eK9gPaELZbCbt0t0k7G7EEnry4l/x4kERr/4Gb/4bt20O2vpg4PHeDDPzgpQzpR3n2yotLa+srpXXKxubW9s79u5eSyWZpNCkCU9kJyAKOIuhqZnm0EklEBFwaAfD64nfvgepWBLf6VEKviD9mEWMEm2knn3oKSaw6zjYE0HykOMQKBkpfIoV0HHPrjo1Zwq8SNyCVFGBRs/+8sKEZgJiTTlRqus6qfZzIjWjHMYVL1OQEjokfegaGhMBys+nb4zxsVFCHCXSVKzxVP09kROh1EgEplMQPVDz3kT8z+tmOrr0cxanmYaYzhZFGcc6wZNMcMgkUM1HhhAqmbkV0wGRhGqTXMWE4M6/vEhaZzXXqbm359X6VRFHGR2gI3SCXHSB6ugGNVATUfSIntErerOerBfr3fqYtZasYmYf/YH1+QMFQ5eK</latexit>



Dark photon conversion
• Simplest form of spin-1 DM interaction is coupling to EM current: 
 

• Also least constrained by current experiments, because of mixing 
with photon

• Non-relativistic dark photon DM oscillation acts like effective current 
density, 

• Comparing to “axion current”                , dark photons convert to 
photons in dielectric layers, even without magnetic field  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<latexit sha1_base64="fKtGleUbWcyZMbJ8+OEKqhvThII="></latexit><latexit sha1_base64="fKtGleUbWcyZMbJ8+OEKqhvThII="></latexit><latexit sha1_base64="fKtGleUbWcyZMbJ8+OEKqhvThII="></latexit><latexit sha1_base64="fKtGleUbWcyZMbJ8+OEKqhvThII="></latexit>

Ja ' gȧB0
<latexit sha1_base64="aXbJ5vgNZA9BER7UDO6N6ExUhmk=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAq7ImhhEbQRqwjmAUlY7k5mkyEzs+vMrBCWNP6KjYUitn6GnX/jJNlCEw8MHM65hzv3hAln2njet1NYWl5ZXSuulzY2t7Z33N29ho5TRWidxDxWrRA05UzSumGG01aiKIiQ02Y4vJ74zUeqNIvlvRkltCugL1nECBgrBe7BbQC4o5mgD7iPO73YYMBXgRe4Za/iTYEXiZ+TMspRC9wvGyapoNIQDlq3fS8x3QyUYYTTcamTapoAGUKfti2VIKjuZtMDxvjYKj0cxco+afBU/Z3IQGg9EqGdFGAGet6biP957dREF92MySQ1VJLZoijl2MR40gbuMUWJ4SNLgChm/4rJABQQYzsr2RL8+ZMXSeO04nsV/+6sXL3M6yiiQ3SETpCPzlEV3aAaqiOCxugZvaI358l5cd6dj9lowckz++gPnM8fWaCU7A==</latexit><latexit sha1_base64="aXbJ5vgNZA9BER7UDO6N6ExUhmk=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAq7ImhhEbQRqwjmAUlY7k5mkyEzs+vMrBCWNP6KjYUitn6GnX/jJNlCEw8MHM65hzv3hAln2njet1NYWl5ZXSuulzY2t7Z33N29ho5TRWidxDxWrRA05UzSumGG01aiKIiQ02Y4vJ74zUeqNIvlvRkltCugL1nECBgrBe7BbQC4o5mgD7iPO73YYMBXgRe4Za/iTYEXiZ+TMspRC9wvGyapoNIQDlq3fS8x3QyUYYTTcamTapoAGUKfti2VIKjuZtMDxvjYKj0cxco+afBU/Z3IQGg9EqGdFGAGet6biP957dREF92MySQ1VJLZoijl2MR40gbuMUWJ4SNLgChm/4rJABQQYzsr2RL8+ZMXSeO04nsV/+6sXL3M6yiiQ3SETpCPzlEV3aAaqiOCxugZvaI358l5cd6dj9lowckz++gPnM8fWaCU7A==</latexit><latexit sha1_base64="aXbJ5vgNZA9BER7UDO6N6ExUhmk=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAq7ImhhEbQRqwjmAUlY7k5mkyEzs+vMrBCWNP6KjYUitn6GnX/jJNlCEw8MHM65hzv3hAln2njet1NYWl5ZXSuulzY2t7Z33N29ho5TRWidxDxWrRA05UzSumGG01aiKIiQ02Y4vJ74zUeqNIvlvRkltCugL1nECBgrBe7BbQC4o5mgD7iPO73YYMBXgRe4Za/iTYEXiZ+TMspRC9wvGyapoNIQDlq3fS8x3QyUYYTTcamTapoAGUKfti2VIKjuZtMDxvjYKj0cxco+afBU/Z3IQGg9EqGdFGAGet6biP957dREF92MySQ1VJLZoijl2MR40gbuMUWJ4SNLgChm/4rJABQQYzsr2RL8+ZMXSeO04nsV/+6sXL3M6yiiQ3SETpCPzlEV3aAaqiOCxugZvaI358l5cd6dj9lowckz++gPnM8fWaCU7A==</latexit><latexit sha1_base64="aXbJ5vgNZA9BER7UDO6N6ExUhmk=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAq7ImhhEbQRqwjmAUlY7k5mkyEzs+vMrBCWNP6KjYUitn6GnX/jJNlCEw8MHM65hzv3hAln2njet1NYWl5ZXSuulzY2t7Z33N29ho5TRWidxDxWrRA05UzSumGG01aiKIiQ02Y4vJ74zUeqNIvlvRkltCugL1nECBgrBe7BbQC4o5mgD7iPO73YYMBXgRe4Za/iTYEXiZ+TMspRC9wvGyapoNIQDlq3fS8x3QyUYYTTcamTapoAGUKfti2VIKjuZtMDxvjYKj0cxco+afBU/Z3IQGg9EqGdFGAGet6biP957dREF92MySQ1VJLZoijl2MR40gbuMUWJ4SNLgChm/4rJABQQYzsr2RL8+ZMXSeO04nsV/+6sXL3M6yiiQ3SETpCPzlEV3aAaqiOCxugZvaI358l5cd6dj9lowckz++gPnM8fWaCU7A==</latexit>
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<latexit sha1_base64="QQyETJW6kBC1FO3SJ0zWfoW5pZk="></latexit><latexit sha1_base64="QQyETJW6kBC1FO3SJ0zWfoW5pZk="></latexit><latexit sha1_base64="QQyETJW6kBC1FO3SJ0zWfoW5pZk="></latexit><latexit sha1_base64="QQyETJW6kBC1FO3SJ0zWfoW5pZk="></latexit>

JA0 ' m@tA
0

<latexit sha1_base64="Q6XZxkrqPyvZTcYmN5yt2p2Uhxo=">AAACDXicbVC7SgNBFJ2NrxhfUUubwSixCrsiaGGRYCNWEcwDsmG5O5kkQ2Z2x5lZISz5ARt/xcZCEVt7O//GyaPQxAMXDufcO3PvCSVn2rjut5NZWl5ZXcuu5zY2t7Z38rt7dR0nitAaiXmsmiFoyllEa4YZTptSURAhp41wcDX2Gw9UaRZHd2YoaVtAL2JdRsBYKcgf3QRppTjCvmaC3mN/AFICFtiXoAwDHhhcKQb5gltyJ8CLxJuRApqhGuS//E5MEkEjQzho3fJcadrp+EnC6SjnJ5pKIAPo0ZalEQiq2+nkmhE+tkoHd2NlKzJ4ov6eSEFoPRSh7RRg+nreG4v/ea3EdC/aKYtkYmhEph91E45NjMfR4A5TlBg+tASIYnZXTPqggBgbYM6G4M2fvEjqpyXPLXm3Z4Xy5SyOLDpAh+gEeegcldE1qqIaIugRPaNX9OY8OS/Ou/Mxbc04s5l99AfO5w+FuJqL</latexit><latexit sha1_base64="Q6XZxkrqPyvZTcYmN5yt2p2Uhxo=">AAACDXicbVC7SgNBFJ2NrxhfUUubwSixCrsiaGGRYCNWEcwDsmG5O5kkQ2Z2x5lZISz5ARt/xcZCEVt7O//GyaPQxAMXDufcO3PvCSVn2rjut5NZWl5ZXcuu5zY2t7Z38rt7dR0nitAaiXmsmiFoyllEa4YZTptSURAhp41wcDX2Gw9UaRZHd2YoaVtAL2JdRsBYKcgf3QRppTjCvmaC3mN/AFICFtiXoAwDHhhcKQb5gltyJ8CLxJuRApqhGuS//E5MEkEjQzho3fJcadrp+EnC6SjnJ5pKIAPo0ZalEQiq2+nkmhE+tkoHd2NlKzJ4ov6eSEFoPRSh7RRg+nreG4v/ea3EdC/aKYtkYmhEph91E45NjMfR4A5TlBg+tASIYnZXTPqggBgbYM6G4M2fvEjqpyXPLXm3Z4Xy5SyOLDpAh+gEeegcldE1qqIaIugRPaNX9OY8OS/Ou/Mxbc04s5l99AfO5w+FuJqL</latexit><latexit sha1_base64="Q6XZxkrqPyvZTcYmN5yt2p2Uhxo=">AAACDXicbVC7SgNBFJ2NrxhfUUubwSixCrsiaGGRYCNWEcwDsmG5O5kkQ2Z2x5lZISz5ARt/xcZCEVt7O//GyaPQxAMXDufcO3PvCSVn2rjut5NZWl5ZXcuu5zY2t7Z38rt7dR0nitAaiXmsmiFoyllEa4YZTptSURAhp41wcDX2Gw9UaRZHd2YoaVtAL2JdRsBYKcgf3QRppTjCvmaC3mN/AFICFtiXoAwDHhhcKQb5gltyJ8CLxJuRApqhGuS//E5MEkEjQzho3fJcadrp+EnC6SjnJ5pKIAPo0ZalEQiq2+nkmhE+tkoHd2NlKzJ4ov6eSEFoPRSh7RRg+nreG4v/ea3EdC/aKYtkYmhEph91E45NjMfR4A5TlBg+tASIYnZXTPqggBgbYM6G4M2fvEjqpyXPLXm3Z4Xy5SyOLDpAh+gEeegcldE1qqIaIugRPaNX9OY8OS/Ou/Mxbc04s5l99AfO5w+FuJqL</latexit><latexit sha1_base64="Q6XZxkrqPyvZTcYmN5yt2p2Uhxo=">AAACDXicbVC7SgNBFJ2NrxhfUUubwSixCrsiaGGRYCNWEcwDsmG5O5kkQ2Z2x5lZISz5ARt/xcZCEVt7O//GyaPQxAMXDufcO3PvCSVn2rjut5NZWl5ZXcuu5zY2t7Z38rt7dR0nitAaiXmsmiFoyllEa4YZTptSURAhp41wcDX2Gw9UaRZHd2YoaVtAL2JdRsBYKcgf3QRppTjCvmaC3mN/AFICFtiXoAwDHhhcKQb5gltyJ8CLxJuRApqhGuS//E5MEkEjQzho3fJcadrp+EnC6SjnJ5pKIAPo0ZalEQiq2+nkmhE+tkoHd2NlKzJ4ov6eSEFoPRSh7RRg+nreG4v/ea3EdC/aKYtkYmhEph91E45NjMfR4A5TlBg+tASIYnZXTPqggBgbYM6G4M2fvEjqpyXPLXm3Z4Xy5SyOLDpAh+gEeegcldE1qqIaIugRPaNX9OY8OS/Ou/Mxbc04s5l99AfO5w+FuJqL</latexit>



Dark photon sensitivity
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<latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit>
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<latexit sha1_base64="xs6uyDnF2waC8avgmTaoQYvYzD0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEBV0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB0dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/K4WD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fEteYDw==</latexit><latexit sha1_base64="xs6uyDnF2waC8avgmTaoQYvYzD0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEBV0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB0dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/K4WD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fEteYDw==</latexit><latexit sha1_base64="xs6uyDnF2waC8avgmTaoQYvYzD0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEBV0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB0dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/K4WD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fEteYDw==</latexit><latexit sha1_base64="xs6uyDnF2waC8avgmTaoQYvYzD0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEBV0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB0dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/K4WD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fEteYDw==</latexit>

30 periods, (10 cm)

2
<latexit sha1_base64="b7AXGfN5hUdGVdQsNqFbL7+llPc=">AAACD3icbVDLSgMxFM3UV62vqks3waJUKCVTBV24KLhxWcE+oFNLJs20oclkSDJiGfoHbvwVNy4UcevWnX9j2s5CWw9cOJxzL/fe40ecaYPQt5NZWl5ZXcuu5zY2t7Z38rt7DS1jRWidSC5Vy8eachbSumGG01akKBY+p01/eDXxm/dUaSbDWzOKaEfgfsgCRrCxUjd/7AlfPiSnCEZUMdnTJTiGRRfBxFMCeiVIxPjkrtLNF1AZTQEXiZuSAkhR6+a/vJ4ksaChIRxr3XZRZDoJVoYRTsc5L9Y0wmSI+7RtaYgF1Z1k+s8YHlmlBwOpbIUGTtXfEwkWWo+EbzsFNgM9703E/7x2bIKLTsLCKDY0JLNFQcyhkXASDuwxRYnhI0swUczeCskAK0yMjTBnQ3DnX14kjUrZRWX35qxQvUzjyIIDcAiKwAXnoAquQQ3UAQGP4Bm8gjfnyXlx3p2PWWvGSWf2wR84nz9Lg5o9</latexit><latexit sha1_base64="b7AXGfN5hUdGVdQsNqFbL7+llPc=">AAACD3icbVDLSgMxFM3UV62vqks3waJUKCVTBV24KLhxWcE+oFNLJs20oclkSDJiGfoHbvwVNy4UcevWnX9j2s5CWw9cOJxzL/fe40ecaYPQt5NZWl5ZXcuu5zY2t7Z38rt7DS1jRWidSC5Vy8eachbSumGG01akKBY+p01/eDXxm/dUaSbDWzOKaEfgfsgCRrCxUjd/7AlfPiSnCEZUMdnTJTiGRRfBxFMCeiVIxPjkrtLNF1AZTQEXiZuSAkhR6+a/vJ4ksaChIRxr3XZRZDoJVoYRTsc5L9Y0wmSI+7RtaYgF1Z1k+s8YHlmlBwOpbIUGTtXfEwkWWo+EbzsFNgM9703E/7x2bIKLTsLCKDY0JLNFQcyhkXASDuwxRYnhI0swUczeCskAK0yMjTBnQ3DnX14kjUrZRWX35qxQvUzjyIIDcAiKwAXnoAquQQ3UAQGP4Bm8gjfnyXlx3p2PWWvGSWf2wR84nz9Lg5o9</latexit><latexit sha1_base64="b7AXGfN5hUdGVdQsNqFbL7+llPc=">AAACD3icbVDLSgMxFM3UV62vqks3waJUKCVTBV24KLhxWcE+oFNLJs20oclkSDJiGfoHbvwVNy4UcevWnX9j2s5CWw9cOJxzL/fe40ecaYPQt5NZWl5ZXcuu5zY2t7Z38rt7DS1jRWidSC5Vy8eachbSumGG01akKBY+p01/eDXxm/dUaSbDWzOKaEfgfsgCRrCxUjd/7AlfPiSnCEZUMdnTJTiGRRfBxFMCeiVIxPjkrtLNF1AZTQEXiZuSAkhR6+a/vJ4ksaChIRxr3XZRZDoJVoYRTsc5L9Y0wmSI+7RtaYgF1Z1k+s8YHlmlBwOpbIUGTtXfEwkWWo+EbzsFNgM9703E/7x2bIKLTsLCKDY0JLNFQcyhkXASDuwxRYnhI0swUczeCskAK0yMjTBnQ3DnX14kjUrZRWX35qxQvUzjyIIDcAiKwAXnoAquQQ3UAQGP4Bm8gjfnyXlx3p2PWWvGSWf2wR84nz9Lg5o9</latexit><latexit sha1_base64="b7AXGfN5hUdGVdQsNqFbL7+llPc=">AAACD3icbVDLSgMxFM3UV62vqks3waJUKCVTBV24KLhxWcE+oFNLJs20oclkSDJiGfoHbvwVNy4UcevWnX9j2s5CWw9cOJxzL/fe40ecaYPQt5NZWl5ZXcuu5zY2t7Z38rt7DS1jRWidSC5Vy8eachbSumGG01akKBY+p01/eDXxm/dUaSbDWzOKaEfgfsgCRrCxUjd/7AlfPiSnCEZUMdnTJTiGRRfBxFMCeiVIxPjkrtLNF1AZTQEXiZuSAkhR6+a/vJ4ksaChIRxr3XZRZDoJVoYRTsc5L9Y0wmSI+7RtaYgF1Z1k+s8YHlmlBwOpbIUGTtXfEwkWWo+EbzsFNgM9703E/7x2bIKLTsLCKDY0JLNFQcyhkXASDuwxRYnhI0swUczeCskAK0yMjTBnQ3DnX14kjUrZRWX35qxQvUzjyIIDcAiKwAXnoAquQQ3UAQGP4Bm8gjfnyXlx3p2PWWvGSWf2wR84nz9Lg5o9</latexit>

tint = 106 sec
<latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit>

⌘det = 0.1
<latexit sha1_base64="r3Cb+yGTX4B/wviDmkeOTnBwG6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0oBLx4jGBiIFmW2dneZMjsg5leIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7vJTKTTa9rdVWlpeWV0rr1c2Nre2d6q7e22dZIpDiycyUR2faZAihhYKlNBJFbDIl3DvD68n/v0DKC2S+A5HKbgR68ciFJyhkbzqQQ+QeXlPRTQAHNMratcdr1qz6/YUdJE4BamRAk2v+tULEp5FECOXTOuuY6fo5kyh4BLGlV6mIWV8yPrQNTRmEWg3n14/psdGCWiYKFMx0qn6eyJnkdajyDedEcOBnvcm4n9eN8Pwws1FnGYIMZ8tCjNJMaGTKGggFHCUI0MYV8LcSvmAKcbRBFYxITjzLy+S9mndMYndntUal0UcZXJIjsgJccg5aZAb0iQtwskjeSav5M16sl6sd+tj1lqyipl98gfW5w+g3JP+</latexit><latexit sha1_base64="r3Cb+yGTX4B/wviDmkeOTnBwG6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0oBLx4jGBiIFmW2dneZMjsg5leIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7vJTKTTa9rdVWlpeWV0rr1c2Nre2d6q7e22dZIpDiycyUR2faZAihhYKlNBJFbDIl3DvD68n/v0DKC2S+A5HKbgR68ciFJyhkbzqQQ+QeXlPRTQAHNMratcdr1qz6/YUdJE4BamRAk2v+tULEp5FECOXTOuuY6fo5kyh4BLGlV6mIWV8yPrQNTRmEWg3n14/psdGCWiYKFMx0qn6eyJnkdajyDedEcOBnvcm4n9eN8Pwws1FnGYIMZ8tCjNJMaGTKGggFHCUI0MYV8LcSvmAKcbRBFYxITjzLy+S9mndMYndntUal0UcZXJIjsgJccg5aZAb0iQtwskjeSav5M16sl6sd+tj1lqyipl98gfW5w+g3JP+</latexit><latexit sha1_base64="r3Cb+yGTX4B/wviDmkeOTnBwG6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0oBLx4jGBiIFmW2dneZMjsg5leIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7vJTKTTa9rdVWlpeWV0rr1c2Nre2d6q7e22dZIpDiycyUR2faZAihhYKlNBJFbDIl3DvD68n/v0DKC2S+A5HKbgR68ciFJyhkbzqQQ+QeXlPRTQAHNMratcdr1qz6/YUdJE4BamRAk2v+tULEp5FECOXTOuuY6fo5kyh4BLGlV6mIWV8yPrQNTRmEWg3n14/psdGCWiYKFMx0qn6eyJnkdajyDedEcOBnvcm4n9eN8Pwws1FnGYIMZ8tCjNJMaGTKGggFHCUI0MYV8LcSvmAKcbRBFYxITjzLy+S9mndMYndntUal0UcZXJIjsgJccg5aZAb0iQtwskjeSav5M16sl6sd+tj1lqyipl98gfW5w+g3JP+</latexit><latexit sha1_base64="r3Cb+yGTX4B/wviDmkeOTnBwG6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0oBLx4jGBiIFmW2dneZMjsg5leIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7vJTKTTa9rdVWlpeWV0rr1c2Nre2d6q7e22dZIpDiycyUR2faZAihhYKlNBJFbDIl3DvD68n/v0DKC2S+A5HKbgR68ciFJyhkbzqQQ+QeXlPRTQAHNMratcdr1qz6/YUdJE4BamRAk2v+tULEp5FECOXTOuuY6fo5kyh4BLGlV6mIWV8yPrQNTRmEWg3n14/psdGCWiYKFMx0qn6eyJnkdajyDedEcOBnvcm4n9eN8Pwws1FnGYIMZ8tCjNJMaGTKGggFHCUI0MYV8LcSvmAKcbRBFYxITjzLy+S9mndMYndntUal0UcZXJIjsgJccg5aZAb0iQtwskjeSav5M16sl6sd+tj1lqyipl98gfW5w+g3JP+</latexit>
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<latexit sha1_base64="xs6uyDnF2waC8avgmTaoQYvYzD0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEBV0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB0dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/K4WD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fEteYDw==</latexit><latexit sha1_base64="xs6uyDnF2waC8avgmTaoQYvYzD0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEBV0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB0dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/K4WD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fEteYDw==</latexit><latexit sha1_base64="xs6uyDnF2waC8avgmTaoQYvYzD0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEBV0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB0dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/K4WD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fEteYDw==</latexit><latexit sha1_base64="xs6uyDnF2waC8avgmTaoQYvYzD0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEBV0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB0dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/K4WD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fEteYDw==</latexit>

30 periods, (10 cm)

2
<latexit sha1_base64="b7AXGfN5hUdGVdQsNqFbL7+llPc=">AAACD3icbVDLSgMxFM3UV62vqks3waJUKCVTBV24KLhxWcE+oFNLJs20oclkSDJiGfoHbvwVNy4UcevWnX9j2s5CWw9cOJxzL/fe40ecaYPQt5NZWl5ZXcuu5zY2t7Z38rt7DS1jRWidSC5Vy8eachbSumGG01akKBY+p01/eDXxm/dUaSbDWzOKaEfgfsgCRrCxUjd/7AlfPiSnCEZUMdnTJTiGRRfBxFMCeiVIxPjkrtLNF1AZTQEXiZuSAkhR6+a/vJ4ksaChIRxr3XZRZDoJVoYRTsc5L9Y0wmSI+7RtaYgF1Z1k+s8YHlmlBwOpbIUGTtXfEwkWWo+EbzsFNgM9703E/7x2bIKLTsLCKDY0JLNFQcyhkXASDuwxRYnhI0swUczeCskAK0yMjTBnQ3DnX14kjUrZRWX35qxQvUzjyIIDcAiKwAXnoAquQQ3UAQGP4Bm8gjfnyXlx3p2PWWvGSWf2wR84nz9Lg5o9</latexit><latexit sha1_base64="b7AXGfN5hUdGVdQsNqFbL7+llPc=">AAACD3icbVDLSgMxFM3UV62vqks3waJUKCVTBV24KLhxWcE+oFNLJs20oclkSDJiGfoHbvwVNy4UcevWnX9j2s5CWw9cOJxzL/fe40ecaYPQt5NZWl5ZXcuu5zY2t7Z38rt7DS1jRWidSC5Vy8eachbSumGG01akKBY+p01/eDXxm/dUaSbDWzOKaEfgfsgCRrCxUjd/7AlfPiSnCEZUMdnTJTiGRRfBxFMCeiVIxPjkrtLNF1AZTQEXiZuSAkhR6+a/vJ4ksaChIRxr3XZRZDoJVoYRTsc5L9Y0wmSI+7RtaYgF1Z1k+s8YHlmlBwOpbIUGTtXfEwkWWo+EbzsFNgM9703E/7x2bIKLTsLCKDY0JLNFQcyhkXASDuwxRYnhI0swUczeCskAK0yMjTBnQ3DnX14kjUrZRWX35qxQvUzjyIIDcAiKwAXnoAquQQ3UAQGP4Bm8gjfnyXlx3p2PWWvGSWf2wR84nz9Lg5o9</latexit><latexit sha1_base64="b7AXGfN5hUdGVdQsNqFbL7+llPc=">AAACD3icbVDLSgMxFM3UV62vqks3waJUKCVTBV24KLhxWcE+oFNLJs20oclkSDJiGfoHbvwVNy4UcevWnX9j2s5CWw9cOJxzL/fe40ecaYPQt5NZWl5ZXcuu5zY2t7Z38rt7DS1jRWidSC5Vy8eachbSumGG01akKBY+p01/eDXxm/dUaSbDWzOKaEfgfsgCRrCxUjd/7AlfPiSnCEZUMdnTJTiGRRfBxFMCeiVIxPjkrtLNF1AZTQEXiZuSAkhR6+a/vJ4ksaChIRxr3XZRZDoJVoYRTsc5L9Y0wmSI+7RtaYgF1Z1k+s8YHlmlBwOpbIUGTtXfEwkWWo+EbzsFNgM9703E/7x2bIKLTsLCKDY0JLNFQcyhkXASDuwxRYnhI0swUczeCskAK0yMjTBnQ3DnX14kjUrZRWX35qxQvUzjyIIDcAiKwAXnoAquQQ3UAQGP4Bm8gjfnyXlx3p2PWWvGSWf2wR84nz9Lg5o9</latexit><latexit sha1_base64="b7AXGfN5hUdGVdQsNqFbL7+llPc=">AAACD3icbVDLSgMxFM3UV62vqks3waJUKCVTBV24KLhxWcE+oFNLJs20oclkSDJiGfoHbvwVNy4UcevWnX9j2s5CWw9cOJxzL/fe40ecaYPQt5NZWl5ZXcuu5zY2t7Z38rt7DS1jRWidSC5Vy8eachbSumGG01akKBY+p01/eDXxm/dUaSbDWzOKaEfgfsgCRrCxUjd/7AlfPiSnCEZUMdnTJTiGRRfBxFMCeiVIxPjkrtLNF1AZTQEXiZuSAkhR6+a/vJ4ksaChIRxr3XZRZDoJVoYRTsc5L9Y0wmSI+7RtaYgF1Z1k+s8YHlmlBwOpbIUGTtXfEwkWWo+EbzsFNgM9703E/7x2bIKLTsLCKDY0JLNFQcyhkXASDuwxRYnhI0swUczeCskAK0yMjTBnQ3DnX14kjUrZRWX35qxQvUzjyIIDcAiKwAXnoAquQQ3UAQGP4Bm8gjfnyXlx3p2PWWvGSWf2wR84nz9Lg5o9</latexit>

100 periods, (10 cm)

2
<latexit sha1_base64="GwgCcdZyeHA9bqY3oT+FvY6DcVM=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVSskUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhn6CG3/FjQtF3Lp059+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HFPfBHKh9RDCMZUMdnVJTiGRQ/B1FcC+iVIxPj0rtJxC6iMpoCLxMtIAWSoddwvvytJImhkCMdatz0UmyDFyjDC6TjvJ5rGmAxxn7YtjbCgOkinD43hsVW6sCeVrcjAqfp7IsVC65EIbafAZqDnvYn4n9dOTO8iSFkUJ4ZGZLaol3BoJJykA7tMUWL4yBJMFLO3QjLAChNjM8zbELz5lxdJo1L2UNm7OStUL7M4cuAQHIEi8MA5qIJrUAN1QMAjeAav4M15cl6cd+dj1rrkZDMH4A+czx++2Jp1</latexit><latexit sha1_base64="GwgCcdZyeHA9bqY3oT+FvY6DcVM=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVSskUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhn6CG3/FjQtF3Lp059+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HFPfBHKh9RDCMZUMdnVJTiGRQ/B1FcC+iVIxPj0rtJxC6iMpoCLxMtIAWSoddwvvytJImhkCMdatz0UmyDFyjDC6TjvJ5rGmAxxn7YtjbCgOkinD43hsVW6sCeVrcjAqfp7IsVC65EIbafAZqDnvYn4n9dOTO8iSFkUJ4ZGZLaol3BoJJykA7tMUWL4yBJMFLO3QjLAChNjM8zbELz5lxdJo1L2UNm7OStUL7M4cuAQHIEi8MA5qIJrUAN1QMAjeAav4M15cl6cd+dj1rrkZDMH4A+czx++2Jp1</latexit><latexit sha1_base64="GwgCcdZyeHA9bqY3oT+FvY6DcVM=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVSskUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhn6CG3/FjQtF3Lp059+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HFPfBHKh9RDCMZUMdnVJTiGRQ/B1FcC+iVIxPj0rtJxC6iMpoCLxMtIAWSoddwvvytJImhkCMdatz0UmyDFyjDC6TjvJ5rGmAxxn7YtjbCgOkinD43hsVW6sCeVrcjAqfp7IsVC65EIbafAZqDnvYn4n9dOTO8iSFkUJ4ZGZLaol3BoJJykA7tMUWL4yBJMFLO3QjLAChNjM8zbELz5lxdJo1L2UNm7OStUL7M4cuAQHIEi8MA5qIJrUAN1QMAjeAav4M15cl6cd+dj1rrkZDMH4A+czx++2Jp1</latexit><latexit sha1_base64="GwgCcdZyeHA9bqY3oT+FvY6DcVM=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVSskUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhn6CG3/FjQtF3Lp059+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HFPfBHKh9RDCMZUMdnVJTiGRQ/B1FcC+iVIxPj0rtJxC6iMpoCLxMtIAWSoddwvvytJImhkCMdatz0UmyDFyjDC6TjvJ5rGmAxxn7YtjbCgOkinD43hsVW6sCeVrcjAqfp7IsVC65EIbafAZqDnvYn4n9dOTO8iSFkUJ4ZGZLaol3BoJJykA7tMUWL4yBJMFLO3QjLAChNjM8zbELz5lxdJo1L2UNm7OStUL7M4cuAQHIEi8MA5qIJrUAN1QMAjeAav4M15cl6cd+dj1rrkZDMH4A+czx++2Jp1</latexit>

⌘det = 0.9
<latexit sha1_base64="IdcQFlWPhlsufoChbSr2WROpL8I=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRQQWFgBePEcwCSRh6eipJk56F7hohDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqen4ihUbH+bYKS8srq2vF9dLG5tb2jr2719BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDPxmw+gtIijexwl0A1ZPxI9wRkaybMPOoDMyzoqpAHgmF5Tp3Lp2WWn4kxBF4mbkzLJUfPsr04Q8zSECLlkWrddJ8FuxhQKLmFc6qQaEsaHrA9tQyMWgu5m0+vH9NgoAe3FylSEdKr+nshYqPUo9E1nyHCg572J+J/XTrF30c1ElKQIEZ8t6qWSYkwnUdBAKOAoR4YwroS5lfIBU4yjCaxkQnDnX14kjdOK61Tcu7Ny9SqPo0gOyRE5IS45J1VyS2qkTjh5JM/klbxZT9aL9W59zFoLVj6zT/7A+vwBrPyUBg==</latexit><latexit sha1_base64="IdcQFlWPhlsufoChbSr2WROpL8I=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRQQWFgBePEcwCSRh6eipJk56F7hohDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqen4ihUbH+bYKS8srq2vF9dLG5tb2jr2719BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDPxmw+gtIijexwl0A1ZPxI9wRkaybMPOoDMyzoqpAHgmF5Tp3Lp2WWn4kxBF4mbkzLJUfPsr04Q8zSECLlkWrddJ8FuxhQKLmFc6qQaEsaHrA9tQyMWgu5m0+vH9NgoAe3FylSEdKr+nshYqPUo9E1nyHCg572J+J/XTrF30c1ElKQIEZ8t6qWSYkwnUdBAKOAoR4YwroS5lfIBU4yjCaxkQnDnX14kjdOK61Tcu7Ny9SqPo0gOyRE5IS45J1VyS2qkTjh5JM/klbxZT9aL9W59zFoLVj6zT/7A+vwBrPyUBg==</latexit><latexit sha1_base64="IdcQFlWPhlsufoChbSr2WROpL8I=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRQQWFgBePEcwCSRh6eipJk56F7hohDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqen4ihUbH+bYKS8srq2vF9dLG5tb2jr2719BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDPxmw+gtIijexwl0A1ZPxI9wRkaybMPOoDMyzoqpAHgmF5Tp3Lp2WWn4kxBF4mbkzLJUfPsr04Q8zSECLlkWrddJ8FuxhQKLmFc6qQaEsaHrA9tQyMWgu5m0+vH9NgoAe3FylSEdKr+nshYqPUo9E1nyHCg572J+J/XTrF30c1ElKQIEZ8t6qWSYkwnUdBAKOAoR4YwroS5lfIBU4yjCaxkQnDnX14kjdOK61Tcu7Ny9SqPo0gOyRE5IS45J1VyS2qkTjh5JM/klbxZT9aL9W59zFoLVj6zT/7A+vwBrPyUBg==</latexit><latexit sha1_base64="IdcQFlWPhlsufoChbSr2WROpL8I=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRQQWFgBePEcwCSRh6eipJk56F7hohDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqen4ihUbH+bYKS8srq2vF9dLG5tb2jr2719BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDPxmw+gtIijexwl0A1ZPxI9wRkaybMPOoDMyzoqpAHgmF5Tp3Lp2WWn4kxBF4mbkzLJUfPsr04Q8zSECLlkWrddJ8FuxhQKLmFc6qQaEsaHrA9tQyMWgu5m0+vH9NgoAe3FylSEdKr+nshYqPUo9E1nyHCg572J+J/XTrF30c1ElKQIEZ8t6qWSYkwnUdBAKOAoR4YwroS5lfIBU4yjCaxkQnDnX14kjdOK61Tcu7Ny9SqPo0gOyRE5IS45J1VyS2qkTjh5JM/klbxZT9aL9W59zFoLVj6zT/7A+vwBrPyUBg==</latexit>

DCR = 10�5 Hz
<latexit sha1_base64="epFC27Fa0wfRNre07z42vx94Kpk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEFF0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB8dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/KoWD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fFfeYEQ==</latexit><latexit sha1_base64="epFC27Fa0wfRNre07z42vx94Kpk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEFF0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB8dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/KoWD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fFfeYEQ==</latexit><latexit sha1_base64="epFC27Fa0wfRNre07z42vx94Kpk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEFF0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB8dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/KoWD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fFfeYEQ==</latexit><latexit sha1_base64="epFC27Fa0wfRNre07z42vx94Kpk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEFF0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB8dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/KoWD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fFfeYEQ==</latexit>

tint = 106 sec
<latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit>

⌘det = 0.1
<latexit sha1_base64="r3Cb+yGTX4B/wviDmkeOTnBwG6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0oBLx4jGBiIFmW2dneZMjsg5leIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7vJTKTTa9rdVWlpeWV0rr1c2Nre2d6q7e22dZIpDiycyUR2faZAihhYKlNBJFbDIl3DvD68n/v0DKC2S+A5HKbgR68ciFJyhkbzqQQ+QeXlPRTQAHNMratcdr1qz6/YUdJE4BamRAk2v+tULEp5FECOXTOuuY6fo5kyh4BLGlV6mIWV8yPrQNTRmEWg3n14/psdGCWiYKFMx0qn6eyJnkdajyDedEcOBnvcm4n9eN8Pwws1FnGYIMZ8tCjNJMaGTKGggFHCUI0MYV8LcSvmAKcbRBFYxITjzLy+S9mndMYndntUal0UcZXJIjsgJccg5aZAb0iQtwskjeSav5M16sl6sd+tj1lqyipl98gfW5w+g3JP+</latexit><latexit sha1_base64="r3Cb+yGTX4B/wviDmkeOTnBwG6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0oBLx4jGBiIFmW2dneZMjsg5leIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7vJTKTTa9rdVWlpeWV0rr1c2Nre2d6q7e22dZIpDiycyUR2faZAihhYKlNBJFbDIl3DvD68n/v0DKC2S+A5HKbgR68ciFJyhkbzqQQ+QeXlPRTQAHNMratcdr1qz6/YUdJE4BamRAk2v+tULEp5FECOXTOuuY6fo5kyh4BLGlV6mIWV8yPrQNTRmEWg3n14/psdGCWiYKFMx0qn6eyJnkdajyDedEcOBnvcm4n9eN8Pwws1FnGYIMZ8tCjNJMaGTKGggFHCUI0MYV8LcSvmAKcbRBFYxITjzLy+S9mndMYndntUal0UcZXJIjsgJccg5aZAb0iQtwskjeSav5M16sl6sd+tj1lqyipl98gfW5w+g3JP+</latexit><latexit sha1_base64="r3Cb+yGTX4B/wviDmkeOTnBwG6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0oBLx4jGBiIFmW2dneZMjsg5leIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7vJTKTTa9rdVWlpeWV0rr1c2Nre2d6q7e22dZIpDiycyUR2faZAihhYKlNBJFbDIl3DvD68n/v0DKC2S+A5HKbgR68ciFJyhkbzqQQ+QeXlPRTQAHNMratcdr1qz6/YUdJE4BamRAk2v+tULEp5FECOXTOuuY6fo5kyh4BLGlV6mIWV8yPrQNTRmEWg3n14/psdGCWiYKFMx0qn6eyJnkdajyDedEcOBnvcm4n9eN8Pwws1FnGYIMZ8tCjNJMaGTKGggFHCUI0MYV8LcSvmAKcbRBFYxITjzLy+S9mndMYndntUal0UcZXJIjsgJccg5aZAb0iQtwskjeSav5M16sl6sd+tj1lqyipl98gfW5w+g3JP+</latexit><latexit sha1_base64="r3Cb+yGTX4B/wviDmkeOTnBwG6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0oBLx4jGBiIFmW2dneZMjsg5leIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7vJTKTTa9rdVWlpeWV0rr1c2Nre2d6q7e22dZIpDiycyUR2faZAihhYKlNBJFbDIl3DvD68n/v0DKC2S+A5HKbgR68ciFJyhkbzqQQ+QeXlPRTQAHNMratcdr1qz6/YUdJE4BamRAk2v+tULEp5FECOXTOuuY6fo5kyh4BLGlV6mIWV8yPrQNTRmEWg3n14/psdGCWiYKFMx0qn6eyJnkdajyDedEcOBnvcm4n9eN8Pwws1FnGYIMZ8tCjNJMaGTKGggFHCUI0MYV8LcSvmAKcbRBFYxITjzLy+S9mndMYndntUal0UcZXJIjsgJccg5aZAb0iQtwskjeSav5M16sl6sd+tj1lqyipl98gfW5w+g3JP+</latexit>
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<latexit sha1_base64="xs6uyDnF2waC8avgmTaoQYvYzD0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEBV0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB0dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/K4WD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fEteYDw==</latexit><latexit sha1_base64="xs6uyDnF2waC8avgmTaoQYvYzD0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEBV0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB0dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/K4WD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fEteYDw==</latexit><latexit sha1_base64="xs6uyDnF2waC8avgmTaoQYvYzD0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEBV0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB0dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/K4WD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fEteYDw==</latexit><latexit sha1_base64="xs6uyDnF2waC8avgmTaoQYvYzD0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEBV0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB0dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/K4WD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fEteYDw==</latexit>

⌘det = 0.1
<latexit sha1_base64="r3Cb+yGTX4B/wviDmkeOTnBwG6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0oBLx4jGBiIFmW2dneZMjsg5leIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7vJTKTTa9rdVWlpeWV0rr1c2Nre2d6q7e22dZIpDiycyUR2faZAihhYKlNBJFbDIl3DvD68n/v0DKC2S+A5HKbgR68ciFJyhkbzqQQ+QeXlPRTQAHNMratcdr1qz6/YUdJE4BamRAk2v+tULEp5FECOXTOuuY6fo5kyh4BLGlV6mIWV8yPrQNTRmEWg3n14/psdGCWiYKFMx0qn6eyJnkdajyDedEcOBnvcm4n9eN8Pwws1FnGYIMZ8tCjNJMaGTKGggFHCUI0MYV8LcSvmAKcbRBFYxITjzLy+S9mndMYndntUal0UcZXJIjsgJccg5aZAb0iQtwskjeSav5M16sl6sd+tj1lqyipl98gfW5w+g3JP+</latexit><latexit sha1_base64="r3Cb+yGTX4B/wviDmkeOTnBwG6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0oBLx4jGBiIFmW2dneZMjsg5leIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7vJTKTTa9rdVWlpeWV0rr1c2Nre2d6q7e22dZIpDiycyUR2faZAihhYKlNBJFbDIl3DvD68n/v0DKC2S+A5HKbgR68ciFJyhkbzqQQ+QeXlPRTQAHNMratcdr1qz6/YUdJE4BamRAk2v+tULEp5FECOXTOuuY6fo5kyh4BLGlV6mIWV8yPrQNTRmEWg3n14/psdGCWiYKFMx0qn6eyJnkdajyDedEcOBnvcm4n9eN8Pwws1FnGYIMZ8tCjNJMaGTKGggFHCUI0MYV8LcSvmAKcbRBFYxITjzLy+S9mndMYndntUal0UcZXJIjsgJccg5aZAb0iQtwskjeSav5M16sl6sd+tj1lqyipl98gfW5w+g3JP+</latexit><latexit sha1_base64="r3Cb+yGTX4B/wviDmkeOTnBwG6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0oBLx4jGBiIFmW2dneZMjsg5leIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7vJTKTTa9rdVWlpeWV0rr1c2Nre2d6q7e22dZIpDiycyUR2faZAihhYKlNBJFbDIl3DvD68n/v0DKC2S+A5HKbgR68ciFJyhkbzqQQ+QeXlPRTQAHNMratcdr1qz6/YUdJE4BamRAk2v+tULEp5FECOXTOuuY6fo5kyh4BLGlV6mIWV8yPrQNTRmEWg3n14/psdGCWiYKFMx0qn6eyJnkdajyDedEcOBnvcm4n9eN8Pwws1FnGYIMZ8tCjNJMaGTKGggFHCUI0MYV8LcSvmAKcbRBFYxITjzLy+S9mndMYndntUal0UcZXJIjsgJccg5aZAb0iQtwskjeSav5M16sl6sd+tj1lqyipl98gfW5w+g3JP+</latexit><latexit sha1_base64="r3Cb+yGTX4B/wviDmkeOTnBwG6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0oBLx4jGBiIFmW2dneZMjsg5leIS7BX/HiQRGv/oc3/8ZJsgdNLGgoqrrp7vJTKTTa9rdVWlpeWV0rr1c2Nre2d6q7e22dZIpDiycyUR2faZAihhYKlNBJFbDIl3DvD68n/v0DKC2S+A5HKbgR68ciFJyhkbzqQQ+QeXlPRTQAHNMratcdr1qz6/YUdJE4BamRAk2v+tULEp5FECOXTOuuY6fo5kyh4BLGlV6mIWV8yPrQNTRmEWg3n14/psdGCWiYKFMx0qn6eyJnkdajyDedEcOBnvcm4n9eN8Pwws1FnGYIMZ8tCjNJMaGTKGggFHCUI0MYV8LcSvmAKcbRBFYxITjzLy+S9mndMYndntUal0UcZXJIjsgJccg5aZAb0iQtwskjeSav5M16sl6sd+tj1lqyipl98gfW5w+g3JP+</latexit>

30 periods, (10 cm)

2
<latexit sha1_base64="b7AXGfN5hUdGVdQsNqFbL7+llPc=">AAACD3icbVDLSgMxFM3UV62vqks3waJUKCVTBV24KLhxWcE+oFNLJs20oclkSDJiGfoHbvwVNy4UcevWnX9j2s5CWw9cOJxzL/fe40ecaYPQt5NZWl5ZXcuu5zY2t7Z38rt7DS1jRWidSC5Vy8eachbSumGG01akKBY+p01/eDXxm/dUaSbDWzOKaEfgfsgCRrCxUjd/7AlfPiSnCEZUMdnTJTiGRRfBxFMCeiVIxPjkrtLNF1AZTQEXiZuSAkhR6+a/vJ4ksaChIRxr3XZRZDoJVoYRTsc5L9Y0wmSI+7RtaYgF1Z1k+s8YHlmlBwOpbIUGTtXfEwkWWo+EbzsFNgM9703E/7x2bIKLTsLCKDY0JLNFQcyhkXASDuwxRYnhI0swUczeCskAK0yMjTBnQ3DnX14kjUrZRWX35qxQvUzjyIIDcAiKwAXnoAquQQ3UAQGP4Bm8gjfnyXlx3p2PWWvGSWf2wR84nz9Lg5o9</latexit><latexit sha1_base64="b7AXGfN5hUdGVdQsNqFbL7+llPc=">AAACD3icbVDLSgMxFM3UV62vqks3waJUKCVTBV24KLhxWcE+oFNLJs20oclkSDJiGfoHbvwVNy4UcevWnX9j2s5CWw9cOJxzL/fe40ecaYPQt5NZWl5ZXcuu5zY2t7Z38rt7DS1jRWidSC5Vy8eachbSumGG01akKBY+p01/eDXxm/dUaSbDWzOKaEfgfsgCRrCxUjd/7AlfPiSnCEZUMdnTJTiGRRfBxFMCeiVIxPjkrtLNF1AZTQEXiZuSAkhR6+a/vJ4ksaChIRxr3XZRZDoJVoYRTsc5L9Y0wmSI+7RtaYgF1Z1k+s8YHlmlBwOpbIUGTtXfEwkWWo+EbzsFNgM9703E/7x2bIKLTsLCKDY0JLNFQcyhkXASDuwxRYnhI0swUczeCskAK0yMjTBnQ3DnX14kjUrZRWX35qxQvUzjyIIDcAiKwAXnoAquQQ3UAQGP4Bm8gjfnyXlx3p2PWWvGSWf2wR84nz9Lg5o9</latexit><latexit sha1_base64="b7AXGfN5hUdGVdQsNqFbL7+llPc=">AAACD3icbVDLSgMxFM3UV62vqks3waJUKCVTBV24KLhxWcE+oFNLJs20oclkSDJiGfoHbvwVNy4UcevWnX9j2s5CWw9cOJxzL/fe40ecaYPQt5NZWl5ZXcuu5zY2t7Z38rt7DS1jRWidSC5Vy8eachbSumGG01akKBY+p01/eDXxm/dUaSbDWzOKaEfgfsgCRrCxUjd/7AlfPiSnCEZUMdnTJTiGRRfBxFMCeiVIxPjkrtLNF1AZTQEXiZuSAkhR6+a/vJ4ksaChIRxr3XZRZDoJVoYRTsc5L9Y0wmSI+7RtaYgF1Z1k+s8YHlmlBwOpbIUGTtXfEwkWWo+EbzsFNgM9703E/7x2bIKLTsLCKDY0JLNFQcyhkXASDuwxRYnhI0swUczeCskAK0yMjTBnQ3DnX14kjUrZRWX35qxQvUzjyIIDcAiKwAXnoAquQQ3UAQGP4Bm8gjfnyXlx3p2PWWvGSWf2wR84nz9Lg5o9</latexit><latexit sha1_base64="b7AXGfN5hUdGVdQsNqFbL7+llPc=">AAACD3icbVDLSgMxFM3UV62vqks3waJUKCVTBV24KLhxWcE+oFNLJs20oclkSDJiGfoHbvwVNy4UcevWnX9j2s5CWw9cOJxzL/fe40ecaYPQt5NZWl5ZXcuu5zY2t7Z38rt7DS1jRWidSC5Vy8eachbSumGG01akKBY+p01/eDXxm/dUaSbDWzOKaEfgfsgCRrCxUjd/7AlfPiSnCEZUMdnTJTiGRRfBxFMCeiVIxPjkrtLNF1AZTQEXiZuSAkhR6+a/vJ4ksaChIRxr3XZRZDoJVoYRTsc5L9Y0wmSI+7RtaYgF1Z1k+s8YHlmlBwOpbIUGTtXfEwkWWo+EbzsFNgM9703E/7x2bIKLTsLCKDY0JLNFQcyhkXASDuwxRYnhI0swUczeCskAK0yMjTBnQ3DnX14kjUrZRWX35qxQvUzjyIIDcAiKwAXnoAquQQ3UAQGP4Bm8gjfnyXlx3p2PWWvGSWf2wR84nz9Lg5o9</latexit>

100 periods, (10 cm)

2
<latexit sha1_base64="GwgCcdZyeHA9bqY3oT+FvY6DcVM=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVSskUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhn6CG3/FjQtF3Lp059+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HFPfBHKh9RDCMZUMdnVJTiGRQ/B1FcC+iVIxPj0rtJxC6iMpoCLxMtIAWSoddwvvytJImhkCMdatz0UmyDFyjDC6TjvJ5rGmAxxn7YtjbCgOkinD43hsVW6sCeVrcjAqfp7IsVC65EIbafAZqDnvYn4n9dOTO8iSFkUJ4ZGZLaol3BoJJykA7tMUWL4yBJMFLO3QjLAChNjM8zbELz5lxdJo1L2UNm7OStUL7M4cuAQHIEi8MA5qIJrUAN1QMAjeAav4M15cl6cd+dj1rrkZDMH4A+czx++2Jp1</latexit><latexit sha1_base64="GwgCcdZyeHA9bqY3oT+FvY6DcVM=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVSskUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhn6CG3/FjQtF3Lp059+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HFPfBHKh9RDCMZUMdnVJTiGRQ/B1FcC+iVIxPj0rtJxC6iMpoCLxMtIAWSoddwvvytJImhkCMdatz0UmyDFyjDC6TjvJ5rGmAxxn7YtjbCgOkinD43hsVW6sCeVrcjAqfp7IsVC65EIbafAZqDnvYn4n9dOTO8iSFkUJ4ZGZLaol3BoJJykA7tMUWL4yBJMFLO3QjLAChNjM8zbELz5lxdJo1L2UNm7OStUL7M4cuAQHIEi8MA5qIJrUAN1QMAjeAav4M15cl6cd+dj1rrkZDMH4A+czx++2Jp1</latexit><latexit sha1_base64="GwgCcdZyeHA9bqY3oT+FvY6DcVM=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVSskUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhn6CG3/FjQtF3Lp059+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HFPfBHKh9RDCMZUMdnVJTiGRQ/B1FcC+iVIxPj0rtJxC6iMpoCLxMtIAWSoddwvvytJImhkCMdatz0UmyDFyjDC6TjvJ5rGmAxxn7YtjbCgOkinD43hsVW6sCeVrcjAqfp7IsVC65EIbafAZqDnvYn4n9dOTO8iSFkUJ4ZGZLaol3BoJJykA7tMUWL4yBJMFLO3QjLAChNjM8zbELz5lxdJo1L2UNm7OStUL7M4cuAQHIEi8MA5qIJrUAN1QMAjeAav4M15cl6cd+dj1rrkZDMH4A+czx++2Jp1</latexit><latexit sha1_base64="GwgCcdZyeHA9bqY3oT+FvY6DcVM=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVSskUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhn6CG3/FjQtF3Lp059+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HFPfBHKh9RDCMZUMdnVJTiGRQ/B1FcC+iVIxPj0rtJxC6iMpoCLxMtIAWSoddwvvytJImhkCMdatz0UmyDFyjDC6TjvJ5rGmAxxn7YtjbCgOkinD43hsVW6sCeVrcjAqfp7IsVC65EIbafAZqDnvYn4n9dOTO8iSFkUJ4ZGZLaol3BoJJykA7tMUWL4yBJMFLO3QjLAChNjM8zbELz5lxdJo1L2UNm7OStUL7M4cuAQHIEi8MA5qIJrUAN1QMAjeAav4M15cl6cd+dj1rrkZDMH4A+czx++2Jp1</latexit>

⌘det = 0.9
<latexit sha1_base64="IdcQFlWPhlsufoChbSr2WROpL8I=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRQQWFgBePEcwCSRh6eipJk56F7hohDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqen4ihUbH+bYKS8srq2vF9dLG5tb2jr2719BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDPxmw+gtIijexwl0A1ZPxI9wRkaybMPOoDMyzoqpAHgmF5Tp3Lp2WWn4kxBF4mbkzLJUfPsr04Q8zSECLlkWrddJ8FuxhQKLmFc6qQaEsaHrA9tQyMWgu5m0+vH9NgoAe3FylSEdKr+nshYqPUo9E1nyHCg572J+J/XTrF30c1ElKQIEZ8t6qWSYkwnUdBAKOAoR4YwroS5lfIBU4yjCaxkQnDnX14kjdOK61Tcu7Ny9SqPo0gOyRE5IS45J1VyS2qkTjh5JM/klbxZT9aL9W59zFoLVj6zT/7A+vwBrPyUBg==</latexit><latexit sha1_base64="IdcQFlWPhlsufoChbSr2WROpL8I=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRQQWFgBePEcwCSRh6eipJk56F7hohDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqen4ihUbH+bYKS8srq2vF9dLG5tb2jr2719BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDPxmw+gtIijexwl0A1ZPxI9wRkaybMPOoDMyzoqpAHgmF5Tp3Lp2WWn4kxBF4mbkzLJUfPsr04Q8zSECLlkWrddJ8FuxhQKLmFc6qQaEsaHrA9tQyMWgu5m0+vH9NgoAe3FylSEdKr+nshYqPUo9E1nyHCg572J+J/XTrF30c1ElKQIEZ8t6qWSYkwnUdBAKOAoR4YwroS5lfIBU4yjCaxkQnDnX14kjdOK61Tcu7Ny9SqPo0gOyRE5IS45J1VyS2qkTjh5JM/klbxZT9aL9W59zFoLVj6zT/7A+vwBrPyUBg==</latexit><latexit sha1_base64="IdcQFlWPhlsufoChbSr2WROpL8I=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRQQWFgBePEcwCSRh6eipJk56F7hohDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqen4ihUbH+bYKS8srq2vF9dLG5tb2jr2719BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDPxmw+gtIijexwl0A1ZPxI9wRkaybMPOoDMyzoqpAHgmF5Tp3Lp2WWn4kxBF4mbkzLJUfPsr04Q8zSECLlkWrddJ8FuxhQKLmFc6qQaEsaHrA9tQyMWgu5m0+vH9NgoAe3FylSEdKr+nshYqPUo9E1nyHCg572J+J/XTrF30c1ElKQIEZ8t6qWSYkwnUdBAKOAoR4YwroS5lfIBU4yjCaxkQnDnX14kjdOK61Tcu7Ny9SqPo0gOyRE5IS45J1VyS2qkTjh5JM/klbxZT9aL9W59zFoLVj6zT/7A+vwBrPyUBg==</latexit><latexit sha1_base64="IdcQFlWPhlsufoChbSr2WROpL8I=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRQQWFgBePEcwCSRh6eipJk56F7hohDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqen4ihUbH+bYKS8srq2vF9dLG5tb2jr2719BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDPxmw+gtIijexwl0A1ZPxI9wRkaybMPOoDMyzoqpAHgmF5Tp3Lp2WWn4kxBF4mbkzLJUfPsr04Q8zSECLlkWrddJ8FuxhQKLmFc6qQaEsaHrA9tQyMWgu5m0+vH9NgoAe3FylSEdKr+nshYqPUo9E1nyHCg572J+J/XTrF30c1ElKQIEZ8t6qWSYkwnUdBAKOAoR4YwroS5lfIBU4yjCaxkQnDnX14kjdOK61Tcu7Ny9SqPo0gOyRE5IS45J1VyS2qkTjh5JM/klbxZT9aL9W59zFoLVj6zT/7A+vwBrPyUBg==</latexit>

DCR = 10�5 Hz
<latexit sha1_base64="epFC27Fa0wfRNre07z42vx94Kpk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEFF0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB8dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/KoWD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fFfeYEQ==</latexit><latexit sha1_base64="epFC27Fa0wfRNre07z42vx94Kpk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEFF0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB8dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/KoWD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fFfeYEQ==</latexit><latexit sha1_base64="epFC27Fa0wfRNre07z42vx94Kpk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEFF0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB8dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/KoWD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fFfeYEQ==</latexit><latexit sha1_base64="epFC27Fa0wfRNre07z42vx94Kpk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEFF0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB8dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/KoWD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fFfeYEQ==</latexit>

1000 periods, (30 cm)

2
<latexit sha1_base64="4SXRr3sJKZr2ynK7GAezK8bDg/Y=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSslUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhv6CG3/FjQtF3Lpz59+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HGLvgjlQ+ohhGBMFZNdXYJjWDxFMPWVgH4JEjE+uat03AIqoyngIvEyUgAZah33y+9KkggaGcKx1m0PxSZIsTKMcDrO+4mmMSZD3KdtSyMsqA7S6UdjeGyVLuxJZSsycKr+nkix0HokQtspsBnoeW8i/ue1E9O7CFIWxYmhEZkt6iUcGgkn8cAuU5QYPrIEE8XsrZAMsMLE2BDzNgRv/uVF0qiUPVT2bs4K1cssjhw4BEegCDxwDqrgGtRAHRDwCJ7BK3hznpwX5935mLUuOdnMAfgD5/MHONyasQ==</latexit><latexit sha1_base64="4SXRr3sJKZr2ynK7GAezK8bDg/Y=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSslUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhv6CG3/FjQtF3Lpz59+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HGLvgjlQ+ohhGBMFZNdXYJjWDxFMPWVgH4JEjE+uat03AIqoyngIvEyUgAZah33y+9KkggaGcKx1m0PxSZIsTKMcDrO+4mmMSZD3KdtSyMsqA7S6UdjeGyVLuxJZSsycKr+nkix0HokQtspsBnoeW8i/ue1E9O7CFIWxYmhEZkt6iUcGgkn8cAuU5QYPrIEE8XsrZAMsMLE2BDzNgRv/uVF0qiUPVT2bs4K1cssjhw4BEegCDxwDqrgGtRAHRDwCJ7BK3hznpwX5935mLUuOdnMAfgD5/MHONyasQ==</latexit><latexit sha1_base64="4SXRr3sJKZr2ynK7GAezK8bDg/Y=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSslUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhv6CG3/FjQtF3Lpz59+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HGLvgjlQ+ohhGBMFZNdXYJjWDxFMPWVgH4JEjE+uat03AIqoyngIvEyUgAZah33y+9KkggaGcKx1m0PxSZIsTKMcDrO+4mmMSZD3KdtSyMsqA7S6UdjeGyVLuxJZSsycKr+nkix0HokQtspsBnoeW8i/ue1E9O7CFIWxYmhEZkt6iUcGgkn8cAuU5QYPrIEE8XsrZAMsMLE2BDzNgRv/uVF0qiUPVT2bs4K1cssjhw4BEegCDxwDqrgGtRAHRDwCJ7BK3hznpwX5935mLUuOdnMAfgD5/MHONyasQ==</latexit><latexit sha1_base64="4SXRr3sJKZr2ynK7GAezK8bDg/Y=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSslUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhv6CG3/FjQtF3Lpz59+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HGLvgjlQ+ohhGBMFZNdXYJjWDxFMPWVgH4JEjE+uat03AIqoyngIvEyUgAZah33y+9KkggaGcKx1m0PxSZIsTKMcDrO+4mmMSZD3KdtSyMsqA7S6UdjeGyVLuxJZSsycKr+nkix0HokQtspsBnoeW8i/ue1E9O7CFIWxYmhEZkt6iUcGgkn8cAuU5QYPrIEE8XsrZAMsMLE2BDzNgRv/uVF0qiUPVT2bs4K1cssjhw4BEegCDxwDqrgGtRAHRDwCJ7BK3hznpwX5935mLUuOdnMAfgD5/MHONyasQ==</latexit>

tint = 106 sec
<latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit>
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tint = 106 sec
<latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit><latexit sha1_base64="hBqq4uYjmwfMGS2OBmprWvRZr0c=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1ISEfWgUPDisYL9gCaWzXbbLt1swu5EKCFHL/4VLx4U8epP8Oa/cZv2oK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeCS1YGDYK1YMRIGgjWD4fXYbz4wpXkk72AUMz8kfcl7nBIwUsfeh07qqRBzCRm+wq5zf4ZzwTvGmtGsY5edipMDzxN3SspoilrH/vK6EU1CJoEKonXbdWLwU6KAU8GykpdoFhM6JH3WNlSSkGk/zR/J8KFRurgXKVMScK7+nkhJqPUoDExnSGCgZ72x+J/XTqB34adcxgkwSSeLeonAEOFxKrjLFaMgRoYQqri5FdMBUYSCya5kQnBnX54njZOK61Tc29Ny9XIaRxHtoQN0hFx0jqroBtVQHVH0iJ7RK3qznqwX6936mLQWrOnMLvoD6/MHHBWYFA==</latexit>

B0 = 10T
<latexit sha1_base64="qtiO71pybIjYsN83qw5VRfX+Gj0=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcSMmIoAuFohuXFfqCzjBk0rQNTTJDkhGGof6KGxeKuPVD3Pk3pu0stPXAhcM593LvPVHCmTYIfTsrq2vrG5ulrfL2zu7evntw2NZxqghtkZjHqhthTTmTtGWY4bSbKIpFxGknGt9N/c4jVZrFsmmyhAYCDyUbMIKNlUK3chsieAM9BHNfCeifweYkdKuohmaAy8QrSBUUaITul9+PSSqoNIRjrXseSkyQY2UY4XRS9lNNE0zGeEh7lkosqA7y2fETeGKVPhzEypY0cKb+nsix0DoTke0U2Iz0ojcV//N6qRlcBTmTSWqoJPNFg5RDE8NpErDPFCWGZ5Zgopi9FZIRVpgYm1fZhuAtvrxM2uc1D9W8h4tq/bqIowSOwDE4BR64BHVwDxqgBQjIwDN4BW/Ok/PivDsf89YVp5ipgD9wPn8ALH+SgQ==</latexit><latexit sha1_base64="qtiO71pybIjYsN83qw5VRfX+Gj0=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcSMmIoAuFohuXFfqCzjBk0rQNTTJDkhGGof6KGxeKuPVD3Pk3pu0stPXAhcM593LvPVHCmTYIfTsrq2vrG5ulrfL2zu7evntw2NZxqghtkZjHqhthTTmTtGWY4bSbKIpFxGknGt9N/c4jVZrFsmmyhAYCDyUbMIKNlUK3chsieAM9BHNfCeifweYkdKuohmaAy8QrSBUUaITul9+PSSqoNIRjrXseSkyQY2UY4XRS9lNNE0zGeEh7lkosqA7y2fETeGKVPhzEypY0cKb+nsix0DoTke0U2Iz0ojcV//N6qRlcBTmTSWqoJPNFg5RDE8NpErDPFCWGZ5Zgopi9FZIRVpgYm1fZhuAtvrxM2uc1D9W8h4tq/bqIowSOwDE4BR64BHVwDxqgBQjIwDN4BW/Ok/PivDsf89YVp5ipgD9wPn8ALH+SgQ==</latexit><latexit sha1_base64="qtiO71pybIjYsN83qw5VRfX+Gj0=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcSMmIoAuFohuXFfqCzjBk0rQNTTJDkhGGof6KGxeKuPVD3Pk3pu0stPXAhcM593LvPVHCmTYIfTsrq2vrG5ulrfL2zu7evntw2NZxqghtkZjHqhthTTmTtGWY4bSbKIpFxGknGt9N/c4jVZrFsmmyhAYCDyUbMIKNlUK3chsieAM9BHNfCeifweYkdKuohmaAy8QrSBUUaITul9+PSSqoNIRjrXseSkyQY2UY4XRS9lNNE0zGeEh7lkosqA7y2fETeGKVPhzEypY0cKb+nsix0DoTke0U2Iz0ojcV//N6qRlcBTmTSWqoJPNFg5RDE8NpErDPFCWGZ5Zgopi9FZIRVpgYm1fZhuAtvrxM2uc1D9W8h4tq/bqIowSOwDE4BR64BHVwDxqgBQjIwDN4BW/Ok/PivDsf89YVp5ipgD9wPn8ALH+SgQ==</latexit><latexit sha1_base64="qtiO71pybIjYsN83qw5VRfX+Gj0=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcSMmIoAuFohuXFfqCzjBk0rQNTTJDkhGGof6KGxeKuPVD3Pk3pu0stPXAhcM593LvPVHCmTYIfTsrq2vrG5ulrfL2zu7evntw2NZxqghtkZjHqhthTTmTtGWY4bSbKIpFxGknGt9N/c4jVZrFsmmyhAYCDyUbMIKNlUK3chsieAM9BHNfCeifweYkdKuohmaAy8QrSBUUaITul9+PSSqoNIRjrXseSkyQY2UY4XRS9lNNE0zGeEh7lkosqA7y2fETeGKVPhzEypY0cKb+nsix0DoTke0U2Iz0ojcV//N6qRlcBTmTSWqoJPNFg5RDE8NpErDPFCWGZ5Zgopi9FZIRVpgYm1fZhuAtvrxM2uc1D9W8h4tq/bqIowSOwDE4BR64BHVwDxqgBQjIwDN4BW/Ok/PivDsf89YVp5ipgD9wPn8ALH+SgQ==</latexit>

⌘det = 0.9
<latexit sha1_base64="IdcQFlWPhlsufoChbSr2WROpL8I=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRQQWFgBePEcwCSRh6eipJk56F7hohDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqen4ihUbH+bYKS8srq2vF9dLG5tb2jr2719BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDPxmw+gtIijexwl0A1ZPxI9wRkaybMPOoDMyzoqpAHgmF5Tp3Lp2WWn4kxBF4mbkzLJUfPsr04Q8zSECLlkWrddJ8FuxhQKLmFc6qQaEsaHrA9tQyMWgu5m0+vH9NgoAe3FylSEdKr+nshYqPUo9E1nyHCg572J+J/XTrF30c1ElKQIEZ8t6qWSYkwnUdBAKOAoR4YwroS5lfIBU4yjCaxkQnDnX14kjdOK61Tcu7Ny9SqPo0gOyRE5IS45J1VyS2qkTjh5JM/klbxZT9aL9W59zFoLVj6zT/7A+vwBrPyUBg==</latexit><latexit sha1_base64="IdcQFlWPhlsufoChbSr2WROpL8I=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRQQWFgBePEcwCSRh6eipJk56F7hohDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqen4ihUbH+bYKS8srq2vF9dLG5tb2jr2719BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDPxmw+gtIijexwl0A1ZPxI9wRkaybMPOoDMyzoqpAHgmF5Tp3Lp2WWn4kxBF4mbkzLJUfPsr04Q8zSECLlkWrddJ8FuxhQKLmFc6qQaEsaHrA9tQyMWgu5m0+vH9NgoAe3FylSEdKr+nshYqPUo9E1nyHCg572J+J/XTrF30c1ElKQIEZ8t6qWSYkwnUdBAKOAoR4YwroS5lfIBU4yjCaxkQnDnX14kjdOK61Tcu7Ny9SqPo0gOyRE5IS45J1VyS2qkTjh5JM/klbxZT9aL9W59zFoLVj6zT/7A+vwBrPyUBg==</latexit><latexit sha1_base64="IdcQFlWPhlsufoChbSr2WROpL8I=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRQQWFgBePEcwCSRh6eipJk56F7hohDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqen4ihUbH+bYKS8srq2vF9dLG5tb2jr2719BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDPxmw+gtIijexwl0A1ZPxI9wRkaybMPOoDMyzoqpAHgmF5Tp3Lp2WWn4kxBF4mbkzLJUfPsr04Q8zSECLlkWrddJ8FuxhQKLmFc6qQaEsaHrA9tQyMWgu5m0+vH9NgoAe3FylSEdKr+nshYqPUo9E1nyHCg572J+J/XTrF30c1ElKQIEZ8t6qWSYkwnUdBAKOAoR4YwroS5lfIBU4yjCaxkQnDnX14kjdOK61Tcu7Ny9SqPo0gOyRE5IS45J1VyS2qkTjh5JM/klbxZT9aL9W59zFoLVj6zT/7A+vwBrPyUBg==</latexit><latexit sha1_base64="IdcQFlWPhlsufoChbSr2WROpL8I=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRQQWFgBePEcwCSRh6eipJk56F7hohDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqen4ihUbH+bYKS8srq2vF9dLG5tb2jr2719BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDPxmw+gtIijexwl0A1ZPxI9wRkaybMPOoDMyzoqpAHgmF5Tp3Lp2WWn4kxBF4mbkzLJUfPsr04Q8zSECLlkWrddJ8FuxhQKLmFc6qQaEsaHrA9tQyMWgu5m0+vH9NgoAe3FylSEdKr+nshYqPUo9E1nyHCg572J+J/XTrF30c1ElKQIEZ8t6qWSYkwnUdBAKOAoR4YwroS5lfIBU4yjCaxkQnDnX14kjdOK61Tcu7Ny9SqPo0gOyRE5IS45J1VyS2qkTjh5JM/klbxZT9aL9W59zFoLVj6zT/7A+vwBrPyUBg==</latexit>

DCR = 10�5 Hz
<latexit sha1_base64="epFC27Fa0wfRNre07z42vx94Kpk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEFF0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB8dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/KoWD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fFfeYEQ==</latexit><latexit sha1_base64="epFC27Fa0wfRNre07z42vx94Kpk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEFF0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB8dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/KoWD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fFfeYEQ==</latexit><latexit sha1_base64="epFC27Fa0wfRNre07z42vx94Kpk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEFF0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB8dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/KoWD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fFfeYEQ==</latexit><latexit sha1_base64="epFC27Fa0wfRNre07z42vx94Kpk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZZEFF0oFOqiyyr2AU0sk+mkHTqThJmJWEOWbvwVNy4UcesnuPNvnLZZaPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNb1AZ+c1bIiQNg2s1jIjLUS+gPsVIaaljbjvcC++Si8pVCs+hbd0kB8dp4ggOnX1YvU87ZtEqWWPAv8TOSBFkqHXMT6cb4piTQGGGpGzbVqTcBAlFMSNpwYkliRAeoB5paxogTqSbjB9J4a5WutAPha5AwbH6cyJBXMoh93QnR6ovp72R+J/XjpV/6iY0iGJFAjxZ5McMqhCOUoFdKghWbKgJwoLqWyHuI4Gw0tkVdAj29Mt/SeOwZFsl+/KoWD7L4siDLbAD9oANTkAZVEEN1AEGD+AJvIBX49F4Nt6M90lrzshmNsEvGB/fFfeYEQ==</latexit>

1000 periods, (30 cm)

2
<latexit sha1_base64="4SXRr3sJKZr2ynK7GAezK8bDg/Y=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSslUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhv6CG3/FjQtF3Lpz59+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HGLvgjlQ+ohhGBMFZNdXYJjWDxFMPWVgH4JEjE+uat03AIqoyngIvEyUgAZah33y+9KkggaGcKx1m0PxSZIsTKMcDrO+4mmMSZD3KdtSyMsqA7S6UdjeGyVLuxJZSsycKr+nkix0HokQtspsBnoeW8i/ue1E9O7CFIWxYmhEZkt6iUcGgkn8cAuU5QYPrIEE8XsrZAMsMLE2BDzNgRv/uVF0qiUPVT2bs4K1cssjhw4BEegCDxwDqrgGtRAHRDwCJ7BK3hznpwX5935mLUuOdnMAfgD5/MHONyasQ==</latexit><latexit sha1_base64="4SXRr3sJKZr2ynK7GAezK8bDg/Y=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSslUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhv6CG3/FjQtF3Lpz59+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HGLvgjlQ+ohhGBMFZNdXYJjWDxFMPWVgH4JEjE+uat03AIqoyngIvEyUgAZah33y+9KkggaGcKx1m0PxSZIsTKMcDrO+4mmMSZD3KdtSyMsqA7S6UdjeGyVLuxJZSsycKr+nkix0HokQtspsBnoeW8i/ue1E9O7CFIWxYmhEZkt6iUcGgkn8cAuU5QYPrIEE8XsrZAMsMLE2BDzNgRv/uVF0qiUPVT2bs4K1cssjhw4BEegCDxwDqrgGtRAHRDwCJ7BK3hznpwX5935mLUuOdnMAfgD5/MHONyasQ==</latexit><latexit sha1_base64="4SXRr3sJKZr2ynK7GAezK8bDg/Y=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSslUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhv6CG3/FjQtF3Lpz59+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HGLvgjlQ+ohhGBMFZNdXYJjWDxFMPWVgH4JEjE+uat03AIqoyngIvEyUgAZah33y+9KkggaGcKx1m0PxSZIsTKMcDrO+4mmMSZD3KdtSyMsqA7S6UdjeGyVLuxJZSsycKr+nkix0HokQtspsBnoeW8i/ue1E9O7CFIWxYmhEZkt6iUcGgkn8cAuU5QYPrIEE8XsrZAMsMLE2BDzNgRv/uVF0qiUPVT2bs4K1cssjhw4BEegCDxwDqrgGtRAHRDwCJ7BK3hznpwX5935mLUuOdnMAfgD5/MHONyasQ==</latexit><latexit sha1_base64="4SXRr3sJKZr2ynK7GAezK8bDg/Y=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSslUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhv6CG3/FjQtF3Lpz59+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HGLvgjlQ+ohhGBMFZNdXYJjWDxFMPWVgH4JEjE+uat03AIqoyngIvEyUgAZah33y+9KkggaGcKx1m0PxSZIsTKMcDrO+4mmMSZD3KdtSyMsqA7S6UdjeGyVLuxJZSsycKr+nkix0HokQtspsBnoeW8i/ue1E9O7CFIWxYmhEZkt6iUcGgkn8cAuU5QYPrIEE8XsrZAMsMLE2BDzNgRv/uVF0qiUPVT2bs4K1cssjhw4BEegCDxwDqrgGtRAHRDwCJ7BK3hznpwX5935mLUuOdnMAfgD5/MHONyasQ==</latexit>

100 periods, (10 cm)

2
<latexit sha1_base64="GwgCcdZyeHA9bqY3oT+FvY6DcVM=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVSskUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhn6CG3/FjQtF3Lp059+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HFPfBHKh9RDCMZUMdnVJTiGRQ/B1FcC+iVIxPj0rtJxC6iMpoCLxMtIAWSoddwvvytJImhkCMdatz0UmyDFyjDC6TjvJ5rGmAxxn7YtjbCgOkinD43hsVW6sCeVrcjAqfp7IsVC65EIbafAZqDnvYn4n9dOTO8iSFkUJ4ZGZLaol3BoJJykA7tMUWL4yBJMFLO3QjLAChNjM8zbELz5lxdJo1L2UNm7OStUL7M4cuAQHIEi8MA5qIJrUAN1QMAjeAav4M15cl6cd+dj1rrkZDMH4A+czx++2Jp1</latexit><latexit sha1_base64="GwgCcdZyeHA9bqY3oT+FvY6DcVM=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVSskUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhn6CG3/FjQtF3Lp059+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HFPfBHKh9RDCMZUMdnVJTiGRQ/B1FcC+iVIxPj0rtJxC6iMpoCLxMtIAWSoddwvvytJImhkCMdatz0UmyDFyjDC6TjvJ5rGmAxxn7YtjbCgOkinD43hsVW6sCeVrcjAqfp7IsVC65EIbafAZqDnvYn4n9dOTO8iSFkUJ4ZGZLaol3BoJJykA7tMUWL4yBJMFLO3QjLAChNjM8zbELz5lxdJo1L2UNm7OStUL7M4cuAQHIEi8MA5qIJrUAN1QMAjeAav4M15cl6cd+dj1rrkZDMH4A+czx++2Jp1</latexit><latexit sha1_base64="GwgCcdZyeHA9bqY3oT+FvY6DcVM=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVSskUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhn6CG3/FjQtF3Lp059+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HFPfBHKh9RDCMZUMdnVJTiGRQ/B1FcC+iVIxPj0rtJxC6iMpoCLxMtIAWSoddwvvytJImhkCMdatz0UmyDFyjDC6TjvJ5rGmAxxn7YtjbCgOkinD43hsVW6sCeVrcjAqfp7IsVC65EIbafAZqDnvYn4n9dOTO8iSFkUJ4ZGZLaol3BoJJykA7tMUWL4yBJMFLO3QjLAChNjM8zbELz5lxdJo1L2UNm7OStUL7M4cuAQHIEi8MA5qIJrUAN1QMAjeAav4M15cl6cd+dj1rrkZDMH4A+czx++2Jp1</latexit><latexit sha1_base64="GwgCcdZyeHA9bqY3oT+FvY6DcVM=">AAACEHicbVDLSgMxFM34rPU16tJNsIgVSskUQRcuCm5cVrAP6Iwlk6ZtaDIZkoxYhn6CG3/FjQtF3Lp059+YtrPQ1gMXDufcy733hDFn2iD07Swtr6yurec28ptb2zu77t5+Q8tEEVonkkvVCrGmnEW0bpjhtBUrikXIaTMcXk385j1Vmsno1oxiGgjcj1iPEWys1HFPfBHKh9RDCMZUMdnVJTiGRQ/B1FcC+iVIxPj0rtJxC6iMpoCLxMtIAWSoddwvvytJImhkCMdatz0UmyDFyjDC6TjvJ5rGmAxxn7YtjbCgOkinD43hsVW6sCeVrcjAqfp7IsVC65EIbafAZqDnvYn4n9dOTO8iSFkUJ4ZGZLaol3BoJJykA7tMUWL4yBJMFLO3QjLAChNjM8zbELz5lxdJo1L2UNm7OStUL7M4cuAQHIEi8MA5qIJrUAN1QMAjeAav4M15cl6cd+dj1rrkZDMH4A+czx++2Jp1</latexit>



Scanning

• For half-wave stack,  
but bandwidth 

• Increasing conversion rate 
requires more layers, but this 
decreases the mass range 
covered by a given stack

• What happens for other 
configurations?
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N = 30
<latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit><latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit><latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit><latexit sha1_base64="00i/TN3ii9L00mfftnYWTihdRfQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6aOfYBCwY0rqWAf0A4lk2ba2MxkSDJCGfoPblwo4tb/ceffmGkrqOiBC4dz7uXee/yYM6UR+rCWlldW19ZzG/nNre2d3cLefkuJRBLaJIIL2fGxopxFtKmZ5rQTS4pDn9O2P77M/PY9lYqJ6FZPYuqFeBixgBGsjdS6hhfwFPULRWSXaq7jVCGyXadWRhkpuxV0VoOOjWYoggUa/cJ7byBIEtJIE46V6joo1l6KpWaE02m+lygaYzLGQ9o1NMIhVV46u3YKj40ygIGQpiINZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ6qXsqiONE0IvNFQcKhFjB7HQ6YpETziSGYSGZuhWSEJSbaBJQ3IXx9Cv8nrZLtINu5cYv180UcOXAIjsAJcEAF1MEVaIAmIOAOPIAn8GwJ69F6sV7nrUvWYuYA/ID19gktdo4y</latexit>

N = 100
<latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit><latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit><latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit><latexit sha1_base64="ILqN5pzj1EMSm8Nb2b1nNlOYKTs=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDRlpaQsKBTeupIJ9QDuUTJppQzOZIckIZehHuHGhiFu/x51/Y/oQVPRAyOGce7n3niARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML6a+e17pjSP5Z2ZJMyPyFDykFNirNS+QZfIw7hfKGK3Wqrgcg1ht1wq41rVEs9+uIQ8F89RhCUa/cJ7bxDTNGLSUEG07no4MX5GlOFUsGm+l2qWEDomQ9a1VJKIaT+brztFp1YZoDBW9kmD5ur3joxEWk+iwFZGxIz0b28m/uV1UxNW/YzLJDVM0sWgMBXIxGh2OxpwxagRE0sIVdzuiuiIKEKNTShvQ/i6FP1PWuc2Fte7LRXrF8s4cnAMJ3AGHlSgDtfQgCZQGMMDPMGzkziPzovzuihdcZY9R/ADztsnnL6ObA==</latexit>

Pabs / N2
<latexit sha1_base64="jVdE2jmfIPw/OsnRdWVhhB3md+Y=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAq7QdDCImBjJRHMA7LrMjuZJEPmsczMCmHZxl+xsVDE1s+w82+cJFto4oGBwzn3cuecOGFUG8/7dkorq2vrG+XNytb2zu6eu3/Q1jJVmLSwZFJ1Y6QJo4K0DDWMdBNFEI8Z6cTj66nfeSRKUynuzSQhIUdDQQcUI2OlyD1qRlmgOESxzmGQKJkYCW8f6pFb9WreDHCZ+AWpggLNyP0K+hKnnAiDGdK653uJCTOkDMWM5JUg1SRBeIyGpGepQJzoMJsFyOGpVfpwIJV9wsCZ+nsjQ1zrCY/tJEdmpBe9qfif10vN4DLMqEhSQwSeHxqkDNqQ0zZgnyqCDZtYgrCi9q8Qj5BC2NjOKrYEfzHyMmnXa75X8+/Oq42roo4yOAYn4Az44AI0wA1oghbAIAfP4BW8OU/Oi/PufMxHS06xcwj+wPn8AdZ7leE=</latexit><latexit sha1_base64="jVdE2jmfIPw/OsnRdWVhhB3md+Y=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAq7QdDCImBjJRHMA7LrMjuZJEPmsczMCmHZxl+xsVDE1s+w82+cJFto4oGBwzn3cuecOGFUG8/7dkorq2vrG+XNytb2zu6eu3/Q1jJVmLSwZFJ1Y6QJo4K0DDWMdBNFEI8Z6cTj66nfeSRKUynuzSQhIUdDQQcUI2OlyD1qRlmgOESxzmGQKJkYCW8f6pFb9WreDHCZ+AWpggLNyP0K+hKnnAiDGdK653uJCTOkDMWM5JUg1SRBeIyGpGepQJzoMJsFyOGpVfpwIJV9wsCZ+nsjQ1zrCY/tJEdmpBe9qfif10vN4DLMqEhSQwSeHxqkDNqQ0zZgnyqCDZtYgrCi9q8Qj5BC2NjOKrYEfzHyMmnXa75X8+/Oq42roo4yOAYn4Az44AI0wA1oghbAIAfP4BW8OU/Oi/PufMxHS06xcwj+wPn8AdZ7leE=</latexit><latexit sha1_base64="jVdE2jmfIPw/OsnRdWVhhB3md+Y=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAq7QdDCImBjJRHMA7LrMjuZJEPmsczMCmHZxl+xsVDE1s+w82+cJFto4oGBwzn3cuecOGFUG8/7dkorq2vrG+XNytb2zu6eu3/Q1jJVmLSwZFJ1Y6QJo4K0DDWMdBNFEI8Z6cTj66nfeSRKUynuzSQhIUdDQQcUI2OlyD1qRlmgOESxzmGQKJkYCW8f6pFb9WreDHCZ+AWpggLNyP0K+hKnnAiDGdK653uJCTOkDMWM5JUg1SRBeIyGpGepQJzoMJsFyOGpVfpwIJV9wsCZ+nsjQ1zrCY/tJEdmpBe9qfif10vN4DLMqEhSQwSeHxqkDNqQ0zZgnyqCDZtYgrCi9q8Qj5BC2NjOKrYEfzHyMmnXa75X8+/Oq42roo4yOAYn4Az44AI0wA1oghbAIAfP4BW8OU/Oi/PufMxHS06xcwj+wPn8AdZ7leE=</latexit><latexit sha1_base64="jVdE2jmfIPw/OsnRdWVhhB3md+Y=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAq7QdDCImBjJRHMA7LrMjuZJEPmsczMCmHZxl+xsVDE1s+w82+cJFto4oGBwzn3cuecOGFUG8/7dkorq2vrG+XNytb2zu6eu3/Q1jJVmLSwZFJ1Y6QJo4K0DDWMdBNFEI8Z6cTj66nfeSRKUynuzSQhIUdDQQcUI2OlyD1qRlmgOESxzmGQKJkYCW8f6pFb9WreDHCZ+AWpggLNyP0K+hKnnAiDGdK653uJCTOkDMWM5JUg1SRBeIyGpGepQJzoMJsFyOGpVfpwIJV9wsCZ+nsjQ1zrCY/tJEdmpBe9qfif10vN4DLMqEhSQwSeHxqkDNqQ0zZgnyqCDZtYgrCi9q8Qj5BC2NjOKrYEfzHyMmnXa75X8+/Oq42roo4yOAYn4Az44AI0wA1oghbAIAfP4BW8OU/Oi/PufMxHS06xcwj+wPn8AdZ7leE=</latexit>

�!/! ⇠ 1/N
<latexit sha1_base64="ASPY7IrxBPD6Yz8+Qey5u314Eoo=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcNUmIujCRcGNK6lgL9CEMpmctENnkjAzEUro0o2v4saFIm59BHe+jdOLoK0/DHz85xzOnD9IOVPacb6swtLyyupacb20sbm1vWPv7jVVkkkKDZrwRLYDooCzGBqaaQ7tVAIRAYdWMLga11v3IBVL4js9TMEXpBeziFGijdW1D70QuCbYSwT0CK7+gKeYwG71pmuXnYozEV4EdwZlNFO9a396YUIzAbGmnCjVcZ1U+zmRmlEOo5KXKUgJHZAedAzGRIDy88khI3xsnBBHiTQv1nji/p7IiVBqKALTKYjuq/na2Pyv1sl0dOHnLE4zDTGdLooyjnWCx6ngkEmgmg8NECqZ+SumfSIJ1Sa7kgnBnT95EZqnFdepuLdn5drlLI4iOkBH6AS56BzV0DWqowai6AE9oRf0aj1az9ab9T5tLVizmX30R9bHN0cdmC0=</latexit><latexit sha1_base64="ASPY7IrxBPD6Yz8+Qey5u314Eoo=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcNUmIujCRcGNK6lgL9CEMpmctENnkjAzEUro0o2v4saFIm59BHe+jdOLoK0/DHz85xzOnD9IOVPacb6swtLyyupacb20sbm1vWPv7jVVkkkKDZrwRLYDooCzGBqaaQ7tVAIRAYdWMLga11v3IBVL4js9TMEXpBeziFGijdW1D70QuCbYSwT0CK7+gKeYwG71pmuXnYozEV4EdwZlNFO9a396YUIzAbGmnCjVcZ1U+zmRmlEOo5KXKUgJHZAedAzGRIDy88khI3xsnBBHiTQv1nji/p7IiVBqKALTKYjuq/na2Pyv1sl0dOHnLE4zDTGdLooyjnWCx6ngkEmgmg8NECqZ+SumfSIJ1Sa7kgnBnT95EZqnFdepuLdn5drlLI4iOkBH6AS56BzV0DWqowai6AE9oRf0aj1az9ab9T5tLVizmX30R9bHN0cdmC0=</latexit><latexit sha1_base64="ASPY7IrxBPD6Yz8+Qey5u314Eoo=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcNUmIujCRcGNK6lgL9CEMpmctENnkjAzEUro0o2v4saFIm59BHe+jdOLoK0/DHz85xzOnD9IOVPacb6swtLyyupacb20sbm1vWPv7jVVkkkKDZrwRLYDooCzGBqaaQ7tVAIRAYdWMLga11v3IBVL4js9TMEXpBeziFGijdW1D70QuCbYSwT0CK7+gKeYwG71pmuXnYozEV4EdwZlNFO9a396YUIzAbGmnCjVcZ1U+zmRmlEOo5KXKUgJHZAedAzGRIDy88khI3xsnBBHiTQv1nji/p7IiVBqKALTKYjuq/na2Pyv1sl0dOHnLE4zDTGdLooyjnWCx6ngkEmgmg8NECqZ+SumfSIJ1Sa7kgnBnT95EZqnFdepuLdn5drlLI4iOkBH6AS56BzV0DWqowai6AE9oRf0aj1az9ab9T5tLVizmX30R9bHN0cdmC0=</latexit><latexit sha1_base64="ASPY7IrxBPD6Yz8+Qey5u314Eoo=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcNUmIujCRcGNK6lgL9CEMpmctENnkjAzEUro0o2v4saFIm59BHe+jdOLoK0/DHz85xzOnD9IOVPacb6swtLyyupacb20sbm1vWPv7jVVkkkKDZrwRLYDooCzGBqaaQ7tVAIRAYdWMLga11v3IBVL4js9TMEXpBeziFGijdW1D70QuCbYSwT0CK7+gKeYwG71pmuXnYozEV4EdwZlNFO9a396YUIzAbGmnCjVcZ1U+zmRmlEOo5KXKUgJHZAedAzGRIDy88khI3xsnBBHiTQv1nji/p7IiVBqKALTKYjuq/na2Pyv1sl0dOHnLE4zDTGdLooyjnWCx6ngkEmgmg8NECqZ+SumfSIJ1Sa7kgnBnT95EZqnFdepuLdn5drlLI4iOkBH6AS56BzV0DWqowai6AE9oRf0aj1az9ab9T5tLVizmX30R9bHN0cdmC0=</latexit>



Frequency-averaged power
a(t)

<latexit sha1_base64="RC3ltPTyU8ezCTIKNNZ9I7ImDuM=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE0IOHghePFewHtKFstpt26e4m7E6EEvoXvHhQxKt/yJv/xqTNQVsfDDzem2FmXhBLYdF1v5219Y3Nre3STnl3b//gsHJ03LZRYhhvsUhGphtQy6XQvIUCJe/GhlMVSN4JJne533nixopIP+I05r6iIy1CwSjmEq3hxaBSdevuHGSVeAWpQoHmoPLVH0YsUVwjk9TanufG6KfUoGCSz8r9xPKYsgkd8V5GNVXc+un81hk5z5QhCSOTlUYyV39PpFRZO1VB1qkoju2yl4v/eb0Ewxs/FTpOkGu2WBQmkmBE8sfJUBjOUE4zQpkR2a2EjamhDLN4ylkI3vLLq6R9WffcuvdwVW3cFnGU4BTOoAYeXEMD7qEJLWAwhmd4hTdHOS/Ou/OxaF1zipkT+APn8wdc2o3C</latexit><latexit sha1_base64="RC3ltPTyU8ezCTIKNNZ9I7ImDuM=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE0IOHghePFewHtKFstpt26e4m7E6EEvoXvHhQxKt/yJv/xqTNQVsfDDzem2FmXhBLYdF1v5219Y3Nre3STnl3b//gsHJ03LZRYhhvsUhGphtQy6XQvIUCJe/GhlMVSN4JJne533nixopIP+I05r6iIy1CwSjmEq3hxaBSdevuHGSVeAWpQoHmoPLVH0YsUVwjk9TanufG6KfUoGCSz8r9xPKYsgkd8V5GNVXc+un81hk5z5QhCSOTlUYyV39PpFRZO1VB1qkoju2yl4v/eb0Ewxs/FTpOkGu2WBQmkmBE8sfJUBjOUE4zQpkR2a2EjamhDLN4ylkI3vLLq6R9WffcuvdwVW3cFnGU4BTOoAYeXEMD7qEJLWAwhmd4hTdHOS/Ou/OxaF1zipkT+APn8wdc2o3C</latexit><latexit sha1_base64="RC3ltPTyU8ezCTIKNNZ9I7ImDuM=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE0IOHghePFewHtKFstpt26e4m7E6EEvoXvHhQxKt/yJv/xqTNQVsfDDzem2FmXhBLYdF1v5219Y3Nre3STnl3b//gsHJ03LZRYhhvsUhGphtQy6XQvIUCJe/GhlMVSN4JJne533nixopIP+I05r6iIy1CwSjmEq3hxaBSdevuHGSVeAWpQoHmoPLVH0YsUVwjk9TanufG6KfUoGCSz8r9xPKYsgkd8V5GNVXc+un81hk5z5QhCSOTlUYyV39PpFRZO1VB1qkoju2yl4v/eb0Ewxs/FTpOkGu2WBQmkmBE8sfJUBjOUE4zQpkR2a2EjamhDLN4ylkI3vLLq6R9WffcuvdwVW3cFnGU4BTOoAYeXEMD7qEJLWAwhmd4hTdHOS/Ou/OxaF1zipkT+APn8wdc2o3C</latexit><latexit sha1_base64="RC3ltPTyU8ezCTIKNNZ9I7ImDuM=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE0IOHghePFewHtKFstpt26e4m7E6EEvoXvHhQxKt/yJv/xqTNQVsfDDzem2FmXhBLYdF1v5219Y3Nre3STnl3b//gsHJ03LZRYhhvsUhGphtQy6XQvIUCJe/GhlMVSN4JJne533nixopIP+I05r6iIy1CwSjmEq3hxaBSdevuHGSVeAWpQoHmoPLVH0YsUVwjk9TanufG6KfUoGCSz8r9xPKYsgkd8V5GNVXc+un81hk5z5QhCSOTlUYyV39PpFRZO1VB1qkoju2yl4v/eb0Ewxs/FTpOkGu2WBQmkmBE8sfJUBjOUE4zQpkR2a2EjamhDLN4ylkI3vLLq6R9WffcuvdwVW3cFnGU4BTOoAYeXEMD7qEJLWAwhmd4hTdHOS/Ou/OxaF1zipkT+APn8wdc2o3C</latexit>
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• Imagine short “pulse”       of DM field  
 
 
 
 
 
 
 

• In general, frequency-averaged power converted is 
 
 
 
independent of layer thicknesses and spacings!



Frequency-averaged power
• Imagine short “pulse”       of DM field  
 
 
 
 
 
 
 

• In general, frequency-averaged power converted is 
 
 
 
independent of layer thicknesses and spacings!

a(t)
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Scanning
• Converted power as a function of frequency is strongly  

 affected by structure: 
 
 
 
 

• For periodic layers, half-wave stack has broadest frequency profile

• To increase conversion rate, want more layers, but this tends to 
decrease bandwidth - need to scan somehow

periodic random



Scanning
• If experiment not background-free, signal-to-noise improved 

by scanning a narrow frequency profile

• At optical frequencies, backgrounds are low - bigger issue is 
expense of fabricating different configurations
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• Possibilities:

• Altering refractive indices

• Combining stacks of different 
periodicities



Other DM candidates
• To convert spin-0 DM to photons, target must provide 

“direction” to determine polarization of photon (otherwise 
rate suppressed by                 ) 

• For           coupling, magnetic field provides polarization 
direction

• For other couplings, require directional materials (e.g. spin-
polarized for axion-fermion couplings)

• Constraints from existing experiments generally tighter as 
well: longer-term prospects

v2DM ⇠ 10�6
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Summary

• Detection of bosonic DM at higher frequencies is an important 
gap in the experimental program

• Coherent absorption has attractive features; for absorption to 
photons, it requires wavelength-scale structure in the target

• Layered dielectrics are a simple way to absorb DM candidates 
with couplings to photons 

• Pilot experimental proposals are being worked on!

• Extending downwards to lower frequencies?





Extending to lower frequencies
• At energies below              , single-photon detection becomes significantly more difficult

• Well-motivated parameter space

• a generic QCD axion has                     from SN1987a bounds

• post-inflationary QCD axion DM at masses 

• dark photons from higher-scale inflation,

• Bolometric detectors exist, with                                  

• KSVZ axion gives converted power                                  from 1000 layers, of area                  
,             , in a           magnetic field

• No known fundamental obstacles to improved superconducting detectors for this 
frequency range

⇠ 0.2 eV
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(10 cm)2
<latexit sha1_base64="8b7uX+yQFrmShrETxqHj6Qek4Fw=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSlJEfTgoeDFYwX7AU0sm+22XbqbhN2NWEL+ihcPinj1j3jz37htc9DWBwOP92aYmRfEnCntON9WYW19Y3OruF3a2d3bP7APy20VJZLQFol4JLsBVpSzkLY005x2Y0mxCDjtBJObmd95pFKxKLzX05j6Ao9CNmQEayP17XLVdVDqSYG8c0REdvZQ79sVp+bMgVaJm5MK5Gj27S9vEJFE0FATjpXquU6s/RRLzQinWclLFI0xmeAR7RkaYkGVn85vz9CpUQZoGElToUZz9fdEioVSUxGYToH1WC17M/E/r5fo4ZWfsjBONA3JYtEw4UhHaBYEGjBJieZTQzCRzNyKyBhLTLSJq2RCcJdfXiXtes11au7dRaVxncdRhGM4gSq4cAkNuIUmtIDAEzzDK7xZmfVivVsfi9aClc8cwR9Ynz8dZ5KG</latexit><latexit sha1_base64="8b7uX+yQFrmShrETxqHj6Qek4Fw=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSlJEfTgoeDFYwX7AU0sm+22XbqbhN2NWEL+ihcPinj1j3jz37htc9DWBwOP92aYmRfEnCntON9WYW19Y3OruF3a2d3bP7APy20VJZLQFol4JLsBVpSzkLY005x2Y0mxCDjtBJObmd95pFKxKLzX05j6Ao9CNmQEayP17XLVdVDqSYG8c0REdvZQ79sVp+bMgVaJm5MK5Gj27S9vEJFE0FATjpXquU6s/RRLzQinWclLFI0xmeAR7RkaYkGVn85vz9CpUQZoGElToUZz9fdEioVSUxGYToH1WC17M/E/r5fo4ZWfsjBONA3JYtEw4UhHaBYEGjBJieZTQzCRzNyKyBhLTLSJq2RCcJdfXiXtes11au7dRaVxncdRhGM4gSq4cAkNuIUmtIDAEzzDK7xZmfVivVsfi9aClc8cwR9Ynz8dZ5KG</latexit><latexit sha1_base64="8b7uX+yQFrmShrETxqHj6Qek4Fw=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSlJEfTgoeDFYwX7AU0sm+22XbqbhN2NWEL+ihcPinj1j3jz37htc9DWBwOP92aYmRfEnCntON9WYW19Y3OruF3a2d3bP7APy20VJZLQFol4JLsBVpSzkLY005x2Y0mxCDjtBJObmd95pFKxKLzX05j6Ao9CNmQEayP17XLVdVDqSYG8c0REdvZQ79sVp+bMgVaJm5MK5Gj27S9vEJFE0FATjpXquU6s/RRLzQinWclLFI0xmeAR7RkaYkGVn85vz9CpUQZoGElToUZz9fdEioVSUxGYToH1WC17M/E/r5fo4ZWfsjBONA3JYtEw4UhHaBYEGjBJieZTQzCRzNyKyBhLTLSJq2RCcJdfXiXtes11au7dRaVxncdRhGM4gSq4cAkNuIUmtIDAEzzDK7xZmfVivVsfi9aClc8cwR9Ynz8dZ5KG</latexit><latexit sha1_base64="8b7uX+yQFrmShrETxqHj6Qek4Fw=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSlJEfTgoeDFYwX7AU0sm+22XbqbhN2NWEL+ihcPinj1j3jz37htc9DWBwOP92aYmRfEnCntON9WYW19Y3OruF3a2d3bP7APy20VJZLQFol4JLsBVpSzkLY005x2Y0mxCDjtBJObmd95pFKxKLzX05j6Ao9CNmQEayP17XLVdVDqSYG8c0REdvZQ79sVp+bMgVaJm5MK5Gj27S9vEJFE0FATjpXquU6s/RRLzQinWclLFI0xmeAR7RkaYkGVn85vz9CpUQZoGElToUZz9fdEioVSUxGYToH1WC17M/E/r5fo4ZWfsjBONA3JYtEw4UhHaBYEGjBJieZTQzCRzNyKyBhLTLSJq2RCcJdfXiXtes11au7dRaVxncdRhGM4gSq4cAkNuIUmtIDAEzzDK7xZmfVivVsfi9aClc8cwR9Ynz8dZ5KG</latexit>

10T
<latexit sha1_base64="2OopAHcsG4KF62UKpaNAZJiWk1Q=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC0sAjaWEfIFuSPsbfaSJbt7l929QDjyO2wsFLH1x9j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLG5tb1T3C3t7R8cHpWPT1o6ThWhTRLzWHVCrClnkjYNM5x2EkWxCDlth6OHud+eUKVZLBtmmtBA4IFkESPYWCnwXJT5SiD/CjVmvXLFrboLoHXi5aQCOeq98pffj0kqqDSEY627npuYIMPKMMLprOSnmiaYjPCAdi2VWFAdZIujZ+jCKn0UxcqWNGih/p7IsNB6KkLbKbAZ6lVvLv7ndVMT3QUZk0lqqCTLRVHKkYnRPAHUZ4oSw6eWYKKYvRWRIVaYGJtTyYbgrb68TlrXVc+tek83ldp9HkcRzuAcLsGDW6jBI9ShCQTG8Ayv8OZMnBfn3flYthacfOYU/sD5/AHHC5DG</latexit><latexit sha1_base64="2OopAHcsG4KF62UKpaNAZJiWk1Q=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC0sAjaWEfIFuSPsbfaSJbt7l929QDjyO2wsFLH1x9j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLG5tb1T3C3t7R8cHpWPT1o6ThWhTRLzWHVCrClnkjYNM5x2EkWxCDlth6OHud+eUKVZLBtmmtBA4IFkESPYWCnwXJT5SiD/CjVmvXLFrboLoHXi5aQCOeq98pffj0kqqDSEY627npuYIMPKMMLprOSnmiaYjPCAdi2VWFAdZIujZ+jCKn0UxcqWNGih/p7IsNB6KkLbKbAZ6lVvLv7ndVMT3QUZk0lqqCTLRVHKkYnRPAHUZ4oSw6eWYKKYvRWRIVaYGJtTyYbgrb68TlrXVc+tek83ldp9HkcRzuAcLsGDW6jBI9ShCQTG8Ayv8OZMnBfn3flYthacfOYU/sD5/AHHC5DG</latexit><latexit sha1_base64="2OopAHcsG4KF62UKpaNAZJiWk1Q=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC0sAjaWEfIFuSPsbfaSJbt7l929QDjyO2wsFLH1x9j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLG5tb1T3C3t7R8cHpWPT1o6ThWhTRLzWHVCrClnkjYNM5x2EkWxCDlth6OHud+eUKVZLBtmmtBA4IFkESPYWCnwXJT5SiD/CjVmvXLFrboLoHXi5aQCOeq98pffj0kqqDSEY627npuYIMPKMMLprOSnmiaYjPCAdi2VWFAdZIujZ+jCKn0UxcqWNGih/p7IsNB6KkLbKbAZ6lVvLv7ndVMT3QUZk0lqqCTLRVHKkYnRPAHUZ4oSw6eWYKKYvRWRIVaYGJtTyYbgrb68TlrXVc+tek83ldp9HkcRzuAcLsGDW6jBI9ShCQTG8Ayv8OZMnBfn3flYthacfOYU/sD5/AHHC5DG</latexit><latexit sha1_base64="2OopAHcsG4KF62UKpaNAZJiWk1Q=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC0sAjaWEfIFuSPsbfaSJbt7l929QDjyO2wsFLH1x9j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLG5tb1T3C3t7R8cHpWPT1o6ThWhTRLzWHVCrClnkjYNM5x2EkWxCDlth6OHud+eUKVZLBtmmtBA4IFkESPYWCnwXJT5SiD/CjVmvXLFrboLoHXi5aQCOeq98pffj0kqqDSEY627npuYIMPKMMLprOSnmiaYjPCAdi2VWFAdZIujZ+jCKn0UxcqWNGih/p7IsNB6KkLbKbAZ6lVvLv7ndVMT3QUZk0lqqCTLRVHKkYnRPAHUZ4oSw6eWYKKYvRWRIVaYGJtTyYbgrb68TlrXVc+tek83ldp9HkcRzuAcLsGDW6jBI9ShCQTG8Ayv8OZMnBfn3flYthacfOYU/sD5/AHHC5DG</latexit>

10�22 W ' meV/sec
<latexit sha1_base64="Bfnc1VGDm79bTYDaFXnGcvHjr+A=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwYWtSBF24KLhxWcE+oIllMr1pB2eSODMRSshXuPFX3LhQxK2482+cPhBtPXDhcM693HuPH3OmtG1/WbmFxaXllfxqYW19Y3OruL3TVFEiKTRoxCPZ9okCzkJoaKY5tGMJRPgcWv7txchv3YNULAqv9TAGT5B+yAJGiTZSt1h27Ju0XK1mOHWlwO4RbmXYVUzA3Y8ioImPsQKadYslu2KPgeeJMyUlNEW9W/x0exFNBISacqJUx7Fj7aVEakY5ZAU3URATekv60DE0JAKUl47fyvCBUXo4iKSpUOOx+nsiJUKpofBNpyB6oGa9kfif10l0cOalLIwTDSGdLAoSjnWERxnhHpNANR8aQqhk5lZMB0QSqk2SBROCM/vyPGlWK45dca5OSrXzaRx5tIf20SFy0CmqoUtURw1E0QN6Qi/o1Xq0nq03633SmrOmM7voD6yPb9kLnKk=</latexit><latexit sha1_base64="Bfnc1VGDm79bTYDaFXnGcvHjr+A=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwYWtSBF24KLhxWcE+oIllMr1pB2eSODMRSshXuPFX3LhQxK2482+cPhBtPXDhcM693HuPH3OmtG1/WbmFxaXllfxqYW19Y3OruL3TVFEiKTRoxCPZ9okCzkJoaKY5tGMJRPgcWv7txchv3YNULAqv9TAGT5B+yAJGiTZSt1h27Ju0XK1mOHWlwO4RbmXYVUzA3Y8ioImPsQKadYslu2KPgeeJMyUlNEW9W/x0exFNBISacqJUx7Fj7aVEakY5ZAU3URATekv60DE0JAKUl47fyvCBUXo4iKSpUOOx+nsiJUKpofBNpyB6oGa9kfif10l0cOalLIwTDSGdLAoSjnWERxnhHpNANR8aQqhk5lZMB0QSqk2SBROCM/vyPGlWK45dca5OSrXzaRx5tIf20SFy0CmqoUtURw1E0QN6Qi/o1Xq0nq03633SmrOmM7voD6yPb9kLnKk=</latexit><latexit sha1_base64="Bfnc1VGDm79bTYDaFXnGcvHjr+A=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwYWtSBF24KLhxWcE+oIllMr1pB2eSODMRSshXuPFX3LhQxK2482+cPhBtPXDhcM693HuPH3OmtG1/WbmFxaXllfxqYW19Y3OruL3TVFEiKTRoxCPZ9okCzkJoaKY5tGMJRPgcWv7txchv3YNULAqv9TAGT5B+yAJGiTZSt1h27Ju0XK1mOHWlwO4RbmXYVUzA3Y8ioImPsQKadYslu2KPgeeJMyUlNEW9W/x0exFNBISacqJUx7Fj7aVEakY5ZAU3URATekv60DE0JAKUl47fyvCBUXo4iKSpUOOx+nsiJUKpofBNpyB6oGa9kfif10l0cOalLIwTDSGdLAoSjnWERxnhHpNANR8aQqhk5lZMB0QSqk2SBROCM/vyPGlWK45dca5OSrXzaRx5tIf20SFy0CmqoUtURw1E0QN6Qi/o1Xq0nq03633SmrOmM7voD6yPb9kLnKk=</latexit><latexit sha1_base64="Bfnc1VGDm79bTYDaFXnGcvHjr+A=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwYWtSBF24KLhxWcE+oIllMr1pB2eSODMRSshXuPFX3LhQxK2482+cPhBtPXDhcM693HuPH3OmtG1/WbmFxaXllfxqYW19Y3OruL3TVFEiKTRoxCPZ9okCzkJoaKY5tGMJRPgcWv7txchv3YNULAqv9TAGT5B+yAJGiTZSt1h27Ju0XK1mOHWlwO4RbmXYVUzA3Y8ioImPsQKadYslu2KPgeeJMyUlNEW9W/x0exFNBISacqJUx7Fj7aVEakY5ZAU3URATekv60DE0JAKUl47fyvCBUXo4iKSpUOOx+nsiJUKpofBNpyB6oGa9kfif10l0cOalLIwTDSGdLAoSjnWERxnhHpNANR8aQqhk5lZMB0QSqk2SBROCM/vyPGlWK45dca5OSrXzaRx5tIf20SFy0CmqoUtURw1E0QN6Qi/o1Xq0nq03633SmrOmM7voD6yPb9kLnKk=</latexit>

m . 0.06 eV
<latexit sha1_base64="Z5+wDMdEzFgMsx2jMzTPCyrhR2k=">AAACBHicbZC7SgNBFIZn4y3G26plmsEgWEjYFVELi4CNZQRzgewSZicnyZCZ2WVmVghLChtfxcZCEVsfws63cZJsoYk/DPx85xzOnD9KONPG876dwsrq2vpGcbO0tb2zu+fuHzR1nCoKDRrzWLUjooEzCQ3DDId2ooCIiEMrGt1M660HUJrF8t6MEwgFGUjWZ5QYi7puWeCAg9aaCexVvQucBcqiUwzNSdetWDQTXjZ+biooV73rfgW9mKYCpKGcaN3xvcSEGVGGUQ6TUpBqSAgdkQF0rJVEgA6z2RETfGxJD/djZZ80eEZ/T2REaD0Wke0UxAz1Ym0K/6t1UtO/CjMmk9SApPNF/ZRjE+NpIrjHFFDDx9YQqpj9K6ZDogg1NreSDcFfPHnZNM+qvlf1784rtes8jiIqoyN0gnx0iWroFtVRA1H0iJ7RK3pznpwX5935mLcWnHzmEP2R8/kD9TWWVg==</latexit><latexit sha1_base64="Z5+wDMdEzFgMsx2jMzTPCyrhR2k=">AAACBHicbZC7SgNBFIZn4y3G26plmsEgWEjYFVELi4CNZQRzgewSZicnyZCZ2WVmVghLChtfxcZCEVsfws63cZJsoYk/DPx85xzOnD9KONPG876dwsrq2vpGcbO0tb2zu+fuHzR1nCoKDRrzWLUjooEzCQ3DDId2ooCIiEMrGt1M660HUJrF8t6MEwgFGUjWZ5QYi7puWeCAg9aaCexVvQucBcqiUwzNSdetWDQTXjZ+biooV73rfgW9mKYCpKGcaN3xvcSEGVGGUQ6TUpBqSAgdkQF0rJVEgA6z2RETfGxJD/djZZ80eEZ/T2REaD0Wke0UxAz1Ym0K/6t1UtO/CjMmk9SApPNF/ZRjE+NpIrjHFFDDx9YQqpj9K6ZDogg1NreSDcFfPHnZNM+qvlf1784rtes8jiIqoyN0gnx0iWroFtVRA1H0iJ7RK3pznpwX5935mLcWnHzmEP2R8/kD9TWWVg==</latexit><latexit sha1_base64="Z5+wDMdEzFgMsx2jMzTPCyrhR2k=">AAACBHicbZC7SgNBFIZn4y3G26plmsEgWEjYFVELi4CNZQRzgewSZicnyZCZ2WVmVghLChtfxcZCEVsfws63cZJsoYk/DPx85xzOnD9KONPG876dwsrq2vpGcbO0tb2zu+fuHzR1nCoKDRrzWLUjooEzCQ3DDId2ooCIiEMrGt1M660HUJrF8t6MEwgFGUjWZ5QYi7puWeCAg9aaCexVvQucBcqiUwzNSdetWDQTXjZ+biooV73rfgW9mKYCpKGcaN3xvcSEGVGGUQ6TUpBqSAgdkQF0rJVEgA6z2RETfGxJD/djZZ80eEZ/T2REaD0Wke0UxAz1Ym0K/6t1UtO/CjMmk9SApPNF/ZRjE+NpIrjHFFDDx9YQqpj9K6ZDogg1NreSDcFfPHnZNM+qvlf1784rtes8jiIqoyN0gnx0iWroFtVRA1H0iJ7RK3pznpwX5935mLcWnHzmEP2R8/kD9TWWVg==</latexit><latexit sha1_base64="Z5+wDMdEzFgMsx2jMzTPCyrhR2k=">AAACBHicbZC7SgNBFIZn4y3G26plmsEgWEjYFVELi4CNZQRzgewSZicnyZCZ2WVmVghLChtfxcZCEVsfws63cZJsoYk/DPx85xzOnD9KONPG876dwsrq2vpGcbO0tb2zu+fuHzR1nCoKDRrzWLUjooEzCQ3DDId2ooCIiEMrGt1M660HUJrF8t6MEwgFGUjWZ5QYi7puWeCAg9aaCexVvQucBcqiUwzNSdetWDQTXjZ+biooV73rfgW9mKYCpKGcaN3xvcSEGVGGUQ6TUpBqSAgdkQF0rJVEgA6z2RETfGxJD/djZZ80eEZ/T2REaD0Wke0UxAz1Ym0K/6t1UtO/CjMmk9SApPNF/ZRjE+NpIrjHFFDDx9YQqpj9K6ZDogg1NreSDcFfPHnZNM+qvlf1784rtes8jiIqoyN0gnx0iWroFtVRA1H0iJ7RK3pznpwX5935mLcWnHzmEP2R8/kD9TWWVg==</latexit>

& 10�5 eV
<latexit sha1_base64="D5WfyWmBTpEwUXJaQf2qyyTFc7E=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQksiii5cFNy4rGAf0MQymU7aoTNJmLkRSsjCjb/ixoUibv0Id/6N08dCWw9cOJxzL/feEySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTPCINYCDYO1EMSIDwVrB8Hrstx6Y0jyO7mCUMF+SfsRDTgkYqWuXvT4YV2LXuc9OznOceUpi7xizZt61K07VmQAvEndGKmiGetf+8noxTSWLgAqidcd1EvAzooBTwfKSl2qWEDokfdYxNCKSaT+bPJHjQ6P0cBgrUxHgifp7IiNS65EMTKckMNDz3lj8z+ukEF76GY+SFFhEp4vCVGCI8TgR3OOKURAjQwhV3NyK6YAoQsHkVjIhuPMvL5LmadV1qu7tWaV2NYujiMroAB0hF12gGrpBddRAFD2iZ/SK3qwn68V6tz6mrQVrNrOP/sD6/AGJS5a0</latexit><latexit sha1_base64="D5WfyWmBTpEwUXJaQf2qyyTFc7E=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQksiii5cFNy4rGAf0MQymU7aoTNJmLkRSsjCjb/ixoUibv0Id/6N08dCWw9cOJxzL/feEySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTPCINYCDYO1EMSIDwVrB8Hrstx6Y0jyO7mCUMF+SfsRDTgkYqWuXvT4YV2LXuc9OznOceUpi7xizZt61K07VmQAvEndGKmiGetf+8noxTSWLgAqidcd1EvAzooBTwfKSl2qWEDokfdYxNCKSaT+bPJHjQ6P0cBgrUxHgifp7IiNS65EMTKckMNDz3lj8z+ukEF76GY+SFFhEp4vCVGCI8TgR3OOKURAjQwhV3NyK6YAoQsHkVjIhuPMvL5LmadV1qu7tWaV2NYujiMroAB0hF12gGrpBddRAFD2iZ/SK3qwn68V6tz6mrQVrNrOP/sD6/AGJS5a0</latexit><latexit sha1_base64="D5WfyWmBTpEwUXJaQf2qyyTFc7E=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQksiii5cFNy4rGAf0MQymU7aoTNJmLkRSsjCjb/ixoUibv0Id/6N08dCWw9cOJxzL/feEySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTPCINYCDYO1EMSIDwVrB8Hrstx6Y0jyO7mCUMF+SfsRDTgkYqWuXvT4YV2LXuc9OznOceUpi7xizZt61K07VmQAvEndGKmiGetf+8noxTSWLgAqidcd1EvAzooBTwfKSl2qWEDokfdYxNCKSaT+bPJHjQ6P0cBgrUxHgifp7IiNS65EMTKckMNDz3lj8z+ukEF76GY+SFFhEp4vCVGCI8TgR3OOKURAjQwhV3NyK6YAoQsHkVjIhuPMvL5LmadV1qu7tWaV2NYujiMroAB0hF12gGrpBddRAFD2iZ/SK3qwn68V6tz6mrQVrNrOP/sD6/AGJS5a0</latexit><latexit sha1_base64="D5WfyWmBTpEwUXJaQf2qyyTFc7E=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQksiii5cFNy4rGAf0MQymU7aoTNJmLkRSsjCjb/ixoUibv0Id/6N08dCWw9cOJxzL/feEySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTPCINYCDYO1EMSIDwVrB8Hrstx6Y0jyO7mCUMF+SfsRDTgkYqWuXvT4YV2LXuc9OznOceUpi7xizZt61K07VmQAvEndGKmiGetf+8noxTSWLgAqidcd1EvAzooBTwfKSl2qWEDokfdYxNCKSaT+bPJHjQ6P0cBgrUxHgifp7IiNS65EMTKckMNDz3lj8z+ukEF76GY+SFFhEp4vCVGCI8TgR3OOKURAjQwhV3NyK6YAoQsHkVjIhuPMvL5LmadV1qu7tWaV2NYujiMroAB0hF12gGrpBddRAFD2iZ/SK3qwn68V6tz6mrQVrNrOP/sD6/AGJS5a0</latexit>

m & 10�5 eV
<latexit sha1_base64="yRUr2XSzEACukPv3xzJt8wYKi7E=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCBy2JKHrwUPDisYL9gCaWzXbbLt1Nwu5EKCEnL/4VLx4U8epv8Oa/cdvmoK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeAhqwMHwVqxYkQGgjWD4fXYbz4wpXkU3sEoZr4k/ZD3OCVgpI69L7HXB+NL7Dr36cl5hlNPGfEYs0bWsctOxZkAzxM3J2WUo9axv7xuRBPJQqCCaN12nRj8lCjgVLCs5CWaxYQOSZ+1DQ2JZNpPJ29k+NAoXdyLlKkQ8ET9PZESqfVIBqZTEhjoWW8s/ue1E+hd+ikP4wRYSKeLeonAEOFxJrjLFaMgRoYQqri5FdMBUYSCSa5kQnBnX54njdOK61Tc27Ny9SqPo4j20AE6Qi66QFV0g2qojih6RM/oFb1ZT9aL9W59TFsLVj6zi/7A+vwBuMqXVQ==</latexit><latexit sha1_base64="yRUr2XSzEACukPv3xzJt8wYKi7E=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCBy2JKHrwUPDisYL9gCaWzXbbLt1Nwu5EKCEnL/4VLx4U8epv8Oa/cdvmoK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeAhqwMHwVqxYkQGgjWD4fXYbz4wpXkU3sEoZr4k/ZD3OCVgpI69L7HXB+NL7Dr36cl5hlNPGfEYs0bWsctOxZkAzxM3J2WUo9axv7xuRBPJQqCCaN12nRj8lCjgVLCs5CWaxYQOSZ+1DQ2JZNpPJ29k+NAoXdyLlKkQ8ET9PZESqfVIBqZTEhjoWW8s/ue1E+hd+ikP4wRYSKeLeonAEOFxJrjLFaMgRoYQqri5FdMBUYSCSa5kQnBnX54njdOK61Tc27Ny9SqPo4j20AE6Qi66QFV0g2qojih6RM/oFb1ZT9aL9W59TFsLVj6zi/7A+vwBuMqXVQ==</latexit><latexit sha1_base64="yRUr2XSzEACukPv3xzJt8wYKi7E=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCBy2JKHrwUPDisYL9gCaWzXbbLt1Nwu5EKCEnL/4VLx4U8epv8Oa/cdvmoK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeAhqwMHwVqxYkQGgjWD4fXYbz4wpXkU3sEoZr4k/ZD3OCVgpI69L7HXB+NL7Dr36cl5hlNPGfEYs0bWsctOxZkAzxM3J2WUo9axv7xuRBPJQqCCaN12nRj8lCjgVLCs5CWaxYQOSZ+1DQ2JZNpPJ29k+NAoXdyLlKkQ8ET9PZESqfVIBqZTEhjoWW8s/ue1E+hd+ikP4wRYSKeLeonAEOFxJrjLFaMgRoYQqri5FdMBUYSCSa5kQnBnX54njdOK61Tc27Ny9SqPo4j20AE6Qi66QFV0g2qojih6RM/oFb1ZT9aL9W59TFsLVj6zi/7A+vwBuMqXVQ==</latexit><latexit sha1_base64="yRUr2XSzEACukPv3xzJt8wYKi7E=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCBy2JKHrwUPDisYL9gCaWzXbbLt1Nwu5EKCEnL/4VLx4U8epv8Oa/cdvmoK0PBh7vzTAzL4gF1+A431ZhYXFpeaW4Wlpb39jcsrd3GjpKFGV1GolItQKimeAhqwMHwVqxYkQGgjWD4fXYbz4wpXkU3sEoZr4k/ZD3OCVgpI69L7HXB+NL7Dr36cl5hlNPGfEYs0bWsctOxZkAzxM3J2WUo9axv7xuRBPJQqCCaN12nRj8lCjgVLCs5CWaxYQOSZ+1DQ2JZNpPJ29k+NAoXdyLlKkQ8ET9PZESqfVIBqZTEhjoWW8s/ue1E+hd+ikP4wRYSKeLeonAEOFxJrjLFaMgRoYQqri5FdMBUYSCSa5kQnBnX54njdOK61Tc27Ny9SqPo4j20AE6Qi66QFV0g2qojih6RM/oFb1ZT9aL9W59TFsLVj6zi/7A+vwBuMqXVQ==</latexit>


