
The Dark Matter Phase Diagram: Thermal Relics 
between keV and TeV 

Raffaele Tito D’Agnolo - IPhT Saclay



10�22 eV 1048 GeVm�
<latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit>

O(1)
<latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit>

↵SM
<latexit sha1_base64="O22W5kN366BpMgOvydTggUNPPQQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRixehov2AJoTNdtsu3d2E3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ecaeN5387K6tr6xmZpq7y9s7tXcfcPWjrJFKFNkvBEdWKsKWeSNg0znHZSRbGIOW3Ho+up336kSrNEPphxSkOBB5L1GcHGSpFbCTBPhzjKAyXQ/e0kcqtezZsBLRO/IFUo0Ijcr6CXkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlVeqifKFvSoJn6eyLHQuuxiG2nwGaoF72p+J/XzUz/MsyZTDNDJZkv6mccmQRNU0A9pigxfGwJJorZWxEZYoWJsVmVbQj+4svLpHVW872af3derV8VcZTgCI7hFHy4gDrcQAOaQCCDZ3iFN+fJeXHenY9564pTzBzCHzifP3u9kvU=</latexit><latexit sha1_base64="O22W5kN366BpMgOvydTggUNPPQQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRixehov2AJoTNdtsu3d2E3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ecaeN5387K6tr6xmZpq7y9s7tXcfcPWjrJFKFNkvBEdWKsKWeSNg0znHZSRbGIOW3Ho+up336kSrNEPphxSkOBB5L1GcHGSpFbCTBPhzjKAyXQ/e0kcqtezZsBLRO/IFUo0Ijcr6CXkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlVeqifKFvSoJn6eyLHQuuxiG2nwGaoF72p+J/XzUz/MsyZTDNDJZkv6mccmQRNU0A9pigxfGwJJorZWxEZYoWJsVmVbQj+4svLpHVW872af3derV8VcZTgCI7hFHy4gDrcQAOaQCCDZ3iFN+fJeXHenY9564pTzBzCHzifP3u9kvU=</latexit><latexit sha1_base64="O22W5kN366BpMgOvydTggUNPPQQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRixehov2AJoTNdtsu3d2E3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ecaeN5387K6tr6xmZpq7y9s7tXcfcPWjrJFKFNkvBEdWKsKWeSNg0znHZSRbGIOW3Ho+up336kSrNEPphxSkOBB5L1GcHGSpFbCTBPhzjKAyXQ/e0kcqtezZsBLRO/IFUo0Ijcr6CXkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlVeqifKFvSoJn6eyLHQuuxiG2nwGaoF72p+J/XzUz/MsyZTDNDJZkv6mccmQRNU0A9pigxfGwJJorZWxEZYoWJsVmVbQj+4svLpHVW872af3derV8VcZTgCI7hFHy4gDrcQAOaQCCDZ3iFN+fJeXHenY9564pTzBzCHzifP3u9kvU=</latexit><latexit sha1_base64="O22W5kN366BpMgOvydTggUNPPQQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRixehov2AJoTNdtsu3d2E3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ecaeN5387K6tr6xmZpq7y9s7tXcfcPWjrJFKFNkvBEdWKsKWeSNg0znHZSRbGIOW3Ho+up336kSrNEPphxSkOBB5L1GcHGSpFbCTBPhzjKAyXQ/e0kcqtezZsBLRO/IFUo0Ijcr6CXkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlVeqifKFvSoJn6eyLHQuuxiG2nwGaoF72p+J/XzUz/MsyZTDNDJZkv6mccmQRNU0A9pigxfGwJJorZWxEZYoWJsVmVbQj+4svLpHVW872af3derV8VcZTgCI7hFHy4gDrcQAOaQCCDZ3iFN+fJeXHenY9564pTzBzCHzifP3u9kvU=</latexit>

O(10�50)
<latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit>

O(1)
<latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit>

O(10�50)
<latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit>

↵self
<latexit sha1_base64="dFWJ1KCU2YJ7kNrjAJcemR3AN/0=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjgi6LblxWsA9ohyGTZtrQJDMkGaWM/RQ3LhRx65e4829M21lo64ELh3PuTe49UcqZNp737ZTW1jc2t8rblZ3dvf0Dt3rY1kmmCG2RhCeqG2FNOZO0ZZjhtJsqikXEaSca38z8zgNVmiXy3kxSGgg8lCxmBBsrhW61j3k6wmHeVwLZZ+Jp6Na8ujcHWiV+QWpQoBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz1KJBdVBPl99ik6tMkBxomxJg+bq74kcC60nIrKdApuRXvZm4n9eLzPxVZAzmWaGSrL4KM44Mgma5YAGTFFi+MQSTBSzuyIywgoTY9Oq2BD85ZNXSfu87nt1/+6i1rgu4ijDMZzAGfhwCQ24hSa0gMAjPMMrvDlPzovz7nwsWktOMXMEf+B8/gBlt5QT</latexit><latexit sha1_base64="dFWJ1KCU2YJ7kNrjAJcemR3AN/0=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjgi6LblxWsA9ohyGTZtrQJDMkGaWM/RQ3LhRx65e4829M21lo64ELh3PuTe49UcqZNp737ZTW1jc2t8rblZ3dvf0Dt3rY1kmmCG2RhCeqG2FNOZO0ZZjhtJsqikXEaSca38z8zgNVmiXy3kxSGgg8lCxmBBsrhW61j3k6wmHeVwLZZ+Jp6Na8ujcHWiV+QWpQoBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz1KJBdVBPl99ik6tMkBxomxJg+bq74kcC60nIrKdApuRXvZm4n9eLzPxVZAzmWaGSrL4KM44Mgma5YAGTFFi+MQSTBSzuyIywgoTY9Oq2BD85ZNXSfu87nt1/+6i1rgu4ijDMZzAGfhwCQ24hSa0gMAjPMMrvDlPzovz7nwsWktOMXMEf+B8/gBlt5QT</latexit><latexit sha1_base64="dFWJ1KCU2YJ7kNrjAJcemR3AN/0=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjgi6LblxWsA9ohyGTZtrQJDMkGaWM/RQ3LhRx65e4829M21lo64ELh3PuTe49UcqZNp737ZTW1jc2t8rblZ3dvf0Dt3rY1kmmCG2RhCeqG2FNOZO0ZZjhtJsqikXEaSca38z8zgNVmiXy3kxSGgg8lCxmBBsrhW61j3k6wmHeVwLZZ+Jp6Na8ujcHWiV+QWpQoBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz1KJBdVBPl99ik6tMkBxomxJg+bq74kcC60nIrKdApuRXvZm4n9eLzPxVZAzmWaGSrL4KM44Mgma5YAGTFFi+MQSTBSzuyIywgoTY9Oq2BD85ZNXSfu87nt1/+6i1rgu4ijDMZzAGfhwCQ24hSa0gMAjPMMrvDlPzovz7nwsWktOMXMEf+B8/gBlt5QT</latexit><latexit sha1_base64="dFWJ1KCU2YJ7kNrjAJcemR3AN/0=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjgi6LblxWsA9ohyGTZtrQJDMkGaWM/RQ3LhRx65e4829M21lo64ELh3PuTe49UcqZNp737ZTW1jc2t8rblZ3dvf0Dt3rY1kmmCG2RhCeqG2FNOZO0ZZjhtJsqikXEaSca38z8zgNVmiXy3kxSGgg8lCxmBBsrhW61j3k6wmHeVwLZZ+Jp6Na8ujcHWiV+QWpQoBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz1KJBdVBPl99ik6tMkBxomxJg+bq74kcC60nIrKdApuRXvZm4n9eLzPxVZAzmWaGSrL4KM44Mgma5YAGTFFi+MQSTBSzuyIywgoTY9Oq2BD85ZNXSfu87nt1/+6i1rgu4ijDMZzAGfhwCQ24hSa0gMAjPMMrvDlPzovz7nwsWktOMXMEf+B8/gBlt5QT</latexit>

????

NO

KING-SIZE



LDM INTRO FROM 6 YEARS 
AGO

We have looked for WIMPs for decades… 
We have looked for SUSY for decades…

We have not found anything (yet)

Here is something new (and motivated?)



THE UNUSUAL APPEAL OF THE 
WIMP

1. Insensitive to initial conditions (no assumptions on the UV)

DM in 
Kinetic and 

Chemical Eq. 
with a bath at 

T=TSM

T > mDM
<latexit sha1_base64="A+Vy4w7vuTVdVKIEq+aQ7ehdfAc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVoZ6kqAcvQoV+QXcp2TTbhibZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslk0zSWgg8FCyiBFsrOQ3r0U/85VAdw/TfrniVt050CrxclKBHI1++csfxCQVVBrCsdY9z01MkGFlGOF0WvJTTRNMxnhIe5ZKLKgOsvnNU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJroKMySQ1VJLFoijlyMRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvcfLSv0mj6MIJ3AK5+BBDepwDw1oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPH1KQkTQ=</latexit><latexit sha1_base64="A+Vy4w7vuTVdVKIEq+aQ7ehdfAc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVoZ6kqAcvQoV+QXcp2TTbhibZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslk0zSWgg8FCyiBFsrOQ3r0U/85VAdw/TfrniVt050CrxclKBHI1++csfxCQVVBrCsdY9z01MkGFlGOF0WvJTTRNMxnhIe5ZKLKgOsvnNU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJroKMySQ1VJLFoijlyMRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvcfLSv0mj6MIJ3AK5+BBDepwDw1oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPH1KQkTQ=</latexit><latexit sha1_base64="A+Vy4w7vuTVdVKIEq+aQ7ehdfAc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVoZ6kqAcvQoV+QXcp2TTbhibZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslk0zSWgg8FCyiBFsrOQ3r0U/85VAdw/TfrniVt050CrxclKBHI1++csfxCQVVBrCsdY9z01MkGFlGOF0WvJTTRNMxnhIe5ZKLKgOsvnNU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJroKMySQ1VJLFoijlyMRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvcfLSv0mj6MIJ3AK5+BBDepwDw1oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPH1KQkTQ=</latexit><latexit sha1_base64="A+Vy4w7vuTVdVKIEq+aQ7ehdfAc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVoZ6kqAcvQoV+QXcp2TTbhibZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslk0zSWgg8FCyiBFsrOQ3r0U/85VAdw/TfrniVt050CrxclKBHI1++csfxCQVVBrCsdY9z01MkGFlGOF0WvJTTRNMxnhIe5ZKLKgOsvnNU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJroKMySQ1VJLFoijlyMRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvcfLSv0mj6MIJ3AK5+BBDepwDw1oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPH1KQkTQ=</latexit>



THE UNUSUAL APPEAL OF THE 
WIMP

1. Insensitive to initial conditions (no assumptions on the UV)

DM in 
Kinetic and 

Chemical Eq. 
with a bath at 

T=TSM

T > mDM
<latexit sha1_base64="A+Vy4w7vuTVdVKIEq+aQ7ehdfAc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVoZ6kqAcvQoV+QXcp2TTbhibZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslk0zSWgg8FCyiBFsrOQ3r0U/85VAdw/TfrniVt050CrxclKBHI1++csfxCQVVBrCsdY9z01MkGFlGOF0WvJTTRNMxnhIe5ZKLKgOsvnNU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJroKMySQ1VJLFoijlyMRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvcfLSv0mj6MIJ3AK5+BBDepwDw1oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPH1KQkTQ=</latexit><latexit sha1_base64="A+Vy4w7vuTVdVKIEq+aQ7ehdfAc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVoZ6kqAcvQoV+QXcp2TTbhibZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslk0zSWgg8FCyiBFsrOQ3r0U/85VAdw/TfrniVt050CrxclKBHI1++csfxCQVVBrCsdY9z01MkGFlGOF0WvJTTRNMxnhIe5ZKLKgOsvnNU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJroKMySQ1VJLFoijlyMRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvcfLSv0mj6MIJ3AK5+BBDepwDw1oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPH1KQkTQ=</latexit><latexit sha1_base64="A+Vy4w7vuTVdVKIEq+aQ7ehdfAc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVoZ6kqAcvQoV+QXcp2TTbhibZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslk0zSWgg8FCyiBFsrOQ3r0U/85VAdw/TfrniVt050CrxclKBHI1++csfxCQVVBrCsdY9z01MkGFlGOF0WvJTTRNMxnhIe5ZKLKgOsvnNU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJroKMySQ1VJLFoijlyMRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvcfLSv0mj6MIJ3AK5+BBDepwDw1oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPH1KQkTQ=</latexit><latexit sha1_base64="A+Vy4w7vuTVdVKIEq+aQ7ehdfAc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVoZ6kqAcvQoV+QXcp2TTbhibZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslk0zSWgg8FCyiBFsrOQ3r0U/85VAdw/TfrniVt050CrxclKBHI1++csfxCQVVBrCsdY9z01MkGFlGOF0WvJTTRNMxnhIe5ZKLKgOsvnNU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJroKMySQ1VJLFoijlyMRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvcfLSv0mj6MIJ3AK5+BBDepwDw1oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPH1KQkTQ=</latexit>

A coupling in the dark sector [or non-
standard cosmology] is needed to 

remove excess DM abundance
Cannibal, Secluded, Forbidden v1, 

ELDER, Co-decaying, sub-MeV, Inflatable, 
asymmetric, WIMPs with GUTs, …

Potential Experimental Target: Decay to 
SM radiation

↵e↵ & 10�20
<latexit sha1_base64="fsuRKGJtsEckXpud/bJykK2V6vE=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY8kUQZdFNy4r2Ad0xiGTZtrQJDMkGaEM3brxV9y4UMStf+DOvzFtZ6GtBwKHc87l5p4o5UwbhL6d0srq2vpGebOytb2zu+fuH7R1kilCWyThiepGWFPOJG0ZZjjtpopiEXHaiUbXU7/zQJVmibwz45QGAg8kixnBxkqhC33M0yEOc18JSON44g+MTQvoofv8rI4moVtFNTQDXCZeQaqgQDN0v/x+QjJBpSEca93zUGqCHCvDCKeTip9pmmIywgPas1RiQXWQzy6ZwBOr9GGcKPukgTP190SOhdZjEdmkwGaoF72p+J/Xy0x8GeRMppmhkswXxRmHJoHTWmCfKUoMH1uCiWL2r5AMscLE2PIqtgRv8eRl0q7XPFTzbs+rjauijjI4AsfgFHjgAjTADWiCFiDgETyDV/DmPDkvzrvzMY+WnGLmEPyB8/kDf3+ZiA==</latexit><latexit sha1_base64="fsuRKGJtsEckXpud/bJykK2V6vE=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY8kUQZdFNy4r2Ad0xiGTZtrQJDMkGaEM3brxV9y4UMStf+DOvzFtZ6GtBwKHc87l5p4o5UwbhL6d0srq2vpGebOytb2zu+fuH7R1kilCWyThiepGWFPOJG0ZZjjtpopiEXHaiUbXU7/zQJVmibwz45QGAg8kixnBxkqhC33M0yEOc18JSON44g+MTQvoofv8rI4moVtFNTQDXCZeQaqgQDN0v/x+QjJBpSEca93zUGqCHCvDCKeTip9pmmIywgPas1RiQXWQzy6ZwBOr9GGcKPukgTP190SOhdZjEdmkwGaoF72p+J/Xy0x8GeRMppmhkswXxRmHJoHTWmCfKUoMH1uCiWL2r5AMscLE2PIqtgRv8eRl0q7XPFTzbs+rjauijjI4AsfgFHjgAjTADWiCFiDgETyDV/DmPDkvzrvzMY+WnGLmEPyB8/kDf3+ZiA==</latexit><latexit sha1_base64="fsuRKGJtsEckXpud/bJykK2V6vE=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY8kUQZdFNy4r2Ad0xiGTZtrQJDMkGaEM3brxV9y4UMStf+DOvzFtZ6GtBwKHc87l5p4o5UwbhL6d0srq2vpGebOytb2zu+fuH7R1kilCWyThiepGWFPOJG0ZZjjtpopiEXHaiUbXU7/zQJVmibwz45QGAg8kixnBxkqhC33M0yEOc18JSON44g+MTQvoofv8rI4moVtFNTQDXCZeQaqgQDN0v/x+QjJBpSEca93zUGqCHCvDCKeTip9pmmIywgPas1RiQXWQzy6ZwBOr9GGcKPukgTP190SOhdZjEdmkwGaoF72p+J/Xy0x8GeRMppmhkswXxRmHJoHTWmCfKUoMH1uCiWL2r5AMscLE2PIqtgRv8eRl0q7XPFTzbs+rjauijjI4AsfgFHjgAjTADWiCFiDgETyDV/DmPDkvzrvzMY+WnGLmEPyB8/kDf3+ZiA==</latexit><latexit sha1_base64="fsuRKGJtsEckXpud/bJykK2V6vE=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY8kUQZdFNy4r2Ad0xiGTZtrQJDMkGaEM3brxV9y4UMStf+DOvzFtZ6GtBwKHc87l5p4o5UwbhL6d0srq2vpGebOytb2zu+fuH7R1kilCWyThiepGWFPOJG0ZZjjtpopiEXHaiUbXU7/zQJVmibwz45QGAg8kixnBxkqhC33M0yEOc18JSON44g+MTQvoofv8rI4moVtFNTQDXCZeQaqgQDN0v/x+QjJBpSEca93zUGqCHCvDCKeTip9pmmIywgPas1RiQXWQzy6ZwBOr9GGcKPukgTP190SOhdZjEdmkwGaoF72p+J/Xy0x8GeRMppmhkswXxRmHJoHTWmCfKUoMH1uCiWL2r5AMscLE2PIqtgRv8eRl0q7XPFTzbs+rjauijjI4AsfgFHjgAjTADWiCFiDgETyDV/DmPDkvzrvzMY+WnGLmEPyB8/kDf3+ZiA==</latexit>



THE UNUSUAL APPEAL OF THE 
WIMP

DM in 
Kinetic and 

Chemical Eq. 
with a bath at 

T=TSM

T > mDM
<latexit sha1_base64="A+Vy4w7vuTVdVKIEq+aQ7ehdfAc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVoZ6kqAcvQoV+QXcp2TTbhibZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslk0zSWgg8FCyiBFsrOQ3r0U/85VAdw/TfrniVt050CrxclKBHI1++csfxCQVVBrCsdY9z01MkGFlGOF0WvJTTRNMxnhIe5ZKLKgOsvnNU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJroKMySQ1VJLFoijlyMRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvcfLSv0mj6MIJ3AK5+BBDepwDw1oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPH1KQkTQ=</latexit><latexit sha1_base64="A+Vy4w7vuTVdVKIEq+aQ7ehdfAc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVoZ6kqAcvQoV+QXcp2TTbhibZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslk0zSWgg8FCyiBFsrOQ3r0U/85VAdw/TfrniVt050CrxclKBHI1++csfxCQVVBrCsdY9z01MkGFlGOF0WvJTTRNMxnhIe5ZKLKgOsvnNU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJroKMySQ1VJLFoijlyMRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvcfLSv0mj6MIJ3AK5+BBDepwDw1oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPH1KQkTQ=</latexit><latexit sha1_base64="A+Vy4w7vuTVdVKIEq+aQ7ehdfAc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVoZ6kqAcvQoV+QXcp2TTbhibZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslk0zSWgg8FCyiBFsrOQ3r0U/85VAdw/TfrniVt050CrxclKBHI1++csfxCQVVBrCsdY9z01MkGFlGOF0WvJTTRNMxnhIe5ZKLKgOsvnNU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJroKMySQ1VJLFoijlyMRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvcfLSv0mj6MIJ3AK5+BBDepwDw1oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPH1KQkTQ=</latexit><latexit sha1_base64="A+Vy4w7vuTVdVKIEq+aQ7ehdfAc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVoZ6kqAcvQoV+QXcp2TTbhibZJckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslk0zSWgg8FCyiBFsrOQ3r0U/85VAdw/TfrniVt050CrxclKBHI1++csfxCQVVBrCsdY9z01MkGFlGOF0WvJTTRNMxnhIe5ZKLKgOsvnNU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zeqmJroKMySQ1VJLFoijlyMRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvcfLSv0mj6MIJ3AK5+BBDepwDw1oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPH1KQkTQ=</latexit>

A coupling in the dark sector is needed 
to remove excess DM abundance

Cannibal, Secluded, Forbidden v1, 
ELDER, Co-decaying, sub-MeV, Inflatable, 

asymmetric, WIMPs with GUTs, …

2. The coupling to the Standard Model fixes the relic density

A coupling to the SM removes 
excess DM abundance

WIMP [=WIMPless, Semi-Annihilation, 
Inelastic, non-Abelian] + ?

Irreducible Experimental Target: Relic 
Density

↵e↵ & 10�7
<latexit sha1_base64="OYH8Nr8oixEOxXWM9k3gkL2uV0g=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4sSQi1GXRjcsK9gFNDJPpTTt0JgkzE6GELt34K25cKOLWT3Dn3zhts9DWAwOHc87lzj1hypnSjvNtLS2vrK6tlzbKm1vbO7v23n5LJZmk0KQJT2QnJAo4i6GpmebQSSUQEXJoh8Prid9+AKlYEt/pUQq+IP2YRYwSbaTAPvIITwckyD0pMETR2OtrkxbYde7zs9o4sCtO1ZkCLxK3IBVUoBHYX14voZmAWFNOlOq6Tqr9nEjNKIdx2csUpIQOSR+6hsZEgPLz6SFjfGKUHo4SaV6s8VT9PZETodRIhCYpiB6oeW8i/ud1Mx1d+jmL00xDTGeLooxjneBJK7jHJFDNR4YQKpn5K6YDIgnVpruyKcGdP3mRtM6rrlN1by8q9auijhI6RMfoFLmohuroBjVQE1H0iJ7RK3qznqwX6936mEWXrGLmAP2B9fkDDfmZUw==</latexit><latexit sha1_base64="OYH8Nr8oixEOxXWM9k3gkL2uV0g=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4sSQi1GXRjcsK9gFNDJPpTTt0JgkzE6GELt34K25cKOLWT3Dn3zhts9DWAwOHc87lzj1hypnSjvNtLS2vrK6tlzbKm1vbO7v23n5LJZmk0KQJT2QnJAo4i6GpmebQSSUQEXJoh8Prid9+AKlYEt/pUQq+IP2YRYwSbaTAPvIITwckyD0pMETR2OtrkxbYde7zs9o4sCtO1ZkCLxK3IBVUoBHYX14voZmAWFNOlOq6Tqr9nEjNKIdx2csUpIQOSR+6hsZEgPLz6SFjfGKUHo4SaV6s8VT9PZETodRIhCYpiB6oeW8i/ud1Mx1d+jmL00xDTGeLooxjneBJK7jHJFDNR4YQKpn5K6YDIgnVpruyKcGdP3mRtM6rrlN1by8q9auijhI6RMfoFLmohuroBjVQE1H0iJ7RK3qznqwX6936mEWXrGLmAP2B9fkDDfmZUw==</latexit><latexit sha1_base64="OYH8Nr8oixEOxXWM9k3gkL2uV0g=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4sSQi1GXRjcsK9gFNDJPpTTt0JgkzE6GELt34K25cKOLWT3Dn3zhts9DWAwOHc87lzj1hypnSjvNtLS2vrK6tlzbKm1vbO7v23n5LJZmk0KQJT2QnJAo4i6GpmebQSSUQEXJoh8Prid9+AKlYEt/pUQq+IP2YRYwSbaTAPvIITwckyD0pMETR2OtrkxbYde7zs9o4sCtO1ZkCLxK3IBVUoBHYX14voZmAWFNOlOq6Tqr9nEjNKIdx2csUpIQOSR+6hsZEgPLz6SFjfGKUHo4SaV6s8VT9PZETodRIhCYpiB6oeW8i/ud1Mx1d+jmL00xDTGeLooxjneBJK7jHJFDNR4YQKpn5K6YDIgnVpruyKcGdP3mRtM6rrlN1by8q9auijhI6RMfoFLmohuroBjVQE1H0iJ7RK3qznqwX6936mEWXrGLmAP2B9fkDDfmZUw==</latexit><latexit sha1_base64="OYH8Nr8oixEOxXWM9k3gkL2uV0g=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4sSQi1GXRjcsK9gFNDJPpTTt0JgkzE6GELt34K25cKOLWT3Dn3zhts9DWAwOHc87lzj1hypnSjvNtLS2vrK6tlzbKm1vbO7v23n5LJZmk0KQJT2QnJAo4i6GpmebQSSUQEXJoh8Prid9+AKlYEt/pUQq+IP2YRYwSbaTAPvIITwckyD0pMETR2OtrkxbYde7zs9o4sCtO1ZkCLxK3IBVUoBHYX14voZmAWFNOlOq6Tqr9nEjNKIdx2csUpIQOSR+6hsZEgPLz6SFjfGKUHo4SaV6s8VT9PZETodRIhCYpiB6oeW8i/ud1Mx1d+jmL00xDTGeLooxjneBJK7jHJFDNR4YQKpn5K6YDIgnVpruyKcGdP3mRtM6rrlN1by8q9auijhI6RMfoFLmohuroBjVQE1H0iJ7RK3qznqwX6936mEWXrGLmAP2B9fkDDfmZUw==</latexit>

↵e↵ & 10�20
<latexit sha1_base64="fsuRKGJtsEckXpud/bJykK2V6vE=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY8kUQZdFNy4r2Ad0xiGTZtrQJDMkGaEM3brxV9y4UMStf+DOvzFtZ6GtBwKHc87l5p4o5UwbhL6d0srq2vpGebOytb2zu+fuH7R1kilCWyThiepGWFPOJG0ZZjjtpopiEXHaiUbXU7/zQJVmibwz45QGAg8kixnBxkqhC33M0yEOc18JSON44g+MTQvoofv8rI4moVtFNTQDXCZeQaqgQDN0v/x+QjJBpSEca93zUGqCHCvDCKeTip9pmmIywgPas1RiQXWQzy6ZwBOr9GGcKPukgTP190SOhdZjEdmkwGaoF72p+J/Xy0x8GeRMppmhkswXxRmHJoHTWmCfKUoMH1uCiWL2r5AMscLE2PIqtgRv8eRl0q7XPFTzbs+rjauijjI4AsfgFHjgAjTADWiCFiDgETyDV/DmPDkvzrvzMY+WnGLmEPyB8/kDf3+ZiA==</latexit><latexit sha1_base64="fsuRKGJtsEckXpud/bJykK2V6vE=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY8kUQZdFNy4r2Ad0xiGTZtrQJDMkGaEM3brxV9y4UMStf+DOvzFtZ6GtBwKHc87l5p4o5UwbhL6d0srq2vpGebOytb2zu+fuH7R1kilCWyThiepGWFPOJG0ZZjjtpopiEXHaiUbXU7/zQJVmibwz45QGAg8kixnBxkqhC33M0yEOc18JSON44g+MTQvoofv8rI4moVtFNTQDXCZeQaqgQDN0v/x+QjJBpSEca93zUGqCHCvDCKeTip9pmmIywgPas1RiQXWQzy6ZwBOr9GGcKPukgTP190SOhdZjEdmkwGaoF72p+J/Xy0x8GeRMppmhkswXxRmHJoHTWmCfKUoMH1uCiWL2r5AMscLE2PIqtgRv8eRl0q7XPFTzbs+rjauijjI4AsfgFHjgAjTADWiCFiDgETyDV/DmPDkvzrvzMY+WnGLmEPyB8/kDf3+ZiA==</latexit><latexit sha1_base64="fsuRKGJtsEckXpud/bJykK2V6vE=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY8kUQZdFNy4r2Ad0xiGTZtrQJDMkGaEM3brxV9y4UMStf+DOvzFtZ6GtBwKHc87l5p4o5UwbhL6d0srq2vpGebOytb2zu+fuH7R1kilCWyThiepGWFPOJG0ZZjjtpopiEXHaiUbXU7/zQJVmibwz45QGAg8kixnBxkqhC33M0yEOc18JSON44g+MTQvoofv8rI4moVtFNTQDXCZeQaqgQDN0v/x+QjJBpSEca93zUGqCHCvDCKeTip9pmmIywgPas1RiQXWQzy6ZwBOr9GGcKPukgTP190SOhdZjEdmkwGaoF72p+J/Xy0x8GeRMppmhkswXxRmHJoHTWmCfKUoMH1uCiWL2r5AMscLE2PIqtgRv8eRl0q7XPFTzbs+rjauijjI4AsfgFHjgAjTADWiCFiDgETyDV/DmPDkvzrvzMY+WnGLmEPyB8/kDf3+ZiA==</latexit><latexit sha1_base64="fsuRKGJtsEckXpud/bJykK2V6vE=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY8kUQZdFNy4r2Ad0xiGTZtrQJDMkGaEM3brxV9y4UMStf+DOvzFtZ6GtBwKHc87l5p4o5UwbhL6d0srq2vpGebOytb2zu+fuH7R1kilCWyThiepGWFPOJG0ZZjjtpopiEXHaiUbXU7/zQJVmibwz45QGAg8kixnBxkqhC33M0yEOc18JSON44g+MTQvoofv8rI4moVtFNTQDXCZeQaqgQDN0v/x+QjJBpSEca93zUGqCHCvDCKeTip9pmmIywgPas1RiQXWQzy6ZwBOr9GGcKPukgTP190SOhdZjEdmkwGaoF72p+J/Xy0x8GeRMppmhkswXxRmHJoHTWmCfKUoMH1uCiWL2r5AMscLE2PIqtgRv8eRl0q7XPFTzbs+rjauijjI4AsfgFHjgAjTADWiCFiDgETyDV/DmPDkvzrvzMY+WnGLmEPyB8/kDf3+ZiA==</latexit>



WIMPs AND TARGETS

SM

SM

�
<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>

�
<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>

= Dark Matter�
<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>

Semi-Annihilation [D’Eramo, Thaler ’10], Inelastic [Smith, Weiner ’01], WIMPless Miracle 
[Feng, Kumar ’08], Heavy Mediators [Bohem, Fayet ’07], Non-Abelian DM 

[Buen-Abad, Marques-Tavares, Schmaltz ’15], and many more with similar parametrics
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[RTD, Ruderman, Pappadopulo ’17] 
[RTD, Ruderman, Pappadopulo ,Wang, ’19]

SCATTERING WITH A PARTNER

SM SM

Resonant [Feng, Smolinsky ’17] 
Similar in this plane

MeV GeV TeV
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<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>
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<latexit sha1_base64="w1ag3v1kxeUIbm00tgECbre3WM4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2AcksUymk3boTCbMTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHXSUyiUkHCyZkP0KKMJqQjqaakX4qCeIRI71oclX4vXsiFRXJrZ6mJORolNCYYqSN5Ad4TO+CVFJOBpWqY1806zWvDh3bcRpuzS1IreGde9A1SoEqWKI9qLwHQ4EzThKNGVLKd51UhzmSmmJGZuUgUyRFeIJGxDc0QZyoMJ+fPIOnRhnCWEhTiYZz9ftEjrhSUx6ZTo70WP32CvEvz8903AxzmqSZJgleLIozBrWAxf9wSCXBmk0NQVhScyvEYyQR1ialsgnh61P4P+nWbNex3Ruv2rpcxlECx+AEnAEXNEALXIM26AAMBHgAT+DZ0taj9WK9LlpXrOXMEfgB6+0Tw8WRkQ==</latexit><latexit sha1_base64="w1ag3v1kxeUIbm00tgECbre3WM4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2AcksUymk3boTCbMTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHXSUyiUkHCyZkP0KKMJqQjqaakX4qCeIRI71oclX4vXsiFRXJrZ6mJORolNCYYqSN5Ad4TO+CVFJOBpWqY1806zWvDh3bcRpuzS1IreGde9A1SoEqWKI9qLwHQ4EzThKNGVLKd51UhzmSmmJGZuUgUyRFeIJGxDc0QZyoMJ+fPIOnRhnCWEhTiYZz9ftEjrhSUx6ZTo70WP32CvEvz8903AxzmqSZJgleLIozBrWAxf9wSCXBmk0NQVhScyvEYyQR1ialsgnh61P4P+nWbNex3Ruv2rpcxlECx+AEnAEXNEALXIM26AAMBHgAT+DZ0taj9WK9LlpXrOXMEfgB6+0Tw8WRkQ==</latexit><latexit sha1_base64="w1ag3v1kxeUIbm00tgECbre3WM4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2AcksUymk3boTCbMTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHXSUyiUkHCyZkP0KKMJqQjqaakX4qCeIRI71oclX4vXsiFRXJrZ6mJORolNCYYqSN5Ad4TO+CVFJOBpWqY1806zWvDh3bcRpuzS1IreGde9A1SoEqWKI9qLwHQ4EzThKNGVLKd51UhzmSmmJGZuUgUyRFeIJGxDc0QZyoMJ+fPIOnRhnCWEhTiYZz9ftEjrhSUx6ZTo70WP32CvEvz8903AxzmqSZJgleLIozBrWAxf9wSCXBmk0NQVhScyvEYyQR1ialsgnh61P4P+nWbNex3Ruv2rpcxlECx+AEnAEXNEALXIM26AAMBHgAT+DZ0taj9WK9LlpXrOXMEfgB6+0Tw8WRkQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="soCBT76LAcp70HmjTd906DLQVlw=">AAAB53icbZBLSwMxFIXv1FetVatbN4NFcFVm3OhScOOygn3AzFgyaaYNzWNI7ghl6M9w40IR/5E7/43pY6GtBwIf5yTk3pPmglsMgm+vsrW9s7tX3a8d1A+Pjhsn9a7VhaGsQ7XQpp8SywRXrIMcBevnhhGZCtZLJ3fzvPfMjOVaPeI0Z4kkI8UzTgk6K4rpmD/FueGSDRrNoBUs5G9CuIImrNQeNL7ioaaFZAqpINZGYZBjUhKDnAo2q8WFZTmhEzJikUNFJLNJuRh55l84Z+hn2rij0F+4v1+URFo7lam7KQmO7Xo2N//LogKzm6TkKi+QKbr8KCuEj9qf7+8PuWEUxdQBoYa7WX06JoZQdC3VXAnh+sqb0L1qhUErfAigCmdwDpcQwjXcwj20oQMUNLzAG7x76L16H8u6Kt6qt1P4I+/zByFLj/I=</latexit><latexit sha1_base64="rWrOChWOtnhI8IxFXKbDLXYvvm4=">AAAB53icdZBLSwMxFIXv1FetVatbN8EiuBoytbR1J7hxWcE+YGYsmTTThmYeJBmhDP0Zblwo4j9y578x01ZQ0QOBw3cScu8JUsGVxvjDKm1sbm3vlHcre9X9g8PaUbWvkkxS1qOJSOQwIIoJHrOe5lqwYSoZiQLBBsHsusgHD0wqnsR3ep4yPyKTmIecEm2Q69Epv/dSySM2qtWxfdlpNZothG2M207DKUyj3bxoIseQQnVYqzuqvXvjhGYRizUVRCnXwan2cyI1p4ItKl6mWErojEyYa2xMIqb8fDnyAp0ZMkZhIs2JNVrS7y9yEik1jwJzMyJ6qn5nBfwrczMddvycx2mmWUxXH4WZQDpBxf5ozCWjWsyNIVRyMyuiUyIJ1aaliinha1P0v+k3bAfbzi2GMpzAKZyDA224ghvoQg8oJPAIz/BiaevJel3VVbLWvR3DD1lvn36EkDQ=</latexit><latexit sha1_base64="oZUZSVIA97wkb2JYtnFxA44Q8Zg=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuwiSWtu6KblxWsA9IYplMJ+3QmSTMTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhVyWZJLRDEp7IfogV5SymHc00p/1UUixCTnvh5Krwe/dUKpbEt3qa0kDgUcwiRrA2kueTMbvzU8kEHVSqyL5o1t1aHSIboYbjOgVxG7XzGnSMUqAKlmgPKu/+MCGZoLEmHCvlOSjVQY6lZoTTWdnPFE0xmeAR9QyNsaAqyOcnz+CpUYYwSqSpWMO5+n0ix0KpqQhNp8B6rH57hfiX52U6agY5i9NM05gsFkUZhzqBxf9wyCQlmk8NwUQycyskYywx0Salsgnh61P4P+m6toNs5wZVW5fLOErgGJyAM+CABmiBa9AGHUBAAh7AE3i2tPVovVivi9YVazlzBH7AevsEwoWRjQ==</latexit><latexit sha1_base64="w1ag3v1kxeUIbm00tgECbre3WM4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2AcksUymk3boTCbMTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHXSUyiUkHCyZkP0KKMJqQjqaakX4qCeIRI71oclX4vXsiFRXJrZ6mJORolNCYYqSN5Ad4TO+CVFJOBpWqY1806zWvDh3bcRpuzS1IreGde9A1SoEqWKI9qLwHQ4EzThKNGVLKd51UhzmSmmJGZuUgUyRFeIJGxDc0QZyoMJ+fPIOnRhnCWEhTiYZz9ftEjrhSUx6ZTo70WP32CvEvz8903AxzmqSZJgleLIozBrWAxf9wSCXBmk0NQVhScyvEYyQR1ialsgnh61P4P+nWbNex3Ruv2rpcxlECx+AEnAEXNEALXIM26AAMBHgAT+DZ0taj9WK9LlpXrOXMEfgB6+0Tw8WRkQ==</latexit><latexit sha1_base64="w1ag3v1kxeUIbm00tgECbre3WM4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2AcksUymk3boTCbMTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHXSUyiUkHCyZkP0KKMJqQjqaakX4qCeIRI71oclX4vXsiFRXJrZ6mJORolNCYYqSN5Ad4TO+CVFJOBpWqY1806zWvDh3bcRpuzS1IreGde9A1SoEqWKI9qLwHQ4EzThKNGVLKd51UhzmSmmJGZuUgUyRFeIJGxDc0QZyoMJ+fPIOnRhnCWEhTiYZz9ftEjrhSUx6ZTo70WP32CvEvz8903AxzmqSZJgleLIozBrWAxf9wSCXBmk0NQVhScyvEYyQR1ialsgnh61P4P+nWbNex3Ruv2rpcxlECx+AEnAEXNEALXIM26AAMBHgAT+DZ0taj9WK9LlpXrOXMEfgB6+0Tw8WRkQ==</latexit><latexit sha1_base64="w1ag3v1kxeUIbm00tgECbre3WM4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2AcksUymk3boTCbMTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHXSUyiUkHCyZkP0KKMJqQjqaakX4qCeIRI71oclX4vXsiFRXJrZ6mJORolNCYYqSN5Ad4TO+CVFJOBpWqY1806zWvDh3bcRpuzS1IreGde9A1SoEqWKI9qLwHQ4EzThKNGVLKd51UhzmSmmJGZuUgUyRFeIJGxDc0QZyoMJ+fPIOnRhnCWEhTiYZz9ftEjrhSUx6ZTo70WP32CvEvz8903AxzmqSZJgleLIozBrWAxf9wSCXBmk0NQVhScyvEYyQR1ialsgnh61P4P+nWbNex3Ruv2rpcxlECx+AEnAEXNEALXIM26AAMBHgAT+DZ0taj9WK9LlpXrOXMEfgB6+0Tw8WRkQ==</latexit><latexit sha1_base64="w1ag3v1kxeUIbm00tgECbre3WM4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2AcksUymk3boTCbMTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHXSUyiUkHCyZkP0KKMJqQjqaakX4qCeIRI71oclX4vXsiFRXJrZ6mJORolNCYYqSN5Ad4TO+CVFJOBpWqY1806zWvDh3bcRpuzS1IreGde9A1SoEqWKI9qLwHQ4EzThKNGVLKd51UhzmSmmJGZuUgUyRFeIJGxDc0QZyoMJ+fPIOnRhnCWEhTiYZz9ftEjrhSUx6ZTo70WP32CvEvz8903AxzmqSZJgleLIozBrWAxf9wSCXBmk0NQVhScyvEYyQR1ialsgnh61P4P+nWbNex3Ruv2rpcxlECx+AEnAEXNEALXIM26AAMBHgAT+DZ0taj9WK9LlpXrOXMEfgB6+0Tw8WRkQ==</latexit><latexit sha1_base64="w1ag3v1kxeUIbm00tgECbre3WM4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2AcksUymk3boTCbMTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHXSUyiUkHCyZkP0KKMJqQjqaakX4qCeIRI71oclX4vXsiFRXJrZ6mJORolNCYYqSN5Ad4TO+CVFJOBpWqY1806zWvDh3bcRpuzS1IreGde9A1SoEqWKI9qLwHQ4EzThKNGVLKd51UhzmSmmJGZuUgUyRFeIJGxDc0QZyoMJ+fPIOnRhnCWEhTiYZz9ftEjrhSUx6ZTo70WP32CvEvz8903AxzmqSZJgleLIozBrWAxf9wSCXBmk0NQVhScyvEYyQR1ialsgnh61P4P+nWbNex3Ruv2rpcxlECx+AEnAEXNEALXIM26AAMBHgAT+DZ0taj9WK9LlpXrOXMEfgB6+0Tw8WRkQ==</latexit><latexit sha1_base64="w1ag3v1kxeUIbm00tgECbre3WM4=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJDW3dFNy4r2AcksUymk3boTCbMTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHXSUyiUkHCyZkP0KKMJqQjqaakX4qCeIRI71oclX4vXsiFRXJrZ6mJORolNCYYqSN5Ad4TO+CVFJOBpWqY1806zWvDh3bcRpuzS1IreGde9A1SoEqWKI9qLwHQ4EzThKNGVLKd51UhzmSmmJGZuUgUyRFeIJGxDc0QZyoMJ+fPIOnRhnCWEhTiYZz9ftEjrhSUx6ZTo70WP32CvEvz8903AxzmqSZJgleLIozBrWAxf9wSCXBmk0NQVhScyvEYyQR1ialsgnh61P4P+nWbNex3Ruv2rpcxlECx+AEnAEXNEALXIM26AAMBHgAT+DZ0taj9WK9LlpXrOXMEfgB6+0Tw8WRkQ==</latexit>



HOW IT WORKS: 
COSCATTERING
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<latexit sha1_base64="W+gacCJLX4bPVVNuHTsJMc7VZ5g=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFBK/4YXD4p49c9489+YbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vc7/zBNqwVD7YiYJIkKFkCaPEOikM6Yg9hkozAZV+tebX/TnwKgkKUkMFmv3qVzhIaSZAWsqJMb3AVzaaEm0Z5TCrhJkBReiYDKHnqCQCTDSd3zzDZ04Z4CTVrqTFc/X3xJQIYyYidp2C2JFZ9nLxP6+X2eQ6mjKpMguSLhYlGcc2xXkAeMA0UMsnjhCqmbsV0xHRhFoXUx5CsPzyKmlf1AO/Htxf1ho3RRxldIJO0TkK0BVqoDvURC1EkULP6BW9eZn34r17H4vWklfMHKM/8D5/AJw9kWM=</latexit><latexit sha1_base64="W+gacCJLX4bPVVNuHTsJMc7VZ5g=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFBK/4YXD4p49c9489+YbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vc7/zBNqwVD7YiYJIkKFkCaPEOikM6Yg9hkozAZV+tebX/TnwKgkKUkMFmv3qVzhIaSZAWsqJMb3AVzaaEm0Z5TCrhJkBReiYDKHnqCQCTDSd3zzDZ04Z4CTVrqTFc/X3xJQIYyYidp2C2JFZ9nLxP6+X2eQ6mjKpMguSLhYlGcc2xXkAeMA0UMsnjhCqmbsV0xHRhFoXUx5CsPzyKmlf1AO/Htxf1ho3RRxldIJO0TkK0BVqoDvURC1EkULP6BW9eZn34r17H4vWklfMHKM/8D5/AJw9kWM=</latexit><latexit sha1_base64="W+gacCJLX4bPVVNuHTsJMc7VZ5g=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFBK/4YXD4p49c9489+YbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vc7/zBNqwVD7YiYJIkKFkCaPEOikM6Yg9hkozAZV+tebX/TnwKgkKUkMFmv3qVzhIaSZAWsqJMb3AVzaaEm0Z5TCrhJkBReiYDKHnqCQCTDSd3zzDZ04Z4CTVrqTFc/X3xJQIYyYidp2C2JFZ9nLxP6+X2eQ6mjKpMguSLhYlGcc2xXkAeMA0UMsnjhCqmbsV0xHRhFoXUx5CsPzyKmlf1AO/Htxf1ho3RRxldIJO0TkK0BVqoDvURC1EkULP6BW9eZn34r17H4vWklfMHKM/8D5/AJw9kWM=</latexit><latexit sha1_base64="W+gacCJLX4bPVVNuHTsJMc7VZ5g=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFBK/4YXD4p49c9489+YbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vc7/zBNqwVD7YiYJIkKFkCaPEOikM6Yg9hkozAZV+tebX/TnwKgkKUkMFmv3qVzhIaSZAWsqJMb3AVzaaEm0Z5TCrhJkBReiYDKHnqCQCTDSd3zzDZ04Z4CTVrqTFc/X3xJQIYyYidp2C2JFZ9nLxP6+X2eQ6mjKpMguSLhYlGcc2xXkAeMA0UMsnjhCqmbsV0xHRhFoXUx5CsPzyKmlf1AO/Htxf1ho3RRxldIJO0TkK0BVqoDvURC1EkULP6BW9eZn34r17H4vWklfMHKM/8D5/AJw9kWM=</latexit>

�

�
� �0

<latexit sha1_base64="W+gacCJLX4bPVVNuHTsJMc7VZ5g=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFBK/4YXD4p49c9489+YbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vc7/zBNqwVD7YiYJIkKFkCaPEOikM6Yg9hkozAZV+tebX/TnwKgkKUkMFmv3qVzhIaSZAWsqJMb3AVzaaEm0Z5TCrhJkBReiYDKHnqCQCTDSd3zzDZ04Z4CTVrqTFc/X3xJQIYyYidp2C2JFZ9nLxP6+X2eQ6mjKpMguSLhYlGcc2xXkAeMA0UMsnjhCqmbsV0xHRhFoXUx5CsPzyKmlf1AO/Htxf1ho3RRxldIJO0TkK0BVqoDvURC1EkULP6BW9eZn34r17H4vWklfMHKM/8D5/AJw9kWM=</latexit><latexit sha1_base64="W+gacCJLX4bPVVNuHTsJMc7VZ5g=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFBK/4YXD4p49c9489+YbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vc7/zBNqwVD7YiYJIkKFkCaPEOikM6Yg9hkozAZV+tebX/TnwKgkKUkMFmv3qVzhIaSZAWsqJMb3AVzaaEm0Z5TCrhJkBReiYDKHnqCQCTDSd3zzDZ04Z4CTVrqTFc/X3xJQIYyYidp2C2JFZ9nLxP6+X2eQ6mjKpMguSLhYlGcc2xXkAeMA0UMsnjhCqmbsV0xHRhFoXUx5CsPzyKmlf1AO/Htxf1ho3RRxldIJO0TkK0BVqoDvURC1EkULP6BW9eZn34r17H4vWklfMHKM/8D5/AJw9kWM=</latexit><latexit sha1_base64="W+gacCJLX4bPVVNuHTsJMc7VZ5g=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFBK/4YXD4p49c9489+YbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vc7/zBNqwVD7YiYJIkKFkCaPEOikM6Yg9hkozAZV+tebX/TnwKgkKUkMFmv3qVzhIaSZAWsqJMb3AVzaaEm0Z5TCrhJkBReiYDKHnqCQCTDSd3zzDZ04Z4CTVrqTFc/X3xJQIYyYidp2C2JFZ9nLxP6+X2eQ6mjKpMguSLhYlGcc2xXkAeMA0UMsnjhCqmbsV0xHRhFoXUx5CsPzyKmlf1AO/Htxf1ho3RRxldIJO0TkK0BVqoDvURC1EkULP6BW9eZn34r17H4vWklfMHKM/8D5/AJw9kWM=</latexit><latexit sha1_base64="W+gacCJLX4bPVVNuHTsJMc7VZ5g=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFBK/4YXD4p49c9489+YbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vc7/zBNqwVD7YiYJIkKFkCaPEOikM6Yg9hkozAZV+tebX/TnwKgkKUkMFmv3qVzhIaSZAWsqJMb3AVzaaEm0Z5TCrhJkBReiYDKHnqCQCTDSd3zzDZ04Z4CTVrqTFc/X3xJQIYyYidp2C2JFZ9nLxP6+X2eQ6mjKpMguSLhYlGcc2xXkAeMA0UMsnjhCqmbsV0xHRhFoXUx5CsPzyKmlf1AO/Htxf1ho3RRxldIJO0TkK0BVqoDvURC1EkULP6BW9eZn34r17H4vWklfMHKM/8D5/AJw9kWM=</latexit>

WIMP

COSCATTERING ⇠ e�m�/TF
<latexit sha1_base64="AEvi5SCvFv4gk3hbp7bGYyzqKbo=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvFgTEfRYFMRjhX5BE8NmO22X7iZhdyOUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWHCmdKO820VlpZXVteK66WNza3tHXt3r6niVFJo0JjHsh0SBZxF0NBMc2gnEogIObTC4c3Ebz2CVCyO6nqUgC9IP2I9Rok2UmAfeIoJDA/ZqQg8OmBn9eB2jAO77FScKfAicXNSRjlqgf3ldWOaCog05USpjusk2s+I1IxyGJe8VEFC6JD0oWNoRAQoP5ueP8bHRuniXixNRRpP1d8TGRFKjURoOgXRAzXvTcT/vE6qe1d+xqIk1RDR2aJeyrGO8SQL3GUSqOYjQwiVzNyK6YBIQrVJrGRCcOdfXiTN84rrVNz7i3L1Oo+jiA7RETpBLrpEVXSHaqiBKMrQM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwDv1JTO</latexit><latexit sha1_base64="AEvi5SCvFv4gk3hbp7bGYyzqKbo=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvFgTEfRYFMRjhX5BE8NmO22X7iZhdyOUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWHCmdKO820VlpZXVteK66WNza3tHXt3r6niVFJo0JjHsh0SBZxF0NBMc2gnEogIObTC4c3Ebz2CVCyO6nqUgC9IP2I9Rok2UmAfeIoJDA/ZqQg8OmBn9eB2jAO77FScKfAicXNSRjlqgf3ldWOaCog05USpjusk2s+I1IxyGJe8VEFC6JD0oWNoRAQoP5ueP8bHRuniXixNRRpP1d8TGRFKjURoOgXRAzXvTcT/vE6qe1d+xqIk1RDR2aJeyrGO8SQL3GUSqOYjQwiVzNyK6YBIQrVJrGRCcOdfXiTN84rrVNz7i3L1Oo+jiA7RETpBLrpEVXSHaqiBKMrQM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwDv1JTO</latexit><latexit sha1_base64="AEvi5SCvFv4gk3hbp7bGYyzqKbo=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvFgTEfRYFMRjhX5BE8NmO22X7iZhdyOUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWHCmdKO820VlpZXVteK66WNza3tHXt3r6niVFJo0JjHsh0SBZxF0NBMc2gnEogIObTC4c3Ebz2CVCyO6nqUgC9IP2I9Rok2UmAfeIoJDA/ZqQg8OmBn9eB2jAO77FScKfAicXNSRjlqgf3ldWOaCog05USpjusk2s+I1IxyGJe8VEFC6JD0oWNoRAQoP5ueP8bHRuniXixNRRpP1d8TGRFKjURoOgXRAzXvTcT/vE6qe1d+xqIk1RDR2aJeyrGO8SQL3GUSqOYjQwiVzNyK6YBIQrVJrGRCcOdfXiTN84rrVNz7i3L1Oo+jiA7RETpBLrpEVXSHaqiBKMrQM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwDv1JTO</latexit><latexit sha1_base64="AEvi5SCvFv4gk3hbp7bGYyzqKbo=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvFgTEfRYFMRjhX5BE8NmO22X7iZhdyOUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWHCmdKO820VlpZXVteK66WNza3tHXt3r6niVFJo0JjHsh0SBZxF0NBMc2gnEogIObTC4c3Ebz2CVCyO6nqUgC9IP2I9Rok2UmAfeIoJDA/ZqQg8OmBn9eB2jAO77FScKfAicXNSRjlqgf3ldWOaCog05USpjusk2s+I1IxyGJe8VEFC6JD0oWNoRAQoP5ueP8bHRuniXixNRRpP1d8TGRFKjURoOgXRAzXvTcT/vE6qe1d+xqIk1RDR2aJeyrGO8SQL3GUSqOYjQwiVzNyK6YBIQrVJrGRCcOdfXiTN84rrVNz7i3L1Oo+jiA7RETpBLrpEVXSHaqiBKMrQM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwDv1JTO</latexit>

�= Dark Matter

[RTD, Ruderman, Pappadopulo ’17], [RTD, Pappadopulo ,Ruderman, Wang, ’19]



ANNIHILATIONS WITH A 
PARTNER
[Griest, Seckel ’89] 

[RTD, Mondino, Ruderman, Wang ‘18]

MeV GeV TeV
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�
<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit> = Dark Matter
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SM

�
<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>

�0
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HOW IT WORKS: 
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TOWARDS A PHASE DIAGRAM 
OF DARK MATTER
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Coscattering, Coannihilation and WIMP phases are all 
continuously connected and there is more…

[RTD, Rudermann ’15]

[RTD, Mondino, Rudermann, Wang ‘18]

[RTD, Rudermann, Pappadopulo ’17]
[RTD, Rudermann, Pappadopulo, Wang ’19]
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Coscattering, Coannihilation and WIMP phases are all 
continuously connected and there is more…

[RTD, Rudermann ’15]

[RTD, Mondino, Rudermann, Wang ‘18]

[RTD, Rudermann, Pappadopulo ’17]
[RTD, Rudermann, Pappadopulo, Wang ’19]
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INGREDIENTS BEYOND WIMPs

= Dark Matter�

= Strongly interacting Dark Matter partner 
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>



INGREDIENTS BEYOND WIMPs

= Dark Matter�

= Strongly interacting Dark Matter partner

Examples: Gluino-Bino, Wino-Bino, …

 
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>



INGREDIENTS BEYOND WIMPs

= Dark Matter�

= Strongly interacting Dark Matter partner 
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

m & m�
<latexit sha1_base64="M6t/U6w98wGtZGZpAC/bSyvgl7A=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkFIMFawMBaJPqQmqhz3trVqJ5F9g6ii/gELv8LCAEKsrGz8De5jgJYrWTo+557r6xOlUhj0vG9naXlldW29sFHc3Nre2XX39usmyTSHGk9kopsRMyBFDDUUKKGZamAqktCIBtdjvXEP2ogkvsNhCqFivVh0BWdoqbZ7EiA84GROrqEzylU7SI0Y0aCH1qWovfO+aLslr+xNii4CfwZKZFbVtvsVdBKeKYiRS2ZMy/dSDHOmUXAJo2KQGUgZH7AetCyMmQIT5pM9RvTYMh3aTbQ9MdIJ+9uRM2XMUEW2UzHsm3ltTP6ntTLsXoa5iNMMIebTh7qZpJjQcTi0IzRwlEMLGNfC7kp5n2nG0UZYtCH4819eBPWzsu+V/dvzUuVqFkeBHJIjckp8ckEq5IZUSY1w8kieySt5c56cF+fd+Zi2LjkzzwH5U87nD42TnZQ=</latexit><latexit sha1_base64="M6t/U6w98wGtZGZpAC/bSyvgl7A=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkFIMFawMBaJPqQmqhz3trVqJ5F9g6ii/gELv8LCAEKsrGz8De5jgJYrWTo+557r6xOlUhj0vG9naXlldW29sFHc3Nre2XX39usmyTSHGk9kopsRMyBFDDUUKKGZamAqktCIBtdjvXEP2ogkvsNhCqFivVh0BWdoqbZ7EiA84GROrqEzylU7SI0Y0aCH1qWovfO+aLslr+xNii4CfwZKZFbVtvsVdBKeKYiRS2ZMy/dSDHOmUXAJo2KQGUgZH7AetCyMmQIT5pM9RvTYMh3aTbQ9MdIJ+9uRM2XMUEW2UzHsm3ltTP6ntTLsXoa5iNMMIebTh7qZpJjQcTi0IzRwlEMLGNfC7kp5n2nG0UZYtCH4819eBPWzsu+V/dvzUuVqFkeBHJIjckp8ckEq5IZUSY1w8kieySt5c56cF+fd+Zi2LjkzzwH5U87nD42TnZQ=</latexit><latexit sha1_base64="M6t/U6w98wGtZGZpAC/bSyvgl7A=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkFIMFawMBaJPqQmqhz3trVqJ5F9g6ii/gELv8LCAEKsrGz8De5jgJYrWTo+557r6xOlUhj0vG9naXlldW29sFHc3Nre2XX39usmyTSHGk9kopsRMyBFDDUUKKGZamAqktCIBtdjvXEP2ogkvsNhCqFivVh0BWdoqbZ7EiA84GROrqEzylU7SI0Y0aCH1qWovfO+aLslr+xNii4CfwZKZFbVtvsVdBKeKYiRS2ZMy/dSDHOmUXAJo2KQGUgZH7AetCyMmQIT5pM9RvTYMh3aTbQ9MdIJ+9uRM2XMUEW2UzHsm3ltTP6ntTLsXoa5iNMMIebTh7qZpJjQcTi0IzRwlEMLGNfC7kp5n2nG0UZYtCH4819eBPWzsu+V/dvzUuVqFkeBHJIjckp8ckEq5IZUSY1w8kieySt5c56cF+fd+Zi2LjkzzwH5U87nD42TnZQ=</latexit><latexit sha1_base64="M6t/U6w98wGtZGZpAC/bSyvgl7A=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkFIMFawMBaJPqQmqhz3trVqJ5F9g6ii/gELv8LCAEKsrGz8De5jgJYrWTo+557r6xOlUhj0vG9naXlldW29sFHc3Nre2XX39usmyTSHGk9kopsRMyBFDDUUKKGZamAqktCIBtdjvXEP2ogkvsNhCqFivVh0BWdoqbZ7EiA84GROrqEzylU7SI0Y0aCH1qWovfO+aLslr+xNii4CfwZKZFbVtvsVdBKeKYiRS2ZMy/dSDHOmUXAJo2KQGUgZH7AetCyMmQIT5pM9RvTYMh3aTbQ9MdIJ+9uRM2XMUEW2UzHsm3ltTP6ntTLsXoa5iNMMIebTh7qZpJjQcTi0IzRwlEMLGNfC7kp5n2nG0UZYtCH4819eBPWzsu+V/dvzUuVqFkeBHJIjckp8ckEq5IZUSY1w8kieySt5c56cF+fd+Zi2LjkzzwH5U87nD42TnZQ=</latexit>

� ⌘ m �m�

m�
<latexit sha1_base64="XH6qP755VtAovFjUh9bDwJnrW1w=">AAACJHicbVDLSgMxFM34rPVVdekmWAQ3lhkRFNwUdeGygn1Ap5RMeqcNzTxM7hTL0I9x46+4ceEDF278FtNpF9p6INyTcx+5OV4shUbb/rIWFpeWV1Zza/n1jc2t7cLObk1HieJQ5ZGMVMNjGqQIoYoCJTRiBSzwJNS9/tU4Xx+A0iIK73AYQytg3VD4gjM0Urtw4V6DREZduE/EgLq+Yjx1ER4wm50q6IzSoO3GWoyOTeQ9kd3HsV0o2iU7A50nzpQUyRSVduHd7UQ8CSBELpnWTceOsZUyhYJLGOXdREPMeJ91oWloyALQrTRbZEQPjdKhfqTMCZFm6u+OlAVaDwPPVAYMe3o2Nxb/yzUT9M9bqQjjBCHkk4f8RFKM6Ngx2hEKOMqhIYwrYXalvMeMT2h8zRsTnNkvz5PaScmxS87tabF8ObUjR/bJATkiDjkjZXJDKqRKOHkkz+SVvFlP1ov1YX1OShesac8e+QPr+wesJqax</latexit><latexit sha1_base64="XH6qP755VtAovFjUh9bDwJnrW1w=">AAACJHicbVDLSgMxFM34rPVVdekmWAQ3lhkRFNwUdeGygn1Ap5RMeqcNzTxM7hTL0I9x46+4ceEDF278FtNpF9p6INyTcx+5OV4shUbb/rIWFpeWV1Zza/n1jc2t7cLObk1HieJQ5ZGMVMNjGqQIoYoCJTRiBSzwJNS9/tU4Xx+A0iIK73AYQytg3VD4gjM0Urtw4V6DREZduE/EgLq+Yjx1ER4wm50q6IzSoO3GWoyOTeQ9kd3HsV0o2iU7A50nzpQUyRSVduHd7UQ8CSBELpnWTceOsZUyhYJLGOXdREPMeJ91oWloyALQrTRbZEQPjdKhfqTMCZFm6u+OlAVaDwPPVAYMe3o2Nxb/yzUT9M9bqQjjBCHkk4f8RFKM6Ngx2hEKOMqhIYwrYXalvMeMT2h8zRsTnNkvz5PaScmxS87tabF8ObUjR/bJATkiDjkjZXJDKqRKOHkkz+SVvFlP1ov1YX1OShesac8e+QPr+wesJqax</latexit><latexit sha1_base64="XH6qP755VtAovFjUh9bDwJnrW1w=">AAACJHicbVDLSgMxFM34rPVVdekmWAQ3lhkRFNwUdeGygn1Ap5RMeqcNzTxM7hTL0I9x46+4ceEDF278FtNpF9p6INyTcx+5OV4shUbb/rIWFpeWV1Zza/n1jc2t7cLObk1HieJQ5ZGMVMNjGqQIoYoCJTRiBSzwJNS9/tU4Xx+A0iIK73AYQytg3VD4gjM0Urtw4V6DREZduE/EgLq+Yjx1ER4wm50q6IzSoO3GWoyOTeQ9kd3HsV0o2iU7A50nzpQUyRSVduHd7UQ8CSBELpnWTceOsZUyhYJLGOXdREPMeJ91oWloyALQrTRbZEQPjdKhfqTMCZFm6u+OlAVaDwPPVAYMe3o2Nxb/yzUT9M9bqQjjBCHkk4f8RFKM6Ngx2hEKOMqhIYwrYXalvMeMT2h8zRsTnNkvz5PaScmxS87tabF8ObUjR/bJATkiDjkjZXJDKqRKOHkkz+SVvFlP1ov1YX1OShesac8e+QPr+wesJqax</latexit><latexit sha1_base64="XH6qP755VtAovFjUh9bDwJnrW1w=">AAACJHicbVDLSgMxFM34rPVVdekmWAQ3lhkRFNwUdeGygn1Ap5RMeqcNzTxM7hTL0I9x46+4ceEDF278FtNpF9p6INyTcx+5OV4shUbb/rIWFpeWV1Zza/n1jc2t7cLObk1HieJQ5ZGMVMNjGqQIoYoCJTRiBSzwJNS9/tU4Xx+A0iIK73AYQytg3VD4gjM0Urtw4V6DREZduE/EgLq+Yjx1ER4wm50q6IzSoO3GWoyOTeQ9kd3HsV0o2iU7A50nzpQUyRSVduHd7UQ8CSBELpnWTceOsZUyhYJLGOXdREPMeJ91oWloyALQrTRbZEQPjdKhfqTMCZFm6u+OlAVaDwPPVAYMe3o2Nxb/yzUT9M9bqQjjBCHkk4f8RFKM6Ngx2hEKOMqhIYwrYXalvMeMT2h8zRsTnNkvz5PaScmxS87tabF8ObUjR/bJATkiDjkjZXJDKqRKOHkkz+SVvFlP1ov1YX1OShesac8e+QPr+wesJqax</latexit>



A GENERAL REALIZATION OF 
THE MECHANISM

�

SM 
THERMAL BATH 

<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>
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<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

�
<latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit>

�
<latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit>

⌧ 1
<latexit sha1_base64="sdZNYdLZ4wipDpK4D+IO8ut0KWI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS35eSeINqza27C5B14hWkBgVag+pXf5iwLOYKmaTG9Dw3xSCnGgWTfFbpZ4anlE3oiPcsVTTmJsgXx87IhVWGJEq0LYVkof6eyGlszDQObWdMcWxWvbn4n9fLMLoJcqHSDLliy0VRJgkmZP45GQrNGcqpJZRpYW8lbEw1ZWjzqdgQvNWX10n7qu65de/huta8LeIowxmcwyV40IAm3EMLfGAg4Ble4c1Rzovz7nwsW0tOMXMKf+B8/gAVYo4x</latexit><latexit sha1_base64="sdZNYdLZ4wipDpK4D+IO8ut0KWI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS35eSeINqza27C5B14hWkBgVag+pXf5iwLOYKmaTG9Dw3xSCnGgWTfFbpZ4anlE3oiPcsVTTmJsgXx87IhVWGJEq0LYVkof6eyGlszDQObWdMcWxWvbn4n9fLMLoJcqHSDLliy0VRJgkmZP45GQrNGcqpJZRpYW8lbEw1ZWjzqdgQvNWX10n7qu65de/huta8LeIowxmcwyV40IAm3EMLfGAg4Ble4c1Rzovz7nwsW0tOMXMKf+B8/gAVYo4x</latexit><latexit sha1_base64="sdZNYdLZ4wipDpK4D+IO8ut0KWI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS35eSeINqza27C5B14hWkBgVag+pXf5iwLOYKmaTG9Dw3xSCnGgWTfFbpZ4anlE3oiPcsVTTmJsgXx87IhVWGJEq0LYVkof6eyGlszDQObWdMcWxWvbn4n9fLMLoJcqHSDLliy0VRJgkmZP45GQrNGcqpJZRpYW8lbEw1ZWjzqdgQvNWX10n7qu65de/huta8LeIowxmcwyV40IAm3EMLfGAg4Ble4c1Rzovz7nwsW0tOMXMKf+B8/gAVYo4x</latexit><latexit sha1_base64="sdZNYdLZ4wipDpK4D+IO8ut0KWI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS35eSeINqza27C5B14hWkBgVag+pXf5iwLOYKmaTG9Dw3xSCnGgWTfFbpZ4anlE3oiPcsVTTmJsgXx87IhVWGJEq0LYVkof6eyGlszDQObWdMcWxWvbn4n9fLMLoJcqHSDLliy0VRJgkmZP45GQrNGcqpJZRpYW8lbEw1ZWjzqdgQvNWX10n7qu65de/huta8LeIowxmcwyV40IAm3EMLfGAg4Ble4c1Rzovz7nwsW0tOMXMKf+B8/gAVYo4x</latexit>
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<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

�  
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

�

�

 
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

 
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

 
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

�
<latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit>

�
<latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit>

�
<latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit>

�$  
<latexit sha1_base64="FNnvoJcB6tocmePHrDdcJk1FLYA=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJVEBD0WvXisYFuhCWWz3bRLN7thd6KUULz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLwoFdyA5307paXlldW18nplY3Nre8fd3WsZlWnKmlQJpe8iYpjgkjWBg2B3qWYkiQRrR8Orid++Z9pwJW9hlLIwIX3JY04JWKnrHgR0wHEgWAya9wdAtFYPOEgN77pVr+ZNgReJX5AqKtDoul9BT9EsYRKoIMZ0fC+FMCcaOBVsXAkyw1JCh6TPOpZKkjAT5tMXxvjYKj0cK21LAp6qvydykhgzSiLbmRAYmHlvIv7ndTKIL8KcyzQDJulsUZwJDApP8sA9rhkFMbKEUM3trZgOiCYUbGoVG4I///IiaZ3WfK/m35xV65dFHGV0iI7QCfLROaqja9RATUTRI3pGr+jNeXJenHfnY9ZacoqZffQHzucPaDiXbQ==</latexit><latexit sha1_base64="FNnvoJcB6tocmePHrDdcJk1FLYA=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJVEBD0WvXisYFuhCWWz3bRLN7thd6KUULz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLwoFdyA5307paXlldW18nplY3Nre8fd3WsZlWnKmlQJpe8iYpjgkjWBg2B3qWYkiQRrR8Orid++Z9pwJW9hlLIwIX3JY04JWKnrHgR0wHEgWAya9wdAtFYPOEgN77pVr+ZNgReJX5AqKtDoul9BT9EsYRKoIMZ0fC+FMCcaOBVsXAkyw1JCh6TPOpZKkjAT5tMXxvjYKj0cK21LAp6qvydykhgzSiLbmRAYmHlvIv7ndTKIL8KcyzQDJulsUZwJDApP8sA9rhkFMbKEUM3trZgOiCYUbGoVG4I///IiaZ3WfK/m35xV65dFHGV0iI7QCfLROaqja9RATUTRI3pGr+jNeXJenHfnY9ZacoqZffQHzucPaDiXbQ==</latexit><latexit sha1_base64="FNnvoJcB6tocmePHrDdcJk1FLYA=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJVEBD0WvXisYFuhCWWz3bRLN7thd6KUULz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLwoFdyA5307paXlldW18nplY3Nre8fd3WsZlWnKmlQJpe8iYpjgkjWBg2B3qWYkiQRrR8Orid++Z9pwJW9hlLIwIX3JY04JWKnrHgR0wHEgWAya9wdAtFYPOEgN77pVr+ZNgReJX5AqKtDoul9BT9EsYRKoIMZ0fC+FMCcaOBVsXAkyw1JCh6TPOpZKkjAT5tMXxvjYKj0cK21LAp6qvydykhgzSiLbmRAYmHlvIv7ndTKIL8KcyzQDJulsUZwJDApP8sA9rhkFMbKEUM3trZgOiCYUbGoVG4I///IiaZ3WfK/m35xV65dFHGV0iI7QCfLROaqja9RATUTRI3pGr+jNeXJenHfnY9ZacoqZffQHzucPaDiXbQ==</latexit><latexit sha1_base64="FNnvoJcB6tocmePHrDdcJk1FLYA=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJVEBD0WvXisYFuhCWWz3bRLN7thd6KUULz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLwoFdyA5307paXlldW18nplY3Nre8fd3WsZlWnKmlQJpe8iYpjgkjWBg2B3qWYkiQRrR8Orid++Z9pwJW9hlLIwIX3JY04JWKnrHgR0wHEgWAya9wdAtFYPOEgN77pVr+ZNgReJX5AqKtDoul9BT9EsYRKoIMZ0fC+FMCcaOBVsXAkyw1JCh6TPOpZKkjAT5tMXxvjYKj0cK21LAp6qvydykhgzSiLbmRAYmHlvIv7ndTKIL8KcyzQDJulsUZwJDApP8sA9rhkFMbKEUM3trZgOiCYUbGoVG4I///IiaZ3WfK/m35xV65dFHGV0iI7QCfLROaqja9RATUTRI3pGr+jNeXJenHfnY9ZacoqZffQHzucPaDiXbQ==</latexit>

�,  $
<latexit sha1_base64="k6BgZB86fve60l8jOH5Q7oeuRxE=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwICURQcFL0YvHCvYDmlA2202zdLMJuxOlhN68+Fe8eFDEq3/Bm//GbZuDtj4YeLw3w8y8IBVcg+N8WwuLS8srq6W18vrG5ta2vbPb1EmmKGvQRCSqHRDNBJesARwEa6eKkTgQrBUMrsd+654pzRN5B8OU+THpSx5ySsBIXfvAoxE/wd4l9lLNsSdYCIr3IyBKJQ+4a1ecqjMBniduQSqoQL1rf3m9hGYxk0AF0brjOin4OVHAqWCjspdplhI6IH3WMVSSmGk/n/wxwkdG6eEwUaYk4In6eyInsdbDODCdMYFIz3pj8T+vk0F44edcphkwSaeLwkxgSPA4FNzjilEQQ0MIVdzcimlEFKFgoiubENzZl+dJ87TqOlX39qxSuyriKKF9dIiOkYvOUQ3doDpqIIoe0TN6RW/Wk/VivVsf09YFq5jZQ39gff4Ay++Yog==</latexit><latexit sha1_base64="k6BgZB86fve60l8jOH5Q7oeuRxE=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwICURQcFL0YvHCvYDmlA2202zdLMJuxOlhN68+Fe8eFDEq3/Bm//GbZuDtj4YeLw3w8y8IBVcg+N8WwuLS8srq6W18vrG5ta2vbPb1EmmKGvQRCSqHRDNBJesARwEa6eKkTgQrBUMrsd+654pzRN5B8OU+THpSx5ySsBIXfvAoxE/wd4l9lLNsSdYCIr3IyBKJQ+4a1ecqjMBniduQSqoQL1rf3m9hGYxk0AF0brjOin4OVHAqWCjspdplhI6IH3WMVSSmGk/n/wxwkdG6eEwUaYk4In6eyInsdbDODCdMYFIz3pj8T+vk0F44edcphkwSaeLwkxgSPA4FNzjilEQQ0MIVdzcimlEFKFgoiubENzZl+dJ87TqOlX39qxSuyriKKF9dIiOkYvOUQ3doDpqIIoe0TN6RW/Wk/VivVsf09YFq5jZQ39gff4Ay++Yog==</latexit><latexit sha1_base64="k6BgZB86fve60l8jOH5Q7oeuRxE=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwICURQcFL0YvHCvYDmlA2202zdLMJuxOlhN68+Fe8eFDEq3/Bm//GbZuDtj4YeLw3w8y8IBVcg+N8WwuLS8srq6W18vrG5ta2vbPb1EmmKGvQRCSqHRDNBJesARwEa6eKkTgQrBUMrsd+654pzRN5B8OU+THpSx5ySsBIXfvAoxE/wd4l9lLNsSdYCIr3IyBKJQ+4a1ecqjMBniduQSqoQL1rf3m9hGYxk0AF0brjOin4OVHAqWCjspdplhI6IH3WMVSSmGk/n/wxwkdG6eEwUaYk4In6eyInsdbDODCdMYFIz3pj8T+vk0F44edcphkwSaeLwkxgSPA4FNzjilEQQ0MIVdzcimlEFKFgoiubENzZl+dJ87TqOlX39qxSuyriKKF9dIiOkYvOUQ3doDpqIIoe0TN6RW/Wk/VivVsf09YFq5jZQ39gff4Ay++Yog==</latexit><latexit sha1_base64="k6BgZB86fve60l8jOH5Q7oeuRxE=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwICURQcFL0YvHCvYDmlA2202zdLMJuxOlhN68+Fe8eFDEq3/Bm//GbZuDtj4YeLw3w8y8IBVcg+N8WwuLS8srq6W18vrG5ta2vbPb1EmmKGvQRCSqHRDNBJesARwEa6eKkTgQrBUMrsd+654pzRN5B8OU+THpSx5ySsBIXfvAoxE/wd4l9lLNsSdYCIr3IyBKJQ+4a1ecqjMBniduQSqoQL1rf3m9hGYxk0AF0brjOin4OVHAqWCjspdplhI6IH3WMVSSmGk/n/wxwkdG6eEwUaYk4In6eyInsdbDODCdMYFIz3pj8T+vk0F44edcphkwSaeLwkxgSPA4FNzjilEQQ0MIVdzcimlEFKFgoiubENzZl+dJ87TqOlX39qxSuyriKKF9dIiOkYvOUQ3doDpqIIoe0TN6RW/Wk/VivVsf09YFq5jZQ39gff4Ay++Yog==</latexit>
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BOLTZMANN “NDA”

n�h�viF ⇡ HF n�(TF ) ⇠ e�m�/TF
<latexit sha1_base64="MKod0OLYDIcL1xGzPUx5Ohd5cKo=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6sI6I4Iui4K4rNAbdMYhk2ba0CQzJBmhDN268VXcuFDErW/gzrcxnXahrT8Efr5zDifnDxNGlXacb6uwtLyyulZcL21sbm3v2Lt7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fWk3n4gUtFYNPQoIT5HfUEjipE2KLChCDw8oJVGcHMMPUU5JPfZCc/hqYHjwC47VScXXDTuzJTBTPXA/vJ6MU45ERozpFTXdRLtZ0hqihkZl7xUkQThIeqTrrECcaL8LL9kDI8M6cEoluYJDXP6eyJDXKkRD00nR3qg5msT+F+tm+ro0s+oSFJNBJ4uilIGdQwnscAelQRrNjIGYUnNXyEeIImwNuGVTAju/MmLpnVWdZ2qe3derl3N4iiCA3AIKsAFF6AGbkEdNAEGj+AZvII368l6sd6tj2lrwZrN7IM/sj5/AG8GmOM=</latexit><latexit sha1_base64="MKod0OLYDIcL1xGzPUx5Ohd5cKo=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6sI6I4Iui4K4rNAbdMYhk2ba0CQzJBmhDN268VXcuFDErW/gzrcxnXahrT8Efr5zDifnDxNGlXacb6uwtLyyulZcL21sbm3v2Lt7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fWk3n4gUtFYNPQoIT5HfUEjipE2KLChCDw8oJVGcHMMPUU5JPfZCc/hqYHjwC47VScXXDTuzJTBTPXA/vJ6MU45ERozpFTXdRLtZ0hqihkZl7xUkQThIeqTrrECcaL8LL9kDI8M6cEoluYJDXP6eyJDXKkRD00nR3qg5msT+F+tm+ro0s+oSFJNBJ4uilIGdQwnscAelQRrNjIGYUnNXyEeIImwNuGVTAju/MmLpnVWdZ2qe3derl3N4iiCA3AIKsAFF6AGbkEdNAEGj+AZvII368l6sd6tj2lrwZrN7IM/sj5/AG8GmOM=</latexit><latexit sha1_base64="MKod0OLYDIcL1xGzPUx5Ohd5cKo=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6sI6I4Iui4K4rNAbdMYhk2ba0CQzJBmhDN268VXcuFDErW/gzrcxnXahrT8Efr5zDifnDxNGlXacb6uwtLyyulZcL21sbm3v2Lt7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fWk3n4gUtFYNPQoIT5HfUEjipE2KLChCDw8oJVGcHMMPUU5JPfZCc/hqYHjwC47VScXXDTuzJTBTPXA/vJ6MU45ERozpFTXdRLtZ0hqihkZl7xUkQThIeqTrrECcaL8LL9kDI8M6cEoluYJDXP6eyJDXKkRD00nR3qg5msT+F+tm+ro0s+oSFJNBJ4uilIGdQwnscAelQRrNjIGYUnNXyEeIImwNuGVTAju/MmLpnVWdZ2qe3derl3N4iiCA3AIKsAFF6AGbkEdNAEGj+AZvII368l6sd6tj2lrwZrN7IM/sj5/AG8GmOM=</latexit><latexit sha1_base64="MKod0OLYDIcL1xGzPUx5Ohd5cKo=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6sI6I4Iui4K4rNAbdMYhk2ba0CQzJBmhDN268VXcuFDErW/gzrcxnXahrT8Efr5zDifnDxNGlXacb6uwtLyyulZcL21sbm3v2Lt7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fWk3n4gUtFYNPQoIT5HfUEjipE2KLChCDw8oJVGcHMMPUU5JPfZCc/hqYHjwC47VScXXDTuzJTBTPXA/vJ6MU45ERozpFTXdRLtZ0hqihkZl7xUkQThIeqTrrECcaL8LL9kDI8M6cEoluYJDXP6eyJDXKkRD00nR3qg5msT+F+tm+ro0s+oSFJNBJ4uilIGdQwnscAelQRrNjIGYUnNXyEeIImwNuGVTAju/MmLpnVWdZ2qe3derl3N4iiCA3AIKsAFF6AGbkEdNAEGj+AZvII368l6sd6tj2lrwZrN7IM/sj5/AG8GmOM=</latexit>

�  
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

�
<latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit>

SM SM

⇠ �2T 3
F�0

<latexit sha1_base64="NpT6+3b+i0Q24iCZyIotqaAj7jg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmqoMuiIC4r9AVNGiaTaTt0ZhJmJkIJ3bjxV9y4UMSt/+DOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7Cyura+UdwsbW3v7O7Z+wctFacSkyaOWSw7IVKEUUGammpGOokkiIeMtMPRzdRvPxCpaCwaepwQn6OBoH2KkTZSYB97inLoRYRp1KvCRu88uIVGG3AUOIFddirODHCZuDkpgxz1wP7yohinnAiNGVKq6zqJ9jMkNcWMTEpeqkiC8AgNSNdQgThRfjb7YgJPjRLBfixNCQ1n6u+JDHGlxjw0nRzpoVr0puJ/XjfV/Ss/oyJJNRF4vqifMqhjOI0ERlQSrNnYEIQlNbdCPEQSYW2CK5kQ3MWXl0mrWnGdint/Ua5d53EUwRE4AWfABZegBu5AHTQBBo/gGbyCN+vJerHerY95a8HKZw7BH1ifP3xCl0Q=</latexit><latexit sha1_base64="NpT6+3b+i0Q24iCZyIotqaAj7jg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmqoMuiIC4r9AVNGiaTaTt0ZhJmJkIJ3bjxV9y4UMSt/+DOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7Cyura+UdwsbW3v7O7Z+wctFacSkyaOWSw7IVKEUUGammpGOokkiIeMtMPRzdRvPxCpaCwaepwQn6OBoH2KkTZSYB97inLoRYRp1KvCRu88uIVGG3AUOIFddirODHCZuDkpgxz1wP7yohinnAiNGVKq6zqJ9jMkNcWMTEpeqkiC8AgNSNdQgThRfjb7YgJPjRLBfixNCQ1n6u+JDHGlxjw0nRzpoVr0puJ/XjfV/Ss/oyJJNRF4vqifMqhjOI0ERlQSrNnYEIQlNbdCPEQSYW2CK5kQ3MWXl0mrWnGdint/Ua5d53EUwRE4AWfABZegBu5AHTQBBo/gGbyCN+vJerHerY95a8HKZw7BH1ifP3xCl0Q=</latexit><latexit sha1_base64="NpT6+3b+i0Q24iCZyIotqaAj7jg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmqoMuiIC4r9AVNGiaTaTt0ZhJmJkIJ3bjxV9y4UMSt/+DOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7Cyura+UdwsbW3v7O7Z+wctFacSkyaOWSw7IVKEUUGammpGOokkiIeMtMPRzdRvPxCpaCwaepwQn6OBoH2KkTZSYB97inLoRYRp1KvCRu88uIVGG3AUOIFddirODHCZuDkpgxz1wP7yohinnAiNGVKq6zqJ9jMkNcWMTEpeqkiC8AgNSNdQgThRfjb7YgJPjRLBfixNCQ1n6u+JDHGlxjw0nRzpoVr0puJ/XjfV/Ss/oyJJNRF4vqifMqhjOI0ERlQSrNnYEIQlNbdCPEQSYW2CK5kQ3MWXl0mrWnGdint/Ua5d53EUwRE4AWfABZegBu5AHTQBBo/gGbyCN+vJerHerY95a8HKZw7BH1ifP3xCl0Q=</latexit><latexit sha1_base64="NpT6+3b+i0Q24iCZyIotqaAj7jg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmqoMuiIC4r9AVNGiaTaTt0ZhJmJkIJ3bjxV9y4UMSt/+DOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7Cyura+UdwsbW3v7O7Z+wctFacSkyaOWSw7IVKEUUGammpGOokkiIeMtMPRzdRvPxCpaCwaepwQn6OBoH2KkTZSYB97inLoRYRp1KvCRu88uIVGG3AUOIFddirODHCZuDkpgxz1wP7yohinnAiNGVKq6zqJ9jMkNcWMTEpeqkiC8AgNSNdQgThRfjb7YgJPjRLBfixNCQ1n6u+JDHGlxjw0nRzpoVr0puJ/XjfV/Ss/oyJJNRF4vqifMqhjOI0ERlQSrNnYEIQlNbdCPEQSYW2CK5kQ3MWXl0mrWnGdint/Ua5d53EUwRE4AWfABZegBu5AHTQBBo/gGbyCN+vJerHerY95a8HKZw7BH1ifP3xCl0Q=</latexit>

 
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

 
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

SM

SM

Relevant timescale

⇠ (TFm )
3/2e�m /TF �0

<latexit sha1_base64="9EWGOM4CgpORxvrMsvCdRMl8IPI=">AAACF3icbVDLSgMxFM3UV62vUZdugkWoC6czVdBlURCXFfqCdjpk0rQNTTJDkhHK0L9w46+4caGIW935N6aPhbYeCBzOOZebe8KYUaVd99vKrKyurW9kN3Nb2zu7e/b+QV1FicSkhiMWyWaIFGFUkJqmmpFmLAniISONcHgz8RsPRCoaiaoexcTnqC9oj2KkjRTYTltRDgvV4BbyoB0retpJz4ulMemkZzOhaLyxSfU5CtzAzruOOwVcJt6c5MEclcD+ancjnHAiNGZIqZbnxtpPkdQUMzLOtRNFYoSHqE9ahgrEifLT6V1jeGKULuxF0jyh4VT9PZEirtSIhybJkR6oRW8i/ue1Et278lMq4kQTgWeLegmDOoKTkmCXSoI1GxmCsKTmrxAPkERYmypzpgRv8eRlUi85nut49xf58vW8jiw4AsegADxwCcrgDlRADWDwCJ7BK3iznqwX6936mEUz1nzmEPyB9fkD5SiehA==</latexit><latexit sha1_base64="9EWGOM4CgpORxvrMsvCdRMl8IPI=">AAACF3icbVDLSgMxFM3UV62vUZdugkWoC6czVdBlURCXFfqCdjpk0rQNTTJDkhHK0L9w46+4caGIW935N6aPhbYeCBzOOZebe8KYUaVd99vKrKyurW9kN3Nb2zu7e/b+QV1FicSkhiMWyWaIFGFUkJqmmpFmLAniISONcHgz8RsPRCoaiaoexcTnqC9oj2KkjRTYTltRDgvV4BbyoB0retpJz4ulMemkZzOhaLyxSfU5CtzAzruOOwVcJt6c5MEclcD+ancjnHAiNGZIqZbnxtpPkdQUMzLOtRNFYoSHqE9ahgrEifLT6V1jeGKULuxF0jyh4VT9PZEirtSIhybJkR6oRW8i/ue1Et278lMq4kQTgWeLegmDOoKTkmCXSoI1GxmCsKTmrxAPkERYmypzpgRv8eRlUi85nut49xf58vW8jiw4AsegADxwCcrgDlRADWDwCJ7BK3iznqwX6936mEUz1nzmEPyB9fkD5SiehA==</latexit><latexit sha1_base64="9EWGOM4CgpORxvrMsvCdRMl8IPI=">AAACF3icbVDLSgMxFM3UV62vUZdugkWoC6czVdBlURCXFfqCdjpk0rQNTTJDkhHK0L9w46+4caGIW935N6aPhbYeCBzOOZebe8KYUaVd99vKrKyurW9kN3Nb2zu7e/b+QV1FicSkhiMWyWaIFGFUkJqmmpFmLAniISONcHgz8RsPRCoaiaoexcTnqC9oj2KkjRTYTltRDgvV4BbyoB0retpJz4ulMemkZzOhaLyxSfU5CtzAzruOOwVcJt6c5MEclcD+ancjnHAiNGZIqZbnxtpPkdQUMzLOtRNFYoSHqE9ahgrEifLT6V1jeGKULuxF0jyh4VT9PZEirtSIhybJkR6oRW8i/ue1Et278lMq4kQTgWeLegmDOoKTkmCXSoI1GxmCsKTmrxAPkERYmypzpgRv8eRlUi85nut49xf58vW8jiw4AsegADxwCcrgDlRADWDwCJ7BK3iznqwX6936mEUz1nzmEPyB9fkD5SiehA==</latexit><latexit sha1_base64="9EWGOM4CgpORxvrMsvCdRMl8IPI=">AAACF3icbVDLSgMxFM3UV62vUZdugkWoC6czVdBlURCXFfqCdjpk0rQNTTJDkhHK0L9w46+4caGIW935N6aPhbYeCBzOOZebe8KYUaVd99vKrKyurW9kN3Nb2zu7e/b+QV1FicSkhiMWyWaIFGFUkJqmmpFmLAniISONcHgz8RsPRCoaiaoexcTnqC9oj2KkjRTYTltRDgvV4BbyoB0retpJz4ulMemkZzOhaLyxSfU5CtzAzruOOwVcJt6c5MEclcD+ancjnHAiNGZIqZbnxtpPkdQUMzLOtRNFYoSHqE9ahgrEifLT6V1jeGKULuxF0jyh4VT9PZEirtSIhybJkR6oRW8i/ue1Et278lMq4kQTgWeLegmDOoKTkmCXSoI1GxmCsKTmrxAPkERYmypzpgRv8eRlUi85nut49xf58vW8jiw4AsegADxwCcrgDlRADWDwCJ7BK3iznqwX6936mEUz1nzmEPyB9fkD5SiehA==</latexit>



TIMESCALES OF FREEZE-OUT: 
COSCATTERING

Time
�

�

�

 
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

 
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

 
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

�
<latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit>

�
<latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit>

�
<latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit>

 
<latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit><latexit sha1_base64="oGXPwOsa+/iMsdLONN9SbFU1zf0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCq5KIoMuiG5cV7AOaUCaT23bo5MHMjVhCwF9x40IRt36HO//GaZqFth64cDjn3rlzj58IrtC2v43Kyura+kZ1s7a1vbO7Z+4fdFScSgZtFotY9nyqQPAI2shRQC+RQENfQNef3Mz87gNIxePoHqcJeCEdRXzIGUUtDcwjF+ERi3cyCUGeuYni+cCs2w27gLVMnJLUSYnWwPxyg5ilIUTIBFWq79gJehmVyJmAvOamChLKJnQEfU0jGoLysmJtbp1qJbCGsdQVoVWovycyGio1DX3dGVIcq0VvJv7n9VMcXnkZj5IUIWLzRcNUWBhbsyysgEtgKKaaUCa5/qvFxlRShjqxmg7BWTx5mXTOG47dcO4u6s3rMo4qOSYn5Iw45JI0yS1pkTZhJCPP5JW8GU/Gi/FufMxbK0Y5c0j+wPj8AaeKlpA=</latexit>

�

�+  
<latexit sha1_base64="ew5uXO0yYF2Llz1Dl8PNQxThon8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMquCHosevFYwdZKdynZNNuGJtmQZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5seLMWN//9korq2vrG+XNytb2zu5edf+gbdJME9oiKU91J8aGciZpyzLLaUdpikXM6UM8upn6D09UG5bKeztWNBJ4IFnCCLZOegzJkJ2FyrBetebX/RnQMgkKUoMCzV71K+ynJBNUWsKxMd3AVzbKsbaMcDqphJmhCpMRHtCuoxILaqJ8dvAEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xuZpOrKGdSZZZKMl+UZBzZFE2/R32mKbF87AgmmrlbERlijYl1GVVcCMHiy8ukfV4P/Hpwd1FrXBdxlOEIjuEUAriEBtxCE1pAQMAzvMKbp70X7937mLeWvGLmEP7A+/wBhzyQNw==</latexit><latexit sha1_base64="ew5uXO0yYF2Llz1Dl8PNQxThon8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMquCHosevFYwdZKdynZNNuGJtmQZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5seLMWN//9korq2vrG+XNytb2zu5edf+gbdJME9oiKU91J8aGciZpyzLLaUdpikXM6UM8upn6D09UG5bKeztWNBJ4IFnCCLZOegzJkJ2FyrBetebX/RnQMgkKUoMCzV71K+ynJBNUWsKxMd3AVzbKsbaMcDqphJmhCpMRHtCuoxILaqJ8dvAEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xuZpOrKGdSZZZKMl+UZBzZFE2/R32mKbF87AgmmrlbERlijYl1GVVcCMHiy8ukfV4P/Hpwd1FrXBdxlOEIjuEUAriEBtxCE1pAQMAzvMKbp70X7937mLeWvGLmEP7A+/wBhzyQNw==</latexit><latexit sha1_base64="ew5uXO0yYF2Llz1Dl8PNQxThon8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMquCHosevFYwdZKdynZNNuGJtmQZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5seLMWN//9korq2vrG+XNytb2zu5edf+gbdJME9oiKU91J8aGciZpyzLLaUdpikXM6UM8upn6D09UG5bKeztWNBJ4IFnCCLZOegzJkJ2FyrBetebX/RnQMgkKUoMCzV71K+ynJBNUWsKxMd3AVzbKsbaMcDqphJmhCpMRHtCuoxILaqJ8dvAEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xuZpOrKGdSZZZKMl+UZBzZFE2/R32mKbF87AgmmrlbERlijYl1GVVcCMHiy8ukfV4P/Hpwd1FrXBdxlOEIjuEUAriEBtxCE1pAQMAzvMKbp70X7937mLeWvGLmEP7A+/wBhzyQNw==</latexit><latexit sha1_base64="ew5uXO0yYF2Llz1Dl8PNQxThon8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMquCHosevFYwdZKdynZNNuGJtmQZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5seLMWN//9korq2vrG+XNytb2zu5edf+gbdJME9oiKU91J8aGciZpyzLLaUdpikXM6UM8upn6D09UG5bKeztWNBJ4IFnCCLZOegzJkJ2FyrBetebX/RnQMgkKUoMCzV71K+ynJBNUWsKxMd3AVzbKsbaMcDqphJmhCpMRHtCuoxILaqJ8dvAEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xuZpOrKGdSZZZKMl+UZBzZFE2/R32mKbF87AgmmrlbERlijYl1GVVcCMHiy8ukfV4P/Hpwd1FrXBdxlOEIjuEUAriEBtxCE1pAQMAzvMKbp70X7937mLeWvGLmEP7A+/wBhzyQNw==</latexit>

= Dark Matter abundance fixed

�2 ⌧ e��xF
<latexit sha1_base64="F9UzLKEZNUgaA4jrXaKIjVRt6/0=">AAACBXicbVBNS8NAEN34WetX1KMeFovgxZIUQY9FRTxWsB/QtGWznbRLN5uwuxFL6MWLf8WLB0W8+h+8+W/ctjlo64OBx3szzMzzY86Udpxva2FxaXllNbeWX9/Y3Nq2d3ZrKkokhSqNeCQbPlHAmYCqZppDI5ZAQp9D3R9cjv36PUjFInGnhzG0QtITLGCUaCN17AOvC1yTdgl7nGNopyfe1VjAD53rUccuOEVnAjxP3IwUUIZKx/7yuhFNQhCacqJU03Vi3UqJ1IxyGOW9REFM6ID0oGmoICGoVjr5YoSPjNLFQSRNCY0n6u+JlIRKDUPfdIZE99WsNxb/85qJDs5bKRNxokHQ6aIg4VhHeBwJ7jIJVPOhIYRKZm7FtE8kodoElzchuLMvz5Naqeg6Rff2tFC+yOLIoX10iI6Ri85QGd2gCqoiih7RM3pFb9aT9WK9Wx/T1gUrm9lDf2B9/gD82ZeY</latexit><latexit sha1_base64="F9UzLKEZNUgaA4jrXaKIjVRt6/0=">AAACBXicbVBNS8NAEN34WetX1KMeFovgxZIUQY9FRTxWsB/QtGWznbRLN5uwuxFL6MWLf8WLB0W8+h+8+W/ctjlo64OBx3szzMzzY86Udpxva2FxaXllNbeWX9/Y3Nq2d3ZrKkokhSqNeCQbPlHAmYCqZppDI5ZAQp9D3R9cjv36PUjFInGnhzG0QtITLGCUaCN17AOvC1yTdgl7nGNopyfe1VjAD53rUccuOEVnAjxP3IwUUIZKx/7yuhFNQhCacqJU03Vi3UqJ1IxyGOW9REFM6ID0oGmoICGoVjr5YoSPjNLFQSRNCY0n6u+JlIRKDUPfdIZE99WsNxb/85qJDs5bKRNxokHQ6aIg4VhHeBwJ7jIJVPOhIYRKZm7FtE8kodoElzchuLMvz5Naqeg6Rff2tFC+yOLIoX10iI6Ri85QGd2gCqoiih7RM3pFb9aT9WK9Wx/T1gUrm9lDf2B9/gD82ZeY</latexit><latexit sha1_base64="F9UzLKEZNUgaA4jrXaKIjVRt6/0=">AAACBXicbVBNS8NAEN34WetX1KMeFovgxZIUQY9FRTxWsB/QtGWznbRLN5uwuxFL6MWLf8WLB0W8+h+8+W/ctjlo64OBx3szzMzzY86Udpxva2FxaXllNbeWX9/Y3Nq2d3ZrKkokhSqNeCQbPlHAmYCqZppDI5ZAQp9D3R9cjv36PUjFInGnhzG0QtITLGCUaCN17AOvC1yTdgl7nGNopyfe1VjAD53rUccuOEVnAjxP3IwUUIZKx/7yuhFNQhCacqJU03Vi3UqJ1IxyGOW9REFM6ID0oGmoICGoVjr5YoSPjNLFQSRNCY0n6u+JlIRKDUPfdIZE99WsNxb/85qJDs5bKRNxokHQ6aIg4VhHeBwJ7jIJVPOhIYRKZm7FtE8kodoElzchuLMvz5Naqeg6Rff2tFC+yOLIoX10iI6Ri85QGd2gCqoiih7RM3pFb9aT9WK9Wx/T1gUrm9lDf2B9/gD82ZeY</latexit><latexit sha1_base64="F9UzLKEZNUgaA4jrXaKIjVRt6/0=">AAACBXicbVBNS8NAEN34WetX1KMeFovgxZIUQY9FRTxWsB/QtGWznbRLN5uwuxFL6MWLf8WLB0W8+h+8+W/ctjlo64OBx3szzMzzY86Udpxva2FxaXllNbeWX9/Y3Nq2d3ZrKkokhSqNeCQbPlHAmYCqZppDI5ZAQp9D3R9cjv36PUjFInGnhzG0QtITLGCUaCN17AOvC1yTdgl7nGNopyfe1VjAD53rUccuOEVnAjxP3IwUUIZKx/7yuhFNQhCacqJU03Vi3UqJ1IxyGOW9REFM6ID0oGmoICGoVjr5YoSPjNLFQSRNCY0n6u+JlIRKDUPfdIZE99WsNxb/85qJDs5bKRNxokHQ6aIg4VhHeBwJ7jIJVPOhIYRKZm7FtE8kodoElzchuLMvz5Naqeg6Rff2tFC+yOLIoX10iI6Ri85QGd2gCqoiih7RM3pFb9aT9WK9Wx/T1gUrm9lDf2B9/gD82ZeY</latexit>

�
<latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit><latexit sha1_base64="XX3cPtYr/vJ9XNKVh8vuHsQxrRk=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSli213RjcsK9gHtUDKZTBubSYYkI5Sh/+DGhSJu/R93/o2ZtoKKHrhwOOde7r0nSAQ3FqEPb2V1bX1js7BV3N7Z3dsvHRx2jEo1ZW2qhNK9gBgmuGRty61gvUQzEgeCdYPJVe5375k2XMlbO02YH5OR5BGnxDqpMwiZsGRYKqMKQghjDHOCaxfIkUajXsV1iHPLoQyWaA1L74NQ0TRm0lJBjOljlFg/I9pyKtisOEgNSwidkBHrOypJzIyfza+dwVOnhDBS2pW0cK5+n8hIbMw0DlxnTOzY/PZy8S+vn9qo7mdcJqllki4WRamAVsH8dRhyzagVU0cI1dzdCumYaEKtC6joQvj6FP5POtUKRhV8c15uXi7jKIBjcALOAAY10ATXoAXagII78ACewLOnvEfvxXtdtK54y5kj8APe2yfego9S</latexit>



COSCATTERING: A REMINDER
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<latexit sha1_base64="wALpYDG28PwN8DHaumBTwsuzINI="></latexit><latexit sha1_base64="wALpYDG28PwN8DHaumBTwsuzINI="></latexit><latexit sha1_base64="wALpYDG28PwN8DHaumBTwsuzINI="></latexit><latexit sha1_base64="wALpYDG28PwN8DHaumBTwsuzINI="></latexit>

�

�
�

WIMP

COSCATTERING ⇠ e�m�/TF
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PHENOMENOLOGY
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[RTD, 
Ruderman, 

Pappadopulo,
Wang, ’19]



CONCLUSION

• Thermal Freeze-out has “built-in” exponential hierarchies 
that organize DM phenomenology in a rich phase diagram 

• Take your favourite WIMP model and add a DM partner: the 
couplings to SM that give the right abundance are 
exponentially reduced 

• Experimental lesson: don’t stop at thermal targets!



SARA: Superconducting Apparatus for 
Resonant Axion detection  
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TEASER: VERY PRELIMINARY
W/ A. Berlin, S. Ellis, P. Schuster, N. Toro, K. Zhou | C. Nantista, J. Nielson, S. Tantawi



• Change the coupling 

• WIMPless, Heavy Mediators, Freeze-in, … 

• Change the kinematics of freeze-out 

• Forbidden channel DM, Coannihilation, Coscattering, Impeded DM, … 

• Change the thermal history of the DM sector 

• Cannibal DM, Inflatable DM, … 

• Change the interaction relevant for freeze-out 

• SIMP, ELDER, Coscattering, …

BEHIND THE WIMP


