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LHCb if painted by Van Gogh according to a Deep Neural Network.
https://github.com/jcjohnson/neural-style





6.5 TeV protons 6.5 TeV protons

LHCb: The Large Hadron Collider beauty (quark) experiment
LHCb was built to study the decays of beauty and charm hadrons.
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LHCb is a Forward Spectrometer 
(2 < η < 5, 1 < 𝜃 < 15o)
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Indirect Observation
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Indirect observations of new physics have 
historically been used to infer the existence of 
particles before experiments with sufficient 
energy to produce them have existed.

As a famous example, consider the β decay 
of the neutron: 1 GeV phenomenology 
reveals physics at 100 GeV.  

A / const
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W
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Probing New Physics

1

Model-independent searches for physics beyond the SM can be performed via precise 
determination of the low-energy effective Hamiltonian of nature.

A simple question: Is the effective low-energy Hamiltonian the one predicted by the SM? 
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Ci⇥

<latexit sha1_base64="lOXNl0SE3qdzB/JG2Uy/PevYbMQ=">AAACHXicjVDLSsNAFJ3UV62vqEs3g0VwVRIRdCMUu+mygn1AU8JketMOnUnCzEQoIT/ixl9x40IRF27Ev3HSFlFR8MDAuefcy71zgoQzpR3n3SotLa+srpXXKxubW9s79u5eR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6AaTRuF3b0AqFkfXeprAQJBRxEJGiTaSb596gugxJTxr5n7mSYEhDHN8gT2VCp/hT7uRF5VmAhT27apbc2bAf5MqWqDl26/eMKapgEhTTpTqu06iBxmRmlEOecVLFSSETsgI+oZGxGwZZLPf5fjIKEMcxtK8SOOZ+nUiI0KpqQhMZ3Gs+ukV4m9eP9Xh+SBjUZJqiOh8UZhyrGNcRIWHTALVfGoIoZKZWzEdE0moNoFW/hdC56TmOjX36rRav1zEUUYH6BAdIxedoTpqohZqI4pu0T16RE/WnfVgPVsv89aStZjZR99gvX0Ac9iiHA==</latexit><latexit sha1_base64="lOXNl0SE3qdzB/JG2Uy/PevYbMQ=">AAACHXicjVDLSsNAFJ3UV62vqEs3g0VwVRIRdCMUu+mygn1AU8JketMOnUnCzEQoIT/ixl9x40IRF27Ev3HSFlFR8MDAuefcy71zgoQzpR3n3SotLa+srpXXKxubW9s79u5eR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6AaTRuF3b0AqFkfXeprAQJBRxEJGiTaSb596gugxJTxr5n7mSYEhDHN8gT2VCp/hT7uRF5VmAhT27apbc2bAf5MqWqDl26/eMKapgEhTTpTqu06iBxmRmlEOecVLFSSETsgI+oZGxGwZZLPf5fjIKEMcxtK8SOOZ+nUiI0KpqQhMZ3Gs+ukV4m9eP9Xh+SBjUZJqiOh8UZhyrGNcRIWHTALVfGoIoZKZWzEdE0moNoFW/hdC56TmOjX36rRav1zEUUYH6BAdIxedoTpqohZqI4pu0T16RE/WnfVgPVsv89aStZjZR99gvX0Ac9iiHA==</latexit><latexit sha1_base64="lOXNl0SE3qdzB/JG2Uy/PevYbMQ=">AAACHXicjVDLSsNAFJ3UV62vqEs3g0VwVRIRdCMUu+mygn1AU8JketMOnUnCzEQoIT/ixl9x40IRF27Ev3HSFlFR8MDAuefcy71zgoQzpR3n3SotLa+srpXXKxubW9s79u5eR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6AaTRuF3b0AqFkfXeprAQJBRxEJGiTaSb596gugxJTxr5n7mSYEhDHN8gT2VCp/hT7uRF5VmAhT27apbc2bAf5MqWqDl26/eMKapgEhTTpTqu06iBxmRmlEOecVLFSSETsgI+oZGxGwZZLPf5fjIKEMcxtK8SOOZ+nUiI0KpqQhMZ3Gs+ukV4m9eP9Xh+SBjUZJqiOh8UZhyrGNcRIWHTALVfGoIoZKZWzEdE0moNoFW/hdC56TmOjX36rRav1zEUUYH6BAdIxedoTpqohZqI4pu0T16RE/WnfVgPVsv89aStZjZR99gvX0Ac9iiHA==</latexit><latexit sha1_base64="lOXNl0SE3qdzB/JG2Uy/PevYbMQ=">AAACHXicjVDLSsNAFJ3UV62vqEs3g0VwVRIRdCMUu+mygn1AU8JketMOnUnCzEQoIT/ixl9x40IRF27Ev3HSFlFR8MDAuefcy71zgoQzpR3n3SotLa+srpXXKxubW9s79u5eR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6AaTRuF3b0AqFkfXeprAQJBRxEJGiTaSb596gugxJTxr5n7mSYEhDHN8gT2VCp/hT7uRF5VmAhT27apbc2bAf5MqWqDl26/eMKapgEhTTpTqu06iBxmRmlEOecVLFSSETsgI+oZGxGwZZLPf5fjIKEMcxtK8SOOZ+nUiI0KpqQhMZ3Gs+ukV4m9eP9Xh+SBjUZJqiOh8UZhyrGNcRIWHTALVfGoIoZKZWzEdE0moNoFW/hdC56TmOjX36rRav1zEUUYH6BAdIxedoTpqohZqI4pu0T16RE/WnfVgPVsv89aStZjZR99gvX0Ac9iiHA==</latexit>

i
<latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit><latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit><latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit><latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit>

Operator Product Expansion

In principal, sensitive to any mass scale—limited in practice by experimental precision 
and by our understanding of the SM.

Complete description of nature at low energies in terms of local interactions.

Ci =
<latexit sha1_base64="GWldRUkyX3SbKtFVjr0NHmdqS4I=">AAAB+XicjVBNS8NAFHypX7V+RT16WSyCp5KIoBeh2IvHCrYW2hBettt26WYTdjeFEvpPvHhQxKv/xJv/xk3bg4qCAw+Gmfd4w0Sp4Np43odTWlldW98ob1a2tnd299z9g7ZOMkVZiyYiUZ0INRNcspbhRrBOqhjGkWD30bhR+PcTpjRP5J2ZpiyIcSj5gFM0VgpdtxejGVEUeWMWcnJFQrfq17w5yN+kCks0Q/e9109oFjNpqECtu76XmiBHZTgVbFbpZZqlSMc4ZF1LJcZMB/k8+YycWKVPBomyIw2Zq18vcoy1nsaR3Sxy6p9eIf7mdTMzuAxyLtPMMEkXjwaZICYhRQ2kzxWjRkwtQaq4zUroCBVSY8uq/K+E9lnN92r+7Xm1fr2sowxHcAyn4MMF1OEGmtACChN4gCd4dnLn0XlxXherJWd5cwjf4Lx9Aq6nkwQ=</latexit><latexit sha1_base64="GWldRUkyX3SbKtFVjr0NHmdqS4I=">AAAB+XicjVBNS8NAFHypX7V+RT16WSyCp5KIoBeh2IvHCrYW2hBettt26WYTdjeFEvpPvHhQxKv/xJv/xk3bg4qCAw+Gmfd4w0Sp4Np43odTWlldW98ob1a2tnd299z9g7ZOMkVZiyYiUZ0INRNcspbhRrBOqhjGkWD30bhR+PcTpjRP5J2ZpiyIcSj5gFM0VgpdtxejGVEUeWMWcnJFQrfq17w5yN+kCks0Q/e9109oFjNpqECtu76XmiBHZTgVbFbpZZqlSMc4ZF1LJcZMB/k8+YycWKVPBomyIw2Zq18vcoy1nsaR3Sxy6p9eIf7mdTMzuAxyLtPMMEkXjwaZICYhRQ2kzxWjRkwtQaq4zUroCBVSY8uq/K+E9lnN92r+7Xm1fr2sowxHcAyn4MMF1OEGmtACChN4gCd4dnLn0XlxXherJWd5cwjf4Lx9Aq6nkwQ=</latexit><latexit sha1_base64="GWldRUkyX3SbKtFVjr0NHmdqS4I=">AAAB+XicjVBNS8NAFHypX7V+RT16WSyCp5KIoBeh2IvHCrYW2hBettt26WYTdjeFEvpPvHhQxKv/xJv/xk3bg4qCAw+Gmfd4w0Sp4Np43odTWlldW98ob1a2tnd299z9g7ZOMkVZiyYiUZ0INRNcspbhRrBOqhjGkWD30bhR+PcTpjRP5J2ZpiyIcSj5gFM0VgpdtxejGVEUeWMWcnJFQrfq17w5yN+kCks0Q/e9109oFjNpqECtu76XmiBHZTgVbFbpZZqlSMc4ZF1LJcZMB/k8+YycWKVPBomyIw2Zq18vcoy1nsaR3Sxy6p9eIf7mdTMzuAxyLtPMMEkXjwaZICYhRQ2kzxWjRkwtQaq4zUroCBVSY8uq/K+E9lnN92r+7Xm1fr2sowxHcAyn4MMF1OEGmtACChN4gCd4dnLn0XlxXherJWd5cwjf4Lx9Aq6nkwQ=</latexit><latexit sha1_base64="GWldRUkyX3SbKtFVjr0NHmdqS4I=">AAAB+XicjVBNS8NAFHypX7V+RT16WSyCp5KIoBeh2IvHCrYW2hBettt26WYTdjeFEvpPvHhQxKv/xJv/xk3bg4qCAw+Gmfd4w0Sp4Np43odTWlldW98ob1a2tnd299z9g7ZOMkVZiyYiUZ0INRNcspbhRrBOqhjGkWD30bhR+PcTpjRP5J2ZpiyIcSj5gFM0VgpdtxejGVEUeWMWcnJFQrfq17w5yN+kCks0Q/e9109oFjNpqECtu76XmiBHZTgVbFbpZZqlSMc4ZF1LJcZMB/k8+YycWKVPBomyIw2Zq18vcoy1nsaR3Sxy6p9eIf7mdTMzuAxyLtPMMEkXjwaZICYhRQ2kzxWjRkwtQaq4zUroCBVSY8uq/K+E9lnN92r+7Xm1fr2sowxHcAyn4MMF1OEGmtACChN4gCd4dnLn0XlxXherJWd5cwjf4Lx9Aq6nkwQ=</latexit>
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i
<latexit sha1_base64="YD6p4AMQfn2HJJwBiDARkLH3+Ks=">AAACHHicjVDLSgMxFM3UV62vUZdugkVwVWZU0I1Y7MaNUNE+oDMOmTRtQ5PMkGSEMsyHuPFX3LhQxI0Lwb8x03ZhRcEDgcM553JvThgzqrTjfFqFufmFxaXicmlldW19w97caqookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDmu537ojUtFI3OhRTHyO+oL2KEbaSIF96HGkBxixtJYFFHpRHiY6PcvS0wzOmLepJzm8vswCu+xWnDHg36QMpqgH9rvXjXDCidCYIaU6rhNrP0VSU8xIVvISRWKEh6hPOoYKxIny0/HnMrhnlC7sRdI8oeFY/T6RIq7UiIcmmV+rfnq5+JvXSXTvxE+piBNNBJ4s6iUM6gjmTcEulQRrNjIEYUnNrRAPkERYm4pK/yuheVBxnYp7dVSunk/rKIIdsAv2gQuOQRVcgDpoAAzuwSN4Bi/Wg/VkvVpvk2jBms5sgxlYH1/xxaJ/</latexit><latexit sha1_base64="YD6p4AMQfn2HJJwBiDARkLH3+Ks=">AAACHHicjVDLSgMxFM3UV62vUZdugkVwVWZU0I1Y7MaNUNE+oDMOmTRtQ5PMkGSEMsyHuPFX3LhQxI0Lwb8x03ZhRcEDgcM553JvThgzqrTjfFqFufmFxaXicmlldW19w97caqookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDmu537ojUtFI3OhRTHyO+oL2KEbaSIF96HGkBxixtJYFFHpRHiY6PcvS0wzOmLepJzm8vswCu+xWnDHg36QMpqgH9rvXjXDCidCYIaU6rhNrP0VSU8xIVvISRWKEh6hPOoYKxIny0/HnMrhnlC7sRdI8oeFY/T6RIq7UiIcmmV+rfnq5+JvXSXTvxE+piBNNBJ4s6iUM6gjmTcEulQRrNjIEYUnNrRAPkERYm4pK/yuheVBxnYp7dVSunk/rKIIdsAv2gQuOQRVcgDpoAAzuwSN4Bi/Wg/VkvVpvk2jBms5sgxlYH1/xxaJ/</latexit><latexit sha1_base64="YD6p4AMQfn2HJJwBiDARkLH3+Ks=">AAACHHicjVDLSgMxFM3UV62vUZdugkVwVWZU0I1Y7MaNUNE+oDMOmTRtQ5PMkGSEMsyHuPFX3LhQxI0Lwb8x03ZhRcEDgcM553JvThgzqrTjfFqFufmFxaXicmlldW19w97caqookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDmu537ojUtFI3OhRTHyO+oL2KEbaSIF96HGkBxixtJYFFHpRHiY6PcvS0wzOmLepJzm8vswCu+xWnDHg36QMpqgH9rvXjXDCidCYIaU6rhNrP0VSU8xIVvISRWKEh6hPOoYKxIny0/HnMrhnlC7sRdI8oeFY/T6RIq7UiIcmmV+rfnq5+JvXSXTvxE+piBNNBJ4s6iUM6gjmTcEulQRrNjIEYUnNrRAPkERYm4pK/yuheVBxnYp7dVSunk/rKIIdsAv2gQuOQRVcgDpoAAzuwSN4Bi/Wg/VkvVpvk2jBms5sgxlYH1/xxaJ/</latexit><latexit sha1_base64="YD6p4AMQfn2HJJwBiDARkLH3+Ks=">AAACHHicjVDLSgMxFM3UV62vUZdugkVwVWZU0I1Y7MaNUNE+oDMOmTRtQ5PMkGSEMsyHuPFX3LhQxI0Lwb8x03ZhRcEDgcM553JvThgzqrTjfFqFufmFxaXicmlldW19w97caqookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDmu537ojUtFI3OhRTHyO+oL2KEbaSIF96HGkBxixtJYFFHpRHiY6PcvS0wzOmLepJzm8vswCu+xWnDHg36QMpqgH9rvXjXDCidCYIaU6rhNrP0VSU8xIVvISRWKEh6hPOoYKxIny0/HnMrhnlC7sRdI8oeFY/T6RIq7UiIcmmV+rfnq5+JvXSXTvxE+piBNNBJ4s6iUM6gjmTcEulQRrNjIEYUnNrRAPkERYm4pK/yuheVBxnYp7dVSunk/rKIIdsAv2gQuOQRVcgDpoAAzuwSN4Bi/Wg/VkvVpvk2jBms5sgxlYH1/xxaJ/</latexit>
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Probing New Physics

1

Model-independent searches for physics beyond the SM can be performed via precise 
determination of the low-energy effective Hamiltonian of nature.
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<latexit sha1_base64="lOXNl0SE3qdzB/JG2Uy/PevYbMQ=">AAACHXicjVDLSsNAFJ3UV62vqEs3g0VwVRIRdCMUu+mygn1AU8JketMOnUnCzEQoIT/ixl9x40IRF27Ev3HSFlFR8MDAuefcy71zgoQzpR3n3SotLa+srpXXKxubW9s79u5eR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6AaTRuF3b0AqFkfXeprAQJBRxEJGiTaSb596gugxJTxr5n7mSYEhDHN8gT2VCp/hT7uRF5VmAhT27apbc2bAf5MqWqDl26/eMKapgEhTTpTqu06iBxmRmlEOecVLFSSETsgI+oZGxGwZZLPf5fjIKEMcxtK8SOOZ+nUiI0KpqQhMZ3Gs+ukV4m9eP9Xh+SBjUZJqiOh8UZhyrGNcRIWHTALVfGoIoZKZWzEdE0moNoFW/hdC56TmOjX36rRav1zEUUYH6BAdIxedoTpqohZqI4pu0T16RE/WnfVgPVsv89aStZjZR99gvX0Ac9iiHA==</latexit><latexit sha1_base64="lOXNl0SE3qdzB/JG2Uy/PevYbMQ=">AAACHXicjVDLSsNAFJ3UV62vqEs3g0VwVRIRdCMUu+mygn1AU8JketMOnUnCzEQoIT/ixl9x40IRF27Ev3HSFlFR8MDAuefcy71zgoQzpR3n3SotLa+srpXXKxubW9s79u5eR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6AaTRuF3b0AqFkfXeprAQJBRxEJGiTaSb596gugxJTxr5n7mSYEhDHN8gT2VCp/hT7uRF5VmAhT27apbc2bAf5MqWqDl26/eMKapgEhTTpTqu06iBxmRmlEOecVLFSSETsgI+oZGxGwZZLPf5fjIKEMcxtK8SOOZ+nUiI0KpqQhMZ3Gs+ukV4m9eP9Xh+SBjUZJqiOh8UZhyrGNcRIWHTALVfGoIoZKZWzEdE0moNoFW/hdC56TmOjX36rRav1zEUUYH6BAdIxedoTpqohZqI4pu0T16RE/WnfVgPVsv89aStZjZR99gvX0Ac9iiHA==</latexit><latexit sha1_base64="lOXNl0SE3qdzB/JG2Uy/PevYbMQ=">AAACHXicjVDLSsNAFJ3UV62vqEs3g0VwVRIRdCMUu+mygn1AU8JketMOnUnCzEQoIT/ixl9x40IRF27Ev3HSFlFR8MDAuefcy71zgoQzpR3n3SotLa+srpXXKxubW9s79u5eR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6AaTRuF3b0AqFkfXeprAQJBRxEJGiTaSb596gugxJTxr5n7mSYEhDHN8gT2VCp/hT7uRF5VmAhT27apbc2bAf5MqWqDl26/eMKapgEhTTpTqu06iBxmRmlEOecVLFSSETsgI+oZGxGwZZLPf5fjIKEMcxtK8SOOZ+nUiI0KpqQhMZ3Gs+ukV4m9eP9Xh+SBjUZJqiOh8UZhyrGNcRIWHTALVfGoIoZKZWzEdE0moNoFW/hdC56TmOjX36rRav1zEUUYH6BAdIxedoTpqohZqI4pu0T16RE/WnfVgPVsv89aStZjZR99gvX0Ac9iiHA==</latexit><latexit sha1_base64="lOXNl0SE3qdzB/JG2Uy/PevYbMQ=">AAACHXicjVDLSsNAFJ3UV62vqEs3g0VwVRIRdCMUu+mygn1AU8JketMOnUnCzEQoIT/ixl9x40IRF27Ev3HSFlFR8MDAuefcy71zgoQzpR3n3SotLa+srpXXKxubW9s79u5eR8WppNCmMY9lLyAKOIugrZnm0EskEBFw6AaTRuF3b0AqFkfXeprAQJBRxEJGiTaSb596gugxJTxr5n7mSYEhDHN8gT2VCp/hT7uRF5VmAhT27apbc2bAf5MqWqDl26/eMKapgEhTTpTqu06iBxmRmlEOecVLFSSETsgI+oZGxGwZZLPf5fjIKEMcxtK8SOOZ+nUiI0KpqQhMZ3Gs+ukV4m9eP9Xh+SBjUZJqiOh8UZhyrGNcRIWHTALVfGoIoZKZWzEdE0moNoFW/hdC56TmOjX36rRav1zEUUYH6BAdIxedoTpqohZqI4pu0T16RE/WnfVgPVsv89aStZjZR99gvX0Ac9iiHA==</latexit>
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<latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit><latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit><latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit><latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit>

Operator Product Expansion

Ci
?
= CSM

i
<latexit sha1_base64="YD6p4AMQfn2HJJwBiDARkLH3+Ks=">AAACHHicjVDLSgMxFM3UV62vUZdugkVwVWZU0I1Y7MaNUNE+oDMOmTRtQ5PMkGSEMsyHuPFX3LhQxI0Lwb8x03ZhRcEDgcM553JvThgzqrTjfFqFufmFxaXicmlldW19w97caqookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDmu537ojUtFI3OhRTHyO+oL2KEbaSIF96HGkBxixtJYFFHpRHiY6PcvS0wzOmLepJzm8vswCu+xWnDHg36QMpqgH9rvXjXDCidCYIaU6rhNrP0VSU8xIVvISRWKEh6hPOoYKxIny0/HnMrhnlC7sRdI8oeFY/T6RIq7UiIcmmV+rfnq5+JvXSXTvxE+piBNNBJ4s6iUM6gjmTcEulQRrNjIEYUnNrRAPkERYm4pK/yuheVBxnYp7dVSunk/rKIIdsAv2gQuOQRVcgDpoAAzuwSN4Bi/Wg/VkvVpvk2jBms5sgxlYH1/xxaJ/</latexit><latexit sha1_base64="YD6p4AMQfn2HJJwBiDARkLH3+Ks=">AAACHHicjVDLSgMxFM3UV62vUZdugkVwVWZU0I1Y7MaNUNE+oDMOmTRtQ5PMkGSEMsyHuPFX3LhQxI0Lwb8x03ZhRcEDgcM553JvThgzqrTjfFqFufmFxaXicmlldW19w97caqookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDmu537ojUtFI3OhRTHyO+oL2KEbaSIF96HGkBxixtJYFFHpRHiY6PcvS0wzOmLepJzm8vswCu+xWnDHg36QMpqgH9rvXjXDCidCYIaU6rhNrP0VSU8xIVvISRWKEh6hPOoYKxIny0/HnMrhnlC7sRdI8oeFY/T6RIq7UiIcmmV+rfnq5+JvXSXTvxE+piBNNBJ4s6iUM6gjmTcEulQRrNjIEYUnNrRAPkERYm4pK/yuheVBxnYp7dVSunk/rKIIdsAv2gQuOQRVcgDpoAAzuwSN4Bi/Wg/VkvVpvk2jBms5sgxlYH1/xxaJ/</latexit><latexit sha1_base64="YD6p4AMQfn2HJJwBiDARkLH3+Ks=">AAACHHicjVDLSgMxFM3UV62vUZdugkVwVWZU0I1Y7MaNUNE+oDMOmTRtQ5PMkGSEMsyHuPFX3LhQxI0Lwb8x03ZhRcEDgcM553JvThgzqrTjfFqFufmFxaXicmlldW19w97caqookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDmu537ojUtFI3OhRTHyO+oL2KEbaSIF96HGkBxixtJYFFHpRHiY6PcvS0wzOmLepJzm8vswCu+xWnDHg36QMpqgH9rvXjXDCidCYIaU6rhNrP0VSU8xIVvISRWKEh6hPOoYKxIny0/HnMrhnlC7sRdI8oeFY/T6RIq7UiIcmmV+rfnq5+JvXSXTvxE+piBNNBJ4s6iUM6gjmTcEulQRrNjIEYUnNrRAPkERYm4pK/yuheVBxnYp7dVSunk/rKIIdsAv2gQuOQRVcgDpoAAzuwSN4Bi/Wg/VkvVpvk2jBms5sgxlYH1/xxaJ/</latexit><latexit sha1_base64="YD6p4AMQfn2HJJwBiDARkLH3+Ks=">AAACHHicjVDLSgMxFM3UV62vUZdugkVwVWZU0I1Y7MaNUNE+oDMOmTRtQ5PMkGSEMsyHuPFX3LhQxI0Lwb8x03ZhRcEDgcM553JvThgzqrTjfFqFufmFxaXicmlldW19w97caqookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVDmu537ojUtFI3OhRTHyO+oL2KEbaSIF96HGkBxixtJYFFHpRHiY6PcvS0wzOmLepJzm8vswCu+xWnDHg36QMpqgH9rvXjXDCidCYIaU6rhNrP0VSU8xIVvISRWKEh6hPOoYKxIny0/HnMrhnlC7sRdI8oeFY/T6RIq7UiIcmmV+rfnq5+JvXSXTvxE+piBNNBJ4s6iUM6gjmTcEulQRrNjIEYUnNrRAPkERYm4pK/yuheVBxnYp7dVSunk/rKIIdsAv2gQuOQRVcgDpoAAzuwSN4Bi/Wg/VkvVpvk2jBms5sgxlYH1/xxaJ/</latexit>

Ci =
<latexit sha1_base64="GWldRUkyX3SbKtFVjr0NHmdqS4I=">AAAB+XicjVBNS8NAFHypX7V+RT16WSyCp5KIoBeh2IvHCrYW2hBettt26WYTdjeFEvpPvHhQxKv/xJv/xk3bg4qCAw+Gmfd4w0Sp4Np43odTWlldW98ob1a2tnd299z9g7ZOMkVZiyYiUZ0INRNcspbhRrBOqhjGkWD30bhR+PcTpjRP5J2ZpiyIcSj5gFM0VgpdtxejGVEUeWMWcnJFQrfq17w5yN+kCks0Q/e9109oFjNpqECtu76XmiBHZTgVbFbpZZqlSMc4ZF1LJcZMB/k8+YycWKVPBomyIw2Zq18vcoy1nsaR3Sxy6p9eIf7mdTMzuAxyLtPMMEkXjwaZICYhRQ2kzxWjRkwtQaq4zUroCBVSY8uq/K+E9lnN92r+7Xm1fr2sowxHcAyn4MMF1OEGmtACChN4gCd4dnLn0XlxXherJWd5cwjf4Lx9Aq6nkwQ=</latexit><latexit sha1_base64="GWldRUkyX3SbKtFVjr0NHmdqS4I=">AAAB+XicjVBNS8NAFHypX7V+RT16WSyCp5KIoBeh2IvHCrYW2hBettt26WYTdjeFEvpPvHhQxKv/xJv/xk3bg4qCAw+Gmfd4w0Sp4Np43odTWlldW98ob1a2tnd299z9g7ZOMkVZiyYiUZ0INRNcspbhRrBOqhjGkWD30bhR+PcTpjRP5J2ZpiyIcSj5gFM0VgpdtxejGVEUeWMWcnJFQrfq17w5yN+kCks0Q/e9109oFjNpqECtu76XmiBHZTgVbFbpZZqlSMc4ZF1LJcZMB/k8+YycWKVPBomyIw2Zq18vcoy1nsaR3Sxy6p9eIf7mdTMzuAxyLtPMMEkXjwaZICYhRQ2kzxWjRkwtQaq4zUroCBVSY8uq/K+E9lnN92r+7Xm1fr2sowxHcAyn4MMF1OEGmtACChN4gCd4dnLn0XlxXherJWd5cwjf4Lx9Aq6nkwQ=</latexit><latexit sha1_base64="GWldRUkyX3SbKtFVjr0NHmdqS4I=">AAAB+XicjVBNS8NAFHypX7V+RT16WSyCp5KIoBeh2IvHCrYW2hBettt26WYTdjeFEvpPvHhQxKv/xJv/xk3bg4qCAw+Gmfd4w0Sp4Np43odTWlldW98ob1a2tnd299z9g7ZOMkVZiyYiUZ0INRNcspbhRrBOqhjGkWD30bhR+PcTpjRP5J2ZpiyIcSj5gFM0VgpdtxejGVEUeWMWcnJFQrfq17w5yN+kCks0Q/e9109oFjNpqECtu76XmiBHZTgVbFbpZZqlSMc4ZF1LJcZMB/k8+YycWKVPBomyIw2Zq18vcoy1nsaR3Sxy6p9eIf7mdTMzuAxyLtPMMEkXjwaZICYhRQ2kzxWjRkwtQaq4zUroCBVSY8uq/K+E9lnN92r+7Xm1fr2sowxHcAyn4MMF1OEGmtACChN4gCd4dnLn0XlxXherJWd5cwjf4Lx9Aq6nkwQ=</latexit><latexit sha1_base64="GWldRUkyX3SbKtFVjr0NHmdqS4I=">AAAB+XicjVBNS8NAFHypX7V+RT16WSyCp5KIoBeh2IvHCrYW2hBettt26WYTdjeFEvpPvHhQxKv/xJv/xk3bg4qCAw+Gmfd4w0Sp4Np43odTWlldW98ob1a2tnd299z9g7ZOMkVZiyYiUZ0INRNcspbhRrBOqhjGkWD30bhR+PcTpjRP5J2ZpiyIcSj5gFM0VgpdtxejGVEUeWMWcnJFQrfq17w5yN+kCks0Q/e9109oFjNpqECtu76XmiBHZTgVbFbpZZqlSMc4ZF1LJcZMB/k8+YycWKVPBomyIw2Zq18vcoy1nsaR3Sxy6p9eIf7mdTMzuAxyLtPMMEkXjwaZICYhRQ2kzxWjRkwtQaq4zUroCBVSY8uq/K+E9lnN92r+7Xm1fr2sowxHcAyn4MMF1OEGmtACChN4gCd4dnLn0XlxXherJWd5cwjf4Lx9Aq6nkwQ=</latexit>

+
<latexit sha1_base64="ha7JXGgNx4eTDg9dJW/lrTUegmU=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h7e0vLK6tl7YKG5ube/slvb2m0ZlmmGDKaF0O6IGBZfYsNwKbKcaaRIJbEWj66nfukdtuJK3dpximNCB5DFn1DqpftorlYOKPwP5m5RhgVqv9N7tK5YlKC0T1JhO4Kc2zKm2nAmcFLuZwZSyER1gx1FJEzRhPjt0Qo6d0iex0q6kJTP160ROE2PGSeQ6E2qH5qc3FX/zOpmNL8OcyzSzKNl8UZwJYhWZfk36XCOzYuwIZZq7WwkbUk2ZddkU/xdC86wS+JWgfl6uXi3iKMAhHMEJBHABVbiBGjSAAcIDPMGzd+c9ei/e67x1yVvMHMA3eG+fdeqMsg==</latexit><latexit sha1_base64="ha7JXGgNx4eTDg9dJW/lrTUegmU=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h7e0vLK6tl7YKG5ube/slvb2m0ZlmmGDKaF0O6IGBZfYsNwKbKcaaRIJbEWj66nfukdtuJK3dpximNCB5DFn1DqpftorlYOKPwP5m5RhgVqv9N7tK5YlKC0T1JhO4Kc2zKm2nAmcFLuZwZSyER1gx1FJEzRhPjt0Qo6d0iex0q6kJTP160ROE2PGSeQ6E2qH5qc3FX/zOpmNL8OcyzSzKNl8UZwJYhWZfk36XCOzYuwIZZq7WwkbUk2ZddkU/xdC86wS+JWgfl6uXi3iKMAhHMEJBHABVbiBGjSAAcIDPMGzd+c9ei/e67x1yVvMHMA3eG+fdeqMsg==</latexit><latexit sha1_base64="ha7JXGgNx4eTDg9dJW/lrTUegmU=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h7e0vLK6tl7YKG5ube/slvb2m0ZlmmGDKaF0O6IGBZfYsNwKbKcaaRIJbEWj66nfukdtuJK3dpximNCB5DFn1DqpftorlYOKPwP5m5RhgVqv9N7tK5YlKC0T1JhO4Kc2zKm2nAmcFLuZwZSyER1gx1FJEzRhPjt0Qo6d0iex0q6kJTP160ROE2PGSeQ6E2qH5qc3FX/zOpmNL8OcyzSzKNl8UZwJYhWZfk36XCOzYuwIZZq7WwkbUk2ZddkU/xdC86wS+JWgfl6uXi3iKMAhHMEJBHABVbiBGjSAAcIDPMGzd+c9ei/e67x1yVvMHMA3eG+fdeqMsg==</latexit><latexit sha1_base64="ha7JXGgNx4eTDg9dJW/lrTUegmU=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h7e0vLK6tl7YKG5ube/slvb2m0ZlmmGDKaF0O6IGBZfYsNwKbKcaaRIJbEWj66nfukdtuJK3dpximNCB5DFn1DqpftorlYOKPwP5m5RhgVqv9N7tK5YlKC0T1JhO4Kc2zKm2nAmcFLuZwZSyER1gx1FJEzRhPjt0Qo6d0iex0q6kJTP160ROE2PGSeQ6E2qH5qc3FX/zOpmNL8OcyzSzKNl8UZwJYhWZfk36XCOzYuwIZZq7WwkbUk2ZddkU/xdC86wS+JWgfl6uXi3iKMAhHMEJBHABVbiBGjSAAcIDPMGzd+c9ei/e67x1yVvMHMA3eG+fdeqMsg==</latexit>

+ . . .
<latexit sha1_base64="WtpAg5JAhVslaL9GI777ByUytW4=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2dpIMmZ1ZZ3qFsOQnvHhQxKu/482/cfI4qChY0FBUddPdFaVSWPT9D6+wtLyyulZcL21sbm3vlHf3mlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0upr6rXturNDqFscpDxM6UKIvGEUntU9IV8Yaba9cCar+DORvUoEF6r3yezfWLEu4QiaptZ3ATzHMqUHBJJ+UupnlKWUjOuAdRxVNuA3z2b0TcuSUmPS1caWQzNSvEzlNrB0nketMKA7tT28q/uZ1MuxfhLlQaYZcsfmifiYJajJ9nsTCcIZy7AhlRrhbCRtSQxm6iEr/C6F5Wg38anBzVqldLuIowgEcwjEEcA41uIY6NICBhAd4gmfvznv0XrzXeWvBW8zswzd4b59+Co+a</latexit><latexit sha1_base64="WtpAg5JAhVslaL9GI777ByUytW4=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2dpIMmZ1ZZ3qFsOQnvHhQxKu/482/cfI4qChY0FBUddPdFaVSWPT9D6+wtLyyulZcL21sbm3vlHf3mlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0upr6rXturNDqFscpDxM6UKIvGEUntU9IV8Yaba9cCar+DORvUoEF6r3yezfWLEu4QiaptZ3ATzHMqUHBJJ+UupnlKWUjOuAdRxVNuA3z2b0TcuSUmPS1caWQzNSvEzlNrB0nketMKA7tT28q/uZ1MuxfhLlQaYZcsfmifiYJajJ9nsTCcIZy7AhlRrhbCRtSQxm6iEr/C6F5Wg38anBzVqldLuIowgEcwjEEcA41uIY6NICBhAd4gmfvznv0XrzXeWvBW8zswzd4b59+Co+a</latexit><latexit sha1_base64="WtpAg5JAhVslaL9GI777ByUytW4=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2dpIMmZ1ZZ3qFsOQnvHhQxKu/482/cfI4qChY0FBUddPdFaVSWPT9D6+wtLyyulZcL21sbm3vlHf3mlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0upr6rXturNDqFscpDxM6UKIvGEUntU9IV8Yaba9cCar+DORvUoEF6r3yezfWLEu4QiaptZ3ATzHMqUHBJJ+UupnlKWUjOuAdRxVNuA3z2b0TcuSUmPS1caWQzNSvEzlNrB0nketMKA7tT28q/uZ1MuxfhLlQaYZcsfmifiYJajJ9nsTCcIZy7AhlRrhbCRtSQxm6iEr/C6F5Wg38anBzVqldLuIowgEcwjEEcA41uIY6NICBhAd4gmfvznv0XrzXeWvBW8zswzd4b59+Co+a</latexit><latexit sha1_base64="WtpAg5JAhVslaL9GI777ByUytW4=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2dpIMmZ1ZZ3qFsOQnvHhQxKu/482/cfI4qChY0FBUddPdFaVSWPT9D6+wtLyyulZcL21sbm3vlHf3mlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0upr6rXturNDqFscpDxM6UKIvGEUntU9IV8Yaba9cCar+DORvUoEF6r3yezfWLEu4QiaptZ3ATzHMqUHBJJ+UupnlKWUjOuAdRxVNuA3z2b0TcuSUmPS1caWQzNSvEzlNrB0nketMKA7tT28q/uZ1MuxfhLlQaYZcsfmifiYJajJ9nsTCcIZy7AhlRrhbCRtSQxm6iEr/C6F5Wg38anBzVqldLuIowgEcwjEEcA41uIY6NICBhAd4gmfvznv0XrzXeWvBW8zswzd4b59+Co+a</latexit>

h | i
<latexit sha1_base64="PyVXEewH1tfimQ8a2lGpPwoFylg=">AAACCHicjZDNS8MwGMbf+jnnV9WjB4ND8DRaEfQ49OJxgvuAtYw0TbewNO2SVBh1Ry/+K148KOLVP8Gb/41ZN0FFwQcCD7/nfUnyBClnSjvOuzU3v7C4tFxaKa+urW9s2lvbTZVkktAGSXgi2wFWlDNBG5ppTtuppDgOOG0Fg/NJ3rqmUrFEXOlRSv0Y9wSLGMHaoK6953EsepwibzjMcIhuPo0nC961K27VKYT+NhWYqd6137wwIVlMhSYcK9VxnVT7OZaaEU7HZS9TNMVkgHu0Y6zAMVV+XnxkjA4MCVGUSHOERgX9upHjWKlRHJjJGOu++plN4G9ZJ9PRqZ8zkWaaCjK9KMo40gmatIJCJinRfGQMJpKZtyLSxxITbbor/6+E5lHVdaru5XGldjarowS7sA+H4MIJ1OAC6tAAArdwD4/wZN1ZD9az9TIdnbNmOzvwTdbrBzkQmXQ=</latexit><latexit sha1_base64="PyVXEewH1tfimQ8a2lGpPwoFylg=">AAACCHicjZDNS8MwGMbf+jnnV9WjB4ND8DRaEfQ49OJxgvuAtYw0TbewNO2SVBh1Ry/+K148KOLVP8Gb/41ZN0FFwQcCD7/nfUnyBClnSjvOuzU3v7C4tFxaKa+urW9s2lvbTZVkktAGSXgi2wFWlDNBG5ppTtuppDgOOG0Fg/NJ3rqmUrFEXOlRSv0Y9wSLGMHaoK6953EsepwibzjMcIhuPo0nC961K27VKYT+NhWYqd6137wwIVlMhSYcK9VxnVT7OZaaEU7HZS9TNMVkgHu0Y6zAMVV+XnxkjA4MCVGUSHOERgX9upHjWKlRHJjJGOu++plN4G9ZJ9PRqZ8zkWaaCjK9KMo40gmatIJCJinRfGQMJpKZtyLSxxITbbor/6+E5lHVdaru5XGldjarowS7sA+H4MIJ1OAC6tAAArdwD4/wZN1ZD9az9TIdnbNmOzvwTdbrBzkQmXQ=</latexit><latexit sha1_base64="PyVXEewH1tfimQ8a2lGpPwoFylg=">AAACCHicjZDNS8MwGMbf+jnnV9WjB4ND8DRaEfQ49OJxgvuAtYw0TbewNO2SVBh1Ry/+K148KOLVP8Gb/41ZN0FFwQcCD7/nfUnyBClnSjvOuzU3v7C4tFxaKa+urW9s2lvbTZVkktAGSXgi2wFWlDNBG5ppTtuppDgOOG0Fg/NJ3rqmUrFEXOlRSv0Y9wSLGMHaoK6953EsepwibzjMcIhuPo0nC961K27VKYT+NhWYqd6137wwIVlMhSYcK9VxnVT7OZaaEU7HZS9TNMVkgHu0Y6zAMVV+XnxkjA4MCVGUSHOERgX9upHjWKlRHJjJGOu++plN4G9ZJ9PRqZ8zkWaaCjK9KMo40gmatIJCJinRfGQMJpKZtyLSxxITbbor/6+E5lHVdaru5XGldjarowS7sA+H4MIJ1OAC6tAAArdwD4/wZN1ZD9az9TIdnbNmOzvwTdbrBzkQmXQ=</latexit><latexit sha1_base64="PyVXEewH1tfimQ8a2lGpPwoFylg=">AAACCHicjZDNS8MwGMbf+jnnV9WjB4ND8DRaEfQ49OJxgvuAtYw0TbewNO2SVBh1Ry/+K148KOLVP8Gb/41ZN0FFwQcCD7/nfUnyBClnSjvOuzU3v7C4tFxaKa+urW9s2lvbTZVkktAGSXgi2wFWlDNBG5ppTtuppDgOOG0Fg/NJ3rqmUrFEXOlRSv0Y9wSLGMHaoK6953EsepwibzjMcIhuPo0nC961K27VKYT+NhWYqd6137wwIVlMhSYcK9VxnVT7OZaaEU7HZS9TNMVkgHu0Y6zAMVV+XnxkjA4MCVGUSHOERgX9upHjWKlRHJjJGOu++plN4G9ZJ9PRqZ8zkWaaCjK9KMo40gmatIJCJinRfGQMJpKZtyLSxxITbbor/6+E5lHVdaru5XGldjarowS7sA+H4MIJ1OAC6tAAArdwD4/wZN1ZD9az9TIdnbNmOzvwTdbrBzkQmXQ=</latexit>

1

i
<latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit><latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit><latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit><latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit>

h | i
<latexit sha1_base64="PyVXEewH1tfimQ8a2lGpPwoFylg=">AAACCHicjZDNS8MwGMbf+jnnV9WjB4ND8DRaEfQ49OJxgvuAtYw0TbewNO2SVBh1Ry/+K148KOLVP8Gb/41ZN0FFwQcCD7/nfUnyBClnSjvOuzU3v7C4tFxaKa+urW9s2lvbTZVkktAGSXgi2wFWlDNBG5ppTtuppDgOOG0Fg/NJ3rqmUrFEXOlRSv0Y9wSLGMHaoK6953EsepwibzjMcIhuPo0nC961K27VKYT+NhWYqd6137wwIVlMhSYcK9VxnVT7OZaaEU7HZS9TNMVkgHu0Y6zAMVV+XnxkjA4MCVGUSHOERgX9upHjWKlRHJjJGOu++plN4G9ZJ9PRqZ8zkWaaCjK9KMo40gmatIJCJinRfGQMJpKZtyLSxxITbbor/6+E5lHVdaru5XGldjarowS7sA+H4MIJ1OAC6tAAArdwD4/wZN1ZD9az9TIdnbNmOzvwTdbrBzkQmXQ=</latexit><latexit sha1_base64="PyVXEewH1tfimQ8a2lGpPwoFylg=">AAACCHicjZDNS8MwGMbf+jnnV9WjB4ND8DRaEfQ49OJxgvuAtYw0TbewNO2SVBh1Ry/+K148KOLVP8Gb/41ZN0FFwQcCD7/nfUnyBClnSjvOuzU3v7C4tFxaKa+urW9s2lvbTZVkktAGSXgi2wFWlDNBG5ppTtuppDgOOG0Fg/NJ3rqmUrFEXOlRSv0Y9wSLGMHaoK6953EsepwibzjMcIhuPo0nC961K27VKYT+NhWYqd6137wwIVlMhSYcK9VxnVT7OZaaEU7HZS9TNMVkgHu0Y6zAMVV+XnxkjA4MCVGUSHOERgX9upHjWKlRHJjJGOu++plN4G9ZJ9PRqZ8zkWaaCjK9KMo40gmatIJCJinRfGQMJpKZtyLSxxITbbor/6+E5lHVdaru5XGldjarowS7sA+H4MIJ1OAC6tAAArdwD4/wZN1ZD9az9TIdnbNmOzvwTdbrBzkQmXQ=</latexit><latexit sha1_base64="PyVXEewH1tfimQ8a2lGpPwoFylg=">AAACCHicjZDNS8MwGMbf+jnnV9WjB4ND8DRaEfQ49OJxgvuAtYw0TbewNO2SVBh1Ry/+K148KOLVP8Gb/41ZN0FFwQcCD7/nfUnyBClnSjvOuzU3v7C4tFxaKa+urW9s2lvbTZVkktAGSXgi2wFWlDNBG5ppTtuppDgOOG0Fg/NJ3rqmUrFEXOlRSv0Y9wSLGMHaoK6953EsepwibzjMcIhuPo0nC961K27VKYT+NhWYqd6137wwIVlMhSYcK9VxnVT7OZaaEU7HZS9TNMVkgHu0Y6zAMVV+XnxkjA4MCVGUSHOERgX9upHjWKlRHJjJGOu++plN4G9ZJ9PRqZ8zkWaaCjK9KMo40gmatIJCJinRfGQMJpKZtyLSxxITbbor/6+E5lHVdaru5XGldjarowS7sA+H4MIJ1OAC6tAAArdwD4/wZN1ZD9az9TIdnbNmOzvwTdbrBzkQmXQ=</latexit><latexit sha1_base64="PyVXEewH1tfimQ8a2lGpPwoFylg=">AAACCHicjZDNS8MwGMbf+jnnV9WjB4ND8DRaEfQ49OJxgvuAtYw0TbewNO2SVBh1Ry/+K148KOLVP8Gb/41ZN0FFwQcCD7/nfUnyBClnSjvOuzU3v7C4tFxaKa+urW9s2lvbTZVkktAGSXgi2wFWlDNBG5ppTtuppDgOOG0Fg/NJ3rqmUrFEXOlRSv0Y9wSLGMHaoK6953EsepwibzjMcIhuPo0nC961K27VKYT+NhWYqd6137wwIVlMhSYcK9VxnVT7OZaaEU7HZS9TNMVkgHu0Y6zAMVV+XnxkjA4MCVGUSHOERgX9upHjWKlRHJjJGOu++plN4G9ZJ9PRqZ8zkWaaCjK9KMo40gmatIJCJinRfGQMJpKZtyLSxxITbbor/6+E5lHVdaru5XGldjarowS7sA+H4MIJ1OAC6tAAArdwD4/wZN1ZD9az9TIdnbNmOzvwTdbrBzkQmXQ=</latexit>

+
<latexit sha1_base64="ha7JXGgNx4eTDg9dJW/lrTUegmU=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h7e0vLK6tl7YKG5ube/slvb2m0ZlmmGDKaF0O6IGBZfYsNwKbKcaaRIJbEWj66nfukdtuJK3dpximNCB5DFn1DqpftorlYOKPwP5m5RhgVqv9N7tK5YlKC0T1JhO4Kc2zKm2nAmcFLuZwZSyER1gx1FJEzRhPjt0Qo6d0iex0q6kJTP160ROE2PGSeQ6E2qH5qc3FX/zOpmNL8OcyzSzKNl8UZwJYhWZfk36XCOzYuwIZZq7WwkbUk2ZddkU/xdC86wS+JWgfl6uXi3iKMAhHMEJBHABVbiBGjSAAcIDPMGzd+c9ei/e67x1yVvMHMA3eG+fdeqMsg==</latexit><latexit sha1_base64="ha7JXGgNx4eTDg9dJW/lrTUegmU=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h7e0vLK6tl7YKG5ube/slvb2m0ZlmmGDKaF0O6IGBZfYsNwKbKcaaRIJbEWj66nfukdtuJK3dpximNCB5DFn1DqpftorlYOKPwP5m5RhgVqv9N7tK5YlKC0T1JhO4Kc2zKm2nAmcFLuZwZSyER1gx1FJEzRhPjt0Qo6d0iex0q6kJTP160ROE2PGSeQ6E2qH5qc3FX/zOpmNL8OcyzSzKNl8UZwJYhWZfk36XCOzYuwIZZq7WwkbUk2ZddkU/xdC86wS+JWgfl6uXi3iKMAhHMEJBHABVbiBGjSAAcIDPMGzd+c9ei/e67x1yVvMHMA3eG+fdeqMsg==</latexit><latexit sha1_base64="ha7JXGgNx4eTDg9dJW/lrTUegmU=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h7e0vLK6tl7YKG5ube/slvb2m0ZlmmGDKaF0O6IGBZfYsNwKbKcaaRIJbEWj66nfukdtuJK3dpximNCB5DFn1DqpftorlYOKPwP5m5RhgVqv9N7tK5YlKC0T1JhO4Kc2zKm2nAmcFLuZwZSyER1gx1FJEzRhPjt0Qo6d0iex0q6kJTP160ROE2PGSeQ6E2qH5qc3FX/zOpmNL8OcyzSzKNl8UZwJYhWZfk36XCOzYuwIZZq7WwkbUk2ZddkU/xdC86wS+JWgfl6uXi3iKMAhHMEJBHABVbiBGjSAAcIDPMGzd+c9ei/e67x1yVvMHMA3eG+fdeqMsg==</latexit><latexit sha1_base64="ha7JXGgNx4eTDg9dJW/lrTUegmU=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h7e0vLK6tl7YKG5ube/slvb2m0ZlmmGDKaF0O6IGBZfYsNwKbKcaaRIJbEWj66nfukdtuJK3dpximNCB5DFn1DqpftorlYOKPwP5m5RhgVqv9N7tK5YlKC0T1JhO4Kc2zKm2nAmcFLuZwZSyER1gx1FJEzRhPjt0Qo6d0iex0q6kJTP160ROE2PGSeQ6E2qH5qc3FX/zOpmNL8OcyzSzKNl8UZwJYhWZfk36XCOzYuwIZZq7WwkbUk2ZddkU/xdC86wS+JWgfl6uXi3iKMAhHMEJBHABVbiBGjSAAcIDPMGzd+c9ei/e67x1yVvMHMA3eG+fdeqMsg==</latexit>

h | i
<latexit sha1_base64="PyVXEewH1tfimQ8a2lGpPwoFylg=">AAACCHicjZDNS8MwGMbf+jnnV9WjB4ND8DRaEfQ49OJxgvuAtYw0TbewNO2SVBh1Ry/+K148KOLVP8Gb/41ZN0FFwQcCD7/nfUnyBClnSjvOuzU3v7C4tFxaKa+urW9s2lvbTZVkktAGSXgi2wFWlDNBG5ppTtuppDgOOG0Fg/NJ3rqmUrFEXOlRSv0Y9wSLGMHaoK6953EsepwibzjMcIhuPo0nC961K27VKYT+NhWYqd6137wwIVlMhSYcK9VxnVT7OZaaEU7HZS9TNMVkgHu0Y6zAMVV+XnxkjA4MCVGUSHOERgX9upHjWKlRHJjJGOu++plN4G9ZJ9PRqZ8zkWaaCjK9KMo40gmatIJCJinRfGQMJpKZtyLSxxITbbor/6+E5lHVdaru5XGldjarowS7sA+H4MIJ1OAC6tAAArdwD4/wZN1ZD9az9TIdnbNmOzvwTdbrBzkQmXQ=</latexit><latexit sha1_base64="PyVXEewH1tfimQ8a2lGpPwoFylg=">AAACCHicjZDNS8MwGMbf+jnnV9WjB4ND8DRaEfQ49OJxgvuAtYw0TbewNO2SVBh1Ry/+K148KOLVP8Gb/41ZN0FFwQcCD7/nfUnyBClnSjvOuzU3v7C4tFxaKa+urW9s2lvbTZVkktAGSXgi2wFWlDNBG5ppTtuppDgOOG0Fg/NJ3rqmUrFEXOlRSv0Y9wSLGMHaoK6953EsepwibzjMcIhuPo0nC961K27VKYT+NhWYqd6137wwIVlMhSYcK9VxnVT7OZaaEU7HZS9TNMVkgHu0Y6zAMVV+XnxkjA4MCVGUSHOERgX9upHjWKlRHJjJGOu++plN4G9ZJ9PRqZ8zkWaaCjK9KMo40gmatIJCJinRfGQMJpKZtyLSxxITbbor/6+E5lHVdaru5XGldjarowS7sA+H4MIJ1OAC6tAAArdwD4/wZN1ZD9az9TIdnbNmOzvwTdbrBzkQmXQ=</latexit><latexit sha1_base64="PyVXEewH1tfimQ8a2lGpPwoFylg=">AAACCHicjZDNS8MwGMbf+jnnV9WjB4ND8DRaEfQ49OJxgvuAtYw0TbewNO2SVBh1Ry/+K148KOLVP8Gb/41ZN0FFwQcCD7/nfUnyBClnSjvOuzU3v7C4tFxaKa+urW9s2lvbTZVkktAGSXgi2wFWlDNBG5ppTtuppDgOOG0Fg/NJ3rqmUrFEXOlRSv0Y9wSLGMHaoK6953EsepwibzjMcIhuPo0nC961K27VKYT+NhWYqd6137wwIVlMhSYcK9VxnVT7OZaaEU7HZS9TNMVkgHu0Y6zAMVV+XnxkjA4MCVGUSHOERgX9upHjWKlRHJjJGOu++plN4G9ZJ9PRqZ8zkWaaCjK9KMo40gmatIJCJinRfGQMJpKZtyLSxxITbbor/6+E5lHVdaru5XGldjarowS7sA+H4MIJ1OAC6tAAArdwD4/wZN1ZD9az9TIdnbNmOzvwTdbrBzkQmXQ=</latexit><latexit sha1_base64="PyVXEewH1tfimQ8a2lGpPwoFylg=">AAACCHicjZDNS8MwGMbf+jnnV9WjB4ND8DRaEfQ49OJxgvuAtYw0TbewNO2SVBh1Ry/+K148KOLVP8Gb/41ZN0FFwQcCD7/nfUnyBClnSjvOuzU3v7C4tFxaKa+urW9s2lvbTZVkktAGSXgi2wFWlDNBG5ppTtuppDgOOG0Fg/NJ3rqmUrFEXOlRSv0Y9wSLGMHaoK6953EsepwibzjMcIhuPo0nC961K27VKYT+NhWYqd6137wwIVlMhSYcK9VxnVT7OZaaEU7HZS9TNMVkgHu0Y6zAMVV+XnxkjA4MCVGUSHOERgX9upHjWKlRHJjJGOu++plN4G9ZJ9PRqZ8zkWaaCjK9KMo40gmatIJCJinRfGQMJpKZtyLSxxITbbor/6+E5lHVdaru5XGldjarowS7sA+H4MIJ1OAC6tAAArdwD4/wZN1ZD9az9TIdnbNmOzvwTdbrBzkQmXQ=</latexit>

1

1

i
<latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit><latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit><latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit><latexit sha1_base64="9yjxBJ8ykIn6DVKUOfjMcjPbuVQ=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U4P1yJaj6c5C/SQWWqPfL772BYlmC0jJBjekGfmrDnGrLmcBpqZcZTCkb0yF2HZU0QRPm80On5MQpAxIr7UpaMle/TuQ0MWaSRK4zoXZkfnoz8Tevm9n4Msy5TDOLki0WxZkgVpHZ12TANTIrJo5Qprm7lbAR1ZRZl03pfyG0zqqBXw0a55Xa1TKOIhzBMZxCABdQgxuoQxMYIDzAEzx7d96j9+K9LloL3nLmEL7Be/sE0+KM8A==</latexit>
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Complete description of nature at low energies in terms of local interactions.

High-energy paths project onto the local basis in a perturbative expansion. 
We don’t need to know this physics to measure Ci.
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The fact that the SM amplitude is so small—and that we know the SM prediction precisely—
means that new physics could have an observable impact on this decay rate. 

The SM predicts the Bs meson (spin-0 b-s state) decays into two muons 3 per billion decays, 
which results in less than one per trillion pp collisions producing this decay at LHCb.

Bs(bs)→μ+μ-

s

b̄

µ+

µ−

1

�(Bs ! µ+µ�) /

�����
�
CSM
bsµµ + CBSM

bsµµ

�
0

�����

2

<latexit sha1_base64="n5/pluUHfSx3+PqJW4/Zoj7zjGg="></latexit><latexit sha1_base64="n5/pluUHfSx3+PqJW4/Zoj7zjGg="></latexit><latexit sha1_base64="n5/pluUHfSx3+PqJW4/Zoj7zjGg="></latexit><latexit sha1_base64="n5/pluUHfSx3+PqJW4/Zoj7zjGg="></latexit>

0
<latexit sha1_base64="85wog+Sn8gvD1Wqarx9NnSo1C24=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U8PvlSlD15yB/kwosUe+X33sDxbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyYwQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfX6Mtw==</latexit><latexit sha1_base64="85wog+Sn8gvD1Wqarx9NnSo1C24=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U8PvlSlD15yB/kwosUe+X33sDxbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyYwQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfX6Mtw==</latexit><latexit sha1_base64="85wog+Sn8gvD1Wqarx9NnSo1C24=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U8PvlSlD15yB/kwosUe+X33sDxbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyYwQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfX6Mtw==</latexit><latexit sha1_base64="85wog+Sn8gvD1Wqarx9NnSo1C24=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3U8PvlSlD15yB/kwosUe+X33sDxbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyYwQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfX6Mtw==</latexit>

measure this decay rate

calculate these

determine if this 
is nonzero
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Both LHCb and CMS crossed the 4σ significance threshold in Run 1. We combined our Run 1 
data samples which reaches over 6σ.

LHCb combined Run 1 + 2015-16 data sample provides the first single-experiment observation 
at almost 8σ.  All results are consistent with the SM predictions.

LHCb, PRL 118 (2017) 191801

Bs(bs)→μ+μ-

�(Bs ! µ+µ�)LHCb

�(Bs ! µ+µ�)SM
= 0.82± 0.16± 0.08± 0.06
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CMS & LHCb, Nature 522 (2015) 68

CMS presented 
yesterday their first 

CMS-only observation 
by also adding 2015-16 

data, achieving 5.6σ 
(about 20% worse 

precision c.f. LHCb).  

ATLAS published results 
including 2015-16 data 
last winter, achieving 

4.6σ (about 30% worse 
precision c.f. LHCb). 
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Strong Constraints on O(1—100) TeV Physics

Main message: Strong constraints on TeV-scale physics beyond the SM!

The Bs→μ+μ- rate places strong constraints on local (pseudo)scalar (spin-0) interactions. The 
mass scale probed depends on what type of path(s) a BSM theory provides for this reaction.

MX & O(50TeV)
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LHCb has made the most precise measurements of hundreds of observables involving b and c 
quarks that are consistent with the SM predictions.  

We have also made the most precise measurements of CP violation (i.e matter/anti-matter 
asymmetries)—and even though we do observe many reactions with sizable CP violation, these 
asymmetries (or lack thereof) are all consistent with the SM expectations. 

s

b̄

µ+

µ−

1

MX & O(1TeV)
<latexit sha1_base64="QGLYiWcUNh1ONgutz23xsCyHh2U="></latexit><latexit sha1_base64="QGLYiWcUNh1ONgutz23xsCyHh2U="></latexit><latexit sha1_base64="QGLYiWcUNh1ONgutz23xsCyHh2U="></latexit><latexit sha1_base64="QGLYiWcUNh1ONgutz23xsCyHh2U="></latexit>

s

b̄

µ+

µ−

1

simple path 
strongest constraints

complicated path 
weaker constraints

See, e.g., first observation of CP violation in charm decays LHCb-PAPER-2019-006!
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Penguin Decays

W

t

b

q̄

µ+

µ−

s

q̄

1

b→s “penguin” decays are highly sensitive to many possible extensions to the SM (in many 
cases, these decays are by far the best way to make new types of particles). 

1

If you’re in the right state of mind, the Feynman diagram may (sort of) look like a penguin. 
 (see https://en.wikipedia.org/wiki/Penguin_diagram)

https://en.wikipedia.org/wiki/Penguin_diagram
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b→sμ+μ-

q̄

b

q̄

s

µ−

µ+

1

We can play the same game with b→s penguin decays as we did with Bs→μ+μ-. The b→sμμ 
family of decays provide many sensitive observables (decay rates, angular distributions, etc) to 
test the Lorentz structure of the SM.

Global analyses quote ~4σ deviations with the SM; however, these calculations require 
understanding the QCD effects that bind the quarks—and QCD is hard!

not restricted to spin-0 
interactions here

LHCb, PRL 111 (2013); JHEP 02 (2016); JHEP 04 (2014); etc.

[…]
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M
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P 0
5[6, 8]GeV2

<latexit sha1_base64="ZDZe9X8PcIGxaOVqjsZtkAof9Is=">AAACB3icbVDPSwJBFJ7tp9kvq2MQQxJ0ENkVS71JHepokBq4q8yOTx2c2V1mZgNZvHXpX+nSoYiu/Qvd+m8aTaKyDx58fN97vPc+P+JMadv+sBYWl5ZXVlNr6fWNza3tzM5uQ4WxpFCnIQ/ljU8UcBZAXTPN4SaSQITPoekPzyd+8xakYmFwrUcReIL0A9ZjlGgjdTIHtc5JO3EjyQSMW6e5sufmElcKfAGNcbvQyWTtfKVSrJwUsSHlkn1awk7enuKbZNEMtU7m3e2GNBYQaMqJUi3HjrSXEKkZ5TBOu7GCiNAh6UPL0IAIUF4y/WOMj4zSxb1Qmgo0nqo/JxIilBoJ33QKogfqrzcR//Nase6VvYQFUawhoF+LejHHOsSTUHCXSaCajwwhVDJzK6YDIgnVJrq0CWHu5XnSKOQdO+9cFbPVs1kcKbSPDtExclAJVdElqqE6ougOPaAn9GzdW4/Wi/X61bpgzWb20C9Yb5++ZpiX</latexit><latexit sha1_base64="ZDZe9X8PcIGxaOVqjsZtkAof9Is=">AAACB3icbVDPSwJBFJ7tp9kvq2MQQxJ0ENkVS71JHepokBq4q8yOTx2c2V1mZgNZvHXpX+nSoYiu/Qvd+m8aTaKyDx58fN97vPc+P+JMadv+sBYWl5ZXVlNr6fWNza3tzM5uQ4WxpFCnIQ/ljU8UcBZAXTPN4SaSQITPoekPzyd+8xakYmFwrUcReIL0A9ZjlGgjdTIHtc5JO3EjyQSMW6e5sufmElcKfAGNcbvQyWTtfKVSrJwUsSHlkn1awk7enuKbZNEMtU7m3e2GNBYQaMqJUi3HjrSXEKkZ5TBOu7GCiNAh6UPL0IAIUF4y/WOMj4zSxb1Qmgo0nqo/JxIilBoJ33QKogfqrzcR//Nase6VvYQFUawhoF+LejHHOsSTUHCXSaCajwwhVDJzK6YDIgnVJrq0CWHu5XnSKOQdO+9cFbPVs1kcKbSPDtExclAJVdElqqE6ougOPaAn9GzdW4/Wi/X61bpgzWb20C9Yb5++ZpiX</latexit><latexit sha1_base64="ZDZe9X8PcIGxaOVqjsZtkAof9Is=">AAACB3icbVDPSwJBFJ7tp9kvq2MQQxJ0ENkVS71JHepokBq4q8yOTx2c2V1mZgNZvHXpX+nSoYiu/Qvd+m8aTaKyDx58fN97vPc+P+JMadv+sBYWl5ZXVlNr6fWNza3tzM5uQ4WxpFCnIQ/ljU8UcBZAXTPN4SaSQITPoekPzyd+8xakYmFwrUcReIL0A9ZjlGgjdTIHtc5JO3EjyQSMW6e5sufmElcKfAGNcbvQyWTtfKVSrJwUsSHlkn1awk7enuKbZNEMtU7m3e2GNBYQaMqJUi3HjrSXEKkZ5TBOu7GCiNAh6UPL0IAIUF4y/WOMj4zSxb1Qmgo0nqo/JxIilBoJ33QKogfqrzcR//Nase6VvYQFUawhoF+LejHHOsSTUHCXSaCajwwhVDJzK6YDIgnVJrq0CWHu5XnSKOQdO+9cFbPVs1kcKbSPDtExclAJVdElqqE6ougOPaAn9GzdW4/Wi/X61bpgzWb20C9Yb5++ZpiX</latexit><latexit sha1_base64="ZDZe9X8PcIGxaOVqjsZtkAof9Is=">AAACB3icbVDPSwJBFJ7tp9kvq2MQQxJ0ENkVS71JHepokBq4q8yOTx2c2V1mZgNZvHXpX+nSoYiu/Qvd+m8aTaKyDx58fN97vPc+P+JMadv+sBYWl5ZXVlNr6fWNza3tzM5uQ4WxpFCnIQ/ljU8UcBZAXTPN4SaSQITPoekPzyd+8xakYmFwrUcReIL0A9ZjlGgjdTIHtc5JO3EjyQSMW6e5sufmElcKfAGNcbvQyWTtfKVSrJwUsSHlkn1awk7enuKbZNEMtU7m3e2GNBYQaMqJUi3HjrSXEKkZ5TBOu7GCiNAh6UPL0IAIUF4y/WOMj4zSxb1Qmgo0nqo/JxIilBoJ33QKogfqrzcR//Nase6VvYQFUawhoF+LejHHOsSTUHCXSaCajwwhVDJzK6YDIgnVJrq0CWHu5XnSKOQdO+9cFbPVs1kcKbSPDtExclAJVdElqqE6ougOPaAn9GzdW4/Wi/X61bpgzWb20C9Yb5++ZpiX</latexit>

B�µµ[2, 5]GeV2
<latexit sha1_base64="13C5sRtYBZskHr81o9uTK4NHg5E="></latexit><latexit sha1_base64="13C5sRtYBZskHr81o9uTK4NHg5E="></latexit><latexit sha1_base64="13C5sRtYBZskHr81o9uTK4NHg5E="></latexit><latexit sha1_base64="13C5sRtYBZskHr81o9uTK4NHg5E="></latexit>

B�µµ[5, 8]GeV2
<latexit sha1_base64="BuoBI+CFk4Br3A4cdsuooSeFDbA="></latexit><latexit sha1_base64="BuoBI+CFk4Br3A4cdsuooSeFDbA="></latexit><latexit sha1_base64="BuoBI+CFk4Br3A4cdsuooSeFDbA="></latexit><latexit sha1_base64="BuoBI+CFk4Br3A4cdsuooSeFDbA="></latexit>

Incomplete data from other experiments, though largely consistent where available and even 
competitive or slightly better than LHCb for some points (though not the observables shown above).
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b→sμ+μ-

q̄
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q̄
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µ−
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We can play the same game with b→s penguin decays as we did with Bs→μ+μ-. The b→sμμ 
family of decays provide many sensitive observables (decay rates, angular distributions, etc) to 
test the Lorentz structure of the SM.

Global analyses quote ~4σ deviations with the SM; however, these calculations require 
understanding the QCD effects that bind the quarks—and QCD is hard!

“easy”

ASM = AQCD ⇥AEW
<latexit sha1_base64="LaszwAS215e9bfd+7198M3E7KaI=">AAACMXicjVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQrUIvQou2FZoQNttNu3SzCbsboYT8JS/+E/HSgyJe/RNu2h7UKvhg4PHeDDPz/JhRqSxrbBQWFpeWV4qrpbX1jc0tc3unLaNEYNLCEYvEnY8kYZSTlqKKkbtYEBT6jHT8YS33O/dESBrxWzWKiRuiPqcBxUhpyTPrTojUACOWnmde6ogQ3lxn8AzOyc3aZQYdRUMi582rTuaZZbtiTQD/JmUwQ8Mzn5xehJOQcIUZkrJrW7FyUyQUxYxkJSeRJEZ4iPqkqylHerObTj7O4IFWejCIhC6u4ET9OpGiUMpR6OvO/Fb508vF37xuooJTN6U8ThTheLooSBhUEczjgz0qCFZspAnCgupbIR4ggbDSIZf+F0L7qGJbFbt5XK5ezOIogj2wDw6BDU5AFdRBA7QABg/gGbyAV+PRGBtvxvu0tWDMZnbBNxgfnzBvqjA=</latexit><latexit sha1_base64="LaszwAS215e9bfd+7198M3E7KaI=">AAACMXicjVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQrUIvQou2FZoQNttNu3SzCbsboYT8JS/+E/HSgyJe/RNu2h7UKvhg4PHeDDPz/JhRqSxrbBQWFpeWV4qrpbX1jc0tc3unLaNEYNLCEYvEnY8kYZSTlqKKkbtYEBT6jHT8YS33O/dESBrxWzWKiRuiPqcBxUhpyTPrTojUACOWnmde6ogQ3lxn8AzOyc3aZQYdRUMi582rTuaZZbtiTQD/JmUwQ8Mzn5xehJOQcIUZkrJrW7FyUyQUxYxkJSeRJEZ4iPqkqylHerObTj7O4IFWejCIhC6u4ET9OpGiUMpR6OvO/Fb508vF37xuooJTN6U8ThTheLooSBhUEczjgz0qCFZspAnCgupbIR4ggbDSIZf+F0L7qGJbFbt5XK5ezOIogj2wDw6BDU5AFdRBA7QABg/gGbyAV+PRGBtvxvu0tWDMZnbBNxgfnzBvqjA=</latexit><latexit sha1_base64="LaszwAS215e9bfd+7198M3E7KaI=">AAACMXicjVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQrUIvQou2FZoQNttNu3SzCbsboYT8JS/+E/HSgyJe/RNu2h7UKvhg4PHeDDPz/JhRqSxrbBQWFpeWV4qrpbX1jc0tc3unLaNEYNLCEYvEnY8kYZSTlqKKkbtYEBT6jHT8YS33O/dESBrxWzWKiRuiPqcBxUhpyTPrTojUACOWnmde6ogQ3lxn8AzOyc3aZQYdRUMi582rTuaZZbtiTQD/JmUwQ8Mzn5xehJOQcIUZkrJrW7FyUyQUxYxkJSeRJEZ4iPqkqylHerObTj7O4IFWejCIhC6u4ET9OpGiUMpR6OvO/Fb508vF37xuooJTN6U8ThTheLooSBhUEczjgz0qCFZspAnCgupbIR4ggbDSIZf+F0L7qGJbFbt5XK5ezOIogj2wDw6BDU5AFdRBA7QABg/gGbyAV+PRGBtvxvu0tWDMZnbBNxgfnzBvqjA=</latexit><latexit sha1_base64="LaszwAS215e9bfd+7198M3E7KaI=">AAACMXicjVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQrUIvQou2FZoQNttNu3SzCbsboYT8JS/+E/HSgyJe/RNu2h7UKvhg4PHeDDPz/JhRqSxrbBQWFpeWV4qrpbX1jc0tc3unLaNEYNLCEYvEnY8kYZSTlqKKkbtYEBT6jHT8YS33O/dESBrxWzWKiRuiPqcBxUhpyTPrTojUACOWnmde6ogQ3lxn8AzOyc3aZQYdRUMi582rTuaZZbtiTQD/JmUwQ8Mzn5xehJOQcIUZkrJrW7FyUyQUxYxkJSeRJEZ4iPqkqylHerObTj7O4IFWejCIhC6u4ET9OpGiUMpR6OvO/Fb508vF37xuooJTN6U8ThTheLooSBhUEczjgz0qCFZspAnCgupbIR4ggbDSIZf+F0L7qGJbFbt5XK5ezOIogj2wDw6BDU5AFdRBA7QABg/gGbyAV+PRGBtvxvu0tWDMZnbBNxgfnzBvqjA=</latexit>

not restricted to spin-0 
interactions here very much  

NOT easy

Incomplete data from other experiments, though largely consistent where available and even 
competitive or slightly better than LHCb for some points (though not the observables shown above).
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Lepton Universality
Since leptons are neutral under QCD, ratios of decay rates where only the lepton flavors differ 
largely avoid QCD theory uncertainties. Of course, the experimental systematic effects are also 
reduced — always measure ratios.

RK(⇤) ⌘
�(B ! K(⇤)µµ)

�(B ! K(⇤)ee)

SM⇡ 1
<latexit sha1_base64="DhnkvVgl7dUHNC3Np7XwvfPJUFw="></latexit><latexit sha1_base64="DhnkvVgl7dUHNC3Np7XwvfPJUFw="></latexit><latexit sha1_base64="DhnkvVgl7dUHNC3Np7XwvfPJUFw="></latexit><latexit sha1_base64="DhnkvVgl7dUHNC3Np7XwvfPJUFw="></latexit>

LHCb-PAPER-2014-024 
PRL 113 (2014) 151601 

(Run 1 data)

LHCb-PAPER-2017-013 
JHEP 08 (2017) 055 

(Run 1 data)R
L
H
C
b

K
(
⇤
)
/R

S
M

K
(
⇤
)

<latexit sha1_base64="Gixzu9pEoFgNuzx/7ZypIr1/UZY=">AAACKnicjVDLSsNAFJ3UV62vqEs3g6VQXdREBF1WuymoUB99QJOWyXTSDp1MwsxEKCHf48ZfcdOFUtz6ISZtFyoqHhg4nHMv98xxAkalMoyJlllYXFpeya7m1tY3Nrf07Z2G9EOBSR37zBctB0nCKCd1RRUjrUAQ5DmMNJ1hJfWbD0RI6vN7NQqI7aE+py7FSCVSVz+3PKQGGLHoNu5Gl52oeHgQx53IEh68qlacGB7BP0buruOunjdLxhTwd5IHc9S6+tjq+Tj0CFeYISnbphEoO0JCUcxInLNCSQKEh6hP2gnlyCPSjqZfjWEhUXrQ9UXyuIJT9fNGhDwpR16Su5Cmlt+9VPzJa4fKPbMjyoNQEY5nh9yQQeXDtDfYo4JgxUYJQVjQJCvEAyQQVkm7uf+V0DgumUbJvDnJly/mdWTBHtgHRWCCU1AGVVADdYDBI3gGL+BVe9LG2kR7m41mtPnOLvgC7f0Dr7SmyA==</latexit><latexit sha1_base64="Gixzu9pEoFgNuzx/7ZypIr1/UZY=">AAACKnicjVDLSsNAFJ3UV62vqEs3g6VQXdREBF1WuymoUB99QJOWyXTSDp1MwsxEKCHf48ZfcdOFUtz6ISZtFyoqHhg4nHMv98xxAkalMoyJlllYXFpeya7m1tY3Nrf07Z2G9EOBSR37zBctB0nCKCd1RRUjrUAQ5DmMNJ1hJfWbD0RI6vN7NQqI7aE+py7FSCVSVz+3PKQGGLHoNu5Gl52oeHgQx53IEh68qlacGB7BP0buruOunjdLxhTwd5IHc9S6+tjq+Tj0CFeYISnbphEoO0JCUcxInLNCSQKEh6hP2gnlyCPSjqZfjWEhUXrQ9UXyuIJT9fNGhDwpR16Su5Cmlt+9VPzJa4fKPbMjyoNQEY5nh9yQQeXDtDfYo4JgxUYJQVjQJCvEAyQQVkm7uf+V0DgumUbJvDnJly/mdWTBHtgHRWCCU1AGVVADdYDBI3gGL+BVe9LG2kR7m41mtPnOLvgC7f0Dr7SmyA==</latexit><latexit sha1_base64="Gixzu9pEoFgNuzx/7ZypIr1/UZY=">AAACKnicjVDLSsNAFJ3UV62vqEs3g6VQXdREBF1WuymoUB99QJOWyXTSDp1MwsxEKCHf48ZfcdOFUtz6ISZtFyoqHhg4nHMv98xxAkalMoyJlllYXFpeya7m1tY3Nrf07Z2G9EOBSR37zBctB0nCKCd1RRUjrUAQ5DmMNJ1hJfWbD0RI6vN7NQqI7aE+py7FSCVSVz+3PKQGGLHoNu5Gl52oeHgQx53IEh68qlacGB7BP0buruOunjdLxhTwd5IHc9S6+tjq+Tj0CFeYISnbphEoO0JCUcxInLNCSQKEh6hP2gnlyCPSjqZfjWEhUXrQ9UXyuIJT9fNGhDwpR16Su5Cmlt+9VPzJa4fKPbMjyoNQEY5nh9yQQeXDtDfYo4JgxUYJQVjQJCvEAyQQVkm7uf+V0DgumUbJvDnJly/mdWTBHtgHRWCCU1AGVVADdYDBI3gGL+BVe9LG2kR7m41mtPnOLvgC7f0Dr7SmyA==</latexit><latexit sha1_base64="Gixzu9pEoFgNuzx/7ZypIr1/UZY=">AAACKnicjVDLSsNAFJ3UV62vqEs3g6VQXdREBF1WuymoUB99QJOWyXTSDp1MwsxEKCHf48ZfcdOFUtz6ISZtFyoqHhg4nHMv98xxAkalMoyJlllYXFpeya7m1tY3Nrf07Z2G9EOBSR37zBctB0nCKCd1RRUjrUAQ5DmMNJ1hJfWbD0RI6vN7NQqI7aE+py7FSCVSVz+3PKQGGLHoNu5Gl52oeHgQx53IEh68qlacGB7BP0buruOunjdLxhTwd5IHc9S6+tjq+Tj0CFeYISnbphEoO0JCUcxInLNCSQKEh6hP2gnlyCPSjqZfjWEhUXrQ9UXyuIJT9fNGhDwpR16Su5Cmlt+9VPzJa4fKPbMjyoNQEY5nh9yQQeXDtDfYo4JgxUYJQVjQJCvEAyQQVkm7uf+V0DgumUbJvDnJly/mdWTBHtgHRWCCU1AGVVADdYDBI3gGL+BVe9LG2kR7m41mtPnOLvgC7f0Dr7SmyA==</latexit>

RK⇤ [0.045, 1.1]GeV2
<latexit sha1_base64="8rJBJ2K9CxDv85BklgS2vvNMrac=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQLSEpFV0WXSi4qWIfkKRhMp22QycPZiZCCfkIN/6KGxeKuHXhzr9x0nahouCBC4dz7uXee/yYUSFN80MrzM0vLC4Vl0srq2vrG/rmVktECcekiSMW8Y6PBGE0JE1JJSOdmBMU+Iy0/dFZ7rdvCRc0Cm/kOCZugAYh7VOMpJI8/dAJkBxixNLrzEsvu+lBltmmYdaOKpZhuU4ldXgAz0kr61Y9vWwZ5gTwb1IGMzQ8/d3pRTgJSCgxQ0LYlhlLN0VcUsxIVnISQWKER2hAbEVDFBDhppOnMrinlB7sR1xVKOFE/TqRokCIceCrzvwF8dPLxd88O5H9EzelYZxIEuLpon7CoIxgnhDsUU6wZGNFEOZU3QrxEHGEpcqx9L8QWlXDMg3rqlaun87iKIIdsAv2gQWOQR1cgAZoAgzuwAN4As/avfaovWiv09aCNpvZBt+gvX0C+Nic1g==</latexit><latexit sha1_base64="8rJBJ2K9CxDv85BklgS2vvNMrac=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQLSEpFV0WXSi4qWIfkKRhMp22QycPZiZCCfkIN/6KGxeKuHXhzr9x0nahouCBC4dz7uXee/yYUSFN80MrzM0vLC4Vl0srq2vrG/rmVktECcekiSMW8Y6PBGE0JE1JJSOdmBMU+Iy0/dFZ7rdvCRc0Cm/kOCZugAYh7VOMpJI8/dAJkBxixNLrzEsvu+lBltmmYdaOKpZhuU4ldXgAz0kr61Y9vWwZ5gTwb1IGMzQ8/d3pRTgJSCgxQ0LYlhlLN0VcUsxIVnISQWKER2hAbEVDFBDhppOnMrinlB7sR1xVKOFE/TqRokCIceCrzvwF8dPLxd88O5H9EzelYZxIEuLpon7CoIxgnhDsUU6wZGNFEOZU3QrxEHGEpcqx9L8QWlXDMg3rqlaun87iKIIdsAv2gQWOQR1cgAZoAgzuwAN4As/avfaovWiv09aCNpvZBt+gvX0C+Nic1g==</latexit><latexit sha1_base64="8rJBJ2K9CxDv85BklgS2vvNMrac=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQLSEpFV0WXSi4qWIfkKRhMp22QycPZiZCCfkIN/6KGxeKuHXhzr9x0nahouCBC4dz7uXee/yYUSFN80MrzM0vLC4Vl0srq2vrG/rmVktECcekiSMW8Y6PBGE0JE1JJSOdmBMU+Iy0/dFZ7rdvCRc0Cm/kOCZugAYh7VOMpJI8/dAJkBxixNLrzEsvu+lBltmmYdaOKpZhuU4ldXgAz0kr61Y9vWwZ5gTwb1IGMzQ8/d3pRTgJSCgxQ0LYlhlLN0VcUsxIVnISQWKER2hAbEVDFBDhppOnMrinlB7sR1xVKOFE/TqRokCIceCrzvwF8dPLxd88O5H9EzelYZxIEuLpon7CoIxgnhDsUU6wZGNFEOZU3QrxEHGEpcqx9L8QWlXDMg3rqlaun87iKIIdsAv2gQWOQR1cgAZoAgzuwAN4As/avfaovWiv09aCNpvZBt+gvX0C+Nic1g==</latexit><latexit sha1_base64="8rJBJ2K9CxDv85BklgS2vvNMrac=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQLSEpFV0WXSi4qWIfkKRhMp22QycPZiZCCfkIN/6KGxeKuHXhzr9x0nahouCBC4dz7uXee/yYUSFN80MrzM0vLC4Vl0srq2vrG/rmVktECcekiSMW8Y6PBGE0JE1JJSOdmBMU+Iy0/dFZ7rdvCRc0Cm/kOCZugAYh7VOMpJI8/dAJkBxixNLrzEsvu+lBltmmYdaOKpZhuU4ldXgAz0kr61Y9vWwZ5gTwb1IGMzQ8/d3pRTgJSCgxQ0LYlhlLN0VcUsxIVnISQWKER2hAbEVDFBDhppOnMrinlB7sR1xVKOFE/TqRokCIceCrzvwF8dPLxd88O5H9EzelYZxIEuLpon7CoIxgnhDsUU6wZGNFEOZU3QrxEHGEpcqx9L8QWlXDMg3rqlaun87iKIIdsAv2gQWOQR1cgAZoAgzuwAN4As/avfaovWiv09aCNpvZBt+gvX0C+Nic1g==</latexit>

RK⇤ [1.1, 6]GeV2
<latexit sha1_base64="0XPjXvYYOYL6+ydI7zH0WdNMXbk=">AAACEHicjVDLSsNAFJ34rPUVdelmsIgiJSRF1GXRhYKbKvYBSRom00k7dDIJMxOhhHyCG3/FjQtF3Lp059+YtF2oKHjgwuGce7n3Hj9mVCrT/NBmZufmFxZLS+XlldW1dX1jsyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3hW+O1bIiSN+I0axcQNUZ/TgGKkcsnT95wQqQFGLL3OvPSymx5kmW0ZVvXIdaqpI0J4TlpZt+bpFcswx4B/kwqYouHp704vwklIuMIMSWlbZqzcFAlFMSNZ2UkkiREeoj6xc8pRSKSbjh/K4G6u9GAQiby4gmP160SKQilHoZ93FufLn14h/ubZiQpO3JTyOFGE48miIGFQRbBIB/aoIFixUU4QFjS/FeIBEgirPMPy/0Jo1QzLNKyrw0r9dBpHCWyDHbAPLHAM6uACNEATYHAHHsATeNbutUftRXudtM5o05kt8A3a2ycPiZvt</latexit><latexit sha1_base64="0XPjXvYYOYL6+ydI7zH0WdNMXbk=">AAACEHicjVDLSsNAFJ34rPUVdelmsIgiJSRF1GXRhYKbKvYBSRom00k7dDIJMxOhhHyCG3/FjQtF3Lp059+YtF2oKHjgwuGce7n3Hj9mVCrT/NBmZufmFxZLS+XlldW1dX1jsyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3hW+O1bIiSN+I0axcQNUZ/TgGKkcsnT95wQqQFGLL3OvPSymx5kmW0ZVvXIdaqpI0J4TlpZt+bpFcswx4B/kwqYouHp704vwklIuMIMSWlbZqzcFAlFMSNZ2UkkiREeoj6xc8pRSKSbjh/K4G6u9GAQiby4gmP160SKQilHoZ93FufLn14h/ubZiQpO3JTyOFGE48miIGFQRbBIB/aoIFixUU4QFjS/FeIBEgirPMPy/0Jo1QzLNKyrw0r9dBpHCWyDHbAPLHAM6uACNEATYHAHHsATeNbutUftRXudtM5o05kt8A3a2ycPiZvt</latexit><latexit sha1_base64="0XPjXvYYOYL6+ydI7zH0WdNMXbk=">AAACEHicjVDLSsNAFJ34rPUVdelmsIgiJSRF1GXRhYKbKvYBSRom00k7dDIJMxOhhHyCG3/FjQtF3Lp059+YtF2oKHjgwuGce7n3Hj9mVCrT/NBmZufmFxZLS+XlldW1dX1jsyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3hW+O1bIiSN+I0axcQNUZ/TgGKkcsnT95wQqQFGLL3OvPSymx5kmW0ZVvXIdaqpI0J4TlpZt+bpFcswx4B/kwqYouHp704vwklIuMIMSWlbZqzcFAlFMSNZ2UkkiREeoj6xc8pRSKSbjh/K4G6u9GAQiby4gmP160SKQilHoZ93FufLn14h/ubZiQpO3JTyOFGE48miIGFQRbBIB/aoIFixUU4QFjS/FeIBEgirPMPy/0Jo1QzLNKyrw0r9dBpHCWyDHbAPLHAM6uACNEATYHAHHsATeNbutUftRXudtM5o05kt8A3a2ycPiZvt</latexit><latexit sha1_base64="0XPjXvYYOYL6+ydI7zH0WdNMXbk=">AAACEHicjVDLSsNAFJ34rPUVdelmsIgiJSRF1GXRhYKbKvYBSRom00k7dDIJMxOhhHyCG3/FjQtF3Lp059+YtF2oKHjgwuGce7n3Hj9mVCrT/NBmZufmFxZLS+XlldW1dX1jsyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3hW+O1bIiSN+I0axcQNUZ/TgGKkcsnT95wQqQFGLL3OvPSymx5kmW0ZVvXIdaqpI0J4TlpZt+bpFcswx4B/kwqYouHp704vwklIuMIMSWlbZqzcFAlFMSNZ2UkkiREeoj6xc8pRSKSbjh/K4G6u9GAQiby4gmP160SKQilHoZ93FufLn14h/ubZiQpO3JTyOFGE48miIGFQRbBIB/aoIFixUU4QFjS/FeIBEgirPMPy/0Jo1QzLNKyrw0r9dBpHCWyDHbAPLHAM6uACNEATYHAHHsATeNbutUftRXudtM5o05kt8A3a2ycPiZvt</latexit>

RK [1, 6]GeV2
<latexit sha1_base64="xVVbEWOvhZWv6BAgH4dImP1LGxg=">AAACCnicjVBNS8NAEN3Ur1q/oh69rBbBQylJEfVY9KDgpYpthSSGzXbTLt3dhN2NUELOXvwrXjwo4tVf4M1/Y9L2oKLgg4HHezPMzAtiRpW2rA+jNDM7N79QXqwsLa+srpnrGx0VJRKTNo5YJK8DpAijgrQ11Yxcx5IgHjDSDYYnhd+9JVLRSFzpUUw8jvqChhQjnUu+ue1ypAcYsfQy89PzzLFrB55bS13J4SnpZDcN36zadWsM+Depgilavvnu9iKccCI0Zkgpx7Zi7aVIaooZySpuokiM8BD1iZNTgThRXjp+JYO7udKDYSTzEhqO1a8TKeJKjXiQdxaHq59eIf7mOYkOj7yUijjRRODJojBhUEewyAX2qCRYs1FOEJY0vxXiAZII6zy9yv9C6DTqtlW3L/arzeNpHGWwBXbAHrDBIWiCM9ACbYDBHXgAT+DZuDcejRfjddJaMqYzm+AbjLdPDdmZ0g==</latexit><latexit sha1_base64="xVVbEWOvhZWv6BAgH4dImP1LGxg=">AAACCnicjVBNS8NAEN3Ur1q/oh69rBbBQylJEfVY9KDgpYpthSSGzXbTLt3dhN2NUELOXvwrXjwo4tVf4M1/Y9L2oKLgg4HHezPMzAtiRpW2rA+jNDM7N79QXqwsLa+srpnrGx0VJRKTNo5YJK8DpAijgrQ11Yxcx5IgHjDSDYYnhd+9JVLRSFzpUUw8jvqChhQjnUu+ue1ypAcYsfQy89PzzLFrB55bS13J4SnpZDcN36zadWsM+Depgilavvnu9iKccCI0Zkgpx7Zi7aVIaooZySpuokiM8BD1iZNTgThRXjp+JYO7udKDYSTzEhqO1a8TKeJKjXiQdxaHq59eIf7mOYkOj7yUijjRRODJojBhUEewyAX2qCRYs1FOEJY0vxXiAZII6zy9yv9C6DTqtlW3L/arzeNpHGWwBXbAHrDBIWiCM9ACbYDBHXgAT+DZuDcejRfjddJaMqYzm+AbjLdPDdmZ0g==</latexit><latexit sha1_base64="xVVbEWOvhZWv6BAgH4dImP1LGxg=">AAACCnicjVBNS8NAEN3Ur1q/oh69rBbBQylJEfVY9KDgpYpthSSGzXbTLt3dhN2NUELOXvwrXjwo4tVf4M1/Y9L2oKLgg4HHezPMzAtiRpW2rA+jNDM7N79QXqwsLa+srpnrGx0VJRKTNo5YJK8DpAijgrQ11Yxcx5IgHjDSDYYnhd+9JVLRSFzpUUw8jvqChhQjnUu+ue1ypAcYsfQy89PzzLFrB55bS13J4SnpZDcN36zadWsM+Depgilavvnu9iKccCI0Zkgpx7Zi7aVIaooZySpuokiM8BD1iZNTgThRXjp+JYO7udKDYSTzEhqO1a8TKeJKjXiQdxaHq59eIf7mOYkOj7yUijjRRODJojBhUEewyAX2qCRYs1FOEJY0vxXiAZII6zy9yv9C6DTqtlW3L/arzeNpHGWwBXbAHrDBIWiCM9ACbYDBHXgAT+DZuDcejRfjddJaMqYzm+AbjLdPDdmZ0g==</latexit><latexit sha1_base64="xVVbEWOvhZWv6BAgH4dImP1LGxg=">AAACCnicjVBNS8NAEN3Ur1q/oh69rBbBQylJEfVY9KDgpYpthSSGzXbTLt3dhN2NUELOXvwrXjwo4tVf4M1/Y9L2oKLgg4HHezPMzAtiRpW2rA+jNDM7N79QXqwsLa+srpnrGx0VJRKTNo5YJK8DpAijgrQ11Yxcx5IgHjDSDYYnhd+9JVLRSFzpUUw8jvqChhQjnUu+ue1ypAcYsfQy89PzzLFrB55bS13J4SnpZDcN36zadWsM+Depgilavvnu9iKccCI0Zkgpx7Zi7aVIaooZySpuokiM8BD1iZNTgThRXjp+JYO7udKDYSTzEhqO1a8TKeJKjXiQdxaHq59eIf7mOYkOj7yUijjRRODJojBhUEewyAX2qCRYs1FOEJY0vxXiAZII6zy9yv9C6DTqtlW3L/arzeNpHGWwBXbAHrDBIWiCM9ACbYDBHXgAT+DZuDcejRfjddJaMqYzm+AbjLdPDdmZ0g==</latexit>

Who ordered that? —I.I. Rabi

LHCb-PAPER-2019-009 
PRL 122 (2019) 191801 
(Run 1 data + 2015-16)



Interpreting Results — a Flow Chart
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Hidden (Dark) Sectors

A Model of Dark Particle Physics?

How rich is the dark sector of matter?
Mike Williams 9

dark
higgs?

dark
quarks?

dark
leptons?

dark
forces?

Dark
nucleons

and nuclei?

What if there is no connection between ordinary and dark matter up to the Planck scale? 
(Hidden sectors can result from a Grand Unified Theory (GUT) of nature, and are generic in string theory constructions.)

lightest DM particle could be 
stable because it’s (dark) charged

When things are at their blackest, I say to myself “Cheer up, things could get worse.” And sure 
enough, they get worse. —Robert Asprin
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Dark Photons
As long as our sector and the dark sector are connected at some scale (e.g. if they are both 
part of a GUT), then there is some path to get from a photon to a dark photon.A Model of Dark Particle Physics?

How rich is the dark sector of matter?
Mike Williams 9

dark
higgs?

dark
quarks?

dark
leptons?

dark
forces?

Dark
nucleons

and nuclei?

h�0| |�i
<latexit sha1_base64="Ma2/V7Lvj5ExRyOAwyLsdc9lU3E=">AAACGHicjVDLSgMxFM34rPU16tJNsIiu6owIuiy6cVnBPqBTyp0004YmmWmSEcq0n+HGX3HjQhG33fk3TqcjqCh4IORwzrnc5PgRZ9o4zru1sLi0vLJaWCuub2xubds7u3UdxorQGgl5qJo+aMqZpDXDDKfNSFEQPqcNf3A18xt3VGkWylszimhbQE+ygBEwqdSxTzwOsscp9nogBByNsTccxtD9vMa5gT2V5Tp2yS07GfDfpIRyVDv21OuGJBZUGsJB65brRKadgDKMcDoperGmEZAB9GgrpRIE1e0k+9gEH6ZKFwehSo80OFO/TiQgtB4JP00KMH3905uJv3mt2AQX7YTJKDZUkvmiIObYhHjWEu4yRYnho5QAUSx9KyZ9UEBM2mXxfyXUT8uuU3ZvzkqVy7yOAtpHB+gYuegcVdA1qqIaIugePaJn9GI9WE/Wq/U2jy5Y+cwe+gZr+gH0aJ+1</latexit><latexit sha1_base64="Ma2/V7Lvj5ExRyOAwyLsdc9lU3E=">AAACGHicjVDLSgMxFM34rPU16tJNsIiu6owIuiy6cVnBPqBTyp0004YmmWmSEcq0n+HGX3HjQhG33fk3TqcjqCh4IORwzrnc5PgRZ9o4zru1sLi0vLJaWCuub2xubds7u3UdxorQGgl5qJo+aMqZpDXDDKfNSFEQPqcNf3A18xt3VGkWylszimhbQE+ygBEwqdSxTzwOsscp9nogBByNsTccxtD9vMa5gT2V5Tp2yS07GfDfpIRyVDv21OuGJBZUGsJB65brRKadgDKMcDoperGmEZAB9GgrpRIE1e0k+9gEH6ZKFwehSo80OFO/TiQgtB4JP00KMH3905uJv3mt2AQX7YTJKDZUkvmiIObYhHjWEu4yRYnho5QAUSx9KyZ9UEBM2mXxfyXUT8uuU3ZvzkqVy7yOAtpHB+gYuegcVdA1qqIaIugePaJn9GI9WE/Wq/U2jy5Y+cwe+gZr+gH0aJ+1</latexit><latexit sha1_base64="Ma2/V7Lvj5ExRyOAwyLsdc9lU3E=">AAACGHicjVDLSgMxFM34rPU16tJNsIiu6owIuiy6cVnBPqBTyp0004YmmWmSEcq0n+HGX3HjQhG33fk3TqcjqCh4IORwzrnc5PgRZ9o4zru1sLi0vLJaWCuub2xubds7u3UdxorQGgl5qJo+aMqZpDXDDKfNSFEQPqcNf3A18xt3VGkWylszimhbQE+ygBEwqdSxTzwOsscp9nogBByNsTccxtD9vMa5gT2V5Tp2yS07GfDfpIRyVDv21OuGJBZUGsJB65brRKadgDKMcDoperGmEZAB9GgrpRIE1e0k+9gEH6ZKFwehSo80OFO/TiQgtB4JP00KMH3905uJv3mt2AQX7YTJKDZUkvmiIObYhHjWEu4yRYnho5QAUSx9KyZ9UEBM2mXxfyXUT8uuU3ZvzkqVy7yOAtpHB+gYuegcVdA1qqIaIugePaJn9GI9WE/Wq/U2jy5Y+cwe+gZr+gH0aJ+1</latexit><latexit sha1_base64="Ma2/V7Lvj5ExRyOAwyLsdc9lU3E=">AAACGHicjVDLSgMxFM34rPU16tJNsIiu6owIuiy6cVnBPqBTyp0004YmmWmSEcq0n+HGX3HjQhG33fk3TqcjqCh4IORwzrnc5PgRZ9o4zru1sLi0vLJaWCuub2xubds7u3UdxorQGgl5qJo+aMqZpDXDDKfNSFEQPqcNf3A18xt3VGkWylszimhbQE+ygBEwqdSxTzwOsscp9nogBByNsTccxtD9vMa5gT2V5Tp2yS07GfDfpIRyVDv21OuGJBZUGsJB65brRKadgDKMcDoperGmEZAB9GgrpRIE1e0k+9gEH6ZKFwehSo80OFO/TiQgtB4JP00KMH3905uJv3mt2AQX7YTJKDZUkvmiIObYhHjWEu4yRYnho5QAUSx9KyZ9UEBM2mXxfyXUT8uuU3ZvzkqVy7yOAtpHB+gYuegcVdA1qqIaIugePaJn9GI9WE/Wq/U2jy5Y+cwe+gZr+gH0aJ+1</latexit>

" ⌘ h�0|�i =
<latexit sha1_base64="Fqji0rRrq4kbjKmSxkGZTsKM1C4=">AAACH3icjVDLSgNBEJyNrxhfqx69DAbRU9gVUS9C0IvHCOYB2RB6J51kyMzsOjMbCDF/4sVf8eJBEfGWv3HzOKgoWNBQVHXT3RXGghvreWMns7C4tLySXc2trW9sbrnbOxUTJZphmUUi0rUQDAqusGy5FViLNYIMBVbD3tXEr/ZRGx6pWzuIsSGho3ibM7Cp1HRPgz5ojA0XkaIB3iW8TwMBqiOQBh2QEg7p/ZzRQM+MC9p0837Bm4L+TfJkjlLT/QhaEUskKssEGFP3vdg2hqAtZwJHuSAxGAPrQQfrKVUg0TSG0/9G9CBVWrQd6bSUpVP168QQpDEDGaadEmzX/PQm4m9ePbHt88aQqzixqNhsUTsR1EZ0EhZtcY3MikFKgGme3kpZFzQwm0aa+18IleOC7xX8m5N88XIeR5bskX1yRHxyRorkmpRImTDyQJ7IC3l1Hp1n5815n7VmnPnMLvkGZ/wJ5jqiMQ==</latexit><latexit sha1_base64="Fqji0rRrq4kbjKmSxkGZTsKM1C4=">AAACH3icjVDLSgNBEJyNrxhfqx69DAbRU9gVUS9C0IvHCOYB2RB6J51kyMzsOjMbCDF/4sVf8eJBEfGWv3HzOKgoWNBQVHXT3RXGghvreWMns7C4tLySXc2trW9sbrnbOxUTJZphmUUi0rUQDAqusGy5FViLNYIMBVbD3tXEr/ZRGx6pWzuIsSGho3ibM7Cp1HRPgz5ojA0XkaIB3iW8TwMBqiOQBh2QEg7p/ZzRQM+MC9p0837Bm4L+TfJkjlLT/QhaEUskKssEGFP3vdg2hqAtZwJHuSAxGAPrQQfrKVUg0TSG0/9G9CBVWrQd6bSUpVP168QQpDEDGaadEmzX/PQm4m9ePbHt88aQqzixqNhsUTsR1EZ0EhZtcY3MikFKgGme3kpZFzQwm0aa+18IleOC7xX8m5N88XIeR5bskX1yRHxyRorkmpRImTDyQJ7IC3l1Hp1n5815n7VmnPnMLvkGZ/wJ5jqiMQ==</latexit><latexit sha1_base64="Fqji0rRrq4kbjKmSxkGZTsKM1C4=">AAACH3icjVDLSgNBEJyNrxhfqx69DAbRU9gVUS9C0IvHCOYB2RB6J51kyMzsOjMbCDF/4sVf8eJBEfGWv3HzOKgoWNBQVHXT3RXGghvreWMns7C4tLySXc2trW9sbrnbOxUTJZphmUUi0rUQDAqusGy5FViLNYIMBVbD3tXEr/ZRGx6pWzuIsSGho3ibM7Cp1HRPgz5ojA0XkaIB3iW8TwMBqiOQBh2QEg7p/ZzRQM+MC9p0837Bm4L+TfJkjlLT/QhaEUskKssEGFP3vdg2hqAtZwJHuSAxGAPrQQfrKVUg0TSG0/9G9CBVWrQd6bSUpVP168QQpDEDGaadEmzX/PQm4m9ePbHt88aQqzixqNhsUTsR1EZ0EhZtcY3MikFKgGme3kpZFzQwm0aa+18IleOC7xX8m5N88XIeR5bskX1yRHxyRorkmpRImTDyQJ7IC3l1Hp1n5815n7VmnPnMLvkGZ/wJ5jqiMQ==</latexit><latexit sha1_base64="Fqji0rRrq4kbjKmSxkGZTsKM1C4=">AAACH3icjVDLSgNBEJyNrxhfqx69DAbRU9gVUS9C0IvHCOYB2RB6J51kyMzsOjMbCDF/4sVf8eJBEfGWv3HzOKgoWNBQVHXT3RXGghvreWMns7C4tLySXc2trW9sbrnbOxUTJZphmUUi0rUQDAqusGy5FViLNYIMBVbD3tXEr/ZRGx6pWzuIsSGho3ibM7Cp1HRPgz5ojA0XkaIB3iW8TwMBqiOQBh2QEg7p/ZzRQM+MC9p0837Bm4L+TfJkjlLT/QhaEUskKssEGFP3vdg2hqAtZwJHuSAxGAPrQQfrKVUg0TSG0/9G9CBVWrQd6bSUpVP168QQpDEDGaadEmzX/PQm4m9ePbHt88aQqzixqNhsUTsR1EZ0EhZtcY3MikFKgGme3kpZFzQwm0aa+18IleOC7xX8m5N88XIeR5bskX1yRHxyRorkmpRImTDyQJ7IC3l1Hp1n5815n7VmnPnMLvkGZ/wJ5jqiMQ==</latexit>

+
<latexit sha1_base64="zn0wN2ULowHecq61FP95VlbI9ig=">AAAB6XicjVDLSgNBEOyJrxhfUY9eBoMgCGFXBD0GvXiMYh6QLGF2MpsMmZ1dZnqFsOQPvHhQxKt/5M2/cfI4qChY0FBUddPdFaZKWvS8D1JYWl5ZXSuulzY2t7Z3yrt7TZtkhosGT1Ri2iGzQkktGihRiXZqBItDJVrh6Grqt+6FsTLRdzhORRCzgZaR5AyddHtCe+WKX/VmoH+TCixQ75Xfu/2EZ7HQyBWztuN7KQY5Myi5EpNSN7MiZXzEBqLjqGaxsEE+u3RCj5zSp1FiXGmkM/XrRM5ia8dx6DpjhkP705uKv3mdDKOLIJc6zVBoPl8UZYpiQqdv0740gqMaO8K4ke5WyofMMI4unNL/QmieVn2v6t+cVWqXiziKcACHcAw+nEMNrqEODeAQwQM8wTMZkUfyQl7nrQWymNmHbyBvn8t5jNw=</latexit><latexit sha1_base64="zn0wN2ULowHecq61FP95VlbI9ig=">AAAB6XicjVDLSgNBEOyJrxhfUY9eBoMgCGFXBD0GvXiMYh6QLGF2MpsMmZ1dZnqFsOQPvHhQxKt/5M2/cfI4qChY0FBUddPdFaZKWvS8D1JYWl5ZXSuulzY2t7Z3yrt7TZtkhosGT1Ri2iGzQkktGihRiXZqBItDJVrh6Grqt+6FsTLRdzhORRCzgZaR5AyddHtCe+WKX/VmoH+TCixQ75Xfu/2EZ7HQyBWztuN7KQY5Myi5EpNSN7MiZXzEBqLjqGaxsEE+u3RCj5zSp1FiXGmkM/XrRM5ia8dx6DpjhkP705uKv3mdDKOLIJc6zVBoPl8UZYpiQqdv0740gqMaO8K4ke5WyofMMI4unNL/QmieVn2v6t+cVWqXiziKcACHcAw+nEMNrqEODeAQwQM8wTMZkUfyQl7nrQWymNmHbyBvn8t5jNw=</latexit><latexit sha1_base64="zn0wN2ULowHecq61FP95VlbI9ig=">AAAB6XicjVDLSgNBEOyJrxhfUY9eBoMgCGFXBD0GvXiMYh6QLGF2MpsMmZ1dZnqFsOQPvHhQxKt/5M2/cfI4qChY0FBUddPdFaZKWvS8D1JYWl5ZXSuulzY2t7Z3yrt7TZtkhosGT1Ri2iGzQkktGihRiXZqBItDJVrh6Grqt+6FsTLRdzhORRCzgZaR5AyddHtCe+WKX/VmoH+TCixQ75Xfu/2EZ7HQyBWztuN7KQY5Myi5EpNSN7MiZXzEBqLjqGaxsEE+u3RCj5zSp1FiXGmkM/XrRM5ia8dx6DpjhkP705uKv3mdDKOLIJc6zVBoPl8UZYpiQqdv0740gqMaO8K4ke5WyofMMI4unNL/QmieVn2v6t+cVWqXiziKcACHcAw+nEMNrqEODeAQwQM8wTMZkUfyQl7nrQWymNmHbyBvn8t5jNw=</latexit><latexit sha1_base64="zn0wN2ULowHecq61FP95VlbI9ig=">AAAB6XicjVDLSgNBEOyJrxhfUY9eBoMgCGFXBD0GvXiMYh6QLGF2MpsMmZ1dZnqFsOQPvHhQxKt/5M2/cfI4qChY0FBUddPdFaZKWvS8D1JYWl5ZXSuulzY2t7Z3yrt7TZtkhosGT1Ri2iGzQkktGihRiXZqBItDJVrh6Grqt+6FsTLRdzhORRCzgZaR5AyddHtCe+WKX/VmoH+TCixQ75Xfu/2EZ7HQyBWztuN7KQY5Myi5EpNSN7MiZXzEBqLjqGaxsEE+u3RCj5zSp1FiXGmkM/XrRM5ia8dx6DpjhkP705uKv3mdDKOLIJc6zVBoPl8UZYpiQqdv0740gqMaO8K4ke5WyofMMI4unNL/QmieVn2v6t+cVWqXiziKcACHcAw+nEMNrqEODeAQwQM8wTMZkUfyQl7nrQWymNmHbyBvn8t5jNw=</latexit>

+ . . .
<latexit sha1_base64="kBthTFIIFggv+kkHmXcA4EcJd48=">AAAB8HicjVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6SLGF2dpIMmdlZZnqFsOQrvHhQxKuf482/cfI4qChY0FBUddPdFaVSWPT9D6+wtLyyulZcL21sbm3vlHf3mlZnhvEG01KbdkQtlyLhDRQoeTs1nKpI8lY0upr6rXturNDJLY5THio6SERfMIpOujshXRlrtKRXrgRVfwbyN6nAAvVe+b0ba5YpniCT1NpO4KcY5tSgYJJPSt3M8pSyER3wjqMJVdyG+ezgCTlySkz62rhKkMzUrxM5VdaOVeQ6FcWh/elNxd+8Tob9izAXSZohT9h8UT+TBDWZfk9iYThDOXaEMiPcrYQNqaEMXUal/4XQPK0GfjW4OavULhdxFOEADuEYAjiHGlxDHRrAQMEDPMGzZ7xH78V7nbcWvMXMPnyD9/YJ1kmPxA==</latexit><latexit sha1_base64="kBthTFIIFggv+kkHmXcA4EcJd48=">AAAB8HicjVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6SLGF2dpIMmdlZZnqFsOQrvHhQxKuf482/cfI4qChY0FBUddPdFaVSWPT9D6+wtLyyulZcL21sbm3vlHf3mlZnhvEG01KbdkQtlyLhDRQoeTs1nKpI8lY0upr6rXturNDJLY5THio6SERfMIpOujshXRlrtKRXrgRVfwbyN6nAAvVe+b0ba5YpniCT1NpO4KcY5tSgYJJPSt3M8pSyER3wjqMJVdyG+ezgCTlySkz62rhKkMzUrxM5VdaOVeQ6FcWh/elNxd+8Tob9izAXSZohT9h8UT+TBDWZfk9iYThDOXaEMiPcrYQNqaEMXUal/4XQPK0GfjW4OavULhdxFOEADuEYAjiHGlxDHRrAQMEDPMGzZ7xH78V7nbcWvMXMPnyD9/YJ1kmPxA==</latexit><latexit sha1_base64="kBthTFIIFggv+kkHmXcA4EcJd48=">AAAB8HicjVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6SLGF2dpIMmdlZZnqFsOQrvHhQxKuf482/cfI4qChY0FBUddPdFaVSWPT9D6+wtLyyulZcL21sbm3vlHf3mlZnhvEG01KbdkQtlyLhDRQoeTs1nKpI8lY0upr6rXturNDJLY5THio6SERfMIpOujshXRlrtKRXrgRVfwbyN6nAAvVe+b0ba5YpniCT1NpO4KcY5tSgYJJPSt3M8pSyER3wjqMJVdyG+ezgCTlySkz62rhKkMzUrxM5VdaOVeQ6FcWh/elNxd+8Tob9izAXSZohT9h8UT+TBDWZfk9iYThDOXaEMiPcrYQNqaEMXUal/4XQPK0GfjW4OavULhdxFOEADuEYAjiHGlxDHRrAQMEDPMGzZ7xH78V7nbcWvMXMPnyD9/YJ1kmPxA==</latexit><latexit sha1_base64="kBthTFIIFggv+kkHmXcA4EcJd48=">AAAB8HicjVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6SLGF2dpIMmdlZZnqFsOQrvHhQxKuf482/cfI4qChY0FBUddPdFaVSWPT9D6+wtLyyulZcL21sbm3vlHf3mlZnhvEG01KbdkQtlyLhDRQoeTs1nKpI8lY0upr6rXturNDJLY5THio6SERfMIpOujshXRlrtKRXrgRVfwbyN6nAAvVe+b0ba5YpniCT1NpO4KcY5tSgYJJPSt3M8pSyER3wjqMJVdyG+ezgCTlySkz62rhKkMzUrxM5VdaOVeQ6FcWh/elNxd+8Tob9izAXSZohT9h8UT+TBDWZfk9iYThDOXaEMiPcrYQNqaEMXUal/4XQPK0GfjW4OavULhdxFOEADuEYAjiHGlxDHRrAQMEDPMGzZ7xH78V7nbcWvMXMPnyD9/YJ1kmPxA==</latexit>
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<latexit sha1_base64="Ma2/V7Lvj5ExRyOAwyLsdc9lU3E=">AAACGHicjVDLSgMxFM34rPU16tJNsIiu6owIuiy6cVnBPqBTyp0004YmmWmSEcq0n+HGX3HjQhG33fk3TqcjqCh4IORwzrnc5PgRZ9o4zru1sLi0vLJaWCuub2xubds7u3UdxorQGgl5qJo+aMqZpDXDDKfNSFEQPqcNf3A18xt3VGkWylszimhbQE+ygBEwqdSxTzwOsscp9nogBByNsTccxtD9vMa5gT2V5Tp2yS07GfDfpIRyVDv21OuGJBZUGsJB65brRKadgDKMcDoperGmEZAB9GgrpRIE1e0k+9gEH6ZKFwehSo80OFO/TiQgtB4JP00KMH3905uJv3mt2AQX7YTJKDZUkvmiIObYhHjWEu4yRYnho5QAUSx9KyZ9UEBM2mXxfyXUT8uuU3ZvzkqVy7yOAtpHB+gYuegcVdA1qqIaIugePaJn9GI9WE/Wq/U2jy5Y+cwe+gZr+gH0aJ+1</latexit><latexit sha1_base64="Ma2/V7Lvj5ExRyOAwyLsdc9lU3E=">AAACGHicjVDLSgMxFM34rPU16tJNsIiu6owIuiy6cVnBPqBTyp0004YmmWmSEcq0n+HGX3HjQhG33fk3TqcjqCh4IORwzrnc5PgRZ9o4zru1sLi0vLJaWCuub2xubds7u3UdxorQGgl5qJo+aMqZpDXDDKfNSFEQPqcNf3A18xt3VGkWylszimhbQE+ygBEwqdSxTzwOsscp9nogBByNsTccxtD9vMa5gT2V5Tp2yS07GfDfpIRyVDv21OuGJBZUGsJB65brRKadgDKMcDoperGmEZAB9GgrpRIE1e0k+9gEH6ZKFwehSo80OFO/TiQgtB4JP00KMH3905uJv3mt2AQX7YTJKDZUkvmiIObYhHjWEu4yRYnho5QAUSx9KyZ9UEBM2mXxfyXUT8uuU3ZvzkqVy7yOAtpHB+gYuegcVdA1qqIaIugePaJn9GI9WE/Wq/U2jy5Y+cwe+gZr+gH0aJ+1</latexit><latexit sha1_base64="Ma2/V7Lvj5ExRyOAwyLsdc9lU3E=">AAACGHicjVDLSgMxFM34rPU16tJNsIiu6owIuiy6cVnBPqBTyp0004YmmWmSEcq0n+HGX3HjQhG33fk3TqcjqCh4IORwzrnc5PgRZ9o4zru1sLi0vLJaWCuub2xubds7u3UdxorQGgl5qJo+aMqZpDXDDKfNSFEQPqcNf3A18xt3VGkWylszimhbQE+ygBEwqdSxTzwOsscp9nogBByNsTccxtD9vMa5gT2V5Tp2yS07GfDfpIRyVDv21OuGJBZUGsJB65brRKadgDKMcDoperGmEZAB9GgrpRIE1e0k+9gEH6ZKFwehSo80OFO/TiQgtB4JP00KMH3905uJv3mt2AQX7YTJKDZUkvmiIObYhHjWEu4yRYnho5QAUSx9KyZ9UEBM2mXxfyXUT8uuU3ZvzkqVy7yOAtpHB+gYuegcVdA1qqIaIugePaJn9GI9WE/Wq/U2jy5Y+cwe+gZr+gH0aJ+1</latexit><latexit sha1_base64="Ma2/V7Lvj5ExRyOAwyLsdc9lU3E=">AAACGHicjVDLSgMxFM34rPU16tJNsIiu6owIuiy6cVnBPqBTyp0004YmmWmSEcq0n+HGX3HjQhG33fk3TqcjqCh4IORwzrnc5PgRZ9o4zru1sLi0vLJaWCuub2xubds7u3UdxorQGgl5qJo+aMqZpDXDDKfNSFEQPqcNf3A18xt3VGkWylszimhbQE+ygBEwqdSxTzwOsscp9nogBByNsTccxtD9vMa5gT2V5Tp2yS07GfDfpIRyVDv21OuGJBZUGsJB65brRKadgDKMcDoperGmEZAB9GgrpRIE1e0k+9gEH6ZKFwehSo80OFO/TiQgtB4JP00KMH3905uJv3mt2AQX7YTJKDZUkvmiIObYhHjWEu4yRYnho5QAUSx9KyZ9UEBM2mXxfyXUT8uuU3ZvzkqVy7yOAtpHB+gYuegcVdA1qqIaIugePaJn9GI9WE/Wq/U2jy5Y+cwe+gZr+gH0aJ+1</latexit>
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<latexit sha1_base64="I3031P20ozT2msWi9o41XIPDuVo=">AAACBXicjVDLSsNAFJ34rPUVdamLwSK6KokIuiy6cVnBPqAJ5WYyaYfOTNKZiVBCN278FTcuFHHrP7jzb0zTIioKHhjmcM693HtPkHCmjeO8W3PzC4tLy6WV8ura+samvbXd1HGqCG2QmMeqHYCmnEnaMMxw2k4UBRFw2goGFxO/dUOVZrG8NqOE+gJ6kkWMgMmlrr3n9UAIwN5wmEL4+RXiYdeuuFWnAP6bVNAM9a795oUxSQWVhnDQuuM6ifEzUIYRTsdlL9U0ATKAHu3kVIKg2s+KK8b4IFdCHMUqf9LgQv3akYHQeiSCvFKA6euf3kT8zeukJjrzMyaT1FBJpoOilGMT40kkOGSKEsNHOQGiWL4rJn1QQEweXPl/ITSPq65Tda9OKrXzWRwltIv20RFy0SmqoUtURw1E0C26R4/oybqzHqxn62VaOmfNenbQN1ivH5rhl/s=</latexit><latexit sha1_base64="I3031P20ozT2msWi9o41XIPDuVo=">AAACBXicjVDLSsNAFJ34rPUVdamLwSK6KokIuiy6cVnBPqAJ5WYyaYfOTNKZiVBCN278FTcuFHHrP7jzb0zTIioKHhjmcM693HtPkHCmjeO8W3PzC4tLy6WV8ura+samvbXd1HGqCG2QmMeqHYCmnEnaMMxw2k4UBRFw2goGFxO/dUOVZrG8NqOE+gJ6kkWMgMmlrr3n9UAIwN5wmEL4+RXiYdeuuFWnAP6bVNAM9a795oUxSQWVhnDQuuM6ifEzUIYRTsdlL9U0ATKAHu3kVIKg2s+KK8b4IFdCHMUqf9LgQv3akYHQeiSCvFKA6euf3kT8zeukJjrzMyaT1FBJpoOilGMT40kkOGSKEsNHOQGiWL4rJn1QQEweXPl/ITSPq65Tda9OKrXzWRwltIv20RFy0SmqoUtURw1E0C26R4/oybqzHqxn62VaOmfNenbQN1ivH5rhl/s=</latexit><latexit sha1_base64="I3031P20ozT2msWi9o41XIPDuVo=">AAACBXicjVDLSsNAFJ34rPUVdamLwSK6KokIuiy6cVnBPqAJ5WYyaYfOTNKZiVBCN278FTcuFHHrP7jzb0zTIioKHhjmcM693HtPkHCmjeO8W3PzC4tLy6WV8ura+samvbXd1HGqCG2QmMeqHYCmnEnaMMxw2k4UBRFw2goGFxO/dUOVZrG8NqOE+gJ6kkWMgMmlrr3n9UAIwN5wmEL4+RXiYdeuuFWnAP6bVNAM9a795oUxSQWVhnDQuuM6ifEzUIYRTsdlL9U0ATKAHu3kVIKg2s+KK8b4IFdCHMUqf9LgQv3akYHQeiSCvFKA6euf3kT8zeukJjrzMyaT1FBJpoOilGMT40kkOGSKEsNHOQGiWL4rJn1QQEweXPl/ITSPq65Tda9OKrXzWRwltIv20RFy0SmqoUtURw1E0C26R4/oybqzHqxn62VaOmfNenbQN1ivH5rhl/s=</latexit><latexit sha1_base64="I3031P20ozT2msWi9o41XIPDuVo=">AAACBXicjVDLSsNAFJ34rPUVdamLwSK6KokIuiy6cVnBPqAJ5WYyaYfOTNKZiVBCN278FTcuFHHrP7jzb0zTIioKHhjmcM693HtPkHCmjeO8W3PzC4tLy6WV8ura+samvbXd1HGqCG2QmMeqHYCmnEnaMMxw2k4UBRFw2goGFxO/dUOVZrG8NqOE+gJ6kkWMgMmlrr3n9UAIwN5wmEL4+RXiYdeuuFWnAP6bVNAM9a795oUxSQWVhnDQuuM6ifEzUIYRTsdlL9U0ATKAHu3kVIKg2s+KK8b4IFdCHMUqf9LgQv3akYHQeiSCvFKA6euf3kT8zeukJjrzMyaT1FBJpoOilGMT40kkOGSKEsNHOQGiWL4rJn1QQEweXPl/ITSPq65Tda9OKrXzWRwltIv20RFy0SmqoUtURw1E0C26R4/oybqzHqxn62VaOmfNenbQN1ivH5rhl/s=</latexit>
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<latexit sha1_base64="aLp4jzbZ0xEgg7sB3P4KrqSAuSE=">AAACEHicjZBLSwMxFIUz9VXra9Slm2CRuiozRdCNUBTBjVDBPqAzDnfStA3NZEKSKZShP8GNf8WNC0XcunTnv3H6WKgoeCBw+M69JDmh5Ewbx/mwcguLS8sr+dXC2vrG5pa9vdPQcaIIrZOYx6oVgqacCVo3zHDakopCFHLaDAfnk7w5pEqzWNyYkaR+BD3BuoyAyVBglzzgsg8lfIq9ISgqNeOxuK3gGQ9ST0X44moc2EW37EyF/zZFNFctsN+9TkySiApDOGjddh1p/BSUYYTTccFLNJVABtCj7cwKiKj20+mHxvggIx3cjVV2hMFT+nUjhUjrURRmkxGYvv6ZTeBvWTsx3RM/ZUImhgoyu6ibcGxiPGkHd5iixPBRZoAolr0Vkz4oICbrsPC/EhqVsuuU3eujYvVsXkce7aF9dIhcdIyq6BLVUB0RdIce0BN6tu6tR+vFep2N5qz5zi76JuvtE2bhnC8=</latexit><latexit sha1_base64="aLp4jzbZ0xEgg7sB3P4KrqSAuSE=">AAACEHicjZBLSwMxFIUz9VXra9Slm2CRuiozRdCNUBTBjVDBPqAzDnfStA3NZEKSKZShP8GNf8WNC0XcunTnv3H6WKgoeCBw+M69JDmh5Ewbx/mwcguLS8sr+dXC2vrG5pa9vdPQcaIIrZOYx6oVgqacCVo3zHDakopCFHLaDAfnk7w5pEqzWNyYkaR+BD3BuoyAyVBglzzgsg8lfIq9ISgqNeOxuK3gGQ9ST0X44moc2EW37EyF/zZFNFctsN+9TkySiApDOGjddh1p/BSUYYTTccFLNJVABtCj7cwKiKj20+mHxvggIx3cjVV2hMFT+nUjhUjrURRmkxGYvv6ZTeBvWTsx3RM/ZUImhgoyu6ibcGxiPGkHd5iixPBRZoAolr0Vkz4oICbrsPC/EhqVsuuU3eujYvVsXkce7aF9dIhcdIyq6BLVUB0RdIce0BN6tu6tR+vFep2N5qz5zi76JuvtE2bhnC8=</latexit><latexit sha1_base64="aLp4jzbZ0xEgg7sB3P4KrqSAuSE=">AAACEHicjZBLSwMxFIUz9VXra9Slm2CRuiozRdCNUBTBjVDBPqAzDnfStA3NZEKSKZShP8GNf8WNC0XcunTnv3H6WKgoeCBw+M69JDmh5Ewbx/mwcguLS8sr+dXC2vrG5pa9vdPQcaIIrZOYx6oVgqacCVo3zHDakopCFHLaDAfnk7w5pEqzWNyYkaR+BD3BuoyAyVBglzzgsg8lfIq9ISgqNeOxuK3gGQ9ST0X44moc2EW37EyF/zZFNFctsN+9TkySiApDOGjddh1p/BSUYYTTccFLNJVABtCj7cwKiKj20+mHxvggIx3cjVV2hMFT+nUjhUjrURRmkxGYvv6ZTeBvWTsx3RM/ZUImhgoyu6ibcGxiPGkHd5iixPBRZoAolr0Vkz4oICbrsPC/EhqVsuuU3eujYvVsXkce7aF9dIhcdIyq6BLVUB0RdIce0BN6tu6tR+vFep2N5qz5zi76JuvtE2bhnC8=</latexit><latexit sha1_base64="aLp4jzbZ0xEgg7sB3P4KrqSAuSE=">AAACEHicjZBLSwMxFIUz9VXra9Slm2CRuiozRdCNUBTBjVDBPqAzDnfStA3NZEKSKZShP8GNf8WNC0XcunTnv3H6WKgoeCBw+M69JDmh5Ewbx/mwcguLS8sr+dXC2vrG5pa9vdPQcaIIrZOYx6oVgqacCVo3zHDakopCFHLaDAfnk7w5pEqzWNyYkaR+BD3BuoyAyVBglzzgsg8lfIq9ISgqNeOxuK3gGQ9ST0X44moc2EW37EyF/zZFNFctsN+9TkySiApDOGjddh1p/BSUYYTTccFLNJVABtCj7cwKiKj20+mHxvggIx3cjVV2hMFT+nUjhUjrURRmkxGYvv6ZTeBvWTsx3RM/ZUImhgoyu6ibcGxiPGkHd5iixPBRZoAolr0Vkz4oICbrsPC/EhqVsuuU3eujYvVsXkce7aF9dIhcdIyq6BLVUB0RdIce0BN6tu6tR+vFep2N5qz5zi76JuvtE2bhnC8=</latexit>
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<latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit>
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e.g, GUT near the Planck scalee.g, particle carrying both EM  
and dark-EM charge

At low energy, we don’t need to know the details. The bottom line is that the A’ picks up a 
suppressed coupling to charged SM particles. We can make it in the lab, and it can decay into 
SM particles that we can detect.

" ⇠ O(10�5)
<latexit sha1_base64="Rxq/9ZxMe5hF3Jnxs/7Vg0euCxU="></latexit><latexit sha1_base64="Rxq/9ZxMe5hF3Jnxs/7Vg0euCxU="></latexit><latexit sha1_base64="Rxq/9ZxMe5hF3Jnxs/7Vg0euCxU="></latexit><latexit sha1_base64="Rxq/9ZxMe5hF3Jnxs/7Vg0euCxU="></latexit>

" ⇠ O(10�3)
<latexit sha1_base64="CSoFeWgF8tlS3wU69SwqzGs6iIA="></latexit><latexit sha1_base64="CSoFeWgF8tlS3wU69SwqzGs6iIA="></latexit><latexit sha1_base64="CSoFeWgF8tlS3wU69SwqzGs6iIA="></latexit><latexit sha1_base64="CSoFeWgF8tlS3wU69SwqzGs6iIA="></latexit>



2−10 1−10 1 10
6−10

5−10

4−10

3−10

2−10

mA0 [ GeV ]

"

GUT

O(TeV scale)

SIDM

c⌧ = 1 cm

⌧ = �LHCb

⌧ (c⌧ = 14µm)

⌧A0 /
1

mA0"2

"16

Dark Photon Searches
Well defined target region to search, e.g., assuming a SIDM-sized cross section and 
connection between sectors at the few-loop level (cum grano salis).

Additional constraints from BBN, tests of Coulomb’s Law, etc. also motivate focusing (very 
roughly) on this target region (within a few orders of magnitude of it).

target region

Note that throughout this discussion I assume that mA’ < 2mX.
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Dark Photon Constraints

Shielding 
(absorbs SM particles)Target A’→e+e-  

Decay Region Detector

electron or 
proton beam

Existing constraints leave the target region largely unexplored, i.e. no laboratory experiment 
would’ve seen the dark photon if it exists. “bump hunts” on top of  

huge EM background
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Dark Photons @ LHCb
We proposed leveraging LHCb’s excellent lifetime and mass resolution—and the planned 
move to triggerless readout in Run 3 — to probe all of the unexplored dark photon space.1,2,3

[1] Ilten, Soreq, Thaler, MW, Xue, PRL 116 (2016) 251803—proposed inclusive search for A’→μ+μ-. 
[2] Ilten, Thaler, MW, Xue, PRD 92 (2015) 115017—proposed search using radiative charm decays and A’→e+e-. 

[3] The gap between [1] and [2] is accessible in η→ɣA’ decays; entire low-mass region accessible using inclusive A’→e+e-.
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Dark Photons @ LHCb
Using a 2016 data sample O(100) times smaller than expected in Run 3, LHCb showed1 that 
our predictions are accurate2—and achieved the first ever sensitivity using a displaced vertex. 
LHCb will be able to fully explore the A’ space in the next 5 years (much of it by 2019).  

[1] LHCb-PAPER-2017-038, PRL 120 (2018) 061801 [1710.02867] 
Technical support papers: LHCb, JINST 13 (2018) P06008; MW, JINST 12 (2017) P09034. 

[2] LHCb achieves slightly better sensitivity than expected by rescaling our predictions for Run 3 to this data sample. 
See Ilten, Soreq, MW, Xue JHEP 6 (2018) for recasting to any other vector force model.



Higgs Portal
We can play a similar game with the Higgs this time, where now couplings to SM particles will 
be proportional to mass (not electric charge). 

A Model of Dark Particle Physics?

How rich is the dark sector of matter?
Mike Williams 9

dark
higgs?

dark
quarks?

dark
leptons?

dark
forces?

Dark
nucleons

and nuclei?
X
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Mike Williams Massachusetts Institute of Technology

Associate Professor 77 Massachusetts Ave, 26-437

Department of Physics Cambridge, MA 02139-4307

mwill@mit.edu 617 253-4816

To members of the award committee,

This letter is in support of the application of Maria Patsyuk, who has applied for
the Leona Woods distinguished postdoctoral lectureship award. I am the founder and
leader of the LHCb group at MIT, a member of both the LHCb Collaboration and
Editorial boards, and the founder and leader of the MIT GlueX group. I have known
Maria since 2015, when she started working as a postdoc in my GlueX group.

The Detection of Internally Reflected Cherenkov light (DIRC) detector was a revo-
lutionary particle-identification system employed by the BaBar experiment at SLAC.
A novel upgrade to this system known as the Focusing DIRC (FDIRC) was designed
to maintain the amazing DIRC performance but with a greatly reduced number of
PMTs required—thus also greatly reducing the cost of such a system. Unfortunately,
the SuperB experiment in which the FDIRC was meant to be installed was canceled;
however, the DIRC and FDIRC concepts live on, as they have now been adopted by
many existing and future experiments.

My group at MIT led the design R&D for a DIRC-type detector planned for use at
Je↵erson Lab. Since joining our group, Maria as been the leader of our DIRC e↵orts.
She has done amazing work on developing its simulation in Geant, on designing a
laser-based calibration system, and designing and prototyping a method for preserving
as much Cherenkov light as possible using silicon cookies to join the PMTs to the
quartz exit window from the DIRC optical box. Maria does excellent work, and is
able to lead e↵orts like this largely independently. This is quite impressive for a junior
postdoctoral researcher.

Maria has also been working with Prof. Or Hen on developing a novel program
to study short-range correlations in nucleons using nuclear targets at GlueX—and on
similar projects in Russia. She is becoming a true leader in that area of nuclear physics,
which is even more impressive given her hardware commitments.

In summary, Maria Patsyuk is an excellent young physicist. I highly recommend
Maria for this lectureship award. She has done excellent work as a postdoctoral re-
searcher, and I have no doubt that she has a bright career ahead of her. Please do not
hesitate to contact me with any questions or if any further information is required.
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Sincerely,

Associate Professor of Physics
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Higgs Portal
Strongest constraints are from beam dumps, kaon decays, b→s penguin decays @ LHCb, 
the upper limit on exotic Higgs decays from ATLAS/CMS, and heavy Higgs searches at 
ATLAS/CMS (these are O(0.1), not shown on the plot).

plot based on Evans, Gori, Shelton [1712.03974]

LHCb-PAPER-2015-036, PRL 115 (2015) 161802 [1508.04094] 
LHCb-PAPER-2016-052, PRD (2017) 071101 [1612.07818]

 21

See Batell, Pospelov, Ritz [0911.4938], Izaguirre, Lin, Shuve [1611.09355], Aloni, Soreq, MW [1811.03474] 
for ALP production in penguin decays. LHCb is working on these searches now.

both LHCb searches 
only use Run 1 data



CODEX-b
Large space (will be) available to add a well-shielded detector for LLPs, potentially integrated 
into the LHCb DAQ. Proximity to pp collisions would allow probing large regions of LLP 
parameter space at a rather modest cost.

 22

Background measurements look as expected. Looking at possibly installing a demonstrator 
for Run 3, then the full detector for Run 4 — assuming we can get funding.
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Serendipity

Using Λb→J/ψpK decays, LHCb solved the so-called Λb 
lifetime puzzle: unsurprisingly, previous experiments were 
inaccurate—but, very surprisingly, we discovered two 
pentaquark states.

LHCb has also discovered ~5 tetraquarks, again with each containing charm/anti-charm.

Are these tightly 
bound 5-quark 

states?

Are these 
baryon-meson 

molecules? 

Are they 
something else?

LHCb-PAPER-2015-029, PRL 115 (2015) 072001 
LHCb-PAPER-2016-009, PRL 117 (2016) 082002

Pc(uudcc̄) ! J/ (cc̄)p(uud)
<latexit sha1_base64="EvGc5c55PwaTuL/BZVIpR5Aswyo="></latexit><latexit sha1_base64="EvGc5c55PwaTuL/BZVIpR5Aswyo="></latexit><latexit sha1_base64="EvGc5c55PwaTuL/BZVIpR5Aswyo="></latexit><latexit sha1_base64="EvGc5c55PwaTuL/BZVIpR5Aswyo="></latexit>

If we knew what we were doing, it wouldn’t be called research, would it? —(possibly) Albert Einstein

See, e.g., LHCb-PAPER-[2018-043,2016-018,2015-038,2014-014,…]
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More Pentaquarks! LHCb-PAPER-2019-014

These states are 
only about 10, 20, 
and 5 MeV wide. 

LHCb mass 
resolution here is 
about 2-3 MeV.

Full Run 1+2 sample reveals 3 very narrow pentaquark states: the Pc(4450) is resolved into 2 
states and a new Pc(4312) emerges.

Their proximity to 
the baryon-meson 
thresholds shown 

suggests that 
these play an 

important role in 
the Pc-state 
dynamics.
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<latexit sha1_base64="wxiDQNsWagVK3vB5uWBXxapQG84=">AAAB/HicdVDJSgNBEO2JW4xbNEcvjUHw4jATNcst6MVjBLNAEoaeTk/SpGehu0YYhvFXvHhQxKsf4s2/sbMIKvqg4PFeFVX13EhwBZb1YeRWVtfWN/Kbha3tnd294v5BR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ejXzu3dMKh4Gt5BEbOiTccA9TgloySmWBjRU6QAmDIiTthyaZadOsWyZjUatelbBc1K3GwtyUa9i27TmKKMlWk7xfTAKaeyzAKggSvVtK4JhSiRwKlhWGMSKRYROyZj1NQ2Iz9QwnR+f4WOtjLAXSl0B4Ln6fSIlvlKJ7+pOn8BE/fZm4l9ePwavPkx5EMXAArpY5MUCQ4hnSeARl4yCSDQhVHJ9K6YTIgkFnVdBh/D1Kf6fdCqmbZn2zXm5ebmMI48O0RE6QTaqoSa6Ri3URhQl6AE9oWfj3ng0XozXRWvOWM6U0A8Yb5/K0JWF</latexit><latexit sha1_base64="wxiDQNsWagVK3vB5uWBXxapQG84=">AAAB/HicdVDJSgNBEO2JW4xbNEcvjUHw4jATNcst6MVjBLNAEoaeTk/SpGehu0YYhvFXvHhQxKsf4s2/sbMIKvqg4PFeFVX13EhwBZb1YeRWVtfWN/Kbha3tnd294v5BR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ejXzu3dMKh4Gt5BEbOiTccA9TgloySmWBjRU6QAmDIiTthyaZadOsWyZjUatelbBc1K3GwtyUa9i27TmKKMlWk7xfTAKaeyzAKggSvVtK4JhSiRwKlhWGMSKRYROyZj1NQ2Iz9QwnR+f4WOtjLAXSl0B4Ln6fSIlvlKJ7+pOn8BE/fZm4l9ePwavPkx5EMXAArpY5MUCQ4hnSeARl4yCSDQhVHJ9K6YTIgkFnVdBh/D1Kf6fdCqmbZn2zXm5ebmMI48O0RE6QTaqoSa6Ri3URhQl6AE9oWfj3ng0XozXRWvOWM6U0A8Yb5/K0JWF</latexit><latexit sha1_base64="wxiDQNsWagVK3vB5uWBXxapQG84=">AAAB/HicdVDJSgNBEO2JW4xbNEcvjUHw4jATNcst6MVjBLNAEoaeTk/SpGehu0YYhvFXvHhQxKsf4s2/sbMIKvqg4PFeFVX13EhwBZb1YeRWVtfWN/Kbha3tnd294v5BR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ejXzu3dMKh4Gt5BEbOiTccA9TgloySmWBjRU6QAmDIiTthyaZadOsWyZjUatelbBc1K3GwtyUa9i27TmKKMlWk7xfTAKaeyzAKggSvVtK4JhSiRwKlhWGMSKRYROyZj1NQ2Iz9QwnR+f4WOtjLAXSl0B4Ln6fSIlvlKJ7+pOn8BE/fZm4l9ePwavPkx5EMXAArpY5MUCQ4hnSeARl4yCSDQhVHJ9K6YTIgkFnVdBh/D1Kf6fdCqmbZn2zXm5ebmMI48O0RE6QTaqoSa6Ri3URhQl6AE9oWfj3ng0XozXRWvOWM6U0A8Yb5/K0JWF</latexit><latexit sha1_base64="wxiDQNsWagVK3vB5uWBXxapQG84=">AAAB/HicdVDJSgNBEO2JW4xbNEcvjUHw4jATNcst6MVjBLNAEoaeTk/SpGehu0YYhvFXvHhQxKsf4s2/sbMIKvqg4PFeFVX13EhwBZb1YeRWVtfWN/Kbha3tnd294v5BR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ejXzu3dMKh4Gt5BEbOiTccA9TgloySmWBjRU6QAmDIiTthyaZadOsWyZjUatelbBc1K3GwtyUa9i27TmKKMlWk7xfTAKaeyzAKggSvVtK4JhSiRwKlhWGMSKRYROyZj1NQ2Iz9QwnR+f4WOtjLAXSl0B4Ln6fSIlvlKJ7+pOn8BE/fZm4l9ePwavPkx5EMXAArpY5MUCQ4hnSeARl4yCSDQhVHJ9K6YTIgkFnVdBh/D1Kf6fdCqmbZn2zXm5ebmMI48O0RE6QTaqoSa6Ri3URhQl6AE9oWfj3ng0XozXRWvOWM6U0A8Yb5/K0JWF</latexit>

~10x more signal with same purity
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Long Term Plans

3/fb @ 7-8 TeV

Run 1 
2010-2012

+6/fb @ 13 TeV

Run 2 
2015-2018

+15/fb @ 14 TeV

Run 3 
2021-2023

+25/fb @ 14 TeV

Run 4 
2026-2029

+100/fb @ 14 TeV

Run 5 
2031-2033

Total: 300/fb

Run(s) ??? 
2035-20??

Today
implemented real-time 
alignment & calibration

major detector upgrades 
removal of FPGA trigger stage 
will need to process 5 TB / s 

in real time

additional detector upgrades  
(not as major as for Run 3)

a miracle occurs? 
ramping up serious R&D 

efforts to make this possible

LHCb is dead. Long live LHCb!



Upgrade I
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Run 3: Increasing the luminosity by a factor of 5 and removing the hardware trigger. We’ll 
need to process 5 TB/s in software, do tracking at 40 MHz, etc. 

all tracking systems 
being upgraded to 

handle higher occupancy 

all electronics being 
upgraded to readout at 

40 MHz

LS3: new magnet tracking stations, possibly 
other improvements. 

LS4: Upgrade II (major upgrade)
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Summary
• Precise determination of the low-energy effective Hamiltonian of nature provides sensitivity 

to new physics at higher mass scales (shorter distances) than can be accessed directly. 

• LHCb has made many of the most precise measurements ever of reaction rates and CP 
asymmetries involving b and c quarks — and explored a lot of what was terra incognita. For 
the most part, the O(1-100 TeV) scale looks very SM-like. 

• An intriguing exception is b→sµµ penguin decays, which suggest nature may posses new 
(possibly lepton-flavor non-universal) interactions — though we need more data to be sure. 

• LHCb has world-leading results for some regions of dark photon and Higgs portal 
parameter space, with great potential to expand these searches and to start exploring other 
hidden-sector models. 

• Using Run 1 data, LHCb discovered 2 pentaquark structures. Including Run 2 data resolves 
one of these structures into 2 narrow pentaquark states, and reveals another new 
pentaquark. (The wide Pc(4380) state seen in Run 1 awaits confirmation from a 6-D 
amplitude analysis of this data sample, which is underway.) 

• LHCb is undergoing a major upgrade for the next LHC run. We will increase the proton-
proton collision rate (x5), while also moving to processing every event at the software level 
(5 TB / s of data in real time). This will greatly increase our physics discovery potential.



Thanks! 
Questions?

LHCb if painted by Van Gogh according to a Deep Neural Network.
https://github.com/jcjohnson/neural-style


