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

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>

1

� �0
<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>

1

↵0 = "2↵EM
<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>

"
<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>

1

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>
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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



"7

2−10 1−10 1 10
6−10

5−10

4−10

3−10

2−10

mA0 [ GeV ]

"

E774

E141

E137

Orsay

KEK

NA64

⌫-CAL I
CHARM

PS191NOMAD

NA48/2 BaBar BaBarKLOE

KLOE

A1
APEX

c⌧ = 1 cm

⌧ = �LHCb

⌧ (c⌧ = 14µm)

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.
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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 also LHCb-PAPER-2018-008 JHEP 8 (2018) 147 for dimuon results near the Upsilon peaks.
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Dark Photon Searches

Of course, dark matter is not the only motivation for looking for new forces of nature.
See Ilten, Soreq, MW, Xue JHEP 6 (2018) for recasting to any other vector force model. 

[1] Note that here and throughout this discussion I’ve assumed that mA’ < 2mX.

Other future proposed experiments (including purpose-built ones) can each cover some of 
the target parameter space, though only LHCb can cover all of it.1



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

XH

MIT

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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Penguin Decays
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1

b→s “penguin” decays are highly sensitive to many possible extensions to the SM, e.g., 
anything with a sizable coupling to the top quark. 

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)

1

https://en.wikipedia.org/wiki/Penguin_diagram


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]

 13

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



Thanks! 
Questions?

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


