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Introduction

I As far as we can tell, the 125 GeV Higgs boson is consistent with the SM Higgs
⇒ No hints of BSM in property measurements :(

I It is the biggest discovery at the LHC

. So far.

I Opportunity: SM Higgs can be powerful tool for finding BSM physics in general,
and Dark Matter (DM) in particular
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H(125) window
<latexit sha1_base64="3qsjo+lRkM+McrZIB3KMVlrgwHA=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL8Ei1EtJiqLeil56rGBsoQ1ls9m0Sze7YXdjKbGCr+LFg4pXn8Obb+OmzUFbBxaGme/jmx0/pkQq2/42CkvLK6trxfXSxubW9o65u3cneSIQdhGnXLR9KDElDLuKKIrbscAw8ilu+cPrzG/dYyEJZ7dqHGMvgn1GQoKg0lLPPGhUnNrZyWM3gmogonREWMBHk55Ztqv2FNYicXJSBjmaPfOrG3CURJgpRKGUHceOlZdCoQiieFLqJhLHEA1hH3c0ZTDC0kun+SfWsVYCK+RCP6asqfp7I4WRlOPI15NZTDnvZeJ/XidR4YWXEhYnCjM0OxQm1FLcysqwAiIwUnSsCUSC6KwWGkABkdKVlXQJzvyXF4lbq15WnZvTcv0qb6MIDsERqAAHnIM6aIAmcAECD+AZvII348l4Md6Nj9lowch39sEfGJ8/uNyVfw==</latexit><latexit sha1_base64="3qsjo+lRkM+McrZIB3KMVlrgwHA=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL8Ei1EtJiqLeil56rGBsoQ1ls9m0Sze7YXdjKbGCr+LFg4pXn8Obb+OmzUFbBxaGme/jmx0/pkQq2/42CkvLK6trxfXSxubW9o65u3cneSIQdhGnXLR9KDElDLuKKIrbscAw8ilu+cPrzG/dYyEJZ7dqHGMvgn1GQoKg0lLPPGhUnNrZyWM3gmogonREWMBHk55Ztqv2FNYicXJSBjmaPfOrG3CURJgpRKGUHceOlZdCoQiieFLqJhLHEA1hH3c0ZTDC0kun+SfWsVYCK+RCP6asqfp7I4WRlOPI15NZTDnvZeJ/XidR4YWXEhYnCjM0OxQm1FLcysqwAiIwUnSsCUSC6KwWGkABkdKVlXQJzvyXF4lbq15WnZvTcv0qb6MIDsERqAAHnIM6aIAmcAECD+AZvII348l4Md6Nj9lowch39sEfGJ8/uNyVfw==</latexit><latexit sha1_base64="3qsjo+lRkM+McrZIB3KMVlrgwHA=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL8Ei1EtJiqLeil56rGBsoQ1ls9m0Sze7YXdjKbGCr+LFg4pXn8Obb+OmzUFbBxaGme/jmx0/pkQq2/42CkvLK6trxfXSxubW9o65u3cneSIQdhGnXLR9KDElDLuKKIrbscAw8ilu+cPrzG/dYyEJZ7dqHGMvgn1GQoKg0lLPPGhUnNrZyWM3gmogonREWMBHk55Ztqv2FNYicXJSBjmaPfOrG3CURJgpRKGUHceOlZdCoQiieFLqJhLHEA1hH3c0ZTDC0kun+SfWsVYCK+RCP6asqfp7I4WRlOPI15NZTDnvZeJ/XidR4YWXEhYnCjM0OxQm1FLcysqwAiIwUnSsCUSC6KwWGkABkdKVlXQJzvyXF4lbq15WnZvTcv0qb6MIDsERqAAHnIM6aIAmcAECD+AZvII348l4Md6Nj9lowch39sEfGJ8/uNyVfw==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="m7RA6dFuXwv+LUEZrI234UvvJfM=">AAAB83icbVBNS8NAFHypX7VWjR68eFksQr2UpCDqTfDSYwVjC20om82mXbrZhN2NpcQK/hUvHlT8L978N24/Dto6sDDMvMebnSDlTGnH+bYKa+sbm1vF7dJOeXdv3z4o36skk4R6JOGJbAdYUc4E9TTTnLZTSXEccNoKhjdTv/VApWKJuNPjlPox7gsWMYK1kXr2UaPq1s/Pnrox1gMZ5yMmwmQ06dkVp+bMgFaJuyAVWKDZs7+6YUKymApNOFaq4zqp9nMsNSOcTkrdTNEUkyHu046hAsdU+fks/wSdGiVEUSLNExrN1N8bOY6VGseBmZzGVMveVPzP62Q6uvRzJtJMU0Hmh6KMI52gaRkoZJISzceGYCKZyYrIAEtMtKmsZEpwl7+8Srx67arm3jpQhGM4gSq4cAHX0IAmeEDgEV7gDd6tZ+vV+pi3VbAWtR3CH1ifP0q/lBY=</latexit><latexit sha1_base64="m7RA6dFuXwv+LUEZrI234UvvJfM=">AAAB83icbVBNS8NAFHypX7VWjR68eFksQr2UpCDqTfDSYwVjC20om82mXbrZhN2NpcQK/hUvHlT8L978N24/Dto6sDDMvMebnSDlTGnH+bYKa+sbm1vF7dJOeXdv3z4o36skk4R6JOGJbAdYUc4E9TTTnLZTSXEccNoKhjdTv/VApWKJuNPjlPox7gsWMYK1kXr2UaPq1s/Pnrox1gMZ5yMmwmQ06dkVp+bMgFaJuyAVWKDZs7+6YUKymApNOFaq4zqp9nMsNSOcTkrdTNEUkyHu046hAsdU+fks/wSdGiVEUSLNExrN1N8bOY6VGseBmZzGVMveVPzP62Q6uvRzJtJMU0Hmh6KMI52gaRkoZJISzceGYCKZyYrIAEtMtKmsZEpwl7+8Srx67arm3jpQhGM4gSq4cAHX0IAmeEDgEV7gDd6tZ+vV+pi3VbAWtR3CH1ifP0q/lBY=</latexit><latexit sha1_base64="/ZvYRdkifTrzywfWh4rhOni/YYw=">AAAB/nicbVDNSgMxGMz6W+vfquDFS7AI9VJ2C6Leil56rGBtoV1KNpttQ7PJkmQtZa3gq3jxoOLV5/Dm25ht96CtA4Fh5vv4JuPHjCrtON/W0vLK6tp6YaO4ubW9s2vv7d8pkUhMmlgwIds+UoRRTpqaakbasSQo8hlp+cPrzG/dE6mo4Ld6HBMvQn1OQ4qRNlLPPqyX3erZ6WM3Qnogo3REeSBGk55dcirOFHCRuDkpgRyNnv3VDQROIsI1ZkipjuvE2kuR1BQzMil2E0VihIeoTzqGchQR5aXT/BN4YpQAhkKaxzWcqr83UhQpNY58M5nFVPNeJv7ndRIdXngp5XGiCcezQ2HCoBYwKwMGVBKs2dgQhCU1WSEeIImwNpUVTQnu/JcXSbNauay4N06pdpW3UQBH4BiUgQvOQQ3UQQM0AQYP4Bm8gjfryXqx3q2P2eiSle8cgD+wPn8At5yVew==</latexit><latexit sha1_base64="3qsjo+lRkM+McrZIB3KMVlrgwHA=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL8Ei1EtJiqLeil56rGBsoQ1ls9m0Sze7YXdjKbGCr+LFg4pXn8Obb+OmzUFbBxaGme/jmx0/pkQq2/42CkvLK6trxfXSxubW9o65u3cneSIQdhGnXLR9KDElDLuKKIrbscAw8ilu+cPrzG/dYyEJZ7dqHGMvgn1GQoKg0lLPPGhUnNrZyWM3gmogonREWMBHk55Ztqv2FNYicXJSBjmaPfOrG3CURJgpRKGUHceOlZdCoQiieFLqJhLHEA1hH3c0ZTDC0kun+SfWsVYCK+RCP6asqfp7I4WRlOPI15NZTDnvZeJ/XidR4YWXEhYnCjM0OxQm1FLcysqwAiIwUnSsCUSC6KwWGkABkdKVlXQJzvyXF4lbq15WnZvTcv0qb6MIDsERqAAHnIM6aIAmcAECD+AZvII348l4Md6Nj9lowch39sEfGJ8/uNyVfw==</latexit><latexit sha1_base64="3qsjo+lRkM+McrZIB3KMVlrgwHA=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL8Ei1EtJiqLeil56rGBsoQ1ls9m0Sze7YXdjKbGCr+LFg4pXn8Obb+OmzUFbBxaGme/jmx0/pkQq2/42CkvLK6trxfXSxubW9o65u3cneSIQdhGnXLR9KDElDLuKKIrbscAw8ilu+cPrzG/dYyEJZ7dqHGMvgn1GQoKg0lLPPGhUnNrZyWM3gmogonREWMBHk55Ztqv2FNYicXJSBjmaPfOrG3CURJgpRKGUHceOlZdCoQiieFLqJhLHEA1hH3c0ZTDC0kun+SfWsVYCK+RCP6asqfp7I4WRlOPI15NZTDnvZeJ/XidR4YWXEhYnCjM0OxQm1FLcysqwAiIwUnSsCUSC6KwWGkABkdKVlXQJzvyXF4lbq15WnZvTcv0qb6MIDsERqAAHnIM6aIAmcAECD+AZvII348l4Md6Nj9lowch39sEfGJ8/uNyVfw==</latexit><latexit sha1_base64="3qsjo+lRkM+McrZIB3KMVlrgwHA=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL8Ei1EtJiqLeil56rGBsoQ1ls9m0Sze7YXdjKbGCr+LFg4pXn8Obb+OmzUFbBxaGme/jmx0/pkQq2/42CkvLK6trxfXSxubW9o65u3cneSIQdhGnXLR9KDElDLuKKIrbscAw8ilu+cPrzG/dYyEJZ7dqHGMvgn1GQoKg0lLPPGhUnNrZyWM3gmogonREWMBHk55Ztqv2FNYicXJSBjmaPfOrG3CURJgpRKGUHceOlZdCoQiieFLqJhLHEA1hH3c0ZTDC0kun+SfWsVYCK+RCP6asqfp7I4WRlOPI15NZTDnvZeJ/XidR4YWXEhYnCjM0OxQm1FLcysqwAiIwUnSsCUSC6KwWGkABkdKVlXQJzvyXF4lbq15WnZvTcv0qb6MIDsERqAAHnIM6aIAmcAECD+AZvII348l4Md6Nj9lowch39sEfGJ8/uNyVfw==</latexit><latexit sha1_base64="3qsjo+lRkM+McrZIB3KMVlrgwHA=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL8Ei1EtJiqLeil56rGBsoQ1ls9m0Sze7YXdjKbGCr+LFg4pXn8Obb+OmzUFbBxaGme/jmx0/pkQq2/42CkvLK6trxfXSxubW9o65u3cneSIQdhGnXLR9KDElDLuKKIrbscAw8ilu+cPrzG/dYyEJZ7dqHGMvgn1GQoKg0lLPPGhUnNrZyWM3gmogonREWMBHk55Ztqv2FNYicXJSBjmaPfOrG3CURJgpRKGUHceOlZdCoQiieFLqJhLHEA1hH3c0ZTDC0kun+SfWsVYCK+RCP6asqfp7I4WRlOPI15NZTDnvZeJ/XidR4YWXEhYnCjM0OxQm1FLcysqwAiIwUnSsCUSC6KwWGkABkdKVlXQJzvyXF4lbq15WnZvTcv0qb6MIDsERqAAHnIM6aIAmcAECD+AZvII348l4Md6Nj9lowch39sEfGJ8/uNyVfw==</latexit><latexit sha1_base64="3qsjo+lRkM+McrZIB3KMVlrgwHA=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL8Ei1EtJiqLeil56rGBsoQ1ls9m0Sze7YXdjKbGCr+LFg4pXn8Obb+OmzUFbBxaGme/jmx0/pkQq2/42CkvLK6trxfXSxubW9o65u3cneSIQdhGnXLR9KDElDLuKKIrbscAw8ilu+cPrzG/dYyEJZ7dqHGMvgn1GQoKg0lLPPGhUnNrZyWM3gmogonREWMBHk55Ztqv2FNYicXJSBjmaPfOrG3CURJgpRKGUHceOlZdCoQiieFLqJhLHEA1hH3c0ZTDC0kun+SfWsVYCK+RCP6asqfp7I4WRlOPI15NZTDnvZeJ/XidR4YWXEhYnCjM0OxQm1FLcysqwAiIwUnSsCUSC6KwWGkABkdKVlXQJzvyXF4lbq15WnZvTcv0qb6MIDsERqAAHnIM6aIAmcAECD+AZvII348l4Md6Nj9lowch39sEfGJ8/uNyVfw==</latexit><latexit sha1_base64="3qsjo+lRkM+McrZIB3KMVlrgwHA=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL8Ei1EtJiqLeil56rGBsoQ1ls9m0Sze7YXdjKbGCr+LFg4pXn8Obb+OmzUFbBxaGme/jmx0/pkQq2/42CkvLK6trxfXSxubW9o65u3cneSIQdhGnXLR9KDElDLuKKIrbscAw8ilu+cPrzG/dYyEJZ7dqHGMvgn1GQoKg0lLPPGhUnNrZyWM3gmogonREWMBHk55Ztqv2FNYicXJSBjmaPfOrG3CURJgpRKGUHceOlZdCoQiieFLqJhLHEA1hH3c0ZTDC0kun+SfWsVYCK+RCP6asqfp7I4WRlOPI15NZTDnvZeJ/XidR4YWXEhYnCjM0OxQm1FLcysqwAiIwUnSsCUSC6KwWGkABkdKVlXQJzvyXF4lbq15WnZvTcv0qb6MIDsERqAAHnIM6aIAmcAECD+AZvII348l4Md6Nj9lowch39sEfGJ8/uNyVfw==</latexit>

TEST



Clearer view of BSM landscape
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Not discussed in this talk
<latexit sha1_base64="yHTHNVJb6v4oaCoubToK/4zWGCg=">AAACC3icbVBNS8NAFNzUr1q/qh69BIvgqSQiqLeiF09SwdhCG8pms22X7m7C7otQQnP34l/x4kHFq3/Am//GTZuDtg4sDDPz2PcmiDnT4DjfVmlpeWV1rbxe2djc2t6p7u7d6yhRhHok4pFqB1hTziT1gAGn7VhRLAJOW8HoKvdbD1RpFsk7GMfUF3ggWZ8RDEbqVWtdgWGoRHoTQRYyTRKtaZgxmcGQ6QwwH01Myqk7U9iLxC1IDRVo9qpf3TAiiaASCMdad1wnBj/FChjhdFLpJprGmIzwgHYMlVhQ7afTYyb2kVFCux8p8yTYU/X3RIqF1mMRmGS+up73cvE/r5NA/9xPmYwToJLMPuon3IbIzpuxQ6YoAT42BBPFzK42GWKFCZj+KqYEd/7kReKd1C/q7u1prXFZtFFGB+gQHSMXnaEGukZN5CGCHtEzekVv1pP1Yr1bH7NoySpm9tEfWJ8/umWc5Q==</latexit><latexit sha1_base64="yHTHNVJb6v4oaCoubToK/4zWGCg=">AAACC3icbVBNS8NAFNzUr1q/qh69BIvgqSQiqLeiF09SwdhCG8pms22X7m7C7otQQnP34l/x4kHFq3/Am//GTZuDtg4sDDPz2PcmiDnT4DjfVmlpeWV1rbxe2djc2t6p7u7d6yhRhHok4pFqB1hTziT1gAGn7VhRLAJOW8HoKvdbD1RpFsk7GMfUF3ggWZ8RDEbqVWtdgWGoRHoTQRYyTRKtaZgxmcGQ6QwwH01Myqk7U9iLxC1IDRVo9qpf3TAiiaASCMdad1wnBj/FChjhdFLpJprGmIzwgHYMlVhQ7afTYyb2kVFCux8p8yTYU/X3RIqF1mMRmGS+up73cvE/r5NA/9xPmYwToJLMPuon3IbIzpuxQ6YoAT42BBPFzK42GWKFCZj+KqYEd/7kReKd1C/q7u1prXFZtFFGB+gQHSMXnaEGukZN5CGCHtEzekVv1pP1Yr1bH7NoySpm9tEfWJ8/umWc5Q==</latexit><latexit sha1_base64="yHTHNVJb6v4oaCoubToK/4zWGCg=">AAACC3icbVBNS8NAFNzUr1q/qh69BIvgqSQiqLeiF09SwdhCG8pms22X7m7C7otQQnP34l/x4kHFq3/Am//GTZuDtg4sDDPz2PcmiDnT4DjfVmlpeWV1rbxe2djc2t6p7u7d6yhRhHok4pFqB1hTziT1gAGn7VhRLAJOW8HoKvdbD1RpFsk7GMfUF3ggWZ8RDEbqVWtdgWGoRHoTQRYyTRKtaZgxmcGQ6QwwH01Myqk7U9iLxC1IDRVo9qpf3TAiiaASCMdad1wnBj/FChjhdFLpJprGmIzwgHYMlVhQ7afTYyb2kVFCux8p8yTYU/X3RIqF1mMRmGS+up73cvE/r5NA/9xPmYwToJLMPuon3IbIzpuxQ6YoAT42BBPFzK42GWKFCZj+KqYEd/7kReKd1C/q7u1prXFZtFFGB+gQHSMXnaEGukZN5CGCHtEzekVv1pP1Yr1bH7NoySpm9tEfWJ8/umWc5Q==</latexit><latexit sha1_base64="yHTHNVJb6v4oaCoubToK/4zWGCg=">AAACC3icbVBNS8NAFNzUr1q/qh69BIvgqSQiqLeiF09SwdhCG8pms22X7m7C7otQQnP34l/x4kHFq3/Am//GTZuDtg4sDDPz2PcmiDnT4DjfVmlpeWV1rbxe2djc2t6p7u7d6yhRhHok4pFqB1hTziT1gAGn7VhRLAJOW8HoKvdbD1RpFsk7GMfUF3ggWZ8RDEbqVWtdgWGoRHoTQRYyTRKtaZgxmcGQ6QwwH01Myqk7U9iLxC1IDRVo9qpf3TAiiaASCMdad1wnBj/FChjhdFLpJprGmIzwgHYMlVhQ7afTYyb2kVFCux8p8yTYU/X3RIqF1mMRmGS+up73cvE/r5NA/9xPmYwToJLMPuon3IbIzpuxQ6YoAT42BBPFzK42GWKFCZj+KqYEd/7kReKd1C/q7u1prXFZtFFGB+gQHSMXnaEGukZN5CGCHtEzekVv1pP1Yr1bH7NoySpm9tEfWJ8/umWc5Q==</latexit>
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Look for cascade decays including H(125)
<latexit sha1_base64="deq1Gb/11En5s6Rzd0e5JFZEf48=">AAACGXicbVC7SgNBFJ31bXxFLW0Wg6BN2BVF7UQbCwsFo0ISwt27N3HI7MwyMyuEJfsbNv6KjYWKpVb+jZOYwteBgcM59zL3nCgV3Ngg+PDGxicmp6ZnZktz8wuLS+XllUujMo1UQyWUvo7AkOCSapZbQdepJkgiQVdR93jgX92SNlzJC9tLqZlAR/I2R7BOapXDRgL2Rif5qVLdoq10gWAQYipiQuiZgksUWcxlp1+cbIbbu1utciWoBkP4f0k4IhU2wlmr/NaIFWYJSYsCjKmHQWqbOWjLUVC/1MgMpYBd6FDdUQkJmWY+jNb3N5wS++4u96T1h+r3jRwSY3pJ5CYHQcxvbyD+59Uz295v5lymmSWJXx+1M+Fb5Q968mOuCa3oOQKoubvVxxvQgNa1WXIlhL8j/yW17epBNTzfqRwejdqYYWtsnW2ykO2xQ3bCzliNIbtjD+yJPXv33qP34r1+jY55o51V9gPe+yc7XKHD</latexit><latexit sha1_base64="deq1Gb/11En5s6Rzd0e5JFZEf48=">AAACGXicbVC7SgNBFJ31bXxFLW0Wg6BN2BVF7UQbCwsFo0ISwt27N3HI7MwyMyuEJfsbNv6KjYWKpVb+jZOYwteBgcM59zL3nCgV3Ngg+PDGxicmp6ZnZktz8wuLS+XllUujMo1UQyWUvo7AkOCSapZbQdepJkgiQVdR93jgX92SNlzJC9tLqZlAR/I2R7BOapXDRgL2Rif5qVLdoq10gWAQYipiQuiZgksUWcxlp1+cbIbbu1utciWoBkP4f0k4IhU2wlmr/NaIFWYJSYsCjKmHQWqbOWjLUVC/1MgMpYBd6FDdUQkJmWY+jNb3N5wS++4u96T1h+r3jRwSY3pJ5CYHQcxvbyD+59Uz295v5lymmSWJXx+1M+Fb5Q968mOuCa3oOQKoubvVxxvQgNa1WXIlhL8j/yW17epBNTzfqRwejdqYYWtsnW2ykO2xQ3bCzliNIbtjD+yJPXv33qP34r1+jY55o51V9gPe+yc7XKHD</latexit><latexit sha1_base64="deq1Gb/11En5s6Rzd0e5JFZEf48=">AAACGXicbVC7SgNBFJ31bXxFLW0Wg6BN2BVF7UQbCwsFo0ISwt27N3HI7MwyMyuEJfsbNv6KjYWKpVb+jZOYwteBgcM59zL3nCgV3Ngg+PDGxicmp6ZnZktz8wuLS+XllUujMo1UQyWUvo7AkOCSapZbQdepJkgiQVdR93jgX92SNlzJC9tLqZlAR/I2R7BOapXDRgL2Rif5qVLdoq10gWAQYipiQuiZgksUWcxlp1+cbIbbu1utciWoBkP4f0k4IhU2wlmr/NaIFWYJSYsCjKmHQWqbOWjLUVC/1MgMpYBd6FDdUQkJmWY+jNb3N5wS++4u96T1h+r3jRwSY3pJ5CYHQcxvbyD+59Uz295v5lymmSWJXx+1M+Fb5Q968mOuCa3oOQKoubvVxxvQgNa1WXIlhL8j/yW17epBNTzfqRwejdqYYWtsnW2ykO2xQ3bCzliNIbtjD+yJPXv33qP34r1+jY55o51V9gPe+yc7XKHD</latexit><latexit sha1_base64="deq1Gb/11En5s6Rzd0e5JFZEf48=">AAACGXicbVC7SgNBFJ31bXxFLW0Wg6BN2BVF7UQbCwsFo0ISwt27N3HI7MwyMyuEJfsbNv6KjYWKpVb+jZOYwteBgcM59zL3nCgV3Ngg+PDGxicmp6ZnZktz8wuLS+XllUujMo1UQyWUvo7AkOCSapZbQdepJkgiQVdR93jgX92SNlzJC9tLqZlAR/I2R7BOapXDRgL2Rif5qVLdoq10gWAQYipiQuiZgksUWcxlp1+cbIbbu1utciWoBkP4f0k4IhU2wlmr/NaIFWYJSYsCjKmHQWqbOWjLUVC/1MgMpYBd6FDdUQkJmWY+jNb3N5wS++4u96T1h+r3jRwSY3pJ5CYHQcxvbyD+59Uz295v5lymmSWJXx+1M+Fb5Q968mOuCa3oOQKoubvVxxvQgNa1WXIlhL8j/yW17epBNTzfqRwejdqYYWtsnW2ykO2xQ3bCzliNIbtjD+yJPXv33qP34r1+jY55o51V9gPe+yc7XKHD</latexit>

Not discussed in this talk
<latexit sha1_base64="yHTHNVJb6v4oaCoubToK/4zWGCg=">AAACC3icbVBNS8NAFNzUr1q/qh69BIvgqSQiqLeiF09SwdhCG8pms22X7m7C7otQQnP34l/x4kHFq3/Am//GTZuDtg4sDDPz2PcmiDnT4DjfVmlpeWV1rbxe2djc2t6p7u7d6yhRhHok4pFqB1hTziT1gAGn7VhRLAJOW8HoKvdbD1RpFsk7GMfUF3ggWZ8RDEbqVWtdgWGoRHoTQRYyTRKtaZgxmcGQ6QwwH01Myqk7U9iLxC1IDRVo9qpf3TAiiaASCMdad1wnBj/FChjhdFLpJprGmIzwgHYMlVhQ7afTYyb2kVFCux8p8yTYU/X3RIqF1mMRmGS+up73cvE/r5NA/9xPmYwToJLMPuon3IbIzpuxQ6YoAT42BBPFzK42GWKFCZj+KqYEd/7kReKd1C/q7u1prXFZtFFGB+gQHSMXnaEGukZN5CGCHtEzekVv1pP1Yr1bH7NoySpm9tEfWJ8/umWc5Q==</latexit><latexit sha1_base64="yHTHNVJb6v4oaCoubToK/4zWGCg=">AAACC3icbVBNS8NAFNzUr1q/qh69BIvgqSQiqLeiF09SwdhCG8pms22X7m7C7otQQnP34l/x4kHFq3/Am//GTZuDtg4sDDPz2PcmiDnT4DjfVmlpeWV1rbxe2djc2t6p7u7d6yhRhHok4pFqB1hTziT1gAGn7VhRLAJOW8HoKvdbD1RpFsk7GMfUF3ggWZ8RDEbqVWtdgWGoRHoTQRYyTRKtaZgxmcGQ6QwwH01Myqk7U9iLxC1IDRVo9qpf3TAiiaASCMdad1wnBj/FChjhdFLpJprGmIzwgHYMlVhQ7afTYyb2kVFCux8p8yTYU/X3RIqF1mMRmGS+up73cvE/r5NA/9xPmYwToJLMPuon3IbIzpuxQ6YoAT42BBPFzK42GWKFCZj+KqYEd/7kReKd1C/q7u1prXFZtFFGB+gQHSMXnaEGukZN5CGCHtEzekVv1pP1Yr1bH7NoySpm9tEfWJ8/umWc5Q==</latexit><latexit sha1_base64="yHTHNVJb6v4oaCoubToK/4zWGCg=">AAACC3icbVBNS8NAFNzUr1q/qh69BIvgqSQiqLeiF09SwdhCG8pms22X7m7C7otQQnP34l/x4kHFq3/Am//GTZuDtg4sDDPz2PcmiDnT4DjfVmlpeWV1rbxe2djc2t6p7u7d6yhRhHok4pFqB1hTziT1gAGn7VhRLAJOW8HoKvdbD1RpFsk7GMfUF3ggWZ8RDEbqVWtdgWGoRHoTQRYyTRKtaZgxmcGQ6QwwH01Myqk7U9iLxC1IDRVo9qpf3TAiiaASCMdad1wnBj/FChjhdFLpJprGmIzwgHYMlVhQ7afTYyb2kVFCux8p8yTYU/X3RIqF1mMRmGS+up73cvE/r5NA/9xPmYwToJLMPuon3IbIzpuxQ6YoAT42BBPFzK42GWKFCZj+KqYEd/7kReKd1C/q7u1prXFZtFFGB+gQHSMXnaEGukZN5CGCHtEzekVv1pP1Yr1bH7NoySpm9tEfWJ8/umWc5Q==</latexit><latexit sha1_base64="yHTHNVJb6v4oaCoubToK/4zWGCg=">AAACC3icbVBNS8NAFNzUr1q/qh69BIvgqSQiqLeiF09SwdhCG8pms22X7m7C7otQQnP34l/x4kHFq3/Am//GTZuDtg4sDDPz2PcmiDnT4DjfVmlpeWV1rbxe2djc2t6p7u7d6yhRhHok4pFqB1hTziT1gAGn7VhRLAJOW8HoKvdbD1RpFsk7GMfUF3ggWZ8RDEbqVWtdgWGoRHoTQRYyTRKtaZgxmcGQ6QwwH01Myqk7U9iLxC1IDRVo9qpf3TAiiaASCMdad1wnBj/FChjhdFLpJprGmIzwgHYMlVhQ7afTYyb2kVFCux8p8yTYU/X3RIqF1mMRmGS+up73cvE/r5NA/9xPmYwToJLMPuon3IbIzpuxQ6YoAT42BBPFzK42GWKFCZj+KqYEd/7kReKd1C/q7u1prXFZtFFGB+gQHSMXnaEGukZN5CGCHtEzekVv1pP1Yr1bH7NoySpm9tEfWJ8/umWc5Q==</latexit>



Use H(125) as probe in DM searches
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Scope: DM produced in decays of the 125 GeV Higgs boson

In the SM, H → invisible only from
H → ZZ → νννν ⇒
B(H → inv) = 0.026× 0.202 = 0.1%

Any deviation would indicate BSM physics!

Shrock & Suzuki (1982) first noted possibility,
since then a wealth of motivations:

H →
I χ̃0

1χ̃
0
1 in SUSY

I Graviscalars in extra-dimensions models

I BSM neutrinos (right-handed, 4th gen)

I . . .

H(125)

SM

SM

χ

χ

Powerful channel for DM searches if mDM ≤ mH/2
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Overview of search channels for H → invisible

Gluon fusion: 49 pb VBF: 3.8 pb V H: 2.3 pb

H(125)

χ

χ

H(125) χ

χ W/Z∗

H

χ

χ

W/Z

I Need ISR (⇒ jet+Emiss
T )

to trigger and tag

I Same final state as
mono-jet search

I Tag using forward jets
with large ∆η(jj)

I Low background,
S/B ∼ 0.5 (Binv = 1)

I Tag using Z → `` or jets
from V (had)

I Same final state as
V + Emiss

T search

I Least sensitive signature I Most sensitive signature I Intermediate sensitivity

Many results from Run I and several from Run II, will focus on recent ones here!

9 / 31



Overview of search channels for H → invisible

Gluon fusion: 49 pb VBF: 3.8 pb V H: 2.3 pb

H(125)

χ

χ

H(125) χ

χ W/Z∗

H

χ

χ

W/Z

I Need ISR (⇒ jet+Emiss
T )

to trigger and tag

I Same final state as
mono-jet search

I Tag using forward jets
with large ∆η(jj)

I Low background,
S/B ∼ 0.5 (Binv = 1)

I Tag using Z → `` or jets
from V (had)

I Same final state as
V + Emiss

T search

I Least sensitive signature

I Most sensitive signature I Intermediate sensitivity

Many results from Run I and several from Run II, will focus on recent ones here!

9 / 31



Overview of search channels for H → invisible

Gluon fusion: 49 pb VBF: 3.8 pb V H: 2.3 pb

H(125)

χ

χ

H(125) χ

χ W/Z∗

H

χ

χ

W/Z

I Need ISR (⇒ jet+Emiss
T )

to trigger and tag

I Same final state as
mono-jet search

I Tag using forward jets
with large ∆η(jj)

I Low background,
S/B ∼ 0.5 (Binv = 1)

I Tag using Z → `` or jets
from V (had)

I Same final state as
V + Emiss

T search

I Least sensitive signature I Most sensitive signature

I Intermediate sensitivity

Many results from Run I and several from Run II, will focus on recent ones here!

9 / 31



Overview of search channels for H → invisible

Gluon fusion: 49 pb VBF: 3.8 pb V H: 2.3 pb

H(125)

χ

χ

H(125) χ

χ W/Z∗

H

χ

χ

W/Z

I Need ISR (⇒ jet+Emiss
T )

to trigger and tag

I Same final state as
mono-jet search

I Tag using forward jets
with large ∆η(jj)

I Low background,
S/B ∼ 0.5 (Binv = 1)

I Tag using Z → `` or jets
from V (had)

I Same final state as
V + Emiss

T search

I Least sensitive signature I Most sensitive signature I Intermediate sensitivity

Many results from Run I and several from Run II, will focus on recent ones here!

9 / 31



Overview of search channels for H → invisible

Gluon fusion: 49 pb VBF: 3.8 pb V H: 2.3 pb

H(125)

χ

χ

H(125) χ

χ W/Z∗

H

χ

χ

W/Z

I Need ISR (⇒ jet+Emiss
T )

to trigger and tag

I Same final state as
mono-jet search

I Tag using forward jets
with large ∆η(jj)

I Low background,
S/B ∼ 0.5 (Binv = 1)

I Tag using Z → `` or jets
from V (had)

I Same final state as
V + Emiss

T search

I Least sensitive signature I Most sensitive signature I Intermediate sensitivity

Many results from Run I and several from Run II, will focus on recent ones here!

9 / 31



1. Gluon fusion H → invisible (with ISR)

and V (had)H → jj +MET

H(125)

χ

χ
W/Z∗

W/Z

H

χ

χ

q̄

q

Two new results from CMS during 2017! 1703.01651 and 1712.02345
⇒ will focus on the last with full 2015+2016 dataset of 35.9 fb−1!
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H → invisible with mono-jet and V + Emiss
T searches CMS: 1712.02345

Details about these signatures and searches
in talks by Z. Demiraglu and S-C. Hsu!

Common signal region (SR) selections:

I Emiss
T > 250 GeV

I Leading jet: pT > 100 GeV

I ∆φ(Emiss
T , jet) > 0.5

I Veto on ` (incl. τ !), γ, b-jet

V + Emiss
T also requires R = 0.8 jet:

I pT > 250 GeV, |η| < 2.4

I 65 GeV < mjet < 105 GeV

I Cut on substructure variables

Mono-jet and V + Emiss
T

H(125)

χ

χ
W/Z∗

W/Z

H

χ

χ

q̄

q

Main backgrounds Z(νν)+jets and
W (`ν)+jets (lost `)

Measured in control regions (CRs):

I `` for Z

I ` for W

I γ+jets to constrain Z

via transfer factors determined with MC
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H → invisible with mono-jet and V + Emiss
T searches CMS: 1712.02345
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Combining results from mono-jet and V (jj)H(inv) CMS: 1712.02345

Monojet Mono-V Combined

S
M

σ
 in

v.
)/

→
 x
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(H
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95
%
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up
pe

r 
lim

it 
on

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Observed

Median expected

68% expected

95% expected

 (13 TeV)-135.9 fb

CMS

Expected composition in SR ⇒ both
analyses sensitive to more than one channel

Mono-jet:

I 73% ggH

I 22% VBF

V + Emiss
T :

I 39% ggH

I 48% V H

Observed exclusion: B(H → inv) > 0.53

(0.40 expected)

Category Observed (expected) 68% expected Expected signal composition

Monojet 0.74 (0.57) 0.40–0.86
72.8% ggH, 21.5% VBF,

3.3% WH, 1.9% ZH, 0.6% ggZH

mono-V 0.49 (0.45) 0.32–0.64
38.7% ggH, 7.0% VBF,

32.9% WH, 14.6% ZH, 6.7% ggZH

Combined 0.53 (0.40) 0.29–0.58 —

(For ATLAS V (had) + E
miss
T , see talk by S. Suchek on Thursday)
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2. ZH → `` + Emiss
T

Z∗

Z

H

χ

χ

`+

`−

New results with 36 fb−1 from both
ATLAS (1708.09624) and CMS (1711.00431)
⇒ will use ATLAS result as example

14 / 31

https://arxiv.org/abs/1708.09624
https://arxiv.org/abs/1711.00431


ZH → ``+ Emiss
T : overview ATLAS: 1708.09624

Backgrounds:
I Irreducible background from diboson production:

I Z(``)Z(νν) 60%⇒ rely on MC, 4` data stats-limited

I WZ where ` from W is lost 25% ⇒ normalize in 3` CR

I Non-resonant ``: WW , tt̄, etc ⇒ normalize in eµ CR

Z → `` powerful handle

Z∗

Z

H

χ

χ

`+

`−
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ATLAS
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µµ

Background composition after m`` cut

Event selection:

I OSSF ` pair: p
1(2)
T > 30(20) GeV,

|m`` −mZ | < 15 GeV

I Emiss
T > 90 GeV, Emiss

T /H`,j
T > 0.6

I ∆φ(~p``T , E
miss
T ) > 2.7 (Z, H back-to-back)

I ∆R(`1, `2) < 1.8 (boosted decay)

NB! Use of dilepton trigger gives

access to lower-Emiss
T region
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ZH → ``+ Emiss
T : results ATLAS: 1708.09624

 [GeV]miss
TE

2−10

1−10

1

10

210

310

410

E
ve

nt
s 

/ 1
0 

G
eV

 [GeV]miss
TE

0.6

0.8

1

1.2

1.4

E
ve

nt
s 

/ b
kg

100 200 300 1000

Data
ZZ
WZ

Z+jets
Non-resonant-ll
Others
Stat. + Syst.

inv)=0.3→ZH(ll+inv) with B(H

 =500, 100 GeV)x0.27χ, m
med

DM(m

ATLAS
-1=13 TeV,  36.1 fbs

µµ

2.2σ excess in µµ

 inv)→B(H 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

1-
E

xc
lu

si
on

 C
L

-210

-110

1

Observed
Expected Median

σ 1 ±Expected 
σ 2 ±Expected 

95% CL

-1 = 13TeV, 36.1 fbs
µµee+

ATLAS

Obs. BH→inv Limit Exp. BH→inv Limit ±1σ ± 2σ

ee 59% (51 +21
−15

+49
−24) %

µµ 97% (48 +20
−14

+46
−22) %

ee + µµ 67% (39 +17
−11

+38
−18) %

See dedicated talk by C. Anelli on Thursday!

ZH → ``+ Emiss
T : results from CMS - two strategies CMS: 1711.00431

Emiss
T shape: signal, bgs and data SR yields
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⇒ B(H → inv) < 0.45 (0.44) ⇒ B(H → inv) < 0.40 (0.42)
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3. VBF H → invisible

H(125) χ

χ

New result from CMS for Moriond! HIG-17-023
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html


VBF H → invisible: overview CMS: HIG-17-023

Two simultaneous approaches:

I Cut-and-count analysis: robust, model-independent
strategy, selection tightened wrt Run I

I New! Shape-fit analysis in mjj distribution: exploit
discrimination potential due to difference in shape for
signal and backgrounds
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Selection:

I Jets: (sub)leading pT > 80 (40) GeV, |η| < 4.7

I Emiss
T > 250 GeV

I ∆φ(Emiss
T , jet) > 0.5, ∆φ(j, j) < 1.5

I Veto `, γ, b-jets

Cut and count Shape fit

mjj > 1300 GeV mjj > 200 GeV

∆η(j, j) > 4.0 ∆η(j, j) > 1.0
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VBF H → invisible: backgrounds CMS: HIG-17-023

Main backgrounds (95%): Z(νν)+jets and W (`ν)+jets where ` is lost

(Mainly QCD processes , EW 2% at mjj = 200 GeV→ 20–50% at high mjj)
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Strategy:

I Constrain using Z(``) and W (`ν) samples in CR,
transfer to SR via known B and A× ε
(e triggers used for e CRs)

I W/Z ratio from MC used with higher-stats W CRs to
constrain Z+jets SR yields

I Cut-based: n
CR
evt × ftransfer = n

SR
exp.

Shape-fit: normalization from comb. fit in all CRs

(QCD ∼ 1% with ∆φ(E
miss
T , jet) cut, CR by inverting)
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VBF H → invisible: results shape-fit analysis CMS: HIG-17-023

Backgrounds fit in CRs only
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Background-only fit, in CRs+SR
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VBF H → invisible: results cut-and-count analysis CMS: HIG-17-023
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CMS
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Analysis Observed limit Expected limit ±1 s.d. ±2 s.d. Signal composition
Shape 0.28 0.21 [0.15–0.29] [0.11–0.39] 52% qqH, 48% ggH
Cut-and-count 0.53 0.27 [0.20–0.38] [0.15–0.51] 81% qqH, 19% ggH

Uncertainties: theory V+jets (EW 48%, QCD 23%), exp. E
miss
T trigger (18%), τ veto (13%), µ id (8%)

NB! ATLAS 8 TeV VBF result still competitive:
B(H → inv) = 0.28 (0.31), see 1508.07869 (Update soon!).
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VBF H → invisible: results cut-and-count analysis CMS: HIG-17-023
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VBF H → invisible: results cut-and-count analysis CMS: HIG-17-023
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VBF H → invisible: results cut-and-count analysis CMS: HIG-17-023
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CRs+SR b-only fit

 inv.→qqH(125) 

 inv.→ggH(125) 

 (13 TeV)-135.9 fb

CMS
Preliminary
Cut-and-count

Analysis Observed limit Expected limit ±1 s.d. ±2 s.d. Signal composition
Shape 0.28 0.21 [0.15–0.29] [0.11–0.39] 52% qqH, 48% ggH
Cut-and-count 0.53 0.27 [0.20–0.38] [0.15–0.51] 81% qqH, 19% ggH

Uncertainties: theory V+jets (EW 48%, QCD 23%), exp. E
miss
T trigger (18%), τ veto (13%), µ id (8%)

NB! ATLAS 8 TeV VBF result still competitive:
B(H → inv) = 0.28 (0.31), see 1508.07869 (Update soon!).
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html
https://arxiv.org/abs/1508.07869


4. Combining the results
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Combining several H → invisible channels CMS: HIG-17-023

New VBF result from CMS include a combination with their other recent results:

Analysis Final state Signal composition Observed limit Expected limit
qqH-tagged VBF-jets + pmiss

T 52% qqH, 48% ggH 0.28 0.21

VH-tagged
Z(``) + pmiss

T 79% qqZH, 21% ggZH 0.40 0.42
V(qq′) + pmiss

T 39% ggH, 6% qqH, 33% WH, 22% ZH 0.50 0.48
ggH-tagged jets + pmiss

T 80% ggH, 12% qqH, 5% WH, 3% ZH 0.66 0.59

Combined VBF-tag Z(ll)H-tag V(qq')H-tag ggH-tag
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Combined limit: 0.24 (0.18)

Run I combinations: ATLAS 1509.00672, CMS: 1610.09218, ATLAS+CMS: 1606.02266 (indirect) 23 / 31

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html
https://arxiv.org/abs/1509.00672
https://arxiv.org/abs/1610.09218
https://arxiv.org/abs/1606.02266


So far: Higgs decaying (only) to only invisible particles
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Don’t forget: H(125)→ long-lived particles and Emiss
T

Example: ATLAS-CONF-2016-042:

H(125)→ “lepton jets” (and Emiss
T )

γd 

H 

fd 2 

fd 2 

γd 

HLSP 

HLSP 

ℓ  + 

ℓ  - 

ℓ  + 

ℓ  - 

Signature: collimated and displaced jets of
leptons appearing in calorimeters or muon
spectrometer, via long-lived particles (LLPs)

(More LLPs in talks by K. Hahn and A. Davoli)
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Generally:

I H(125) can be portal to a dark/hidden
sector, which could also explain DM

I Weak couplings to this sector ⇒ LLPs

I Displaced signatures not trivial
⇒ interesting experimental work!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-042/


Summary

95% CL upper limits on BR(H → inv) from Run I and Run II data.

Channel ATLAS CMS

Z(``)H 0.67 36.1 fb−1 0.40 35.9 fb−1

V (had) + Emiss
T 0.78 20.3 fb−1 0.49 35.9 fb−1

Mono-jet 1.59 20.3 fb−1 0.74 35.9 fb−1

VBF 0.28 20.3 fb−1 0.28 35.9 fb−1

Combined 0.25 4.7+20.3 fb−1 0.24 35.9 fb−1

Stay tuned!
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Backup slides
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Indicative numbers for H → invisible at future colliders

I HL-LHC: extrapolation of CMS VBF result reaches
B(H → inv) < 10% for 300 fb−1 and < 3–6% for 3 ab−1

(see CMS-FTR-16-002)

I ILC: 4.8% with 250 fb−1 at
√
s = 250 GeV using Z(µµ) only. Adding Z(qq) they

expect to reach 0.9%, and with ∼ 1 ab−1 the limit is sqeezed to 0.4%
(see ILC Higgs White Paper)

I FCC-ee: TLEP studies indicate upper limit of 0.5% achievable at
√
s = 240 GeV

(see 1308.6176)
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https://cds.cern.ch/record/2266165/files/FTR-16-002-pas.pdf
https://arxiv.org/pdf/1310.0763.pdf
https://arxiv.org/pdf/1308.6176.pdf


VBF H → invisible: results for cut-and-count analysis CMS: HIG-17-023

Process Signal Region Dimuon CR Dielectron CR Single-Muon CR Single-Electron CR
Z(νν) (QCD) 799 ± 72 - - - -
Z(νν) (EW) 275 ± 34 - - - -
Z(``) (QCD) - 90.1 ± 7.9 64.7 ± 5.8 26.8 ± 1.2 4.9 ± 0.2
Z(``) (EW) - 32.7 ± 4.3 25.0 ± 3.4 5.9 ± 0.3 2.4 ± 0.2
W(`ν) (QCD) 497 ± 33 0.2 ± 0.2 0.8 ± 0.6 891 ± 31 533 ± 21
W(`ν) (EW) 145 ± 11 0.1 ± 0.1 - 416 ± 16 260 ± 11
Top-quark 43.7 ± 9.8 5.3 ± 1.6 3.7 ± 1.1 126 ± 22 83.1 ± 15.4
Dibosons 19.9 ± 6.1 2.6 ± 1.3 0.9 ± 0.5 23.5 ± 4.9 16.1 ± 4.1
Others 3.3 ± 2.6 - - 25.6 ± 20.7 2.9 ± 2.9
Total Bkg. 1784 ± 97 131 ± 8 95.2 ± 5.9 1515 ± 34 902 ± 24
Data 2053 114 104 1512 914
Signal mH = 125 GeV 851 ± 148 - - - -
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html


VBF H → invisible: uncertainties CMS: HIG-17-023

Source of uncertainty Ratios Uncertainty vs mjj Impact on B(H→ inv)
Theoretical uncertainties

Ren. scale V+jets (EW) Z(νν)/W(`ν) (EW) 9–12% 48%
Ren. scale V+jets (QCD) Z(νν)/W(`ν) (QCD) 9–12% 23%
Fac. scale V+jets (EW) Z(νν)/W(`ν) (EW) 2–7% 4%
Fac. scale V+jets (QCD) Z(νν)/W(`ν) (QCD) 2–7% 2%
PDF V+jets (QCD) Z(νν)/W(`ν) (QCD) 0.5–1% < 1%
PDF V+jets (EW) Z(νν)/W(`ν) (EW) 0.5–1% < 1%
NLO EW corr. Z(νν)/W(`ν) (QCD) 1–2% < 1%

Experimental uncertainties
Muon reco. eff. W(µν)/W(`ν), Z(µµ)/Z(νν) ≈ 1% (per leg) 8%
Ele. reco. eff. W(eν)/W(`ν), Z(ee)/Z(νν) ≈ 1% (per leg) 3%
Muon id. eff. W(µν)/W(`ν), Z(µµ)/Z(νν) ≈ 1% (per leg) 8%
Ele. id. eff. W(eν)/W(`ν), Z(ee)/Z(νν) ≈ 1.5% (per leg) 4%
Muon veto W(CRs)/W(`ν), Z(νν)/W(`ν) ≈ 2.5 (2)% for EW (QCD) 7%
Ele. veto W(CRs)/W(`ν), Z(νν)/W(`ν) ≈ 1.5 (1)% for EW (QCD) 5%
τ veto W(CRs)/W(`ν), Z(νν)/W(`ν) ≈ 3.5 (3)% for EW (QCD) 13%
Jet energy scale Z(CRs)/Z(νν), W(CRs)/W(`ν) ≈ 1 (2)% for Z/Z (W/W) 2%
Ele. trigger W(eν)/W(`ν), Z(ee)/Z(νν) ≈ 1% < 1%
pmiss

T trigger All ratios ≈ 2% 18%
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html


ZH → ``+ Emiss
T : yields ATLAS: 1708.09624

Final State ee µµ

Observed Data 437 497
Signal
ZH → `` + inv (BH→inv = 30%) 32 ± 1 ± 3 34 ± 1 ± 3
DM (mmed = 500 GeV, mχ = 100 GeV) × 0.27 10.8 ± 0.3 ± 0.8 11.1 ± 0.3 ± 0.8
Backgrounds
qqZZ 212 ± 3 ± 15 221 ± 3 ± 17
ggZZ 18.9 ± 0.3 ± 11.2 19.3 ± 0.3 ± 11.4
WZ 106 ± 2 ± 6 113 ± 3 ± 5
Z + jets 30 ± 1 ± 28 37 ± 1 ± 19
Non-resonant-`` 30 ± 4 ± 2 33 ± 4 ± 2
Others 1.4 ± 0.1 ± 0.2 2.5 ± 2.0 ± 0.8
Total Background 399 ± 6 ± 34 426 ± 6 ± 28
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