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  Beyond standard model
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Many dark matter models predict new mediators with 

sizeable couplings to quarks and gluons



  Leptophobic axial-vector Z’

!3Gang Zhang

• Benchmark model in this analysis  

• Leptophobic: no coupling to 
leptons 

• Decay to all quark flavours 
equally 
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  Motivation for the associated photon 
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Boosted dijet ISR: 
reach the lowest 

mass region

Trigger level analysis: 
high luminosity, 

limited range

Last iteration of resolved dijet ISR: 
lower statistics; 

extended mass range

Z’

m(Z’)  ~  2×pT(q’) 
 poor sensitivity below 1 TeV
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Z’

q
<latexit sha1_base64="SJFCULkFFTDVLNs2vRSST/8Mfiw=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNpTNdtIu3Wzi7kYoof/AiwdFvPqPvPlv3LQ5aOsLCw/vzLAzb5AIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XVef3hCpXks780kQT+iQ8lDzqix1t1jpV+tuXV3JrIMXgE1KNTsV796g5ilEUrDBNW667mJ8TOqDG cCp5VeqjGhbEyH2LUoaYTaz2abTsmJdQYkjJV90pCZ+3sio5HWkyiwnRE1I71Yy83/at3UhJd+xmWSGpRs/lGYCmJikp9NBlwhM2JigTLF7a6EjaiizNhw8hC8xZOXoX1W9yzfntcaV0UcZTiCYzgFDy6gATfQhBYwCOEZXuHNGTsvzrvzMW8tOcXMIfyR8/kDECuNCQ==</latexit><latexit sha1_base64="SJFCULkFFTDVLNs2vRSST/8Mfiw=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNpTNdtIu3Wzi7kYoof/AiwdFvPqPvPlv3LQ5aOsLCw/vzLAzb5AIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XVef3hCpXks780kQT+iQ8lDzqix1t1jpV+tuXV3JrIMXgE1KNTsV796g5ilEUrDBNW667mJ8TOqDG cCp5VeqjGhbEyH2LUoaYTaz2abTsmJdQYkjJV90pCZ+3sio5HWkyiwnRE1I71Yy83/at3UhJd+xmWSGpRs/lGYCmJikp9NBlwhM2JigTLF7a6EjaiizNhw8hC8xZOXoX1W9yzfntcaV0UcZTiCYzgFDy6gATfQhBYwCOEZXuHNGTsvzrvzMW8tOcXMIfyR8/kDECuNCQ==</latexit><latexit sha1_base64="SJFCULkFFTDVLNs2vRSST/8Mfiw=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNpTNdtIu3Wzi7kYoof/AiwdFvPqPvPlv3LQ5aOsLCw/vzLAzb5AIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XVef3hCpXks780kQT+iQ8lDzqix1t1jpV+tuXV3JrIMXgE1KNTsV796g5ilEUrDBNW667mJ8TOqDG cCp5VeqjGhbEyH2LUoaYTaz2abTsmJdQYkjJV90pCZ+3sio5HWkyiwnRE1I71Yy83/at3UhJd+xmWSGpRs/lGYCmJikp9NBlwhM2JigTLF7a6EjaiizNhw8hC8xZOXoX1W9yzfntcaV0UcZTiCYzgFDy6gATfQhBYwCOEZXuHNGTsvzrvzMW8tOcXMIfyR8/kDECuNCQ==</latexit><latexit sha1_base64="SJFCULkFFTDVLNs2vRSST/8Mfiw=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNpTNdtIu3Wzi7kYoof/AiwdFvPqPvPlv3LQ5aOsLCw/vzLAzb5AIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XVef3hCpXks780kQT+iQ8lDzqix1t1jpV+tuXV3JrIMXgE1KNTsV796g5ilEUrDBNW667mJ8TOqDG cCp5VeqjGhbEyH2LUoaYTaz2abTsmJdQYkjJV90pCZ+3sio5HWkyiwnRE1I71Yy83/at3UhJd+xmWSGpRs/lGYCmJikp9NBlwhM2JigTLF7a6EjaiizNhw8hC8xZOXoX1W9yzfntcaV0UcZTiCYzgFDy6gATfQhBYwCOEZXuHNGTsvzrvzMW8tOcXMIfyR8/kDECuNCQ==</latexit>

q̄
<latexit sha1_base64="CkFvRxSfnk2dwaOUbNM3ZSgappw=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjxWsB/QhrLZTtqlm026uxFK6J/w4kERr/4db/4bN20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6buk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfJfX20+oNI/lo5km6Ed0KHnIGTXW6vQCqrLJrNyvVN2aOxdZBa+AKhRq9CtfvUHM0gilYYJq3fXcxPgZVYYzgbNyL9WYUDamQ+xalDRC7WfzfWfk3DoDEsbKPmnI3P09kdFI62kU2M6ImpFeruXmf7VuasIbP+MySQ1KtvgoTAUxMcmPJwOukBkxtUCZ4nZXwkZUUWZsRHkI3vLJq9C6rHmWH66q9dsijhKcwhlcgAfXUId7aEATGAh4hld4cybOi/PufCxa15xi5gT+yPn8AdBpj84=</latexit><latexit sha1_base64="CkFvRxSfnk2dwaOUbNM3ZSgappw=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjxWsB/QhrLZTtqlm026uxFK6J/w4kERr/4db/4bN20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6buk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfJfX20+oNI/lo5km6Ed0KHnIGTXW6vQCqrLJrNyvVN2aOxdZBa+AKhRq9CtfvUHM0gilYYJq3fXcxPgZVYYzgbNyL9WYUDamQ+xalDRC7WfzfWfk3DoDEsbKPmnI3P09kdFI62kU2M6ImpFeruXmf7VuasIbP+MySQ1KtvgoTAUxMcmPJwOukBkxtUCZ4nZXwkZUUWZsRHkI3vLJq9C6rHmWH66q9dsijhKcwhlcgAfXUId7aEATGAh4hld4cybOi/PufCxa15xi5gT+yPn8AdBpj84=</latexit><latexit sha1_base64="CkFvRxSfnk2dwaOUbNM3ZSgappw=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjxWsB/QhrLZTtqlm026uxFK6J/w4kERr/4db/4bN20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6buk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfJfX20+oNI/lo5km6Ed0KHnIGTXW6vQCqrLJrNyvVN2aOxdZBa+AKhRq9CtfvUHM0gilYYJq3fXcxPgZVYYzgbNyL9WYUDamQ+xalDRC7WfzfWfk3DoDEsbKPmnI3P09kdFI62kU2M6ImpFeruXmf7VuasIbP+MySQ1KtvgoTAUxMcmPJwOukBkxtUCZ4nZXwkZUUWZsRHkI3vLJq9C6rHmWH66q9dsijhKcwhlcgAfXUId7aEATGAh4hld4cybOi/PufCxa15xi5gT+yPn8AdBpj84=</latexit><latexit sha1_base64="CkFvRxSfnk2dwaOUbNM3ZSgappw=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjxWsB/QhrLZTtqlm026uxFK6J/w4kERr/4db/4bN20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6buk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfJfX20+oNI/lo5km6Ed0KHnIGTXW6vQCqrLJrNyvVN2aOxdZBa+AKhRq9CtfvUHM0gilYYJq3fXcxPgZVYYzgbNyL9WYUDamQ+xalDRC7WfzfWfk3DoDEsbKPmnI3P09kdFI62kU2M6ImpFeruXmf7VuasIbP+MySQ1KtvgoTAUxMcmPJwOukBkxtUCZ4nZXwkZUUWZsRHkI3vLJq9C6rHmWH66q9dsijhKcwhlcgAfXUId7aEATGAh4hld4cybOi/PufCxa15xi5gT+yPn8AdBpj84=</latexit>

q̄0
<latexit sha1_base64="oJVshY/b7ziRvSoHqTpEog8rFgs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuRdiiZNNOGJpkxyQhlmKdw40IRtz6OO9/GTDsLbf0h8PGfc8g5fxBzpo3rfjulldW19Y3yZmVre2d3r7p/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzk9c4TVZpF8t5MY+oLPJIsZAQbaz30A6zSx9OsMqjW3Lo7E1oGr4AaFGoOql/9YUQSQaUhHGvd89zY+ClWhhFOs0o/0TTGZIJHtGdRYkG1n84WztCJdYYojJR90qCZ+3sixULrqQhsp8BmrBdruflfrZeY8MpPmYwTQyWZfxQmHJkI5dejIVOUGD61gIlidldExlhhYmxGeQje4snL0D6ve5bvLmqN6yKOMhzBMZyBB5fQgFtoQgsICHiGV3hzlPPivDsf89aSU8wcwh85nz8zUY//</latexit><latexit sha1_base64="oJVshY/b7ziRvSoHqTpEog8rFgs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuRdiiZNNOGJpkxyQhlmKdw40IRtz6OO9/GTDsLbf0h8PGfc8g5fxBzpo3rfjulldW19Y3yZmVre2d3r7p/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzk9c4TVZpF8t5MY+oLPJIsZAQbaz30A6zSx9OsMqjW3Lo7E1oGr4AaFGoOql/9YUQSQaUhHGvd89zY+ClWhhFOs0o/0TTGZIJHtGdRYkG1n84WztCJdYYojJR90qCZ+3sixULrqQhsp8BmrBdruflfrZeY8MpPmYwTQyWZfxQmHJkI5dejIVOUGD61gIlidldExlhhYmxGeQje4snL0D6ve5bvLmqN6yKOMhzBMZyBB5fQgFtoQgsICHiGV3hzlPPivDsf89aSU8wcwh85nz8zUY//</latexit><latexit sha1_base64="oJVshY/b7ziRvSoHqTpEog8rFgs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuRdiiZNNOGJpkxyQhlmKdw40IRtz6OO9/GTDsLbf0h8PGfc8g5fxBzpo3rfjulldW19Y3yZmVre2d3r7p/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzk9c4TVZpF8t5MY+oLPJIsZAQbaz30A6zSx9OsMqjW3Lo7E1oGr4AaFGoOql/9YUQSQaUhHGvd89zY+ClWhhFOs0o/0TTGZIJHtGdRYkG1n84WztCJdYYojJR90qCZ+3sixULrqQhsp8BmrBdruflfrZeY8MpPmYwTQyWZfxQmHJkI5dejIVOUGD61gIlidldExlhhYmxGeQje4snL0D6ve5bvLmqN6yKOMhzBMZyBB5fQgFtoQgsICHiGV3hzlPPivDsf89aSU8wcwh85nz8zUY//</latexit><latexit sha1_base64="oJVshY/b7ziRvSoHqTpEog8rFgs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuRdiiZNNOGJpkxyQhlmKdw40IRtz6OO9/GTDsLbf0h8PGfc8g5fxBzpo3rfjulldW19Y3yZmVre2d3r7p/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzk9c4TVZpF8t5MY+oLPJIsZAQbaz30A6zSx9OsMqjW3Lo7E1oGr4AaFGoOql/9YUQSQaUhHGvd89zY+ClWhhFOs0o/0TTGZIJHtGdRYkG1n84WztCJdYYojJR90qCZ+3sixULrqQhsp8BmrBdruflfrZeY8MpPmYwTQyWZfxQmHJkI5dejIVOUGD61gIlidldExlhhYmxGeQje4snL0D6ve5bvLmqN6yKOMhzBMZyBB5fQgFtoQgsICHiGV3hzlPPivDsf89aSU8wcwh85nz8zUY//</latexit>

q0
<latexit sha1_base64="F3Bh1VDQZhQnlKr13Efmk2tw1Jc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF9FQSEfRY9OKxov2ANpTNdtou3Wzi7kYooT/BiwdFvPqLvPlv3LQ5aOsLCw/vzLAzbxALro3rfjuFldW19Y3iZmlre2d3r7x/0NRRohg2WCQi1Q6oRsElNgw3AtuxQhoGAlvB+Cart55QaR7JBzOJ0Q/pUPIBZ9RY6/7xtNQrV9yqOxNZBi+HCuSq98pf3X7EkhClYYJq3fHc2PgpVYYzgdNSN9EYUzamQ+xYlDRE7aezVafkxDp9MoiUfdKQmft7IqWh1pMwsJ0hNSO9WMvM/2qdxAyu/JTLODEo2fyjQSKIiUh2N+lzhcyIiQXKFLe7EjaiijJj08lC8BZPXobmedWzfHdRqV3ncRThCI7hDDy4hBrcQh0awGAIz/AKb45wXpx352PeWnDymUP4I+fzB3DFjTo=</latexit><latexit sha1_base64="F3Bh1VDQZhQnlKr13Efmk2tw1Jc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF9FQSEfRY9OKxov2ANpTNdtou3Wzi7kYooT/BiwdFvPqLvPlv3LQ5aOsLCw/vzLAzbxALro3rfjuFldW19Y3iZmlre2d3r7x/0NRRohg2WCQi1Q6oRsElNgw3AtuxQhoGAlvB+Cart55QaR7JBzOJ0Q/pUPIBZ9RY6/7xtNQrV9yqOxNZBi+HCuSq98pf3X7EkhClYYJq3fHc2PgpVYYzgdNSN9EYUzamQ+xYlDRE7aezVafkxDp9MoiUfdKQmft7IqWh1pMwsJ0hNSO9WMvM/2qdxAyu/JTLODEo2fyjQSKIiUh2N+lzhcyIiQXKFLe7EjaiijJj08lC8BZPXobmedWzfHdRqV3ncRThCI7hDDy4hBrcQh0awGAIz/AKb45wXpx352PeWnDymUP4I+fzB3DFjTo=</latexit><latexit sha1_base64="F3Bh1VDQZhQnlKr13Efmk2tw1Jc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF9FQSEfRY9OKxov2ANpTNdtou3Wzi7kYooT/BiwdFvPqLvPlv3LQ5aOsLCw/vzLAzbxALro3rfjuFldW19Y3iZmlre2d3r7x/0NRRohg2WCQi1Q6oRsElNgw3AtuxQhoGAlvB+Cart55QaR7JBzOJ0Q/pUPIBZ9RY6/7xtNQrV9yqOxNZBi+HCuSq98pf3X7EkhClYYJq3fHc2PgpVYYzgdNSN9EYUzamQ+xYlDRE7aezVafkxDp9MoiUfdKQmft7IqWh1pMwsJ0hNSO9WMvM/2qdxAyu/JTLODEo2fyjQSKIiUh2N+lzhcyIiQXKFLe7EjaiijJj08lC8BZPXobmedWzfHdRqV3ncRThCI7hDDy4hBrcQh0awGAIz/AKb45wXpx352PeWnDymUP4I+fzB3DFjTo=</latexit><latexit sha1_base64="F3Bh1VDQZhQnlKr13Efmk2tw1Jc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF9FQSEfRY9OKxov2ANpTNdtou3Wzi7kYooT/BiwdFvPqLvPlv3LQ5aOsLCw/vzLAzbxALro3rfjuFldW19Y3iZmlre2d3r7x/0NRRohg2WCQi1Q6oRsElNgw3AtuxQhoGAlvB+Cart55QaR7JBzOJ0Q/pUPIBZ9RY6/7xtNQrV9yqOxNZBi+HCuSq98pf3X7EkhClYYJq3fHc2PgpVYYzgdNSN9EYUzamQ+xYlDRE7aezVafkxDp9MoiUfdKQmft7IqWh1pMwsJ0hNSO9WMvM/2qdxAyu/JTLODEo2fyjQSKIiUh2N+lzhcyIiQXKFLe7EjaiijJj08lC8BZPXobmedWzfHdRqV3ncRThCI7hDDy4hBrcQh0awGAIz/AKb45wXpx352PeWnDymUP4I+fzB3DFjTo=</latexit>

Dijet

Dijet+ISR

Jets fire the trigger

Photon fires the trigger

Allow searching for Z’ with low mass 

(ISR: Initial State Radiation)

Link to the website

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/


  Trigger strategies

!5Gang Zhang

• Single-photon trigger 
✴ 1 high pT photon 

• Combined trigger 
✴ L1: 3 jets 
✴ HLT: 3 jets + 1 photon 
✦ Cons:  

✴ Lose about 3 fb-1 2015 data 
✴ Cannot extend to lower mass 

region 
✦ Pro:  

✴ Improve the sensitivity

Combined trigger

Single-photon trigger

mjj: total invariant mass of two selected jets 



  Event selections

!6Gang Zhang

• Use full 2015+2016+2017 datasets 
(~80 fb-1) 

• 2 leading jets are selected as 
candidate jets from Z’ 

• 2 b-tags: 2 leading jets passing DL1 
fixed 77% working point

Photon ISR

Single-photon trigger Combined trigger

Flavour inclusive 2 b-tags Flavour inclusive 2 b-tags

�
<latexit sha1_base64="CATeTBPv9kFYqz+Nba7h9EpWWHw=">AAAB73icbZBNS8NAEIYn9avGr6pHL4tF8FQSEfRY9OKxgv2ANpTJdtsu3U3i7kYooX/CiwdFvPp3vPlv3LQ5aOsLCw/vzLAzb5gIro3nfTultfWNza3ytruzu7d/UDk8auk4VZQ1aSxi1QlRM8Ej1jTcCNZJFEMZCtYOJ7d5vf3ElOZx9GCmCQskjiI+5BSNtTq9EUqJrtuvVL2aNxdZBb+AKhRq9CtfvUFMU8kiQwVq3fW9xAQZKsOpYDO3l2qWIJ3giHUtRiiZDrL5vjNyZp0BGcbKvsiQuft7IkOp9VSGtlOiGevlWm7+V+umZngdZDxKUsMiuvhomApiYpIfTwZcMWrE1AJSxe2uhI5RITU2ojwEf/nkVWhd1HzL95fV+k0RRxlO4BTOwYcrqMMdNKAJFAQ8wyu8OY/Oi/PufCxaS04xcwx/5Hz+APPjjz0=</latexit><latexit sha1_base64="CATeTBPv9kFYqz+Nba7h9EpWWHw=">AAAB73icbZBNS8NAEIYn9avGr6pHL4tF8FQSEfRY9OKxgv2ANpTJdtsu3U3i7kYooX/CiwdFvPp3vPlv3LQ5aOsLCw/vzLAzb5gIro3nfTultfWNza3ytruzu7d/UDk8auk4VZQ1aSxi1QlRM8Ej1jTcCNZJFEMZCtYOJ7d5vf3ElOZx9GCmCQskjiI+5BSNtTq9EUqJrtuvVL2aNxdZBb+AKhRq9CtfvUFMU8kiQwVq3fW9xAQZKsOpYDO3l2qWIJ3giHUtRiiZDrL5vjNyZp0BGcbKvsiQuft7IkOp9VSGtlOiGevlWm7+V+umZngdZDxKUsMiuvhomApiYpIfTwZcMWrE1AJSxe2uhI5RITU2ojwEf/nkVWhd1HzL95fV+k0RRxlO4BTOwYcrqMMdNKAJFAQ8wyu8OY/Oi/PufCxaS04xcwx/5Hz+APPjjz0=</latexit><latexit sha1_base64="CATeTBPv9kFYqz+Nba7h9EpWWHw=">AAAB73icbZBNS8NAEIYn9avGr6pHL4tF8FQSEfRY9OKxgv2ANpTJdtsu3U3i7kYooX/CiwdFvPp3vPlv3LQ5aOsLCw/vzLAzb5gIro3nfTultfWNza3ytruzu7d/UDk8auk4VZQ1aSxi1QlRM8Ej1jTcCNZJFEMZCtYOJ7d5vf3ElOZx9GCmCQskjiI+5BSNtTq9EUqJrtuvVL2aNxdZBb+AKhRq9CtfvUFMU8kiQwVq3fW9xAQZKsOpYDO3l2qWIJ3giHUtRiiZDrL5vjNyZp0BGcbKvsiQuft7IkOp9VSGtlOiGevlWm7+V+umZngdZDxKUsMiuvhomApiYpIfTwZcMWrE1AJSxe2uhI5RITU2ojwEf/nkVWhd1HzL95fV+k0RRxlO4BTOwYcrqMMdNKAJFAQ8wyu8OY/Oi/PufCxaS04xcwx/5Hz+APPjjz0=</latexit><latexit sha1_base64="CATeTBPv9kFYqz+Nba7h9EpWWHw=">AAAB73icbZBNS8NAEIYn9avGr6pHL4tF8FQSEfRY9OKxgv2ANpTJdtsu3U3i7kYooX/CiwdFvPp3vPlv3LQ5aOsLCw/vzLAzb5gIro3nfTultfWNza3ytruzu7d/UDk8auk4VZQ1aSxi1QlRM8Ej1jTcCNZJFEMZCtYOJ7d5vf3ElOZx9GCmCQskjiI+5BSNtTq9EUqJrtuvVL2aNxdZBb+AKhRq9CtfvUFMU8kiQwVq3fW9xAQZKsOpYDO3l2qWIJ3giHUtRiiZDrL5vjNyZp0BGcbKvsiQuft7IkOp9VSGtlOiGevlWm7+V+umZngdZDxKUsMiuvhomApiYpIfTwZcMWrE1AJSxe2uhI5RITU2ojwEf/nkVWhd1HzL95fV+k0RRxlO4BTOwYcrqMMdNKAJFAQ8wyu8OY/Oi/PufCxaS04xcwx/5Hz+APPjjz0=</latexit>

Z’

q̄
<latexit sha1_base64="CkFvRxSfnk2dwaOUbNM3ZSgappw=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjxWsB/QhrLZTtqlm026uxFK6J/w4kERr/4db/4bN20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6buk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfJfX20+oNI/lo5km6Ed0KHnIGTXW6vQCqrLJrNyvVN2aOxdZBa+AKhRq9CtfvUHM0gilYYJq3fXcxPgZVYYzgbNyL9WYUDamQ+xalDRC7WfzfWfk3DoDEsbKPmnI3P09kdFI62kU2M6ImpFeruXmf7VuasIbP+MySQ1KtvgoTAUxMcmPJwOukBkxtUCZ4nZXwkZUUWZsRHkI3vLJq9C6rHmWH66q9dsijhKcwhlcgAfXUId7aEATGAh4hld4cybOi/PufCxa15xi5gT+yPn8AdBpj84=</latexit><latexit sha1_base64="CkFvRxSfnk2dwaOUbNM3ZSgappw=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjxWsB/QhrLZTtqlm026uxFK6J/w4kERr/4db/4bN20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6buk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfJfX20+oNI/lo5km6Ed0KHnIGTXW6vQCqrLJrNyvVN2aOxdZBa+AKhRq9CtfvUHM0gilYYJq3fXcxPgZVYYzgbNyL9WYUDamQ+xalDRC7WfzfWfk3DoDEsbKPmnI3P09kdFI62kU2M6ImpFeruXmf7VuasIbP+MySQ1KtvgoTAUxMcmPJwOukBkxtUCZ4nZXwkZUUWZsRHkI3vLJq9C6rHmWH66q9dsijhKcwhlcgAfXUId7aEATGAh4hld4cybOi/PufCxa15xi5gT+yPn8AdBpj84=</latexit><latexit sha1_base64="CkFvRxSfnk2dwaOUbNM3ZSgappw=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjxWsB/QhrLZTtqlm026uxFK6J/w4kERr/4db/4bN20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6buk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfJfX20+oNI/lo5km6Ed0KHnIGTXW6vQCqrLJrNyvVN2aOxdZBa+AKhRq9CtfvUHM0gilYYJq3fXcxPgZVYYzgbNyL9WYUDamQ+xalDRC7WfzfWfk3DoDEsbKPmnI3P09kdFI62kU2M6ImpFeruXmf7VuasIbP+MySQ1KtvgoTAUxMcmPJwOukBkxtUCZ4nZXwkZUUWZsRHkI3vLJq9C6rHmWH66q9dsijhKcwhlcgAfXUId7aEATGAh4hld4cybOi/PufCxa15xi5gT+yPn8AdBpj84=</latexit><latexit sha1_base64="CkFvRxSfnk2dwaOUbNM3ZSgappw=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjxWsB/QhrLZTtqlm026uxFK6J/w4kERr/4db/4bN20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6buk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfJfX20+oNI/lo5km6Ed0KHnIGTXW6vQCqrLJrNyvVN2aOxdZBa+AKhRq9CtfvUHM0gilYYJq3fXcxPgZVYYzgbNyL9WYUDamQ+xalDRC7WfzfWfk3DoDEsbKPmnI3P09kdFI62kU2M6ImpFeruXmf7VuasIbP+MySQ1KtvgoTAUxMcmPJwOukBkxtUCZ4nZXwkZUUWZsRHkI3vLJq9C6rHmWH66q9dsijhKcwhlcgAfXUId7aEATGAh4hld4cybOi/PufCxa15xi5gT+yPn8AdBpj84=</latexit>

q̄0
<latexit sha1_base64="oJVshY/b7ziRvSoHqTpEog8rFgs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuRdiiZNNOGJpkxyQhlmKdw40IRtz6OO9/GTDsLbf0h8PGfc8g5fxBzpo3rfjulldW19Y3yZmVre2d3r7p/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzk9c4TVZpF8t5MY+oLPJIsZAQbaz30A6zSx9OsMqjW3Lo7E1oGr4AaFGoOql/9YUQSQaUhHGvd89zY+ClWhhFOs0o/0TTGZIJHtGdRYkG1n84WztCJdYYojJR90qCZ+3sixULrqQhsp8BmrBdruflfrZeY8MpPmYwTQyWZfxQmHJkI5dejIVOUGD61gIlidldExlhhYmxGeQje4snL0D6ve5bvLmqN6yKOMhzBMZyBB5fQgFtoQgsICHiGV3hzlPPivDsf89aSU8wcwh85nz8zUY//</latexit><latexit sha1_base64="oJVshY/b7ziRvSoHqTpEog8rFgs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuRdiiZNNOGJpkxyQhlmKdw40IRtz6OO9/GTDsLbf0h8PGfc8g5fxBzpo3rfjulldW19Y3yZmVre2d3r7p/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzk9c4TVZpF8t5MY+oLPJIsZAQbaz30A6zSx9OsMqjW3Lo7E1oGr4AaFGoOql/9YUQSQaUhHGvd89zY+ClWhhFOs0o/0TTGZIJHtGdRYkG1n84WztCJdYYojJR90qCZ+3sixULrqQhsp8BmrBdruflfrZeY8MpPmYwTQyWZfxQmHJkI5dejIVOUGD61gIlidldExlhhYmxGeQje4snL0D6ve5bvLmqN6yKOMhzBMZyBB5fQgFtoQgsICHiGV3hzlPPivDsf89aSU8wcwh85nz8zUY//</latexit><latexit sha1_base64="oJVshY/b7ziRvSoHqTpEog8rFgs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuRdiiZNNOGJpkxyQhlmKdw40IRtz6OO9/GTDsLbf0h8PGfc8g5fxBzpo3rfjulldW19Y3yZmVre2d3r7p/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzk9c4TVZpF8t5MY+oLPJIsZAQbaz30A6zSx9OsMqjW3Lo7E1oGr4AaFGoOql/9YUQSQaUhHGvd89zY+ClWhhFOs0o/0TTGZIJHtGdRYkG1n84WztCJdYYojJR90qCZ+3sixULrqQhsp8BmrBdruflfrZeY8MpPmYwTQyWZfxQmHJkI5dejIVOUGD61gIlidldExlhhYmxGeQje4snL0D6ve5bvLmqN6yKOMhzBMZyBB5fQgFtoQgsICHiGV3hzlPPivDsf89aSU8wcwh85nz8zUY//</latexit><latexit sha1_base64="oJVshY/b7ziRvSoHqTpEog8rFgs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuRdiiZNNOGJpkxyQhlmKdw40IRtz6OO9/GTDsLbf0h8PGfc8g5fxBzpo3rfjulldW19Y3yZmVre2d3r7p/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzk9c4TVZpF8t5MY+oLPJIsZAQbaz30A6zSx9OsMqjW3Lo7E1oGr4AaFGoOql/9YUQSQaUhHGvd89zY+ClWhhFOs0o/0TTGZIJHtGdRYkG1n84WztCJdYYojJR90qCZ+3sixULrqQhsp8BmrBdruflfrZeY8MpPmYwTQyWZfxQmHJkI5dejIVOUGD61gIlidldExlhhYmxGeQje4snL0D6ve5bvLmqN6yKOMhzBMZyBB5fQgFtoQgsICHiGV3hzlPPivDsf89aSU8wcwh85nz8zUY//</latexit>

q0
<latexit sha1_base64="F3Bh1VDQZhQnlKr13Efmk2tw1Jc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF9FQSEfRY9OKxov2ANpTNdtou3Wzi7kYooT/BiwdFvPqLvPlv3LQ5aOsLCw/vzLAzbxALro3rfjuFldW19Y3iZmlre2d3r7x/0NRRohg2WCQi1Q6oRsElNgw3AtuxQhoGAlvB+Cart55QaR7JBzOJ0Q/pUPIBZ9RY6/7xtNQrV9yqOxNZBi+HCuSq98pf3X7EkhClYYJq3fHc2PgpVYYzgdNSN9EYUzamQ+xYlDRE7aezVafkxDp9MoiUfdKQmft7IqWh1pMwsJ0hNSO9WMvM/2qdxAyu/JTLODEo2fyjQSKIiUh2N+lzhcyIiQXKFLe7EjaiijJj08lC8BZPXobmedWzfHdRqV3ncRThCI7hDDy4hBrcQh0awGAIz/AKb45wXpx352PeWnDymUP4I+fzB3DFjTo=</latexit><latexit sha1_base64="F3Bh1VDQZhQnlKr13Efmk2tw1Jc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF9FQSEfRY9OKxov2ANpTNdtou3Wzi7kYooT/BiwdFvPqLvPlv3LQ5aOsLCw/vzLAzbxALro3rfjuFldW19Y3iZmlre2d3r7x/0NRRohg2WCQi1Q6oRsElNgw3AtuxQhoGAlvB+Cart55QaR7JBzOJ0Q/pUPIBZ9RY6/7xtNQrV9yqOxNZBi+HCuSq98pf3X7EkhClYYJq3fHc2PgpVYYzgdNSN9EYUzamQ+xYlDRE7aezVafkxDp9MoiUfdKQmft7IqWh1pMwsJ0hNSO9WMvM/2qdxAyu/JTLODEo2fyjQSKIiUh2N+lzhcyIiQXKFLe7EjaiijJj08lC8BZPXobmedWzfHdRqV3ncRThCI7hDDy4hBrcQh0awGAIz/AKb45wXpx352PeWnDymUP4I+fzB3DFjTo=</latexit><latexit sha1_base64="F3Bh1VDQZhQnlKr13Efmk2tw1Jc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF9FQSEfRY9OKxov2ANpTNdtou3Wzi7kYooT/BiwdFvPqLvPlv3LQ5aOsLCw/vzLAzbxALro3rfjuFldW19Y3iZmlre2d3r7x/0NRRohg2WCQi1Q6oRsElNgw3AtuxQhoGAlvB+Cart55QaR7JBzOJ0Q/pUPIBZ9RY6/7xtNQrV9yqOxNZBi+HCuSq98pf3X7EkhClYYJq3fHc2PgpVYYzgdNSN9EYUzamQ+xYlDRE7aezVafkxDp9MoiUfdKQmft7IqWh1pMwsJ0hNSO9WMvM/2qdxAyu/JTLODEo2fyjQSKIiUh2N+lzhcyIiQXKFLe7EjaiijJj08lC8BZPXobmedWzfHdRqV3ncRThCI7hDDy4hBrcQh0awGAIz/AKb45wXpx352PeWnDymUP4I+fzB3DFjTo=</latexit><latexit sha1_base64="F3Bh1VDQZhQnlKr13Efmk2tw1Jc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF9FQSEfRY9OKxov2ANpTNdtou3Wzi7kYooT/BiwdFvPqLvPlv3LQ5aOsLCw/vzLAzbxALro3rfjuFldW19Y3iZmlre2d3r7x/0NRRohg2WCQi1Q6oRsElNgw3AtuxQhoGAlvB+Cart55QaR7JBzOJ0Q/pUPIBZ9RY6/7xtNQrV9yqOxNZBi+HCuSq98pf3X7EkhClYYJq3fHc2PgpVYYzgdNSN9EYUzamQ+xYlDRE7aezVafkxDp9MoiUfdKQmft7IqWh1pMwsJ0hNSO9WMvM/2qdxAyu/JTLODEo2fyjQSKIiUh2N+lzhcyIiQXKFLe7EjaiijJj08lC8BZPXobmedWzfHdRqV3ncRThCI7hDDy4hBrcQh0awGAIz/AKb45wXpx352PeWnDymUP4I+fzB3DFjTo=</latexit>

q
<latexit sha1_base64="SJFCULkFFTDVLNs2vRSST/8Mfiw=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNpTNdtIu3Wzi7kYoof/AiwdFvPqPvPlv3LQ5aOsLCw/vzLAzb5AIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XVef3hCpXks780kQT+iQ8lDzqix1t1jpV+tuXV3JrIMXgE1KNTsV796g5ilEUrDBNW667mJ8TOqDG cCp5VeqjGhbEyH2LUoaYTaz2abTsmJdQYkjJV90pCZ+3sio5HWkyiwnRE1I71Yy83/at3UhJd+xmWSGpRs/lGYCmJikp9NBlwhM2JigTLF7a6EjaiizNhw8hC8xZOXoX1W9yzfntcaV0UcZTiCYzgFDy6gATfQhBYwCOEZXuHNGTsvzrvzMW8tOcXMIfyR8/kDECuNCQ==</latexit><latexit sha1_base64="SJFCULkFFTDVLNs2vRSST/8Mfiw=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNpTNdtIu3Wzi7kYoof/AiwdFvPqPvPlv3LQ5aOsLCw/vzLAzb5AIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XVef3hCpXks780kQT+iQ8lDzqix1t1jpV+tuXV3JrIMXgE1KNTsV796g5ilEUrDBNW667mJ8TOqDG cCp5VeqjGhbEyH2LUoaYTaz2abTsmJdQYkjJV90pCZ+3sio5HWkyiwnRE1I71Yy83/at3UhJd+xmWSGpRs/lGYCmJikp9NBlwhM2JigTLF7a6EjaiizNhw8hC8xZOXoX1W9yzfntcaV0UcZTiCYzgFDy6gATfQhBYwCOEZXuHNGTsvzrvzMW8tOcXMIfyR8/kDECuNCQ==</latexit><latexit sha1_base64="SJFCULkFFTDVLNs2vRSST/8Mfiw=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNpTNdtIu3Wzi7kYoof/AiwdFvPqPvPlv3LQ5aOsLCw/vzLAzb5AIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XVef3hCpXks780kQT+iQ8lDzqix1t1jpV+tuXV3JrIMXgE1KNTsV796g5ilEUrDBNW667mJ8TOqDG cCp5VeqjGhbEyH2LUoaYTaz2abTsmJdQYkjJV90pCZ+3sio5HWkyiwnRE1I71Yy83/at3UhJd+xmWSGpRs/lGYCmJikp9NBlwhM2JigTLF7a6EjaiizNhw8hC8xZOXoX1W9yzfntcaV0UcZTiCYzgFDy6gATfQhBYwCOEZXuHNGTsvzrvzMW8tOcXMIfyR8/kDECuNCQ==</latexit><latexit sha1_base64="SJFCULkFFTDVLNs2vRSST/8Mfiw=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNpTNdtIu3Wzi7kYoof/AiwdFvPqPvPlv3LQ5aOsLCw/vzLAzb5AIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XVef3hCpXks780kQT+iQ8lDzqix1t1jpV+tuXV3JrIMXgE1KNTsV796g5ilEUrDBNW667mJ8TOqDG cCp5VeqjGhbEyH2LUoaYTaz2abTsmJdQYkjJV90pCZ+3sio5HWkyiwnRE1I71Yy83/at3UhJd+xmWSGpRs/lGYCmJikp9NBlwhM2JigTLF7a6EjaiizNhw8hC8xZOXoX1W9yzfntcaV0UcZTiCYzgFDy6gATfQhBYwCOEZXuHNGTsvzrvzMW8tOcXMIfyR8/kDECuNCQ==</latexit>

y*: difference between 2 leading jets’ rapidity 



  Background estimation

!7Gang Zhang

• The QCD background distribution is 
a smoothly falling spectrum 

• New resonance is the local excess 
on the smoothly falling background 

• Use smooth functions to fit the data 

     where pi iare free parameters and 

E
ve

nt
s

mjj

New resonance

QCD background
f(x) = p1x−p2e−p3x−p4x2

f(x) = p1(1 − x)p2xp3

f(x) = p1(1 − x)p2xp3+p4 ln x+p5(ln x)2

f(x) = p1(1 − x)p2xp3+p4 ln x

x = mjj/ s



!8Gang Zhang

  Sliding window fit (SWiFt)
• Hard to fit entire mass range with a single function due to tight constrain from high 

statistics data  

• Successive fit of each mass bin is conducted 

• Background in each mass bin is predicted by the center of fitted function in 
corresponding mass window

The mass window

= The broadest possible range 


   retains 𝜒2 p-value >0.05



  Search results

!9Gang Zhang

• Use Bump-Hunter to find the largest excess, from 2 bins to half 
spectrum 

• Search phase is independent of any model 

• No evidence of new resonances was observed
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  Model dependent limits

!10Gang Zhang

• Use Bayesian method to set 
limits 

• B-tagged categories yield Z’ 
limits comparable to the 
flavour-inclusive categories 

• Stronger 95% CL upper limits

Combined triggerSingle-photon  
trigger Combined triggerSingle-photon  

trigger



  Model independent limits

!11Gang Zhang

• Signals are gaussian shape with different width 

• Limits in 2 b-tags channels can be reinterpreted in 
terms of resonances decaying preferentially into b-
quarks 

Combined  
trigger

Single-photon  
trigger

Combined  
trigger

Single-photon  
trigger



  Conclusion

!12Gang Zhang

• Searched for the new resonance in the invariant mass 
spectrum of dijet pairs from 169 GeV to 1100 GeV using 
80 fb-1 Run 2 data 

• No evidence of new physics was observed 

• Significantly extend the constraints on hadronically 
decaying resonances from 225 GeV to 1100 GeV

Thank you!



  Backup

!13Gang Zhang



  Signal injection

!14Gang Zhang

• Test all signal samples to determine the minimum allowed sizes of mass window 

• Draw pseudo-experiments with statistics equivalent to the statistics of the full dataset from a 
smooth fit to the unblinded 15 fb-1 data 

• When injecting a nearly-detectable signal, the background estimation agrees within statistical 
uncertainties with that derived when fitting a background-only distribution

• msignal = 550 GeV, Gaussian-shaped 

• Bump excluded(bump not excluded): 
signal normalization is just 
above(below) the BumpHunter 0.01 
p-value threshold for removal of the 
window corresponding to the excess 

• Red area: No signal injection



  Systematics

!15Gang Zhang



  Fit uncertainty and function choice uncertainty

!16Gang Zhang

• The primary function yields 
the highest χ2 p-value  

• The function with the lowest 
χ2 p-value which still results 
in a p-value larger than 0.05 is 
chosen as an alternative 
function 


