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BABAR measurements
Previous BABAR search for e+e-→ γA' with
 A' → l+

l
-
   (l = e, μ)  using 516 fb-1 of data

● Searched for A' decaying to light leptons in the mass range

0.02 GeV < mA' < 10.2 GeV

● Placed 90% C.L. upper limit on mixing strength ε : 

Phys.Rev.Lett. 113 (2014) no.20, 201801
arXiv:1406.2980 [hep-ex]

This talk:

Search for invisible decays of a dark photon 

produced in e+e- collisions at BABAR
Phys.Rev.Lett. 119 (2017) no.13, 131804
arXiv:1702.03327 [hep-ex] 

Search for a muonic dark force at BABAR
Phys.Rev. D94 (2016) no.1, 011102
 arXiv:1606.03501 [hep-ex]

l
+

l
-
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• Hidden-sector dark matter (DM): Dark matter interacts through a new 
force

A0
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𝛘1
𝛘2

𝛘n…

• Viable over DM mass range of keV - 100 TeV

• Can give signatures very different from WIMPs for sub-GeV DM 

see e.g., arXiv:1608.08632; arXiv:1707.04591
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• In the minimal dark photon scenario, the 
dark photon decays into SM leptons

• BABAR search for  
                using 516/fb of data

e+e� ! �A0, A0 ! `+`�
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• 90% C.L. upper limit on kinetic 
mixing    for dark photon 
masses 0.02-10.2 GeV

"
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● Searched for A' decaying to light leptons in the mass range
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● Placed 90% C.L. upper limit on mixing strength ε : 

Phys.Rev.Lett. 113 (2014) no.20, 201801
arXiv:1406.2980 [hep-ex]
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Search for invisible decays of a dark photon 

produced in e+e- collisions at BABAR
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e+
<latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit>

�
<latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit>

`+
<latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit><latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit><latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit><latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit>

`�
<latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit><latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit><latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit><latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit>"

<latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit>

PRL 113 (2014) no. 20, 201801  
arXiv:1406.2980
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BABAR measurements
Previous BABAR search for e+e-→ γA' with
 A' → l+

l
-
   (l = e, μ)  using 516 fb-1 of data

● Searched for A' decaying to light leptons in the mass range

0.02 GeV < mA' < 10.2 GeV

● Placed 90% C.L. upper limit on mixing strength ε : 

Phys.Rev.Lett. 113 (2014) no.20, 201801
arXiv:1406.2980 [hep-ex]

This talk:

Search for invisible decays of a dark photon 

produced in e+e- collisions at BABAR
Phys.Rev.Lett. 119 (2017) no.13, 131804
arXiv:1702.03327 [hep-ex] 

Search for a muonic dark force at BABAR
Phys.Rev. D94 (2016) no.1, 011102
 arXiv:1606.03501 [hep-ex]

l
+

l
-

e�
<latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit><latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit><latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit><latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit>

e+
<latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit>

�
<latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit>

"
<latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit>

�
<latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit><latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit><latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit><latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit>

�̄
<latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit><latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit><latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit><latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit>

• If the dark photon decays into DM, 
we instead get a monophoton + 
invisible signature 

(↵D > "2↵)
<latexit sha1_base64="3nl70QzrkCjdRVbpptrvv/9oCYI=">AAACDHicbVDLSsNAFJ34rPUVdelmsAp1U5IiqBsp6sJlBWMLTSw302k7dDIJM5NCCf0BN/6KGxcqbv0Ad/6N08dCWw9cOJxzL/feEyacKe0439bC4tLyympuLb++sbm1be/s3qs4lYR6JOaxrIegKGeCepppTuuJpBCFnNbC3tXIr/WpVCwWd3qQ0CCCjmBtRkAbqWkfFn3gSReamS8jfD288PsgaaIYj8VDeeIdN+2CU3LGwPPEnZICmqLatL/8VkzSiApNOCjVcJ1EBxlIzQinw7yfKpoA6UGHNgwVEFEVZONvhvjIKC3cjqUpofFY/T2RQaTUIApNZwS6q2a9kfif10h1+yzImEhSTQWZLGqnHOsYj6LBLSYp0XxgCBDJzK2YdEEC0SbAvAnBnX15nnjl0nnJvT0pVC6naeTQPjpAReSiU1RBN6iKPETQI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/ciabXw==</latexit><latexit sha1_base64="3nl70QzrkCjdRVbpptrvv/9oCYI=">AAACDHicbVDLSsNAFJ34rPUVdelmsAp1U5IiqBsp6sJlBWMLTSw302k7dDIJM5NCCf0BN/6KGxcqbv0Ad/6N08dCWw9cOJxzL/feEyacKe0439bC4tLyympuLb++sbm1be/s3qs4lYR6JOaxrIegKGeCepppTuuJpBCFnNbC3tXIr/WpVCwWd3qQ0CCCjmBtRkAbqWkfFn3gSReamS8jfD288PsgaaIYj8VDeeIdN+2CU3LGwPPEnZICmqLatL/8VkzSiApNOCjVcJ1EBxlIzQinw7yfKpoA6UGHNgwVEFEVZONvhvjIKC3cjqUpofFY/T2RQaTUIApNZwS6q2a9kfif10h1+yzImEhSTQWZLGqnHOsYj6LBLSYp0XxgCBDJzK2YdEEC0SbAvAnBnX15nnjl0nnJvT0pVC6naeTQPjpAReSiU1RBN6iKPETQI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/ciabXw==</latexit><latexit sha1_base64="3nl70QzrkCjdRVbpptrvv/9oCYI=">AAACDHicbVDLSsNAFJ34rPUVdelmsAp1U5IiqBsp6sJlBWMLTSw302k7dDIJM5NCCf0BN/6KGxcqbv0Ad/6N08dCWw9cOJxzL/feEyacKe0439bC4tLyympuLb++sbm1be/s3qs4lYR6JOaxrIegKGeCepppTuuJpBCFnNbC3tXIr/WpVCwWd3qQ0CCCjmBtRkAbqWkfFn3gSReamS8jfD288PsgaaIYj8VDeeIdN+2CU3LGwPPEnZICmqLatL/8VkzSiApNOCjVcJ1EBxlIzQinw7yfKpoA6UGHNgwVEFEVZONvhvjIKC3cjqUpofFY/T2RQaTUIApNZwS6q2a9kfif10h1+yzImEhSTQWZLGqnHOsYj6LBLSYp0XxgCBDJzK2YdEEC0SbAvAnBnX15nnjl0nnJvT0pVC6naeTQPjpAReSiU1RBN6iKPETQI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/ciabXw==</latexit><latexit sha1_base64="3nl70QzrkCjdRVbpptrvv/9oCYI=">AAACDHicbVDLSsNAFJ34rPUVdelmsAp1U5IiqBsp6sJlBWMLTSw302k7dDIJM5NCCf0BN/6KGxcqbv0Ad/6N08dCWw9cOJxzL/feEyacKe0439bC4tLyympuLb++sbm1be/s3qs4lYR6JOaxrIegKGeCepppTuuJpBCFnNbC3tXIr/WpVCwWd3qQ0CCCjmBtRkAbqWkfFn3gSReamS8jfD288PsgaaIYj8VDeeIdN+2CU3LGwPPEnZICmqLatL/8VkzSiApNOCjVcJ1EBxlIzQinw7yfKpoA6UGHNgwVEFEVZONvhvjIKC3cjqUpofFY/T2RQaTUIApNZwS6q2a9kfif10h1+yzImEhSTQWZLGqnHOsYj6LBLSYp0XxgCBDJzK2YdEEC0SbAvAnBnX15nnjl0nnJvT0pVC6naeTQPjpAReSiU1RBN6iKPETQI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/ciabXw==</latexit>

PRL 119 (2017) no. 13, 131804  
arXiv:1702.0327
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BABAR measurements
Previous BABAR search for e+e-→ γA' with
 A' → l+

l
-
   (l = e, μ)  using 516 fb-1 of data

● Searched for A' decaying to light leptons in the mass range

0.02 GeV < mA' < 10.2 GeV

● Placed 90% C.L. upper limit on mixing strength ε : 

Phys.Rev.Lett. 113 (2014) no.20, 201801
arXiv:1406.2980 [hep-ex]

This talk:

Search for invisible decays of a dark photon 

produced in e+e- collisions at BABAR
Phys.Rev.Lett. 119 (2017) no.13, 131804
arXiv:1702.03327 [hep-ex] 

Search for a muonic dark force at BABAR
Phys.Rev. D94 (2016) no.1, 011102
 arXiv:1606.03501 [hep-ex]

l
+

l
-

e�
<latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit><latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit><latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit><latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit>

e+
<latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit>

�
<latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit>

"
<latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit>

�
<latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit><latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit><latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit><latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit>

�̄
<latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit><latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit><latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit><latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit>

• If the dark photon decays into DM, 
we instead get a monophoton + 
invisible signature 

(↵D > "2↵)
<latexit sha1_base64="3nl70QzrkCjdRVbpptrvv/9oCYI=">AAACDHicbVDLSsNAFJ34rPUVdelmsAp1U5IiqBsp6sJlBWMLTSw302k7dDIJM5NCCf0BN/6KGxcqbv0Ad/6N08dCWw9cOJxzL/feEyacKe0439bC4tLyympuLb++sbm1be/s3qs4lYR6JOaxrIegKGeCepppTuuJpBCFnNbC3tXIr/WpVCwWd3qQ0CCCjmBtRkAbqWkfFn3gSReamS8jfD288PsgaaIYj8VDeeIdN+2CU3LGwPPEnZICmqLatL/8VkzSiApNOCjVcJ1EBxlIzQinw7yfKpoA6UGHNgwVEFEVZONvhvjIKC3cjqUpofFY/T2RQaTUIApNZwS6q2a9kfif10h1+yzImEhSTQWZLGqnHOsYj6LBLSYp0XxgCBDJzK2YdEEC0SbAvAnBnX15nnjl0nnJvT0pVC6naeTQPjpAReSiU1RBN6iKPETQI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/ciabXw==</latexit><latexit sha1_base64="3nl70QzrkCjdRVbpptrvv/9oCYI=">AAACDHicbVDLSsNAFJ34rPUVdelmsAp1U5IiqBsp6sJlBWMLTSw302k7dDIJM5NCCf0BN/6KGxcqbv0Ad/6N08dCWw9cOJxzL/feEyacKe0439bC4tLyympuLb++sbm1be/s3qs4lYR6JOaxrIegKGeCepppTuuJpBCFnNbC3tXIr/WpVCwWd3qQ0CCCjmBtRkAbqWkfFn3gSReamS8jfD288PsgaaIYj8VDeeIdN+2CU3LGwPPEnZICmqLatL/8VkzSiApNOCjVcJ1EBxlIzQinw7yfKpoA6UGHNgwVEFEVZONvhvjIKC3cjqUpofFY/T2RQaTUIApNZwS6q2a9kfif10h1+yzImEhSTQWZLGqnHOsYj6LBLSYp0XxgCBDJzK2YdEEC0SbAvAnBnX15nnjl0nnJvT0pVC6naeTQPjpAReSiU1RBN6iKPETQI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/ciabXw==</latexit><latexit sha1_base64="3nl70QzrkCjdRVbpptrvv/9oCYI=">AAACDHicbVDLSsNAFJ34rPUVdelmsAp1U5IiqBsp6sJlBWMLTSw302k7dDIJM5NCCf0BN/6KGxcqbv0Ad/6N08dCWw9cOJxzL/feEyacKe0439bC4tLyympuLb++sbm1be/s3qs4lYR6JOaxrIegKGeCepppTuuJpBCFnNbC3tXIr/WpVCwWd3qQ0CCCjmBtRkAbqWkfFn3gSReamS8jfD288PsgaaIYj8VDeeIdN+2CU3LGwPPEnZICmqLatL/8VkzSiApNOCjVcJ1EBxlIzQinw7yfKpoA6UGHNgwVEFEVZONvhvjIKC3cjqUpofFY/T2RQaTUIApNZwS6q2a9kfif10h1+yzImEhSTQWZLGqnHOsYj6LBLSYp0XxgCBDJzK2YdEEC0SbAvAnBnX15nnjl0nnJvT0pVC6naeTQPjpAReSiU1RBN6iKPETQI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/ciabXw==</latexit><latexit sha1_base64="3nl70QzrkCjdRVbpptrvv/9oCYI=">AAACDHicbVDLSsNAFJ34rPUVdelmsAp1U5IiqBsp6sJlBWMLTSw302k7dDIJM5NCCf0BN/6KGxcqbv0Ad/6N08dCWw9cOJxzL/feEyacKe0439bC4tLyympuLb++sbm1be/s3qs4lYR6JOaxrIegKGeCepppTuuJpBCFnNbC3tXIr/WpVCwWd3qQ0CCCjmBtRkAbqWkfFn3gSReamS8jfD288PsgaaIYj8VDeeIdN+2CU3LGwPPEnZICmqLatL/8VkzSiApNOCjVcJ1EBxlIzQinw7yfKpoA6UGHNgwVEFEVZONvhvjIKC3cjqUpofFY/T2RQaTUIApNZwS6q2a9kfif10h1+yzImEhSTQWZLGqnHOsYj6LBLSYp0XxgCBDJzK2YdEEC0SbAvAnBnX15nnjl0nnJvT0pVC6naeTQPjpAReSiU1RBN6iKPETQI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/ciabXw==</latexit>
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• The dark force could couple 
predominantly to heavy flavor 
leptons
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DIRC (PID)

144 quartz bars

11000 PMs

1.5T 

Solenoid 

EMC

6580 CsI(Tl) crystals

Drift Chamber

40  layers

Instrumented Flux Return

iron / RPCs  (muon / neutral hadrons)

e  (3.1GeV)

e  (9 GeV)

BABAR Detector

Silicon Vertex Tracker

5 layers, double sided strips

• 432/fb          
“on peak”

⌥(4S)
<latexit sha1_base64="zb6o+Om3y9OsvcbAT3Q+eiGpIic=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBHqpSRSUG9FLx4rGltoQtlsN+3Sze6yuxFK6N/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8WDKqjed9Oyura+sbm6Wt8vbO7t5+5eDwUYtMYRJgwYTqxEgTRjkJDDWMdKQiKI0Zacejm6nffiJKU8EfzFiSKEUDThOKkbFSGAZSUyZ4rXF/1qtUvbo3g7tM/IJUoUCrV/kK+wJnKeEGM6R11/ekiXKkDMWMTMphpolEeIQGpGspRynRUT67eeKeWqXvJkLZ4sadqb8ncpRqPU5j25kiM9SL3lT8z+tmJrmMcsplZgjH80VJxlwj3GkAbp8qgg0bW4KwovZWFw+RQtjYmMo2BH/x5WUSnNev6v5do9q8LtIowTGcQA18uIAm3EILAsAg4Rle4c3JnBfn3fmYt644xcwR/IHz+QOIdJDk</latexit><latexit sha1_base64="zb6o+Om3y9OsvcbAT3Q+eiGpIic=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBHqpSRSUG9FLx4rGltoQtlsN+3Sze6yuxFK6N/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8WDKqjed9Oyura+sbm6Wt8vbO7t5+5eDwUYtMYRJgwYTqxEgTRjkJDDWMdKQiKI0Zacejm6nffiJKU8EfzFiSKEUDThOKkbFSGAZSUyZ4rXF/1qtUvbo3g7tM/IJUoUCrV/kK+wJnKeEGM6R11/ekiXKkDMWMTMphpolEeIQGpGspRynRUT67eeKeWqXvJkLZ4sadqb8ncpRqPU5j25kiM9SL3lT8z+tmJrmMcsplZgjH80VJxlwj3GkAbp8qgg0bW4KwovZWFw+RQtjYmMo2BH/x5WUSnNev6v5do9q8LtIowTGcQA18uIAm3EILAsAg4Rle4c3JnBfn3fmYt644xcwR/IHz+QOIdJDk</latexit><latexit sha1_base64="zb6o+Om3y9OsvcbAT3Q+eiGpIic=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBHqpSRSUG9FLx4rGltoQtlsN+3Sze6yuxFK6N/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8WDKqjed9Oyura+sbm6Wt8vbO7t5+5eDwUYtMYRJgwYTqxEgTRjkJDDWMdKQiKI0Zacejm6nffiJKU8EfzFiSKEUDThOKkbFSGAZSUyZ4rXF/1qtUvbo3g7tM/IJUoUCrV/kK+wJnKeEGM6R11/ekiXKkDMWMTMphpolEeIQGpGspRynRUT67eeKeWqXvJkLZ4sadqb8ncpRqPU5j25kiM9SL3lT8z+tmJrmMcsplZgjH80VJxlwj3GkAbp8qgg0bW4KwovZWFw+RQtjYmMo2BH/x5WUSnNev6v5do9q8LtIowTGcQA18uIAm3EILAsAg4Rle4c3JnBfn3fmYt644xcwR/IHz+QOIdJDk</latexit><latexit sha1_base64="zb6o+Om3y9OsvcbAT3Q+eiGpIic=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBHqpSRSUG9FLx4rGltoQtlsN+3Sze6yuxFK6N/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8WDKqjed9Oyura+sbm6Wt8vbO7t5+5eDwUYtMYRJgwYTqxEgTRjkJDDWMdKQiKI0Zacejm6nffiJKU8EfzFiSKEUDThOKkbFSGAZSUyZ4rXF/1qtUvbo3g7tM/IJUoUCrV/kK+wJnKeEGM6R11/ekiXKkDMWMTMphpolEeIQGpGspRynRUT67eeKeWqXvJkLZ4sadqb8ncpRqPU5j25kiM9SL3lT8z+tmJrmMcsplZgjH80VJxlwj3GkAbp8qgg0bW4KwovZWFw+RQtjYmMo2BH/x5WUSnNev6v5do9q8LtIowTGcQA18uIAm3EILAsAg4Rle4c3JnBfn3fmYt644xcwR/IHz+QOIdJDk</latexit>

• 53/fb non-
resonant “off 
peak”

• smaller 
samples at
⌥(2S)/⌥(3S)

<latexit sha1_base64="8UkY4fO/3zANzG8sRHj4hThd+vM=">AAACAXicbVDLSgMxFM3UV62vUVfiJliEdlNnqqDuim5cVurYQjuUTJqpoZlkSDJCGYobf8WNCxW3/oU7/8a0HURbD1w4Oedecu8JYkaVdpwvK7ewuLS8kl8trK1vbG7Z2zu3SiQSEw8LJmQrQIowyomnqWakFUuCooCRZjC4HPvNeyIVFfxGD2PiR6jPaUgx0kbq2nsdL1aUCV6qNspHP4/jRrlrF52KMwGcJ25GiiBDvWt/dnoCJxHhGjOkVNt1Yu2nSGqKGRkVOokiMcID1CdtQzmKiPLTyQkjeGiUHgyFNMU1nKi/J1IUKTWMAtMZIX2nZr2x+J/XTnR45qeUx4kmHE8/ChMGtYDjPGCPSoI1GxqCsKRmV4jvkERYm9QKJgR39uR54lUr5xX3+qRYu8jSyIN9cABKwAWnoAauQB14AIMH8ARewKv1aD1bb9b7tDVnZTO74A+sj2+vy5Xh</latexit><latexit sha1_base64="8UkY4fO/3zANzG8sRHj4hThd+vM=">AAACAXicbVDLSgMxFM3UV62vUVfiJliEdlNnqqDuim5cVurYQjuUTJqpoZlkSDJCGYobf8WNCxW3/oU7/8a0HURbD1w4Oedecu8JYkaVdpwvK7ewuLS8kl8trK1vbG7Z2zu3SiQSEw8LJmQrQIowyomnqWakFUuCooCRZjC4HPvNeyIVFfxGD2PiR6jPaUgx0kbq2nsdL1aUCV6qNspHP4/jRrlrF52KMwGcJ25GiiBDvWt/dnoCJxHhGjOkVNt1Yu2nSGqKGRkVOokiMcID1CdtQzmKiPLTyQkjeGiUHgyFNMU1nKi/J1IUKTWMAtMZIX2nZr2x+J/XTnR45qeUx4kmHE8/ChMGtYDjPGCPSoI1GxqCsKRmV4jvkERYm9QKJgR39uR54lUr5xX3+qRYu8jSyIN9cABKwAWnoAauQB14AIMH8ARewKv1aD1bb9b7tDVnZTO74A+sj2+vy5Xh</latexit><latexit sha1_base64="8UkY4fO/3zANzG8sRHj4hThd+vM=">AAACAXicbVDLSgMxFM3UV62vUVfiJliEdlNnqqDuim5cVurYQjuUTJqpoZlkSDJCGYobf8WNCxW3/oU7/8a0HURbD1w4Oedecu8JYkaVdpwvK7ewuLS8kl8trK1vbG7Z2zu3SiQSEw8LJmQrQIowyomnqWakFUuCooCRZjC4HPvNeyIVFfxGD2PiR6jPaUgx0kbq2nsdL1aUCV6qNspHP4/jRrlrF52KMwGcJ25GiiBDvWt/dnoCJxHhGjOkVNt1Yu2nSGqKGRkVOokiMcID1CdtQzmKiPLTyQkjeGiUHgyFNMU1nKi/J1IUKTWMAtMZIX2nZr2x+J/XTnR45qeUx4kmHE8/ChMGtYDjPGCPSoI1GxqCsKRmV4jvkERYm9QKJgR39uR54lUr5xX3+qRYu8jSyIN9cABKwAWnoAauQB14AIMH8ARewKv1aD1bb9b7tDVnZTO74A+sj2+vy5Xh</latexit><latexit sha1_base64="8UkY4fO/3zANzG8sRHj4hThd+vM=">AAACAXicbVDLSgMxFM3UV62vUVfiJliEdlNnqqDuim5cVurYQjuUTJqpoZlkSDJCGYobf8WNCxW3/oU7/8a0HURbD1w4Oedecu8JYkaVdpwvK7ewuLS8kl8trK1vbG7Z2zu3SiQSEw8LJmQrQIowyomnqWakFUuCooCRZjC4HPvNeyIVFfxGD2PiR6jPaUgx0kbq2nsdL1aUCV6qNspHP4/jRrlrF52KMwGcJ25GiiBDvWt/dnoCJxHhGjOkVNt1Yu2nSGqKGRkVOokiMcID1CdtQzmKiPLTyQkjeGiUHgyFNMU1nKi/J1IUKTWMAtMZIX2nZr2x+J/XTnR45qeUx4kmHE8/ChMGtYDjPGCPSoI1GxqCsKRmV4jvkERYm9QKJgR39uR54lUr5xX3+qRYu8jSyIN9cABKwAWnoAauQB14AIMH8ARewKv1aD1bb9b7tDVnZTO74A+sj2+vy5Xh</latexit>

1999-2008



A0
<latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit>(1) Low     mass:
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BABAR measurements
Previous BABAR search for e+e-→ γA' with
 A' → l+

l
-
   (l = e, μ)  using 516 fb-1 of data

● Searched for A' decaying to light leptons in the mass range

0.02 GeV < mA' < 10.2 GeV

● Placed 90% C.L. upper limit on mixing strength ε : 

Phys.Rev.Lett. 113 (2014) no.20, 201801
arXiv:1406.2980 [hep-ex]

This talk:

Search for invisible decays of a dark photon 

produced in e+e- collisions at BABAR
Phys.Rev.Lett. 119 (2017) no.13, 131804
arXiv:1702.03327 [hep-ex] 

Search for a muonic dark force at BABAR
Phys.Rev. D94 (2016) no.1, 011102
 arXiv:1606.03501 [hep-ex]

l
+

l
-

e�
<latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit><latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit><latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit><latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit>

e+
<latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit>

�
<latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit>

"
<latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit>

�
<latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit><latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit><latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit><latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit>

�̄
<latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit><latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit><latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit><latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit>

• Single photon trigger

• Only implemented in final running period!

• L1 hardware trigger: 1 or more clusters with Elab > 0.8 GeV
<latexit sha1_base64="bizxFf6PHOMfshngvQKoMZlJJyw=">AAACB3icbVBNSwMxEM3Wr1q/qh49GCyCB1l2RbBepCiixwpuW2jLkk2nbWiyuyRZoSw9evGvePGg4tW/4M1/Y7btQVtfCDzem2FmXhBzprTjfFu5hcWl5ZX8amFtfWNzq7i9U1NRIil4NOKRbAREAWcheJppDo1YAhEBh3owuMr8+gNIxaLwXg9jaAvSC1mXUaKN5Bf3r/20JQXmJBhdOHa5dWyeILovRXoDtZFfLDm2MwaeJ+6UlNAUVb/41epENBEQasqJUk3XiXU7JVIzymFUaCUKYkIHpAdNQ0MiQLXT8SEjfGiUDu5G0vxQ47H6uyMlQqmhCExltqOa9TLxP6+Z6G65nbIwTjSEdDKom3CsI5ylgjtMAtV8aAihkpldMe0TSag22RVMCO7syfPEO7HPbffutFS5nKaRR3voAB0hF52hCrpFVeQhih7RM3pFb9aT9WK9Wx+T0pw17dlFf2B9/gCNGpie</latexit><latexit sha1_base64="bizxFf6PHOMfshngvQKoMZlJJyw=">AAACB3icbVBNSwMxEM3Wr1q/qh49GCyCB1l2RbBepCiixwpuW2jLkk2nbWiyuyRZoSw9evGvePGg4tW/4M1/Y7btQVtfCDzem2FmXhBzprTjfFu5hcWl5ZX8amFtfWNzq7i9U1NRIil4NOKRbAREAWcheJppDo1YAhEBh3owuMr8+gNIxaLwXg9jaAvSC1mXUaKN5Bf3r/20JQXmJBhdOHa5dWyeILovRXoDtZFfLDm2MwaeJ+6UlNAUVb/41epENBEQasqJUk3XiXU7JVIzymFUaCUKYkIHpAdNQ0MiQLXT8SEjfGiUDu5G0vxQ47H6uyMlQqmhCExltqOa9TLxP6+Z6G65nbIwTjSEdDKom3CsI5ylgjtMAtV8aAihkpldMe0TSag22RVMCO7syfPEO7HPbffutFS5nKaRR3voAB0hF52hCrpFVeQhih7RM3pFb9aT9WK9Wx+T0pw17dlFf2B9/gCNGpie</latexit><latexit sha1_base64="bizxFf6PHOMfshngvQKoMZlJJyw=">AAACB3icbVBNSwMxEM3Wr1q/qh49GCyCB1l2RbBepCiixwpuW2jLkk2nbWiyuyRZoSw9evGvePGg4tW/4M1/Y7btQVtfCDzem2FmXhBzprTjfFu5hcWl5ZX8amFtfWNzq7i9U1NRIil4NOKRbAREAWcheJppDo1YAhEBh3owuMr8+gNIxaLwXg9jaAvSC1mXUaKN5Bf3r/20JQXmJBhdOHa5dWyeILovRXoDtZFfLDm2MwaeJ+6UlNAUVb/41epENBEQasqJUk3XiXU7JVIzymFUaCUKYkIHpAdNQ0MiQLXT8SEjfGiUDu5G0vxQ47H6uyMlQqmhCExltqOa9TLxP6+Z6G65nbIwTjSEdDKom3CsI5ylgjtMAtV8aAihkpldMe0TSag22RVMCO7syfPEO7HPbffutFS5nKaRR3voAB0hF52hCrpFVeQhih7RM3pFb9aT9WK9Wx+T0pw17dlFf2B9/gCNGpie</latexit><latexit sha1_base64="bizxFf6PHOMfshngvQKoMZlJJyw=">AAACB3icbVBNSwMxEM3Wr1q/qh49GCyCB1l2RbBepCiixwpuW2jLkk2nbWiyuyRZoSw9evGvePGg4tW/4M1/Y7btQVtfCDzem2FmXhBzprTjfFu5hcWl5ZX8amFtfWNzq7i9U1NRIil4NOKRbAREAWcheJppDo1YAhEBh3owuMr8+gNIxaLwXg9jaAvSC1mXUaKN5Bf3r/20JQXmJBhdOHa5dWyeILovRXoDtZFfLDm2MwaeJ+6UlNAUVb/41epENBEQasqJUk3XiXU7JVIzymFUaCUKYkIHpAdNQ0MiQLXT8SEjfGiUDu5G0vxQ47H6uyMlQqmhCExltqOa9TLxP6+Z6G65nbIwTjSEdDKom3CsI5ylgjtMAtV8aAihkpldMe0TSag22RVMCO7syfPEO7HPbffutFS5nKaRR3voAB0hF52hCrpFVeQhih7RM3pFb9aT9WK9Wx+T0pw17dlFf2B9/gCNGpie</latexit>

• Two L3 software triggers, both veto tracks from interaction region:

E⇤
� > 2 GeV

<latexit sha1_base64="rWnoOuHSpAF9rDwvqxpJ7SEt928=">AAACBHicbVDLSsNAFJ3UV62vqEtdBIsgIiUpgrqRooguK5i20MQwmU7boTOTMDMRSujGjb/ixoWKWz/CnX/jpM1CW88wcDjnXu69J4wpkcq2v43C3PzC4lJxubSyura+YW5uNWSUCIRdFNFItEIoMSUcu4ooiluxwJCFFDfDwWXmNx+wkCTid2oYY5/BHiddgqDSUmDuXgVeDzIG7w/Pq96RfgyqvmDpNW6MArNsV+wxrFni5KQMctQD88vrRChhmCtEoZRtx46Vn0KhCKJ4VPISiWOIBrCH25pyyLD00/EVI2tfKx2rGwn9ubLG6u+OFDIphyzUldmOctrLxP+8dqK6p35KeJwozNFkUDehloqsLBKrQwRGig41gUgQvauF+lBApHRwJR2CM33yLHGrlbOKc3tcrl3kaRTBDtgDB8ABJ6AGbkAduACBR/AMXsGb8WS8GO/Gx6S0YOQ92+APjM8ffY6XgQ==</latexit><latexit sha1_base64="rWnoOuHSpAF9rDwvqxpJ7SEt928=">AAACBHicbVDLSsNAFJ3UV62vqEtdBIsgIiUpgrqRooguK5i20MQwmU7boTOTMDMRSujGjb/ixoWKWz/CnX/jpM1CW88wcDjnXu69J4wpkcq2v43C3PzC4lJxubSyura+YW5uNWSUCIRdFNFItEIoMSUcu4ooiluxwJCFFDfDwWXmNx+wkCTid2oYY5/BHiddgqDSUmDuXgVeDzIG7w/Pq96RfgyqvmDpNW6MArNsV+wxrFni5KQMctQD88vrRChhmCtEoZRtx46Vn0KhCKJ4VPISiWOIBrCH25pyyLD00/EVI2tfKx2rGwn9ubLG6u+OFDIphyzUldmOctrLxP+8dqK6p35KeJwozNFkUDehloqsLBKrQwRGig41gUgQvauF+lBApHRwJR2CM33yLHGrlbOKc3tcrl3kaRTBDtgDB8ABJ6AGbkAduACBR/AMXsGb8WS8GO/Gx6S0YOQ92+APjM8ffY6XgQ==</latexit><latexit sha1_base64="rWnoOuHSpAF9rDwvqxpJ7SEt928=">AAACBHicbVDLSsNAFJ3UV62vqEtdBIsgIiUpgrqRooguK5i20MQwmU7boTOTMDMRSujGjb/ixoWKWz/CnX/jpM1CW88wcDjnXu69J4wpkcq2v43C3PzC4lJxubSyura+YW5uNWSUCIRdFNFItEIoMSUcu4ooiluxwJCFFDfDwWXmNx+wkCTid2oYY5/BHiddgqDSUmDuXgVeDzIG7w/Pq96RfgyqvmDpNW6MArNsV+wxrFni5KQMctQD88vrRChhmCtEoZRtx46Vn0KhCKJ4VPISiWOIBrCH25pyyLD00/EVI2tfKx2rGwn9ubLG6u+OFDIphyzUldmOctrLxP+8dqK6p35KeJwozNFkUDehloqsLBKrQwRGig41gUgQvauF+lBApHRwJR2CM33yLHGrlbOKc3tcrl3kaRTBDtgDB8ABJ6AGbkAduACBR/AMXsGb8WS8GO/Gx6S0YOQ92+APjM8ffY6XgQ==</latexit><latexit sha1_base64="rWnoOuHSpAF9rDwvqxpJ7SEt928=">AAACBHicbVDLSsNAFJ3UV62vqEtdBIsgIiUpgrqRooguK5i20MQwmU7boTOTMDMRSujGjb/ixoWKWz/CnX/jpM1CW88wcDjnXu69J4wpkcq2v43C3PzC4lJxubSyura+YW5uNWSUCIRdFNFItEIoMSUcu4ooiluxwJCFFDfDwWXmNx+wkCTid2oYY5/BHiddgqDSUmDuXgVeDzIG7w/Pq96RfgyqvmDpNW6MArNsV+wxrFni5KQMctQD88vrRChhmCtEoZRtx46Vn0KhCKJ4VPISiWOIBrCH25pyyLD00/EVI2tfKx2rGwn9ubLG6u+OFDIphyzUldmOctrLxP+8dqK6p35KeJwozNFkUDehloqsLBKrQwRGig41gUgQvauF+lBApHRwJR2CM33yLHGrlbOKc3tcrl3kaRTBDtgDB8ABJ6AGbkAduACBR/AMXsGb8WS8GO/Gx6S0YOQ92+APjM8ffY6XgQ==</latexit>

E⇤
� > 1 GeV

<latexit sha1_base64="3K9jpRLVRj2ZBptN3gZ8ljNn6fY=">AAACBHicbVDLSsNAFJ3UV62vqEtdBIsgIiURQd1IUUSXFUxbaGKYTCft0JlJmJkIJXTjxl9x40LFrR/hzr9x0mah1TMMHM65l3vvCRNKpLLtL6M0Mzs3v1BerCwtr6yumesbTRmnAmEXxTQW7RBKTAnHriKK4nYiMGQhxa1wcJH7rXssJIn5rRom2Gewx0lEEFRaCszty8DrQcbg3f6Z4x3ox6DqC5Zd4eYoMKt2zR7D+kucglRBgUZgfnrdGKUMc4UolLLj2InyMygUQRSPKl4qcQLRAPZwR1MOGZZ+Nr5iZO1qpWtFsdCfK2us/uzIIJNyyEJdme8op71c/M/rpCo68TPCk1RhjiaDopRaKrbySKwuERgpOtQEIkH0rhbqQwGR0sFVdAjO9Ml/iXtYO605N0fV+nmRRhlsgR2wBxxwDOrgGjSACxB4AE/gBbwaj8az8Wa8T0pLRtGzCX7B+PgGe/uXgA==</latexit><latexit sha1_base64="3K9jpRLVRj2ZBptN3gZ8ljNn6fY=">AAACBHicbVDLSsNAFJ3UV62vqEtdBIsgIiURQd1IUUSXFUxbaGKYTCft0JlJmJkIJXTjxl9x40LFrR/hzr9x0mah1TMMHM65l3vvCRNKpLLtL6M0Mzs3v1BerCwtr6yumesbTRmnAmEXxTQW7RBKTAnHriKK4nYiMGQhxa1wcJH7rXssJIn5rRom2Gewx0lEEFRaCszty8DrQcbg3f6Z4x3ox6DqC5Zd4eYoMKt2zR7D+kucglRBgUZgfnrdGKUMc4UolLLj2InyMygUQRSPKl4qcQLRAPZwR1MOGZZ+Nr5iZO1qpWtFsdCfK2us/uzIIJNyyEJdme8op71c/M/rpCo68TPCk1RhjiaDopRaKrbySKwuERgpOtQEIkH0rhbqQwGR0sFVdAjO9Ml/iXtYO605N0fV+nmRRhlsgR2wBxxwDOrgGjSACxB4AE/gBbwaj8az8Wa8T0pLRtGzCX7B+PgGe/uXgA==</latexit><latexit sha1_base64="3K9jpRLVRj2ZBptN3gZ8ljNn6fY=">AAACBHicbVDLSsNAFJ3UV62vqEtdBIsgIiURQd1IUUSXFUxbaGKYTCft0JlJmJkIJXTjxl9x40LFrR/hzr9x0mah1TMMHM65l3vvCRNKpLLtL6M0Mzs3v1BerCwtr6yumesbTRmnAmEXxTQW7RBKTAnHriKK4nYiMGQhxa1wcJH7rXssJIn5rRom2Gewx0lEEFRaCszty8DrQcbg3f6Z4x3ox6DqC5Zd4eYoMKt2zR7D+kucglRBgUZgfnrdGKUMc4UolLLj2InyMygUQRSPKl4qcQLRAPZwR1MOGZZ+Nr5iZO1qpWtFsdCfK2us/uzIIJNyyEJdme8op71c/M/rpCo68TPCk1RhjiaDopRaKrbySKwuERgpOtQEIkH0rhbqQwGR0sFVdAjO9Ml/iXtYO605N0fV+nmRRhlsgR2wBxxwDOrgGjSACxB4AE/gBbwaj8az8Wa8T0pLRtGzCX7B+PgGe/uXgA==</latexit><latexit sha1_base64="3K9jpRLVRj2ZBptN3gZ8ljNn6fY=">AAACBHicbVDLSsNAFJ3UV62vqEtdBIsgIiURQd1IUUSXFUxbaGKYTCft0JlJmJkIJXTjxl9x40LFrR/hzr9x0mah1TMMHM65l3vvCRNKpLLtL6M0Mzs3v1BerCwtr6yumesbTRmnAmEXxTQW7RBKTAnHriKK4nYiMGQhxa1wcJH7rXssJIn5rRom2Gewx0lEEFRaCszty8DrQcbg3f6Z4x3ox6DqC5Zd4eYoMKt2zR7D+kucglRBgUZgfnrdGKUMc4UolLLj2InyMygUQRSPKl4qcQLRAPZwR1MOGZZ+Nr5iZO1qpWtFsdCfK2us/uzIIJNyyEJdme8op71c/M/rpCo68TPCk1RhjiaDopRaKrbySKwuERgpOtQEIkH0rhbqQwGR0sFVdAjO9Ml/iXtYO605N0fV+nmRRhlsgR2wBxxwDOrgGjSACxB4AE/gBbwaj8az8Wa8T0pLRtGzCX7B+PgGe/uXgA==</latexit>

A0
<latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit>

Lint = 53/fb
<latexit sha1_base64="Nk6+TwHftNy3i4kb5mab3kRCQfE=">AAACDHicbVC7TsMwFHV4lvIKMLJYFCSmkvAQMCBVsDAwFInQSm1VOa7TWrWdyHaQqig/wMKvsDAAYuUD2PgbnDQDtBzpSkfn3Kt77/EjRpV2nG9rZnZufmGxtFReXlldW7c3Nu9VGEtMPByyUDZ9pAijgniaakaakSSI+4w0/OFV5jceiFQ0FHd6FJEOR31BA4qRNlLX3m1zpAcYseQm7SZtySEVOr04OTrIDcmTwE+7dsWpOjngNHELUgEF6l37q90LccyJ0JghpVquE+lOgqSmmJG03I4ViRAeoj5pGSoQJ6qT5N+kcM8oPRiE0pTQMFd/TySIKzXivunMTlSTXib+57ViHZx1EiqiWBOBx4uCmEEdwiwa2KOSYM1GhiAsqbkV4gGSCGsTYNmE4E6+PE28w+p51b09rtQuizRKYBvsgH3gglNQA9egDjyAwSN4Bq/gzXqyXqx362PcOmMVM1vgD6zPHzDMm9c=</latexit><latexit sha1_base64="Nk6+TwHftNy3i4kb5mab3kRCQfE=">AAACDHicbVC7TsMwFHV4lvIKMLJYFCSmkvAQMCBVsDAwFInQSm1VOa7TWrWdyHaQqig/wMKvsDAAYuUD2PgbnDQDtBzpSkfn3Kt77/EjRpV2nG9rZnZufmGxtFReXlldW7c3Nu9VGEtMPByyUDZ9pAijgniaakaakSSI+4w0/OFV5jceiFQ0FHd6FJEOR31BA4qRNlLX3m1zpAcYseQm7SZtySEVOr04OTrIDcmTwE+7dsWpOjngNHELUgEF6l37q90LccyJ0JghpVquE+lOgqSmmJG03I4ViRAeoj5pGSoQJ6qT5N+kcM8oPRiE0pTQMFd/TySIKzXivunMTlSTXib+57ViHZx1EiqiWBOBx4uCmEEdwiwa2KOSYM1GhiAsqbkV4gGSCGsTYNmE4E6+PE28w+p51b09rtQuizRKYBvsgH3gglNQA9egDjyAwSN4Bq/gzXqyXqx362PcOmMVM1vgD6zPHzDMm9c=</latexit><latexit sha1_base64="Nk6+TwHftNy3i4kb5mab3kRCQfE=">AAACDHicbVC7TsMwFHV4lvIKMLJYFCSmkvAQMCBVsDAwFInQSm1VOa7TWrWdyHaQqig/wMKvsDAAYuUD2PgbnDQDtBzpSkfn3Kt77/EjRpV2nG9rZnZufmGxtFReXlldW7c3Nu9VGEtMPByyUDZ9pAijgniaakaakSSI+4w0/OFV5jceiFQ0FHd6FJEOR31BA4qRNlLX3m1zpAcYseQm7SZtySEVOr04OTrIDcmTwE+7dsWpOjngNHELUgEF6l37q90LccyJ0JghpVquE+lOgqSmmJG03I4ViRAeoj5pGSoQJ6qT5N+kcM8oPRiE0pTQMFd/TySIKzXivunMTlSTXib+57ViHZx1EiqiWBOBx4uCmEEdwiwa2KOSYM1GhiAsqbkV4gGSCGsTYNmE4E6+PE28w+p51b09rtQuizRKYBvsgH3gglNQA9egDjyAwSN4Bq/gzXqyXqx362PcOmMVM1vgD6zPHzDMm9c=</latexit><latexit sha1_base64="Nk6+TwHftNy3i4kb5mab3kRCQfE=">AAACDHicbVC7TsMwFHV4lvIKMLJYFCSmkvAQMCBVsDAwFInQSm1VOa7TWrWdyHaQqig/wMKvsDAAYuUD2PgbnDQDtBzpSkfn3Kt77/EjRpV2nG9rZnZufmGxtFReXlldW7c3Nu9VGEtMPByyUDZ9pAijgniaakaakSSI+4w0/OFV5jceiFQ0FHd6FJEOR31BA4qRNlLX3m1zpAcYseQm7SZtySEVOr04OTrIDcmTwE+7dsWpOjngNHELUgEF6l37q90LccyJ0JghpVquE+lOgqSmmJG03I4ViRAeoj5pGSoQJ6qT5N+kcM8oPRiE0pTQMFd/TySIKzXivunMTlSTXib+57ViHZx1EiqiWBOBx4uCmEEdwiwa2KOSYM1GhiAsqbkV4gGSCGsTYNmE4E6+PE28w+p51b09rtQuizRKYBvsgH3gglNQA9egDjyAwSN4Bq/gzXqyXqx362PcOmMVM1vgD6zPHzDMm9c=</latexit>

Lint = 35.9/fb
<latexit sha1_base64="RSfRyWrUm5vKbNRTTyJqXonuQkI=">AAACDnicbVC7TsMwFHXKq5RXgJHFogIxlYSHoANSBQsDQ5EordREleM6rVXbiWwHqYryByz8CgsDIFZmNv4GN+0ALUe60tE59+ree4KYUaUd59sqzM0vLC4Vl0srq2vrG/bm1r2KEolJA0cskq0AKcKoIA1NNSOtWBLEA0aaweBq5DcfiFQ0End6GBOfo56gIcVIG6lj73sc6T5GLL3JOqknOaRCZxfHp5XqYW5JnoZB1rHLTsXJAWeJOyFlMEG9Y3953QgnnAiNGVKq7Tqx9lMkNcWMZCUvUSRGeIB6pG2oQJwoP83/yeCeUbowjKQpoWGu/p5IEVdqyAPTOTpRTXsj8T+vnejw3E+piBNNBB4vChMGdQRH4cAulQRrNjQEYUnNrRD3kURYmwhLJgR3+uVZ0jiqVCvu7Um5djlJowh2wC44AC44AzVwDeqgATB4BM/gFbxZT9aL9W59jFsL1mRmG/yB9fkDLlqcUg==</latexit><latexit sha1_base64="RSfRyWrUm5vKbNRTTyJqXonuQkI=">AAACDnicbVC7TsMwFHXKq5RXgJHFogIxlYSHoANSBQsDQ5EordREleM6rVXbiWwHqYryByz8CgsDIFZmNv4GN+0ALUe60tE59+ree4KYUaUd59sqzM0vLC4Vl0srq2vrG/bm1r2KEolJA0cskq0AKcKoIA1NNSOtWBLEA0aaweBq5DcfiFQ0End6GBOfo56gIcVIG6lj73sc6T5GLL3JOqknOaRCZxfHp5XqYW5JnoZB1rHLTsXJAWeJOyFlMEG9Y3953QgnnAiNGVKq7Tqx9lMkNcWMZCUvUSRGeIB6pG2oQJwoP83/yeCeUbowjKQpoWGu/p5IEVdqyAPTOTpRTXsj8T+vnejw3E+piBNNBB4vChMGdQRH4cAulQRrNjQEYUnNrRD3kURYmwhLJgR3+uVZ0jiqVCvu7Um5djlJowh2wC44AC44AzVwDeqgATB4BM/gFbxZT9aL9W59jFsL1mRmG/yB9fkDLlqcUg==</latexit><latexit sha1_base64="RSfRyWrUm5vKbNRTTyJqXonuQkI=">AAACDnicbVC7TsMwFHXKq5RXgJHFogIxlYSHoANSBQsDQ5EordREleM6rVXbiWwHqYryByz8CgsDIFZmNv4GN+0ALUe60tE59+ree4KYUaUd59sqzM0vLC4Vl0srq2vrG/bm1r2KEolJA0cskq0AKcKoIA1NNSOtWBLEA0aaweBq5DcfiFQ0End6GBOfo56gIcVIG6lj73sc6T5GLL3JOqknOaRCZxfHp5XqYW5JnoZB1rHLTsXJAWeJOyFlMEG9Y3953QgnnAiNGVKq7Tqx9lMkNcWMZCUvUSRGeIB6pG2oQJwoP83/yeCeUbowjKQpoWGu/p5IEVdqyAPTOTpRTXsj8T+vnejw3E+piBNNBB4vChMGdQRH4cAulQRrNjQEYUnNrRD3kURYmwhLJgR3+uVZ0jiqVCvu7Um5djlJowh2wC44AC44AzVwDeqgATB4BM/gFbxZT9aL9W59jFsL1mRmG/yB9fkDLlqcUg==</latexit><latexit sha1_base64="RSfRyWrUm5vKbNRTTyJqXonuQkI=">AAACDnicbVC7TsMwFHXKq5RXgJHFogIxlYSHoANSBQsDQ5EordREleM6rVXbiWwHqYryByz8CgsDIFZmNv4GN+0ALUe60tE59+ree4KYUaUd59sqzM0vLC4Vl0srq2vrG/bm1r2KEolJA0cskq0AKcKoIA1NNSOtWBLEA0aaweBq5DcfiFQ0End6GBOfo56gIcVIG6lj73sc6T5GLL3JOqknOaRCZxfHp5XqYW5JnoZB1rHLTsXJAWeJOyFlMEG9Y3953QgnnAiNGVKq7Tqx9lMkNcWMZCUvUSRGeIB6pG2oQJwoP83/yeCeUbowjKQpoWGu/p5IEVdqyAPTOTpRTXsj8T+vnejw3E+piBNNBB4vChMGdQRH4cAulQRrNjQEYUnNrRD3kURYmwhLJgR3+uVZ0jiqVCvu7Um5djlJowh2wC44AC44AzVwDeqgATB4BM/gFbxZT9aL9W59jFsL1mRmG/yB9fkDLlqcUg==</latexit>

• Largest samples are at                         energies                       ⌥(2S)/⌥(3S)
<latexit sha1_base64="8UkY4fO/3zANzG8sRHj4hThd+vM=">AAACAXicbVDLSgMxFM3UV62vUVfiJliEdlNnqqDuim5cVurYQjuUTJqpoZlkSDJCGYobf8WNCxW3/oU7/8a0HURbD1w4Oedecu8JYkaVdpwvK7ewuLS8kl8trK1vbG7Z2zu3SiQSEw8LJmQrQIowyomnqWakFUuCooCRZjC4HPvNeyIVFfxGD2PiR6jPaUgx0kbq2nsdL1aUCV6qNspHP4/jRrlrF52KMwGcJ25GiiBDvWt/dnoCJxHhGjOkVNt1Yu2nSGqKGRkVOokiMcID1CdtQzmKiPLTyQkjeGiUHgyFNMU1nKi/J1IUKTWMAtMZIX2nZr2x+J/XTnR45qeUx4kmHE8/ChMGtYDjPGCPSoI1GxqCsKRmV4jvkERYm9QKJgR39uR54lUr5xX3+qRYu8jSyIN9cABKwAWnoAauQB14AIMH8ARewKv1aD1bb9b7tDVnZTO74A+sj2+vy5Xh</latexit><latexit sha1_base64="8UkY4fO/3zANzG8sRHj4hThd+vM=">AAACAXicbVDLSgMxFM3UV62vUVfiJliEdlNnqqDuim5cVurYQjuUTJqpoZlkSDJCGYobf8WNCxW3/oU7/8a0HURbD1w4Oedecu8JYkaVdpwvK7ewuLS8kl8trK1vbG7Z2zu3SiQSEw8LJmQrQIowyomnqWakFUuCooCRZjC4HPvNeyIVFfxGD2PiR6jPaUgx0kbq2nsdL1aUCV6qNspHP4/jRrlrF52KMwGcJ25GiiBDvWt/dnoCJxHhGjOkVNt1Yu2nSGqKGRkVOokiMcID1CdtQzmKiPLTyQkjeGiUHgyFNMU1nKi/J1IUKTWMAtMZIX2nZr2x+J/XTnR45qeUx4kmHE8/ChMGtYDjPGCPSoI1GxqCsKRmV4jvkERYm9QKJgR39uR54lUr5xX3+qRYu8jSyIN9cABKwAWnoAauQB14AIMH8ARewKv1aD1bb9b7tDVnZTO74A+sj2+vy5Xh</latexit><latexit sha1_base64="8UkY4fO/3zANzG8sRHj4hThd+vM=">AAACAXicbVDLSgMxFM3UV62vUVfiJliEdlNnqqDuim5cVurYQjuUTJqpoZlkSDJCGYobf8WNCxW3/oU7/8a0HURbD1w4Oedecu8JYkaVdpwvK7ewuLS8kl8trK1vbG7Z2zu3SiQSEw8LJmQrQIowyomnqWakFUuCooCRZjC4HPvNeyIVFfxGD2PiR6jPaUgx0kbq2nsdL1aUCV6qNspHP4/jRrlrF52KMwGcJ25GiiBDvWt/dnoCJxHhGjOkVNt1Yu2nSGqKGRkVOokiMcID1CdtQzmKiPLTyQkjeGiUHgyFNMU1nKi/J1IUKTWMAtMZIX2nZr2x+J/XTnR45qeUx4kmHE8/ChMGtYDjPGCPSoI1GxqCsKRmV4jvkERYm9QKJgR39uR54lUr5xX3+qRYu8jSyIN9cABKwAWnoAauQB14AIMH8ARewKv1aD1bb9b7tDVnZTO74A+sj2+vy5Xh</latexit><latexit sha1_base64="8UkY4fO/3zANzG8sRHj4hThd+vM=">AAACAXicbVDLSgMxFM3UV62vUVfiJliEdlNnqqDuim5cVurYQjuUTJqpoZlkSDJCGYobf8WNCxW3/oU7/8a0HURbD1w4Oedecu8JYkaVdpwvK7ewuLS8kl8trK1vbG7Z2zu3SiQSEw8LJmQrQIowyomnqWakFUuCooCRZjC4HPvNeyIVFfxGD2PiR6jPaUgx0kbq2nsdL1aUCV6qNspHP4/jRrlrF52KMwGcJ25GiiBDvWt/dnoCJxHhGjOkVNt1Yu2nSGqKGRkVOokiMcID1CdtQzmKiPLTyQkjeGiUHgyFNMU1nKi/J1IUKTWMAtMZIX2nZr2x+J/XTnR45qeUx4kmHE8/ChMGtYDjPGCPSoI1GxqCsKRmV4jvkERYm9QKJgR39uR54lUr5xX3+qRYu8jSyIN9cABKwAWnoAauQB14AIMH8ARewKv1aD1bb9b7tDVnZTO74A+sj2+vy5Xh</latexit>

(2) High     mass:

PRL 119 (2017) no. 13, 131804, arXiv:1702.0327



A0
<latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit>(1) Low     mass:
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BABAR measurements
Previous BABAR search for e+e-→ γA' with
 A' → l+

l
-
   (l = e, μ)  using 516 fb-1 of data

● Searched for A' decaying to light leptons in the mass range

0.02 GeV < mA' < 10.2 GeV

● Placed 90% C.L. upper limit on mixing strength ε : 

Phys.Rev.Lett. 113 (2014) no.20, 201801
arXiv:1406.2980 [hep-ex]

This talk:

Search for invisible decays of a dark photon 

produced in e+e- collisions at BABAR
Phys.Rev.Lett. 119 (2017) no.13, 131804
arXiv:1702.03327 [hep-ex] 

Search for a muonic dark force at BABAR
Phys.Rev. D94 (2016) no.1, 011102
 arXiv:1606.03501 [hep-ex]

l
+

l
-

e�
<latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit><latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit><latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit><latexit sha1_base64="gDFWQ5c9UJizFJT8KQCyYdb/c5Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQb0VvXisaGyhjWWznbZLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HweuI3nlBpHst7M0owiGhf8h5n1FjpDh9POuWKW3WnIIvEy0kFctQ75a92N2ZphNIwQbVueW5igowqw5nAcamdakwoG9I+tiyVNEIdZNNTx+TIKl3Si5UtachU/T2R0UjrURTazoiagZ73JuJ/Xis1vYsg4zJJDUo2W9RLBTExmfxNulwhM2JkCWWK21sJG1BFmbHplGwI3vzLi8Q/rV5WvduzSu0qT6MIB3AIx+DBOdTgBurgA4M+PMMrvDnCeXHenY9Za8HJZ/bhD5zPH1UGjVw=</latexit>

e+
<latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit><latexit sha1_base64="wcZKBtzNQxsk/ToaZLfpdSU3aBc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevFY0dhCG8tmO22XbjZhdyOU0J/gxYOKV/+RN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBnsYhVM6QaBZfoG24ENhOFNAoFNsLh9cRvPKHSPJb3ZpRgENG+5D3OqLHSHT6edMoVt+pOQRaJl5MK5Kh3yl/tbszSCKVhgmrd8tzEBBlVhjOB41I71ZhQNqR9bFkqaYQ6yKanjsmRVbqkFytb0pCp+nsio5HWoyi0nRE1Az3vTcT/vFZqehdBxmWSGpRstqiXCmJiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdkQvPmXF4l/Wr2serdnldpVnkYRDuAQjsGDc6jBDdTBBwZ9eIZXeHOE8+K8Ox+z1oKTz+zDHzifP1IAjVo=</latexit>

�
<latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit><latexit sha1_base64="+03BdUB6TWqLjuCfwSU3OIMjF3A=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knN7gALgXuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wfzVo7p</latexit>

"
<latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit><latexit sha1_base64="9aqFZHGOCSykKfjZc83jaLVMC+M=">AAAB/3icbVBNS8NAEN3Ur1q/qh48eFksgqeSiKDeil48VjC20ISy2U7bpZtN2N0USsjFv+LFg4pX/4Y3/42bNAdtfTDweG9mZ+cFMWdK2/a3VVlZXVvfqG7WtrZ3dvfq+wePKkokBZdGPJLdgCjgTICrmebQjSWQMODQCSa3ud+ZglQsEg96FoMfkpFgQ0aJNlK/fuQVb6QBTyDzpkRCrBjPnYbdtAvgZeKUpIFKtPv1L28Q0SQEoSknSvUcO9Z+SqRmlENW8xIFMaETMoKeoYKEoPy0WJ7hU6MM8DCSpoTGhfp7IiWhUrMwMJ0h0WO16OXif14v0cMrP2UiTjQIOl80TDjWEc7TwAMmgWo+M4RQycxfMR0TSag2mdVMCM7iycvEPW9eN537i0brpkyjio7RCTpDDrpELXSH2shFFGXoGb2iN+vJerHerY95a8UqZw7RH1ifP2SKlx8=</latexit>

�
<latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit><latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit><latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit><latexit sha1_base64="A+jLU9NW7IXqpqGGdycCv1SedjM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3V822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bPaOBg==</latexit>

�̄
<latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit><latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit><latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit><latexit sha1_base64="G4Q3Jj207DSXW/F8rsXV8YIFq5A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplst+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvSgXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVjlAzwSXzDTeCtVPFMI4Ea0Wjm6nfemJK80Tem3HKwhgHkvc5RWOldhChCuiQd6s1t+7OQJaJV5AaFGh2q19BL6FZzKShArXueG5qwhyV4VSwSSXINEuRjnDAOpZKjJkO89m9E3JilR7pJ8qWNGSm/p7IMdZ6HEe2M0Yz1IveVPzP62SmfxnmXKaZYZLOF/UzQUxCps+THleMGjG2BKni9lZCh6iQGhtRxYbgLb68TPyz+lXduzuvNa6LNMpwBMdwCh5cQANuoQk+UBDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2eDj78=</latexit>

• Signal: missing mass

• Backgrounds different at low/high missing mass

A0
<latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit>

(2) High     mass:

MX = MA0
<latexit sha1_base64="10EvashkxnXMexs1J/ES2vYPFtI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZhN2NUEL+hhcPKl79Nd78N27bHLT1wcDjvRlm5gUJZ0rb9rdVWlpeWV0rr1c2Nre2d6q7e48qTiWhLol5LDsBVpQzQV3NNKedRFIcBZy2g9HtxG8/UalYLB70OKFehAeChYxgbaRe0++gK9T0s+vj3K/W7Lo9BVokTkFqUKDlV796/ZikERWacKxU17ET7WVYakY4zSu9VNEEkxEe0K6hAkdUedn05hwdGaWPwliaEhpN1d8TGY6UGkeB6YywHqp5byL+53VTHV54GRNJqqkgs0VhypGO0SQA1GeSEs3HhmAimbkVkSGWmGgTU8WE4My/vEjc0/pl3bk/qzVuijTKcACHcAIOnEMD7qAFLhBI4Ble4c1KrRfr3fqYtZasYmYf/sD6/AGmhpBT</latexit><latexit sha1_base64="10EvashkxnXMexs1J/ES2vYPFtI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZhN2NUEL+hhcPKl79Nd78N27bHLT1wcDjvRlm5gUJZ0rb9rdVWlpeWV0rr1c2Nre2d6q7e48qTiWhLol5LDsBVpQzQV3NNKedRFIcBZy2g9HtxG8/UalYLB70OKFehAeChYxgbaRe0++gK9T0s+vj3K/W7Lo9BVokTkFqUKDlV796/ZikERWacKxU17ET7WVYakY4zSu9VNEEkxEe0K6hAkdUedn05hwdGaWPwliaEhpN1d8TGY6UGkeB6YywHqp5byL+53VTHV54GRNJqqkgs0VhypGO0SQA1GeSEs3HhmAimbkVkSGWmGgTU8WE4My/vEjc0/pl3bk/qzVuijTKcACHcAIOnEMD7qAFLhBI4Ble4c1KrRfr3fqYtZasYmYf/sD6/AGmhpBT</latexit><latexit sha1_base64="10EvashkxnXMexs1J/ES2vYPFtI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZhN2NUEL+hhcPKl79Nd78N27bHLT1wcDjvRlm5gUJZ0rb9rdVWlpeWV0rr1c2Nre2d6q7e48qTiWhLol5LDsBVpQzQV3NNKedRFIcBZy2g9HtxG8/UalYLB70OKFehAeChYxgbaRe0++gK9T0s+vj3K/W7Lo9BVokTkFqUKDlV796/ZikERWacKxU17ET7WVYakY4zSu9VNEEkxEe0K6hAkdUedn05hwdGaWPwliaEhpN1d8TGY6UGkeB6YywHqp5byL+53VTHV54GRNJqqkgs0VhypGO0SQA1GeSEs3HhmAimbkVkSGWmGgTU8WE4My/vEjc0/pl3bk/qzVuijTKcACHcAIOnEMD7qAFLhBI4Ble4c1KrRfr3fqYtZasYmYf/sD6/AGmhpBT</latexit><latexit sha1_base64="10EvashkxnXMexs1J/ES2vYPFtI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZhN2NUEL+hhcPKl79Nd78N27bHLT1wcDjvRlm5gUJZ0rb9rdVWlpeWV0rr1c2Nre2d6q7e48qTiWhLol5LDsBVpQzQV3NNKedRFIcBZy2g9HtxG8/UalYLB70OKFehAeChYxgbaRe0++gK9T0s+vj3K/W7Lo9BVokTkFqUKDlV796/ZikERWacKxU17ET7WVYakY4zSu9VNEEkxEe0K6hAkdUedn05hwdGaWPwliaEhpN1d8TGY6UGkeB6YywHqp5byL+53VTHV54GRNJqqkgs0VhypGO0SQA1GeSEs3HhmAimbkVkSGWmGgTU8WE4My/vEjc0/pl3bk/qzVuijTKcACHcAIOnEMD7qAFLhBI4Ble4c1KrRfr3fqYtZasYmYf/sD6/AGmhpBT</latexit>

4 GeV2 < M2
X < 36 GeV2

<latexit sha1_base64="gaOlnty/3ZXYLFsNw1/Fu+CpuxQ=">AAACGnicbVBNS8MwGE7n15xfVY9egkPwIKOdww/wMPSgF2GCnYOtjjRLt7A0LUkqjLL/4cW/4sWDijfx4r8x7XrQzSeEPDzP+5L3fbyIUaks69sozM0vLC4Vl0srq2vrG+bmVlOGscDEwSELRctDkjDKiaOoYqQVCYICj5E7b3iR+ncPREga8ls1iogboD6nPsVIaalrVmudA30CpAYiSC5Jc3xfhWfwutvK3sOjWbtrlq2KlQHOEjsnZZCj0TU/O70QxwHhCjMkZdu2IuUmSCiKGRmXOrEkEcJD1CdtTTkKiHSTbLcx3NNKD/qh0JcrmKm/OxIUSDkKPF2ZTimnvVT8z2vHyj9xE8qjWBGOJx/5MYMqhGlQsEcFwYqNNEFYUD0rxAMkEFY6zpIOwZ5eeZY41cppxb6plevneRpFsAN2wT6wwTGogyvQAA7A4BE8g1fwZjwZL8a78TEpLRh5zzb4A+PrByZwnpo=</latexit><latexit sha1_base64="gaOlnty/3ZXYLFsNw1/Fu+CpuxQ=">AAACGnicbVBNS8MwGE7n15xfVY9egkPwIKOdww/wMPSgF2GCnYOtjjRLt7A0LUkqjLL/4cW/4sWDijfx4r8x7XrQzSeEPDzP+5L3fbyIUaks69sozM0vLC4Vl0srq2vrG+bmVlOGscDEwSELRctDkjDKiaOoYqQVCYICj5E7b3iR+ncPREga8ls1iogboD6nPsVIaalrVmudA30CpAYiSC5Jc3xfhWfwutvK3sOjWbtrlq2KlQHOEjsnZZCj0TU/O70QxwHhCjMkZdu2IuUmSCiKGRmXOrEkEcJD1CdtTTkKiHSTbLcx3NNKD/qh0JcrmKm/OxIUSDkKPF2ZTimnvVT8z2vHyj9xE8qjWBGOJx/5MYMqhGlQsEcFwYqNNEFYUD0rxAMkEFY6zpIOwZ5eeZY41cppxb6plevneRpFsAN2wT6wwTGogyvQAA7A4BE8g1fwZjwZL8a78TEpLRh5zzb4A+PrByZwnpo=</latexit><latexit sha1_base64="gaOlnty/3ZXYLFsNw1/Fu+CpuxQ=">AAACGnicbVBNS8MwGE7n15xfVY9egkPwIKOdww/wMPSgF2GCnYOtjjRLt7A0LUkqjLL/4cW/4sWDijfx4r8x7XrQzSeEPDzP+5L3fbyIUaks69sozM0vLC4Vl0srq2vrG+bmVlOGscDEwSELRctDkjDKiaOoYqQVCYICj5E7b3iR+ncPREga8ls1iogboD6nPsVIaalrVmudA30CpAYiSC5Jc3xfhWfwutvK3sOjWbtrlq2KlQHOEjsnZZCj0TU/O70QxwHhCjMkZdu2IuUmSCiKGRmXOrEkEcJD1CdtTTkKiHSTbLcx3NNKD/qh0JcrmKm/OxIUSDkKPF2ZTimnvVT8z2vHyj9xE8qjWBGOJx/5MYMqhGlQsEcFwYqNNEFYUD0rxAMkEFY6zpIOwZ5eeZY41cppxb6plevneRpFsAN2wT6wwTGogyvQAA7A4BE8g1fwZjwZL8a78TEpLRh5zzb4A+PrByZwnpo=</latexit><latexit sha1_base64="gaOlnty/3ZXYLFsNw1/Fu+CpuxQ=">AAACGnicbVBNS8MwGE7n15xfVY9egkPwIKOdww/wMPSgF2GCnYOtjjRLt7A0LUkqjLL/4cW/4sWDijfx4r8x7XrQzSeEPDzP+5L3fbyIUaks69sozM0vLC4Vl0srq2vrG+bmVlOGscDEwSELRctDkjDKiaOoYqQVCYICj5E7b3iR+ncPREga8ls1iogboD6nPsVIaalrVmudA30CpAYiSC5Jc3xfhWfwutvK3sOjWbtrlq2KlQHOEjsnZZCj0TU/O70QxwHhCjMkZdu2IuUmSCiKGRmXOrEkEcJD1CdtTTkKiHSTbLcx3NNKD/qh0JcrmKm/OxIUSDkKPF2ZTimnvVT8z2vHyj9xE8qjWBGOJx/5MYMqhGlQsEcFwYqNNEFYUD0rxAMkEFY6zpIOwZ5eeZY41cppxb6plevneRpFsAN2wT6wwTGogyvQAA7A4BE8g1fwZjwZL8a78TEpLRh5zzb4A+PrByZwnpo=</latexit>

24 GeV2 < M2
X <

⇢
69.0 GeV2

63.5 GeV2
<latexit sha1_base64="eE5Hu/JZQRMIA1c+eqtt63+V99g="></latexit><latexit sha1_base64="eE5Hu/JZQRMIA1c+eqtt63+V99g="></latexit><latexit sha1_base64="eE5Hu/JZQRMIA1c+eqtt63+V99g="></latexit><latexit sha1_base64="eE5Hu/JZQRMIA1c+eqtt63+V99g="></latexit>

•                    in which a photon 
escapes detection
e+e� ! ��

<latexit sha1_base64="j5Syh7LQfzWVAKMB31ohccHtWXM=">AAACBnicbVBNSwMxEM3Wr1q/qh4FCRZBEMuuCOqt6MVjBdcW+sVsOm1Dk90lySql9ObFv+LFg4pXf4M3/41puwetPpjh8d4MybwgFlwb1/1yMnPzC4tL2eXcyura+kZ+c+tWR4li6LNIRKoagEbBQ/QNNwKrsUKQgcBK0L8c+5U7VJpH4Y0ZxNiQ0A15hzMwVmrld7F5iM2juuLdngGlonta74KUMO2tfMEtuhPQv8RLSYGkKLfyn/V2xBKJoWECtK55bmwaQ1CGM4GjXD3RGAPrQxdrloYgUTeGkztGdN8qbdqJlK3Q0In6c2MIUuuBDOykBNPTs95Y/M+rJaZz1hjyME4Mhmz6UCcR1ER0HAptc4XMiIElwBS3f6WsBwqYsdHlbAje7Ml/iX9cPC961yeF0kWaRpbskD1yQDxySkrkipSJTxh5IE/khbw6j86z8+a8T0czTrqzTX7B+fgGHquZDA==</latexit><latexit sha1_base64="j5Syh7LQfzWVAKMB31ohccHtWXM=">AAACBnicbVBNSwMxEM3Wr1q/qh4FCRZBEMuuCOqt6MVjBdcW+sVsOm1Dk90lySql9ObFv+LFg4pXf4M3/41puwetPpjh8d4MybwgFlwb1/1yMnPzC4tL2eXcyura+kZ+c+tWR4li6LNIRKoagEbBQ/QNNwKrsUKQgcBK0L8c+5U7VJpH4Y0ZxNiQ0A15hzMwVmrld7F5iM2juuLdngGlonta74KUMO2tfMEtuhPQv8RLSYGkKLfyn/V2xBKJoWECtK55bmwaQ1CGM4GjXD3RGAPrQxdrloYgUTeGkztGdN8qbdqJlK3Q0In6c2MIUuuBDOykBNPTs95Y/M+rJaZz1hjyME4Mhmz6UCcR1ER0HAptc4XMiIElwBS3f6WsBwqYsdHlbAje7Ml/iX9cPC961yeF0kWaRpbskD1yQDxySkrkipSJTxh5IE/khbw6j86z8+a8T0czTrqzTX7B+fgGHquZDA==</latexit><latexit sha1_base64="j5Syh7LQfzWVAKMB31ohccHtWXM=">AAACBnicbVBNSwMxEM3Wr1q/qh4FCRZBEMuuCOqt6MVjBdcW+sVsOm1Dk90lySql9ObFv+LFg4pXf4M3/41puwetPpjh8d4MybwgFlwb1/1yMnPzC4tL2eXcyura+kZ+c+tWR4li6LNIRKoagEbBQ/QNNwKrsUKQgcBK0L8c+5U7VJpH4Y0ZxNiQ0A15hzMwVmrld7F5iM2juuLdngGlonta74KUMO2tfMEtuhPQv8RLSYGkKLfyn/V2xBKJoWECtK55bmwaQ1CGM4GjXD3RGAPrQxdrloYgUTeGkztGdN8qbdqJlK3Q0In6c2MIUuuBDOykBNPTs95Y/M+rJaZz1hjyME4Mhmz6UCcR1ER0HAptc4XMiIElwBS3f6WsBwqYsdHlbAje7Ml/iX9cPC961yeF0kWaRpbskD1yQDxySkrkipSJTxh5IE/khbw6j86z8+a8T0czTrqzTX7B+fgGHquZDA==</latexit><latexit sha1_base64="j5Syh7LQfzWVAKMB31ohccHtWXM=">AAACBnicbVBNSwMxEM3Wr1q/qh4FCRZBEMuuCOqt6MVjBdcW+sVsOm1Dk90lySql9ObFv+LFg4pXf4M3/41puwetPpjh8d4MybwgFlwb1/1yMnPzC4tL2eXcyura+kZ+c+tWR4li6LNIRKoagEbBQ/QNNwKrsUKQgcBK0L8c+5U7VJpH4Y0ZxNiQ0A15hzMwVmrld7F5iM2juuLdngGlonta74KUMO2tfMEtuhPQv8RLSYGkKLfyn/V2xBKJoWECtK55bmwaQ1CGM4GjXD3RGAPrQxdrloYgUTeGkztGdN8qbdqJlK3Q0In6c2MIUuuBDOykBNPTs95Y/M+rJaZz1hjyME4Mhmz6UCcR1ER0HAptc4XMiIElwBS3f6WsBwqYsdHlbAje7Ml/iX9cPC961yeF0kWaRpbskD1yQDxySkrkipSJTxh5IE/khbw6j86z8+a8T0czTrqzTX7B+fgGHquZDA==</latexit>

•                          in which the  
         escape detection
e+e� ! e+e��

<latexit sha1_base64="G4TUqzdKhJje+Zkb9EgsQ/7WgpE=">AAACBnicbVDLSgNBEJyNrxhfqx4FGQyCIIZdEdRb0IvHCMYE8qJ30kmGzOwuM7NKCLl58Ve8eFDx6jd482+cJHvQaEFDUdVNd1cQC66N5305mbn5hcWl7HJuZXVtfcPd3LrVUaIYllkkIlUNQKPgIZYNNwKrsUKQgcBK0L8c+5U7VJpH4Y0ZxNiQ0A15hzMwVmq5u9g8xOZRXfFuz4BS0T1NlS5ICS037xW8Cehf4qckT1KUWu5nvR2xRGJomACta74Xm8YQlOFM4ChXTzTGwPrQxZqlIUjUjeHkjxHdt0qbdiJlKzR0ov6cGILUeiAD2ynB9PSsNxb/82qJ6Zw1hjyME4Mhmy7qJIKaiI5DoW2ukBkxsASY4vZWynqggBkbXc6G4M++/JeUjwvnBf/6JF+8SNPIkh2yRw6IT05JkVyREikTRh7IE3khr86j8+y8Oe/T1oyTzmyTX3A+vgFX25iL</latexit><latexit sha1_base64="G4TUqzdKhJje+Zkb9EgsQ/7WgpE=">AAACBnicbVDLSgNBEJyNrxhfqx4FGQyCIIZdEdRb0IvHCMYE8qJ30kmGzOwuM7NKCLl58Ve8eFDx6jd482+cJHvQaEFDUdVNd1cQC66N5305mbn5hcWl7HJuZXVtfcPd3LrVUaIYllkkIlUNQKPgIZYNNwKrsUKQgcBK0L8c+5U7VJpH4Y0ZxNiQ0A15hzMwVmq5u9g8xOZRXfFuz4BS0T1NlS5ICS037xW8Cehf4qckT1KUWu5nvR2xRGJomACta74Xm8YQlOFM4ChXTzTGwPrQxZqlIUjUjeHkjxHdt0qbdiJlKzR0ov6cGILUeiAD2ynB9PSsNxb/82qJ6Zw1hjyME4Mhmy7qJIKaiI5DoW2ukBkxsASY4vZWynqggBkbXc6G4M++/JeUjwvnBf/6JF+8SNPIkh2yRw6IT05JkVyREikTRh7IE3khr86j8+y8Oe/T1oyTzmyTX3A+vgFX25iL</latexit><latexit sha1_base64="G4TUqzdKhJje+Zkb9EgsQ/7WgpE=">AAACBnicbVDLSgNBEJyNrxhfqx4FGQyCIIZdEdRb0IvHCMYE8qJ30kmGzOwuM7NKCLl58Ve8eFDx6jd482+cJHvQaEFDUdVNd1cQC66N5305mbn5hcWl7HJuZXVtfcPd3LrVUaIYllkkIlUNQKPgIZYNNwKrsUKQgcBK0L8c+5U7VJpH4Y0ZxNiQ0A15hzMwVmq5u9g8xOZRXfFuz4BS0T1NlS5ICS037xW8Cehf4qckT1KUWu5nvR2xRGJomACta74Xm8YQlOFM4ChXTzTGwPrQxZqlIUjUjeHkjxHdt0qbdiJlKzR0ov6cGILUeiAD2ynB9PSsNxb/82qJ6Zw1hjyME4Mhmy7qJIKaiI5DoW2ukBkxsASY4vZWynqggBkbXc6G4M++/JeUjwvnBf/6JF+8SNPIkh2yRw6IT05JkVyREikTRh7IE3khr86j8+y8Oe/T1oyTzmyTX3A+vgFX25iL</latexit><latexit sha1_base64="G4TUqzdKhJje+Zkb9EgsQ/7WgpE=">AAACBnicbVDLSgNBEJyNrxhfqx4FGQyCIIZdEdRb0IvHCMYE8qJ30kmGzOwuM7NKCLl58Ve8eFDx6jd482+cJHvQaEFDUdVNd1cQC66N5305mbn5hcWl7HJuZXVtfcPd3LrVUaIYllkkIlUNQKPgIZYNNwKrsUKQgcBK0L8c+5U7VJpH4Y0ZxNiQ0A15hzMwVmq5u9g8xOZRXfFuz4BS0T1NlS5ICS037xW8Cehf4qckT1KUWu5nvR2xRGJomACta74Xm8YQlOFM4ChXTzTGwPrQxZqlIUjUjeHkjxHdt0qbdiJlKzR0ov6cGILUeiAD2ynB9PSsNxb/82qJ6Zw1hjyME4Mhmy7qJIKaiI5DoW2ukBkxsASY4vZWynqggBkbXc6G4M++/JeUjwvnBf/6JF+8SNPIkh2yRw6IT05JkVyREikTRh7IE3khr86j8+y8Oe/T1oyTzmyTX3A+vgFX25iL</latexit>

e+e�
<latexit sha1_base64="jkaUeDQ+PpQGpswdrd6d0kvosqk=">AAAB7HicbVBNSwMxEM3Wr1q/qh69BIsgiGVXBPVW9OKxgtsW2m3JprNtbDZZkqxQlv4HLx5UvPqDvPlvTNs9aPXBwOO9GWbmhQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7DS1TRcGnkkvVCokGzgT4hhkOrUQBiUMOzXB0M/Wbj6A0k+LejBMIYjIQLGKUGCs1oHsC3dNeueJW3RnwX+LlpIJy1Hvlz05f0jQGYSgnWrc9NzFBRpRhlMOk1Ek1JISOyADalgoSgw6y2bUTfGSVPo6ksiUMnqk/JzISaz2OQ9sZEzPUi95U/M9rpya6DDImktSAoPNFUcqxkXj6Ou4zBdTwsSWEKmZvxXRIFKHGBlSyIXiLL/8l/ln1qurdnVdq13kaRXSADtEx8tAFqqFbVEc+ougBPaEX9OpI59l5c97nrQUnn9lHv+B8fAMvm45o</latexit><latexit sha1_base64="jkaUeDQ+PpQGpswdrd6d0kvosqk=">AAAB7HicbVBNSwMxEM3Wr1q/qh69BIsgiGVXBPVW9OKxgtsW2m3JprNtbDZZkqxQlv4HLx5UvPqDvPlvTNs9aPXBwOO9GWbmhQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7DS1TRcGnkkvVCokGzgT4hhkOrUQBiUMOzXB0M/Wbj6A0k+LejBMIYjIQLGKUGCs1oHsC3dNeueJW3RnwX+LlpIJy1Hvlz05f0jQGYSgnWrc9NzFBRpRhlMOk1Ek1JISOyADalgoSgw6y2bUTfGSVPo6ksiUMnqk/JzISaz2OQ9sZEzPUi95U/M9rpya6DDImktSAoPNFUcqxkXj6Ou4zBdTwsSWEKmZvxXRIFKHGBlSyIXiLL/8l/ln1qurdnVdq13kaRXSADtEx8tAFqqFbVEc+ougBPaEX9OpI59l5c97nrQUnn9lHv+B8fAMvm45o</latexit><latexit sha1_base64="jkaUeDQ+PpQGpswdrd6d0kvosqk=">AAAB7HicbVBNSwMxEM3Wr1q/qh69BIsgiGVXBPVW9OKxgtsW2m3JprNtbDZZkqxQlv4HLx5UvPqDvPlvTNs9aPXBwOO9GWbmhQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7DS1TRcGnkkvVCokGzgT4hhkOrUQBiUMOzXB0M/Wbj6A0k+LejBMIYjIQLGKUGCs1oHsC3dNeueJW3RnwX+LlpIJy1Hvlz05f0jQGYSgnWrc9NzFBRpRhlMOk1Ek1JISOyADalgoSgw6y2bUTfGSVPo6ksiUMnqk/JzISaz2OQ9sZEzPUi95U/M9rpya6DDImktSAoPNFUcqxkXj6Ou4zBdTwsSWEKmZvxXRIFKHGBlSyIXiLL/8l/ln1qurdnVdq13kaRXSADtEx8tAFqqFbVEc+ougBPaEX9OpI59l5c97nrQUnn9lHv+B8fAMvm45o</latexit><latexit sha1_base64="jkaUeDQ+PpQGpswdrd6d0kvosqk=">AAAB7HicbVBNSwMxEM3Wr1q/qh69BIsgiGVXBPVW9OKxgtsW2m3JprNtbDZZkqxQlv4HLx5UvPqDvPlvTNs9aPXBwOO9GWbmhQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7DS1TRcGnkkvVCokGzgT4hhkOrUQBiUMOzXB0M/Wbj6A0k+LejBMIYjIQLGKUGCs1oHsC3dNeueJW3RnwX+LlpIJy1Hvlz05f0jQGYSgnWrc9NzFBRpRhlMOk1Ek1JISOyADalgoSgw6y2bUTfGSVPo6ksiUMnqk/JzISaz2OQ9sZEzPUi95U/M9rpya6DDImktSAoPNFUcqxkXj6Ou4zBdTwsSWEKmZvxXRIFKHGBlSyIXiLL/8l/ln1qurdnVdq13kaRXSADtEx8tAFqqFbVEc+ougBPaEX9OpI59l5c97nrQUnn9lHv+B8fAMvm45o</latexit>

• Require E⇤
� > 3 GeV, | cos ✓⇤� | < 0.6

<latexit sha1_base64="Zz6ggW6bsOBLHFVxaQ6ZFcDWnNw="></latexit><latexit sha1_base64="Zz6ggW6bsOBLHFVxaQ6ZFcDWnNw="></latexit><latexit sha1_base64="Zz6ggW6bsOBLHFVxaQ6ZFcDWnNw="></latexit><latexit sha1_base64="Zz6ggW6bsOBLHFVxaQ6ZFcDWnNw="></latexit>

• Require E⇤
� > 1.5 GeV, | cos ✓⇤� | < 0.6

<latexit sha1_base64="X7kNt+Sds4FbZMIYkDZiBkED0uU="></latexit><latexit sha1_base64="X7kNt+Sds4FbZMIYkDZiBkED0uU="></latexit><latexit sha1_base64="X7kNt+Sds4FbZMIYkDZiBkED0uU="></latexit><latexit sha1_base64="X7kNt+Sds4FbZMIYkDZiBkED0uU="></latexit>

• No drift chamber tracks with
p⇤ > 1 GeV

<latexit sha1_base64="x8mtyeEoIN07tE/SoYPALv9z3Go=">AAAB/XicbVDNSgMxGMzWv1r/VsWTl2ARRKTsiqBepOhBjxXcttCuJZt+bUOz2SXJCmUp+CpePKh49T28+TZm2z1odUJgmPk+Mpkg5kxpx/myCnPzC4tLxeXSyura+oa9uVVXUSIpeDTikWwGRAFnAjzNNIdmLIGEAYdGMLzK/MYDSMUicadHMfgh6QvWY5RoI3Xsnfj+8MJtH5kTEj2QYXoN9XHHLjsVZwL8l7g5KaMctY792e5GNAlBaMqJUi3XibWfEqkZ5TAutRMFMaFD0oeWoYKEoPx0En+M943Sxb1Imis0nqg/N1ISKjUKAzOZZVSzXib+57US3TvzUybiRIOg04d6Ccc6wlkXuMskUM1HhhAqmcmK6YBIQrVprGRKcGe//Jd4x5Xzint7Uq5e5m0U0S7aQwfIRaeoim5QDXmIohQ9oRf0aj1az9ab9T4dLVj5zjb6BevjG1W8lKc=</latexit><latexit sha1_base64="x8mtyeEoIN07tE/SoYPALv9z3Go=">AAAB/XicbVDNSgMxGMzWv1r/VsWTl2ARRKTsiqBepOhBjxXcttCuJZt+bUOz2SXJCmUp+CpePKh49T28+TZm2z1odUJgmPk+Mpkg5kxpx/myCnPzC4tLxeXSyura+oa9uVVXUSIpeDTikWwGRAFnAjzNNIdmLIGEAYdGMLzK/MYDSMUicadHMfgh6QvWY5RoI3Xsnfj+8MJtH5kTEj2QYXoN9XHHLjsVZwL8l7g5KaMctY792e5GNAlBaMqJUi3XibWfEqkZ5TAutRMFMaFD0oeWoYKEoPx0En+M943Sxb1Imis0nqg/N1ISKjUKAzOZZVSzXib+57US3TvzUybiRIOg04d6Ccc6wlkXuMskUM1HhhAqmcmK6YBIQrVprGRKcGe//Jd4x5Xzint7Uq5e5m0U0S7aQwfIRaeoim5QDXmIohQ9oRf0aj1az9ab9T4dLVj5zjb6BevjG1W8lKc=</latexit><latexit sha1_base64="x8mtyeEoIN07tE/SoYPALv9z3Go=">AAAB/XicbVDNSgMxGMzWv1r/VsWTl2ARRKTsiqBepOhBjxXcttCuJZt+bUOz2SXJCmUp+CpePKh49T28+TZm2z1odUJgmPk+Mpkg5kxpx/myCnPzC4tLxeXSyura+oa9uVVXUSIpeDTikWwGRAFnAjzNNIdmLIGEAYdGMLzK/MYDSMUicadHMfgh6QvWY5RoI3Xsnfj+8MJtH5kTEj2QYXoN9XHHLjsVZwL8l7g5KaMctY792e5GNAlBaMqJUi3XibWfEqkZ5TAutRMFMaFD0oeWoYKEoPx0En+M943Sxb1Imis0nqg/N1ISKjUKAzOZZVSzXib+57US3TvzUybiRIOg04d6Ccc6wlkXuMskUM1HhhAqmcmK6YBIQrVprGRKcGe//Jd4x5Xzint7Uq5e5m0U0S7aQwfIRaeoim5QDXmIohQ9oRf0aj1az9ab9T4dLVj5zjb6BevjG1W8lKc=</latexit><latexit sha1_base64="x8mtyeEoIN07tE/SoYPALv9z3Go=">AAAB/XicbVDNSgMxGMzWv1r/VsWTl2ARRKTsiqBepOhBjxXcttCuJZt+bUOz2SXJCmUp+CpePKh49T28+TZm2z1odUJgmPk+Mpkg5kxpx/myCnPzC4tLxeXSyura+oa9uVVXUSIpeDTikWwGRAFnAjzNNIdmLIGEAYdGMLzK/MYDSMUicadHMfgh6QvWY5RoI3Xsnfj+8MJtH5kTEj2QYXoN9XHHLjsVZwL8l7g5KaMctY792e5GNAlBaMqJUi3XibWfEqkZ5TAutRMFMaFD0oeWoYKEoPx0En+M943Sxb1Imis0nqg/N1ISKjUKAzOZZVSzXib+57US3TvzUybiRIOg04d6Ccc6wlkXuMskUM1HhhAqmcmK6YBIQrVprGRKcGe//Jd4x5Xzint7Uq5e5m0U0S7aQwfIRaeoim5QDXmIohQ9oRf0aj1az9ab9T4dLVj5zjb6BevjG1W8lKc=</latexit>

• No drift chamber tracks with
p⇤ > 0.1 GeV

<latexit sha1_base64="7V0adZgyLvyF+mQZ8Ntwaq10Xcc=">AAAB/3icbVDLSgMxFM3UV62vURcu3ASLICJlRgR1I0UXuqzgtIV2LJk004YmmSHJCGWYjb/ixoWKW3/DnX9jpp2FVk8IHM65l3vvCWJGlXacL6s0N7+wuFRerqysrq1v2JtbTRUlEhMPRyyS7QApwqggnqaakXYsCeIBI61gdJX7rQciFY3EnR7HxOdoIGhIMdJG6tk78f3hhVNzu0fmcaSHkqfXpJn17KpTcyaAf4lbkCoo0OjZn91+hBNOhMYMKdVxnVj7KZKaYkaySjdRJEZ4hAakY6hAnCg/nRyQwX2j9GEYSfOFhhP1Z0eKuFJjHpjKfEc16+Xif14n0eGZn1IRJ5oIPB0UJgzqCOZpwD6VBGs2NgRhSc2uEA+RRFibzComBHf25L/EO66d19zbk2r9skijDHbBHjgALjgFdXADGsADGGTgCbyAV+vRerberPdpackqerbBL1gf3zcVlRk=</latexit><latexit sha1_base64="7V0adZgyLvyF+mQZ8Ntwaq10Xcc=">AAAB/3icbVDLSgMxFM3UV62vURcu3ASLICJlRgR1I0UXuqzgtIV2LJk004YmmSHJCGWYjb/ixoWKW3/DnX9jpp2FVk8IHM65l3vvCWJGlXacL6s0N7+wuFRerqysrq1v2JtbTRUlEhMPRyyS7QApwqggnqaakXYsCeIBI61gdJX7rQciFY3EnR7HxOdoIGhIMdJG6tk78f3hhVNzu0fmcaSHkqfXpJn17KpTcyaAf4lbkCoo0OjZn91+hBNOhMYMKdVxnVj7KZKaYkaySjdRJEZ4hAakY6hAnCg/nRyQwX2j9GEYSfOFhhP1Z0eKuFJjHpjKfEc16+Xif14n0eGZn1IRJ5oIPB0UJgzqCOZpwD6VBGs2NgRhSc2uEA+RRFibzComBHf25L/EO66d19zbk2r9skijDHbBHjgALjgFdXADGsADGGTgCbyAV+vRerberPdpackqerbBL1gf3zcVlRk=</latexit><latexit sha1_base64="7V0adZgyLvyF+mQZ8Ntwaq10Xcc=">AAAB/3icbVDLSgMxFM3UV62vURcu3ASLICJlRgR1I0UXuqzgtIV2LJk004YmmSHJCGWYjb/ixoWKW3/DnX9jpp2FVk8IHM65l3vvCWJGlXacL6s0N7+wuFRerqysrq1v2JtbTRUlEhMPRyyS7QApwqggnqaakXYsCeIBI61gdJX7rQciFY3EnR7HxOdoIGhIMdJG6tk78f3hhVNzu0fmcaSHkqfXpJn17KpTcyaAf4lbkCoo0OjZn91+hBNOhMYMKdVxnVj7KZKaYkaySjdRJEZ4hAakY6hAnCg/nRyQwX2j9GEYSfOFhhP1Z0eKuFJjHpjKfEc16+Xif14n0eGZn1IRJ5oIPB0UJgzqCOZpwD6VBGs2NgRhSc2uEA+RRFibzComBHf25L/EO66d19zbk2r9skijDHbBHjgALjgFdXADGsADGGTgCbyAV+vRerberPdpackqerbBL1gf3zcVlRk=</latexit><latexit sha1_base64="7V0adZgyLvyF+mQZ8Ntwaq10Xcc=">AAAB/3icbVDLSgMxFM3UV62vURcu3ASLICJlRgR1I0UXuqzgtIV2LJk004YmmSHJCGWYjb/ixoWKW3/DnX9jpp2FVk8IHM65l3vvCWJGlXacL6s0N7+wuFRerqysrq1v2JtbTRUlEhMPRyyS7QApwqggnqaakXYsCeIBI61gdJX7rQciFY3EnR7HxOdoIGhIMdJG6tk78f3hhVNzu0fmcaSHkqfXpJn17KpTcyaAf4lbkCoo0OjZn91+hBNOhMYMKdVxnVj7KZKaYkaySjdRJEZ4hAakY6hAnCg/nRyQwX2j9GEYSfOFhhP1Z0eKuFJjHpjKfEc16+Xif14n0eGZn1IRJ5oIPB0UJgzqCOZpwD6VBGs2NgRhSc2uEA+RRFibzComBHf25L/EO66d19zbk2r9skijDHbBHjgALjgFdXADGsADGGTgCbyAV+vRerberPdpackqerbBL1gf3zcVlRk=</latexit>

PRL 119 (2017) no. 13, 131804, arXiv:1702.0327
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• Train a Boosted Decision Tree (BDT) classifier on 12 observables
• Cluster shape parameters for signal candidate EMC cluster
• Energy & direction of other EMC clusters
• Properties of IFR cluster(s) anti-aligned with signal cluster

PRL 119 (2017) no. 13, 131804, arXiv:1702.0327

• Signal sample: simulated sample with uniform     mass distributionA0
<latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit><latexit sha1_base64="Nt3e0SeMeFS5pmAtedt8iFvIxjQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx6rGFtoS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t171HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8mfiNJ1Sax/LBjBLsRLQvecgZNVa6vzrulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln17s4qtes8jSIcwCGcgAfnUINbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGGTjMo=</latexit>

• Background sample: Sample (~3/fb) of data from ⌥(3S)
<latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit><latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit><latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit><latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit>
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Multivariate selection

Boosted Decision Tree (BDT) selector to
discriminate signal candidates

● Trained separately for low and high mass samples

● Training samples:

– Simulated signal events with uniform A' mass
distribution

– Background data events from ϒ(3S) sample

(~3 fb-1)  

12 discriminating variables:

– Cluster shape parameters for signal
candidate cluster

– Total calorimeter energy, excluding signal
candidate cluster

– Properties of the second most energetic

cluster: E*, θ*, ΔΦ*

– Properties of the IFR cluster (E*, θ*, ΔΦ*)
closest to the missing momentum direction
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(2) HIGH MASS(1) LOW MASS
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<latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit><latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit><latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit><latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit>
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<latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit><latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit><latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit><latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit>
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SELECTION & FITTING
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• We define two selection regions for BDT classifier
• “Tight” (      ): optimizes              (only for low-mass region 

where it is hard to reliably estimate bkd)
"S/NB

<latexit sha1_base64="XcLfLW1agPEH9rEb7wKuJL896gA=">AAAB+XicbVBNT8JAEN3iF+JX0aOXjcTEE7bGRL0RvHgyGK2QQNNslyls2G6b3S2GID/Fiwc1Xv0n3vw3LtCDoi+Z5O17M9mZF6acKe04X1ZhaXllda24XtrY3Nrescu79yrJJAWPJjyRrZAo4EyAp5nm0EolkDjk0AwHl1O/OQSpWCLu9CgFPyY9wSJGiTZSYJc7QyIhVYyb1+3xdVAP7IpTdWbAf4mbkwrK0Qjsz043oVkMQlNOlGq7Tqr9MZGaUQ6TUidTkBI6ID1oGypIDMofz1af4EOjdHGUSFNC45n6c2JMYqVGcWg6Y6L7atGbiv957UxH5/6YiTTTIOj8oyjjWCd4mgPuMglU85EhhEpmdsW0TySh2qRVMiG4iyf/Jd5J9aLq3pxWavU8jSLaRwfoCLnoDNXQFWogD1H0gJ7QC3q1Hq1n6816n7cWrHxmD/2C9fENV9WTmA==</latexit><latexit sha1_base64="XcLfLW1agPEH9rEb7wKuJL896gA=">AAAB+XicbVBNT8JAEN3iF+JX0aOXjcTEE7bGRL0RvHgyGK2QQNNslyls2G6b3S2GID/Fiwc1Xv0n3vw3LtCDoi+Z5O17M9mZF6acKe04X1ZhaXllda24XtrY3Nrescu79yrJJAWPJjyRrZAo4EyAp5nm0EolkDjk0AwHl1O/OQSpWCLu9CgFPyY9wSJGiTZSYJc7QyIhVYyb1+3xdVAP7IpTdWbAf4mbkwrK0Qjsz043oVkMQlNOlGq7Tqr9MZGaUQ6TUidTkBI6ID1oGypIDMofz1af4EOjdHGUSFNC45n6c2JMYqVGcWg6Y6L7atGbiv957UxH5/6YiTTTIOj8oyjjWCd4mgPuMglU85EhhEpmdsW0TySh2qRVMiG4iyf/Jd5J9aLq3pxWavU8jSLaRwfoCLnoDNXQFWogD1H0gJ7QC3q1Hq1n6816n7cWrHxmD/2C9fENV9WTmA==</latexit><latexit sha1_base64="XcLfLW1agPEH9rEb7wKuJL896gA=">AAAB+XicbVBNT8JAEN3iF+JX0aOXjcTEE7bGRL0RvHgyGK2QQNNslyls2G6b3S2GID/Fiwc1Xv0n3vw3LtCDoi+Z5O17M9mZF6acKe04X1ZhaXllda24XtrY3Nrescu79yrJJAWPJjyRrZAo4EyAp5nm0EolkDjk0AwHl1O/OQSpWCLu9CgFPyY9wSJGiTZSYJc7QyIhVYyb1+3xdVAP7IpTdWbAf4mbkwrK0Qjsz043oVkMQlNOlGq7Tqr9MZGaUQ6TUidTkBI6ID1oGypIDMofz1af4EOjdHGUSFNC45n6c2JMYqVGcWg6Y6L7atGbiv957UxH5/6YiTTTIOj8oyjjWCd4mgPuMglU85EhhEpmdsW0TySh2qRVMiG4iyf/Jd5J9aLq3pxWavU8jSLaRwfoCLnoDNXQFWogD1H0gJ7QC3q1Hq1n6816n7cWrHxmD/2C9fENV9WTmA==</latexit><latexit sha1_base64="XcLfLW1agPEH9rEb7wKuJL896gA=">AAAB+XicbVBNT8JAEN3iF+JX0aOXjcTEE7bGRL0RvHgyGK2QQNNslyls2G6b3S2GID/Fiwc1Xv0n3vw3LtCDoi+Z5O17M9mZF6acKe04X1ZhaXllda24XtrY3Nrescu79yrJJAWPJjyRrZAo4EyAp5nm0EolkDjk0AwHl1O/OQSpWCLu9CgFPyY9wSJGiTZSYJc7QyIhVYyb1+3xdVAP7IpTdWbAf4mbkwrK0Qjsz043oVkMQlNOlGq7Tqr9MZGaUQ6TUidTkBI6ID1oGypIDMofz1af4EOjdHGUSFNC45n6c2JMYqVGcWg6Y6L7atGbiv957UxH5/6YiTTTIOj8oyjjWCd4mgPuMglU85EhhEpmdsW0TySh2qRVMiG4iyf/Jd5J9aLq3pxWavU8jSLaRwfoCLnoDNXQFWogD1H0gJ7QC3q1Hq1n6816n7cWrHxmD/2C9fENV9WTmA==</latexit>

• “Loose” (      ): optimizes                "S/
p
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<latexit sha1_base64="cZoHGmQUXAGwez3FAi7Ap8APQz4=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARXNVEBHVX6saVVDS20IQwmU7aoZOHMzeFEurGX3HjQsWtn+HOv3H6WGjrgQtnzrmXufcEqeAKLOvbKCwsLi2vFFdLa+sbm1vm9s69SjJJmUMTkchmQBQTPGYOcBCsmUpGokCwRtC7HPmNPpOKJ/EdDFLmRaQT85BTAlryzT23TyRLFRf6dXvsqgcJ+bVfG/pm2apYY+B5Yk9JGU1R980vt53QLGIxUEGUatlWCl5OJHAq2LDkZoqlhPZIh7U0jUnElJePLxjiQ620cZhIXTHgsfp7IieRUoMo0J0Rga6a9Ubif14rg/Dcy3mcZsBiOvkozASGBI/iwG0uGQUx0IRQyfWumHaJJBR0aCUdgj178jxxTioXFfvmtFytTdMoon10gI6Qjc5QFV2hOnIQRY/oGb2iN+PJeDHejY9Ja8GYzuyiPzA+fwBK15b8</latexit><latexit sha1_base64="cZoHGmQUXAGwez3FAi7Ap8APQz4=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARXNVEBHVX6saVVDS20IQwmU7aoZOHMzeFEurGX3HjQsWtn+HOv3H6WGjrgQtnzrmXufcEqeAKLOvbKCwsLi2vFFdLa+sbm1vm9s69SjJJmUMTkchmQBQTPGYOcBCsmUpGokCwRtC7HPmNPpOKJ/EdDFLmRaQT85BTAlryzT23TyRLFRf6dXvsqgcJ+bVfG/pm2apYY+B5Yk9JGU1R980vt53QLGIxUEGUatlWCl5OJHAq2LDkZoqlhPZIh7U0jUnElJePLxjiQ620cZhIXTHgsfp7IieRUoMo0J0Rga6a9Ubif14rg/Dcy3mcZsBiOvkozASGBI/iwG0uGQUx0IRQyfWumHaJJBR0aCUdgj178jxxTioXFfvmtFytTdMoon10gI6Qjc5QFV2hOnIQRY/oGb2iN+PJeDHejY9Ja8GYzuyiPzA+fwBK15b8</latexit><latexit sha1_base64="cZoHGmQUXAGwez3FAi7Ap8APQz4=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARXNVEBHVX6saVVDS20IQwmU7aoZOHMzeFEurGX3HjQsWtn+HOv3H6WGjrgQtnzrmXufcEqeAKLOvbKCwsLi2vFFdLa+sbm1vm9s69SjJJmUMTkchmQBQTPGYOcBCsmUpGokCwRtC7HPmNPpOKJ/EdDFLmRaQT85BTAlryzT23TyRLFRf6dXvsqgcJ+bVfG/pm2apYY+B5Yk9JGU1R980vt53QLGIxUEGUatlWCl5OJHAq2LDkZoqlhPZIh7U0jUnElJePLxjiQ620cZhIXTHgsfp7IieRUoMo0J0Rga6a9Ubif14rg/Dcy3mcZsBiOvkozASGBI/iwG0uGQUx0IRQyfWumHaJJBR0aCUdgj178jxxTioXFfvmtFytTdMoon10gI6Qjc5QFV2hOnIQRY/oGb2iN+PJeDHejY9Ja8GYzuyiPzA+fwBK15b8</latexit><latexit sha1_base64="cZoHGmQUXAGwez3FAi7Ap8APQz4=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARXNVEBHVX6saVVDS20IQwmU7aoZOHMzeFEurGX3HjQsWtn+HOv3H6WGjrgQtnzrmXufcEqeAKLOvbKCwsLi2vFFdLa+sbm1vm9s69SjJJmUMTkchmQBQTPGYOcBCsmUpGokCwRtC7HPmNPpOKJ/EdDFLmRaQT85BTAlryzT23TyRLFRf6dXvsqgcJ+bVfG/pm2apYY+B5Yk9JGU1R980vt53QLGIxUEGUatlWCl5OJHAq2LDkZoqlhPZIh7U0jUnElJePLxjiQ620cZhIXTHgsfp7IieRUoMo0J0Rga6a9Ubif14rg/Dcy3mcZsBiOvkozASGBI/iwG0uGQUx0IRQyfWumHaJJBR0aCUdgj178jxxTioXFfvmtFytTdMoon10gI6Qjc5QFV2hOnIQRY/oGb2iN+PJeDHejY9Ja8GYzuyiPzA+fwBK15b8</latexit>
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• Shape of signal and background fixed prior to fitting
• Background: shape determined by fits in      RB
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• 2nd-order polynomial (low-mass continuum), sum of 
exponentiated polynomials (high-mass continuum), Crystal 
Ball function for low-mass peaking background

• Signal: Crystal Ball with shape determined by fits to MC, 
validated with          e+e� ! ��
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SIGNAL EXTRACTION
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• Perform unbinned max. likelihood fits to missing-mass distribution 
over                                     (simultaneously over all datasets)                                     MX = 0� 8.0 GeV
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• Step size between signal hypotheses is half of resolution

PRL 119 (2017) no. 13, 131804, arXiv:1702.0327

• Sample background-only fits:
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FIG. 7: Distributions of the missing mass squared M2
X in the “highM” data samples collected near (a) ⌥ (2S) and (b) ⌥ (3S)

resonances. The solid blue line represents the background-only fit with "2 ⌘ 0. Normalized fit residuals are shown above each
plot.

⌥(3S)
<latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit><latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit><latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit><latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit>
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FIG. 6: Distributions of the missing mass squared M2
X in the “lowM” data samples collected near (a,b) ⌥ (2S), (c,d) ⌥ (3S),

and (e,f) ⌥ (4S) resonances. Data are selected with (a,c,e) R
0
L and (b,d,f) RT selections. The solid blue line represents the

background-only fit with "2 ⌘ 0. Normalized fit residuals are shown above each plot.

⌥(3S)
<latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit><latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit><latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit><latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit>

(loose selection)
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DARK PHOTON: RESULTS
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• No significant deviation from 
background-only hypothesis

January 12, 2018    Searches for light new particles with BABAR data              Steven Robertson 11

Results

No evidence of signal in fits to 116 mass
hypotheses

● Set limits on coupling ε as a function
of A' mass: 

Limits exclude the
entire region
favoured by g-2

• Set 90% confidence level 
upper limit on "2

<latexit sha1_base64="ZCMh011q1TIZMvblGJkSrxSpt7Y=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laQI6q3oxWMFYwttLJvtpF262Y27m0Ip/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmGruL2zu7dfOjh80DJTFAMquVTNiGjkTGBgmOHYTBWSJOLYiAY3U78xRKWZFPdmlGKYkJ5gMaPEWClsD4nCVDMuxWO1Uyp7FW8Gd5n4OSlDjnqn9NXuSpolKAzlROuW76UmHBNlGOU4KbYzjSmhA9LDlqWCJKjD8ezoiXtqla4bS2VLGHem/p4Yk0TrURLZzoSYvl70puJ/Xisz8WU4ZiLNDAo6XxRn3DXSnSbgdplCavjIEkIVs7e6tE8UocbmVLQh+IsvL5OgWrmq+Hfn5dp1nkYBjuEEzsCHC6jBLdQhAApP8Ayv8OYMnRfn3fmYt644+cwR/IHz+QNRT5H/</latexit><latexit sha1_base64="ZCMh011q1TIZMvblGJkSrxSpt7Y=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laQI6q3oxWMFYwttLJvtpF262Y27m0Ip/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmGruL2zu7dfOjh80DJTFAMquVTNiGjkTGBgmOHYTBWSJOLYiAY3U78xRKWZFPdmlGKYkJ5gMaPEWClsD4nCVDMuxWO1Uyp7FW8Gd5n4OSlDjnqn9NXuSpolKAzlROuW76UmHBNlGOU4KbYzjSmhA9LDlqWCJKjD8ezoiXtqla4bS2VLGHem/p4Yk0TrURLZzoSYvl70puJ/Xisz8WU4ZiLNDAo6XxRn3DXSnSbgdplCavjIEkIVs7e6tE8UocbmVLQh+IsvL5OgWrmq+Hfn5dp1nkYBjuEEzsCHC6jBLdQhAApP8Ayv8OYMnRfn3fmYt644+cwR/IHz+QNRT5H/</latexit><latexit sha1_base64="ZCMh011q1TIZMvblGJkSrxSpt7Y=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laQI6q3oxWMFYwttLJvtpF262Y27m0Ip/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmGruL2zu7dfOjh80DJTFAMquVTNiGjkTGBgmOHYTBWSJOLYiAY3U78xRKWZFPdmlGKYkJ5gMaPEWClsD4nCVDMuxWO1Uyp7FW8Gd5n4OSlDjnqn9NXuSpolKAzlROuW76UmHBNlGOU4KbYzjSmhA9LDlqWCJKjD8ezoiXtqla4bS2VLGHem/p4Yk0TrURLZzoSYvl70puJ/Xisz8WU4ZiLNDAo6XxRn3DXSnSbgdplCavjIEkIVs7e6tE8UocbmVLQh+IsvL5OgWrmq+Hfn5dp1nkYBjuEEzsCHC6jBLdQhAApP8Ayv8OYMnRfn3fmYt644+cwR/IHz+QNRT5H/</latexit><latexit sha1_base64="ZCMh011q1TIZMvblGJkSrxSpt7Y=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laQI6q3oxWMFYwttLJvtpF262Y27m0Ip/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmGruL2zu7dfOjh80DJTFAMquVTNiGjkTGBgmOHYTBWSJOLYiAY3U78xRKWZFPdmlGKYkJ5gMaPEWClsD4nCVDMuxWO1Uyp7FW8Gd5n4OSlDjnqn9NXuSpolKAzlROuW76UmHBNlGOU4KbYzjSmhA9LDlqWCJKjD8ezoiXtqla4bS2VLGHem/p4Yk0TrURLZzoSYvl70puJ/Xisz8WU4ZiLNDAo6XxRn3DXSnSbgdplCavjIEkIVs7e6tE8UocbmVLQh+IsvL5OgWrmq+Hfn5dp1nkYBjuEEzsCHC6jBLdQhAApP8Ayv8OYMnRfn3fmYt644+cwR/IHz+QNRT5H/</latexit>

January 12, 2018    Searches for light new particles with BABAR data              Steven Robertson 11

Results

No evidence of signal in fits to 116 mass
hypotheses

● Set limits on coupling ε as a function
of A' mass: 

Limits exclude the
entire region
favoured by g-2

• Exclude the entire region 
favored by g-2 anomaly!

PRL 119 (2017) no. 13, 131804, arXiv:1702.0327

NA64: PRL 118 (2017) 011802 
arXiv:1610.02988
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DARK MUONIC FORCE
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• The dark force could couple predominantly to heavy flavor 
leptons

e�

e+

�
µ+

µ�

µ+

µ�

Z 0
• Example model:  

gauge model 
Lµ � L⌧

<latexit sha1_base64="8RD1kszH6Dk141PPd/6LVaQkyxg=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZFUG9FLx48VHBtobuUbJptQ5PskkyEUvo3vHhQ8eqv8ea/MW33oK0PZni8N0MmL8kFN+D7397S8srq2nppo7y5tb2zW9nbfzSZ1ZSFNBOZbiXEMMEVC4GDYK1cMyITwZrJ4GbiN5+YNjxTDzDMWSxJT/GUUwJOiu46kbSnrgOxnUrVr/lT4EUSFKSKCjQ6la+om1ErmQIqiDHtwM8hHhENnAo2LkfWsJzQAemxtqOKSGbi0fTmMT52ShenmXalAE/V3xsjIo0ZysRNSgJ9M+9NxP+8toX0Mh5xlVtgis4eSq3AkOFJALjLNaMgho4Qqrm7FdM+0YSCi6nsQgjmv7xIwrPaVS24P6/Wr4s0SugQHaETFKALVEe3qIFCRFGOntErevOs9+K9ex+z0SWv2DlAf+B9/gD0uJEt</latexit><latexit sha1_base64="8RD1kszH6Dk141PPd/6LVaQkyxg=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZFUG9FLx48VHBtobuUbJptQ5PskkyEUvo3vHhQ8eqv8ea/MW33oK0PZni8N0MmL8kFN+D7397S8srq2nppo7y5tb2zW9nbfzSZ1ZSFNBOZbiXEMMEVC4GDYK1cMyITwZrJ4GbiN5+YNjxTDzDMWSxJT/GUUwJOiu46kbSnrgOxnUrVr/lT4EUSFKSKCjQ6la+om1ErmQIqiDHtwM8hHhENnAo2LkfWsJzQAemxtqOKSGbi0fTmMT52ShenmXalAE/V3xsjIo0ZysRNSgJ9M+9NxP+8toX0Mh5xlVtgis4eSq3AkOFJALjLNaMgho4Qqrm7FdM+0YSCi6nsQgjmv7xIwrPaVS24P6/Wr4s0SugQHaETFKALVEe3qIFCRFGOntErevOs9+K9ex+z0SWv2DlAf+B9/gD0uJEt</latexit><latexit sha1_base64="8RD1kszH6Dk141PPd/6LVaQkyxg=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZFUG9FLx48VHBtobuUbJptQ5PskkyEUvo3vHhQ8eqv8ea/MW33oK0PZni8N0MmL8kFN+D7397S8srq2nppo7y5tb2zW9nbfzSZ1ZSFNBOZbiXEMMEVC4GDYK1cMyITwZrJ4GbiN5+YNjxTDzDMWSxJT/GUUwJOiu46kbSnrgOxnUrVr/lT4EUSFKSKCjQ6la+om1ErmQIqiDHtwM8hHhENnAo2LkfWsJzQAemxtqOKSGbi0fTmMT52ShenmXalAE/V3xsjIo0ZysRNSgJ9M+9NxP+8toX0Mh5xlVtgis4eSq3AkOFJALjLNaMgho4Qqrm7FdM+0YSCi6nsQgjmv7xIwrPaVS24P6/Wr4s0SugQHaETFKALVEe3qIFCRFGOntErevOs9+K9ex+z0SWv2DlAf+B9/gD0uJEt</latexit><latexit sha1_base64="8RD1kszH6Dk141PPd/6LVaQkyxg=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZFUG9FLx48VHBtobuUbJptQ5PskkyEUvo3vHhQ8eqv8ea/MW33oK0PZni8N0MmL8kFN+D7397S8srq2nppo7y5tb2zW9nbfzSZ1ZSFNBOZbiXEMMEVC4GDYK1cMyITwZrJ4GbiN5+YNjxTDzDMWSxJT/GUUwJOiu46kbSnrgOxnUrVr/lT4EUSFKSKCjQ6la+om1ErmQIqiDHtwM8hHhENnAo2LkfWsJzQAemxtqOKSGbi0fTmMT52ShenmXalAE/V3xsjIo0ZysRNSgJ9M+9NxP+8toX0Mh5xlVtgis4eSq3AkOFJALjLNaMgho4Qqrm7FdM+0YSCi6nsQgjmv7xIwrPaVS24P6/Wr4s0SugQHaETFKALVEe3qIFCRFGOntErevOs9+K9ex+z0SWv2DlAf+B9/gD0uJEt</latexit>

• Motivated by muon g-2, 
sterile neutrino DM, proton 
charge radius, etc.

• Analysis looks for      final-state radiation, uses 514/fb of data 
(including at                                   and non-resonant)⌥(2S), ⌥(3S), ⌥(4S)

<latexit sha1_base64="86CVC5BDQLle4Jb47UdpFaT8IYc=">AAACEnicbVDLTgIxFO3gC/E16tLNRGIChpAZJFF3RDcuMThCwkxIpxRo6LSTtmNCJvyDG3/FjQs1bl25828sMDECnqTJuefcm9t7gogSqWz728isrK6tb2Q3c1vbO7t75v7BveSxQNhFnHLRCqDElDDsKqIobkUCwzCguBkMryd+8wELSTi7U6MI+yHsM9IjCCotdcxTz40koZwVKo1iySv9lmfzZbVR7Jh5u2xPYS0TJyV5kKLeMb+8LkdxiJlCFErZduxI+QkUiiCKxzkvljiCaAj7uK0pgyGWfjK9aWydaKVr9bjQjylrqv6dSGAo5SgMdGcI1UAuehPxP68dq96FnxAWxQozNFvUi6mluDUJyOoSgZGiI00gEkT/1UIDKCBSOsacDsFZPHmZuJXyZdm5reZrV2kaWXAEjkEBOOAc1MANqAMXIPAInsEreDOejBfj3fiYtWaMdOYQzMH4/AHz0Zvi</latexit><latexit sha1_base64="86CVC5BDQLle4Jb47UdpFaT8IYc=">AAACEnicbVDLTgIxFO3gC/E16tLNRGIChpAZJFF3RDcuMThCwkxIpxRo6LSTtmNCJvyDG3/FjQs1bl25828sMDECnqTJuefcm9t7gogSqWz728isrK6tb2Q3c1vbO7t75v7BveSxQNhFnHLRCqDElDDsKqIobkUCwzCguBkMryd+8wELSTi7U6MI+yHsM9IjCCotdcxTz40koZwVKo1iySv9lmfzZbVR7Jh5u2xPYS0TJyV5kKLeMb+8LkdxiJlCFErZduxI+QkUiiCKxzkvljiCaAj7uK0pgyGWfjK9aWydaKVr9bjQjylrqv6dSGAo5SgMdGcI1UAuehPxP68dq96FnxAWxQozNFvUi6mluDUJyOoSgZGiI00gEkT/1UIDKCBSOsacDsFZPHmZuJXyZdm5reZrV2kaWXAEjkEBOOAc1MANqAMXIPAInsEreDOejBfj3fiYtWaMdOYQzMH4/AHz0Zvi</latexit><latexit sha1_base64="86CVC5BDQLle4Jb47UdpFaT8IYc=">AAACEnicbVDLTgIxFO3gC/E16tLNRGIChpAZJFF3RDcuMThCwkxIpxRo6LSTtmNCJvyDG3/FjQs1bl25828sMDECnqTJuefcm9t7gogSqWz728isrK6tb2Q3c1vbO7t75v7BveSxQNhFnHLRCqDElDDsKqIobkUCwzCguBkMryd+8wELSTi7U6MI+yHsM9IjCCotdcxTz40koZwVKo1iySv9lmfzZbVR7Jh5u2xPYS0TJyV5kKLeMb+8LkdxiJlCFErZduxI+QkUiiCKxzkvljiCaAj7uK0pgyGWfjK9aWydaKVr9bjQjylrqv6dSGAo5SgMdGcI1UAuehPxP68dq96FnxAWxQozNFvUi6mluDUJyOoSgZGiI00gEkT/1UIDKCBSOsacDsFZPHmZuJXyZdm5reZrV2kaWXAEjkEBOOAc1MANqAMXIPAInsEreDOejBfj3fiYtWaMdOYQzMH4/AHz0Zvi</latexit><latexit sha1_base64="86CVC5BDQLle4Jb47UdpFaT8IYc=">AAACEnicbVDLTgIxFO3gC/E16tLNRGIChpAZJFF3RDcuMThCwkxIpxRo6LSTtmNCJvyDG3/FjQs1bl25828sMDECnqTJuefcm9t7gogSqWz728isrK6tb2Q3c1vbO7t75v7BveSxQNhFnHLRCqDElDDsKqIobkUCwzCguBkMryd+8wELSTi7U6MI+yHsM9IjCCotdcxTz40koZwVKo1iySv9lmfzZbVR7Jh5u2xPYS0TJyV5kKLeMb+8LkdxiJlCFErZduxI+QkUiiCKxzkvljiCaAj7uK0pgyGWfjK9aWydaKVr9bjQjylrqv6dSGAo5SgMdGcI1UAuehPxP68dq96FnxAWxQozNFvUi6mluDUJyOoSgZGiI00gEkT/1UIDKCBSOsacDsFZPHmZuJXyZdm5reZrV2kaWXAEjkEBOOAc1MANqAMXIPAInsEreDOejBfj3fiYtWaMdOYQzMH4/AHz0Zvi</latexit>

Z 0
<latexit sha1_base64="uIXTa+JibmGWf7JWSLPL/+WbZhs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9FLx6rGFtsS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8nviNJ1Sax/LejBLsRLQvecgZNVa6ezzulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln1bs8qtas8jSIcwCGcgAfnUIMbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AId3jOM=</latexit><latexit sha1_base64="uIXTa+JibmGWf7JWSLPL/+WbZhs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9FLx6rGFtsS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8nviNJ1Sax/LejBLsRLQvecgZNVa6ezzulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln1bs8qtas8jSIcwCGcgAfnUIMbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AId3jOM=</latexit><latexit sha1_base64="uIXTa+JibmGWf7JWSLPL/+WbZhs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9FLx6rGFtsS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8nviNJ1Sax/LejBLsRLQvecgZNVa6ezzulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln1bs8qtas8jSIcwCGcgAfnUIMbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AId3jOM=</latexit><latexit sha1_base64="uIXTa+JibmGWf7JWSLPL/+WbZhs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9FLx6rGFtsS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8nviNJ1Sax/LejBLsRLQvecgZNVa6ezzulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln1bs8qtas8jSIcwCGcgAfnUIMbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AId3jOM=</latexit>

• Small sample (5%) used for optimization/validation and then 
discarded

PRD 94 (2016) no. 1, 011102, arXiv:1606.03501

He et al., PRD 43 (1991), 22; and others



SIGNAL SELECTION
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• Require events with exactly 4 tracks and 
at least 2 same-sign identified muons

e�

e+

�
µ+

µ�

µ+

µ�

Z 0

• Veto events with additional 
calorimeter energy > 200 MeV

• Veto events with 2-track mass within 100 MeV of             for 
candidate decays

⌥(1S)
<latexit sha1_base64="LVsj0KqWNz9rMTgaryYXv+ZLQ+4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BItQLyURQb0VvXisaGyhCWWz3bRLN7vL7kYooX/DiwcVr/4ab/4bt20O2vpg4PHeDDPzYsmoNp737ZRWVtfWN8qbla3tnd296v7BoxaZwiTAggnViZEmjHISGGoY6UhFUBoz0o5HN1O//USUpoI/mLEkUYoGnCYUI2OlMAykpkzwun9/2qvWvIY3g7tM/ILUoECrV/0K+wJnKeEGM6R11/ekiXKkDMWMTCphpolEeIQGpGspRynRUT67eeKeWKXvJkLZ4sadqb8ncpRqPU5j25kiM9SL3lT8z+tmJrmMcsplZgjH80VJxlwj3GkAbp8qgg0bW4KwovZWFw+RQtjYmCo2BH/x5WUSnDWuGv7dea15XaRRhiM4hjr4cAFNuIUWBIBBwjO8wpuTOS/Ou/Mxby05xcwh/IHz+QOD5ZDh</latexit><latexit sha1_base64="LVsj0KqWNz9rMTgaryYXv+ZLQ+4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BItQLyURQb0VvXisaGyhCWWz3bRLN7vL7kYooX/DiwcVr/4ab/4bt20O2vpg4PHeDDPzYsmoNp737ZRWVtfWN8qbla3tnd296v7BoxaZwiTAggnViZEmjHISGGoY6UhFUBoz0o5HN1O//USUpoI/mLEkUYoGnCYUI2OlMAykpkzwun9/2qvWvIY3g7tM/ILUoECrV/0K+wJnKeEGM6R11/ekiXKkDMWMTCphpolEeIQGpGspRynRUT67eeKeWKXvJkLZ4sadqb8ncpRqPU5j25kiM9SL3lT8z+tmJrmMcsplZgjH80VJxlwj3GkAbp8qgg0bW4KwovZWFw+RQtjYmCo2BH/x5WUSnDWuGv7dea15XaRRhiM4hjr4cAFNuIUWBIBBwjO8wpuTOS/Ou/Mxby05xcwh/IHz+QOD5ZDh</latexit><latexit sha1_base64="LVsj0KqWNz9rMTgaryYXv+ZLQ+4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BItQLyURQb0VvXisaGyhCWWz3bRLN7vL7kYooX/DiwcVr/4ab/4bt20O2vpg4PHeDDPzYsmoNp737ZRWVtfWN8qbla3tnd296v7BoxaZwiTAggnViZEmjHISGGoY6UhFUBoz0o5HN1O//USUpoI/mLEkUYoGnCYUI2OlMAykpkzwun9/2qvWvIY3g7tM/ILUoECrV/0K+wJnKeEGM6R11/ekiXKkDMWMTCphpolEeIQGpGspRynRUT67eeKeWKXvJkLZ4sadqb8ncpRqPU5j25kiM9SL3lT8z+tmJrmMcsplZgjH80VJxlwj3GkAbp8qgg0bW4KwovZWFw+RQtjYmCo2BH/x5WUSnDWuGv7dea15XaRRhiM4hjr4cAFNuIUWBIBBwjO8wpuTOS/Ou/Mxby05xcwh/IHz+QOD5ZDh</latexit><latexit sha1_base64="LVsj0KqWNz9rMTgaryYXv+ZLQ+4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BItQLyURQb0VvXisaGyhCWWz3bRLN7vL7kYooX/DiwcVr/4ab/4bt20O2vpg4PHeDDPzYsmoNp737ZRWVtfWN8qbla3tnd296v7BoxaZwiTAggnViZEmjHISGGoY6UhFUBoz0o5HN1O//USUpoI/mLEkUYoGnCYUI2OlMAykpkzwun9/2qvWvIY3g7tM/ILUoECrV/0K+wJnKeEGM6R11/ekiXKkDMWMTCphpolEeIQGpGspRynRUT67eeKeWKXvJkLZ4sadqb8ncpRqPU5j25kiM9SL3lT8z+tmJrmMcsplZgjH80VJxlwj3GkAbp8qgg0bW4KwovZWFw+RQtjYmCo2BH/x5WUSnDWuGv7dea15XaRRhiM4hjr4cAFNuIUWBIBBwjO8wpuTOS/Ou/Mxby05xcwh/IHz+QOD5ZDh</latexit>

⌥(2S)/⌥(3S) ! ⇡+⇡�⌥(1S)
<latexit sha1_base64="Vy8o97RmnDuKIgUxoXz2sS/WRDc=">AAACJHicbVDLTgIxFO3gC/GFunTTSEwgRpxBEzVxQXTjEoMjJAySTinQ0GknbUdDCD/jxl9x40KMCzd+ix0gRMGTtDk999zc3uOHjCpt219WYmFxaXkluZpaW9/Y3Epv79wrEUlMXCyYkFUfKcIoJ66mmpFqKAkKfEYqfvc6rlceiVRU8DvdC0k9QG1OWxQjbaRG+tJzQ0WZ4NlCOXc8fZyUc9CTtN3RSErxBL2QPhzG19HU4pRzjXTGztsjwHniTEgGTFBqpIdeU+AoIFxjhpSqOXao630kNcWMDFJepEiIcBe1Sc1QjgKi6v3RlgN4YJQmbAlpDtdwpP7u6KNAqV7gG2eAdEfN1mLxv1ot0q3zep/yMNKE4/GgVsSgFjCODDapJFizniEIS2r+CnEHSYS1CTZlQnBmV54nbiF/kXduTzPFq0kaSbAH9kEWOOAMFMENKAEXYPAMXsE7GFov1pv1YX2OrQlr0rML/sD6/gGwqaO9</latexit><latexit sha1_base64="Vy8o97RmnDuKIgUxoXz2sS/WRDc=">AAACJHicbVDLTgIxFO3gC/GFunTTSEwgRpxBEzVxQXTjEoMjJAySTinQ0GknbUdDCD/jxl9x40KMCzd+ix0gRMGTtDk999zc3uOHjCpt219WYmFxaXkluZpaW9/Y3Epv79wrEUlMXCyYkFUfKcIoJ66mmpFqKAkKfEYqfvc6rlceiVRU8DvdC0k9QG1OWxQjbaRG+tJzQ0WZ4NlCOXc8fZyUc9CTtN3RSErxBL2QPhzG19HU4pRzjXTGztsjwHniTEgGTFBqpIdeU+AoIFxjhpSqOXao630kNcWMDFJepEiIcBe1Sc1QjgKi6v3RlgN4YJQmbAlpDtdwpP7u6KNAqV7gG2eAdEfN1mLxv1ot0q3zep/yMNKE4/GgVsSgFjCODDapJFizniEIS2r+CnEHSYS1CTZlQnBmV54nbiF/kXduTzPFq0kaSbAH9kEWOOAMFMENKAEXYPAMXsE7GFov1pv1YX2OrQlr0rML/sD6/gGwqaO9</latexit><latexit sha1_base64="Vy8o97RmnDuKIgUxoXz2sS/WRDc=">AAACJHicbVDLTgIxFO3gC/GFunTTSEwgRpxBEzVxQXTjEoMjJAySTinQ0GknbUdDCD/jxl9x40KMCzd+ix0gRMGTtDk999zc3uOHjCpt219WYmFxaXkluZpaW9/Y3Epv79wrEUlMXCyYkFUfKcIoJ66mmpFqKAkKfEYqfvc6rlceiVRU8DvdC0k9QG1OWxQjbaRG+tJzQ0WZ4NlCOXc8fZyUc9CTtN3RSErxBL2QPhzG19HU4pRzjXTGztsjwHniTEgGTFBqpIdeU+AoIFxjhpSqOXao630kNcWMDFJepEiIcBe1Sc1QjgKi6v3RlgN4YJQmbAlpDtdwpP7u6KNAqV7gG2eAdEfN1mLxv1ot0q3zep/yMNKE4/GgVsSgFjCODDapJFizniEIS2r+CnEHSYS1CTZlQnBmV54nbiF/kXduTzPFq0kaSbAH9kEWOOAMFMENKAEXYPAMXsE7GFov1pv1YX2OrQlr0rML/sD6/gGwqaO9</latexit><latexit sha1_base64="Vy8o97RmnDuKIgUxoXz2sS/WRDc=">AAACJHicbVDLTgIxFO3gC/GFunTTSEwgRpxBEzVxQXTjEoMjJAySTinQ0GknbUdDCD/jxl9x40KMCzd+ix0gRMGTtDk999zc3uOHjCpt219WYmFxaXkluZpaW9/Y3Epv79wrEUlMXCyYkFUfKcIoJ66mmpFqKAkKfEYqfvc6rlceiVRU8DvdC0k9QG1OWxQjbaRG+tJzQ0WZ4NlCOXc8fZyUc9CTtN3RSErxBL2QPhzG19HU4pRzjXTGztsjwHniTEgGTFBqpIdeU+AoIFxjhpSqOXao630kNcWMDFJepEiIcBe1Sc1QjgKi6v3RlgN4YJQmbAlpDtdwpP7u6KNAqV7gG2eAdEfN1mLxv1ot0q3zep/yMNKE4/GgVsSgFjCODDapJFizniEIS2r+CnEHSYS1CTZlQnBmV54nbiF/kXduTzPFq0kaSbAH9kEWOOAMFMENKAEXYPAMXsE7GFov1pv1YX2OrQlr0rML/sD6/gGwqaO9</latexit>
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Signal selection

● Background is primarily from QED processes, in particular

   e+e-  →   μ+μ-μ+μ-        

● Select events with 4 tracks, including two same-sign identified muons;
veto events with additional calorimeter energy exceeding 200 MeV

● ϒ(3S), ϒ(2S)  → π+π- ϒ(1S)   backgrounds rejected by vetoing events
with a di-track mass combination within 100 MeV of the ϒ(1S)

● ISR not modelled in simulation;
corrected at analysis level

● Retain events with m(4μ) within
500 MeV of nominal CM energy

● Kinematic fit of 4μ mass to CM
energy and interaction point
imposed

• ISR not in MC, corrected at 
analysis level

• Retain events with 4-muon mass 
within 500 MeV of nominal ECM

<latexit sha1_base64="L31bA+w7syure4jHPcdwcDerjwo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorFsGLUMG1xXYp2TTbhibZJckKZem/8OJBxas/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/4EHHqSLUJzGPVTvEmnImqW+Y4bSdKIpFyGkrHDWmfuuJKs1ieW/GCQ0EHkgWMYKNlR6ve1lXCdS4nfTKFbfqzoCWiZeTCuRo9spf3X5MUkGlIRxr3fHcxAQZVoYRTielbqppgskID2jHUokF1UE2u3iCTqzSR1GsbEmDZurviQwLrccitJ0Cm6Fe9Kbif14nNdFFkDGZpIZKMl8UpRyZGE3fR32mKDF8bAkmitlbERlihYmxIZVsCN7iy8vEP6teVr2780r9Kk+jCEdwDKfgQQ3qcANN8IGAhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QNQ9JA5</latexit><latexit sha1_base64="L31bA+w7syure4jHPcdwcDerjwo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorFsGLUMG1xXYp2TTbhibZJckKZem/8OJBxas/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/4EHHqSLUJzGPVTvEmnImqW+Y4bSdKIpFyGkrHDWmfuuJKs1ieW/GCQ0EHkgWMYKNlR6ve1lXCdS4nfTKFbfqzoCWiZeTCuRo9spf3X5MUkGlIRxr3fHcxAQZVoYRTielbqppgskID2jHUokF1UE2u3iCTqzSR1GsbEmDZurviQwLrccitJ0Cm6Fe9Kbif14nNdFFkDGZpIZKMl8UpRyZGE3fR32mKDF8bAkmitlbERlihYmxIZVsCN7iy8vEP6teVr2780r9Kk+jCEdwDKfgQQ3qcANN8IGAhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QNQ9JA5</latexit><latexit sha1_base64="L31bA+w7syure4jHPcdwcDerjwo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorFsGLUMG1xXYp2TTbhibZJckKZem/8OJBxas/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/4EHHqSLUJzGPVTvEmnImqW+Y4bSdKIpFyGkrHDWmfuuJKs1ieW/GCQ0EHkgWMYKNlR6ve1lXCdS4nfTKFbfqzoCWiZeTCuRo9spf3X5MUkGlIRxr3fHcxAQZVoYRTielbqppgskID2jHUokF1UE2u3iCTqzSR1GsbEmDZurviQwLrccitJ0Cm6Fe9Kbif14nNdFFkDGZpIZKMl8UpRyZGE3fR32mKDF8bAkmitlbERlihYmxIZVsCN7iy8vEP6teVr2780r9Kk+jCEdwDKfgQQ3qcANN8IGAhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QNQ9JA5</latexit><latexit sha1_base64="L31bA+w7syure4jHPcdwcDerjwo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorFsGLUMG1xXYp2TTbhibZJckKZem/8OJBxas/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/4EHHqSLUJzGPVTvEmnImqW+Y4bSdKIpFyGkrHDWmfuuJKs1ieW/GCQ0EHkgWMYKNlR6ve1lXCdS4nfTKFbfqzoCWiZeTCuRo9spf3X5MUkGlIRxr3fHcxAQZVoYRTielbqppgskID2jHUokF1UE2u3iCTqzSR1GsbEmDZurviQwLrccitJ0Cm6Fe9Kbif14nNdFFkDGZpIZKMl8UpRyZGE3fR32mKDF8bAkmitlbERlihYmxIZVsCN7iy8vEP6teVr2780r9Kk+jCEdwDKfgQQ3qcANN8IGAhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QNQ9JA5</latexit>
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DI-MUON RECONSTRUCTION

!14

• Consider all di-muon combinations e�

e+

�
µ+

µ�

µ+

µ�

Z 0

• Use reduced di-muon mass:

mR =
q

m2
µµ � 4m2

µ
<latexit sha1_base64="A2BXJpqCmGxGfrioYCDpUEpiqDQ=">AAACEXicbZC7TsMwFIadcivlFmBksaiQYKBKqkrAgFTBwlgQoZV6iRzXba3aTrAdpCrKM7DwKiwMgFjZ2HgbnLYDtBzZ0qf/P0f2+YOIUaUd59vKLSwuLa/kVwtr6xubW/b2zp0KY4mJh0MWykaAFGFUEE9TzUgjkgTxgJF6MLzM/PoDkYqG4laPItLmqC9oj2KkjeTbR9xPWpLDmxSew5a6lzrJFB6bk3bKxxXIfYOdcurbRafkjAvOgzuFIphWzbe/Wt0Qx5wIjRlSquk6kW4nSGqKGUkLrViRCOEh6pOmQYE4Ue1kvFIKD4zShb1Qmis0HKu/JxLElRrxwHRypAdq1svE/7xmrHun7YSKKNZE4MlDvZhBHcIsH9ilkmDNRgYQltT8FeIBkghrk2LBhODOrjwPXrl0VnKvK8XqxTSNPNgD++AQuOAEVMEVqAEPYPAInsEreLOerBfr3fqYtOas6cwu+FPW5w+ye50Q</latexit><latexit sha1_base64="A2BXJpqCmGxGfrioYCDpUEpiqDQ=">AAACEXicbZC7TsMwFIadcivlFmBksaiQYKBKqkrAgFTBwlgQoZV6iRzXba3aTrAdpCrKM7DwKiwMgFjZ2HgbnLYDtBzZ0qf/P0f2+YOIUaUd59vKLSwuLa/kVwtr6xubW/b2zp0KY4mJh0MWykaAFGFUEE9TzUgjkgTxgJF6MLzM/PoDkYqG4laPItLmqC9oj2KkjeTbR9xPWpLDmxSew5a6lzrJFB6bk3bKxxXIfYOdcurbRafkjAvOgzuFIphWzbe/Wt0Qx5wIjRlSquk6kW4nSGqKGUkLrViRCOEh6pOmQYE4Ue1kvFIKD4zShb1Qmis0HKu/JxLElRrxwHRypAdq1svE/7xmrHun7YSKKNZE4MlDvZhBHcIsH9ilkmDNRgYQltT8FeIBkghrk2LBhODOrjwPXrl0VnKvK8XqxTSNPNgD++AQuOAEVMEVqAEPYPAInsEreLOerBfr3fqYtOas6cwu+FPW5w+ye50Q</latexit><latexit sha1_base64="A2BXJpqCmGxGfrioYCDpUEpiqDQ=">AAACEXicbZC7TsMwFIadcivlFmBksaiQYKBKqkrAgFTBwlgQoZV6iRzXba3aTrAdpCrKM7DwKiwMgFjZ2HgbnLYDtBzZ0qf/P0f2+YOIUaUd59vKLSwuLa/kVwtr6xubW/b2zp0KY4mJh0MWykaAFGFUEE9TzUgjkgTxgJF6MLzM/PoDkYqG4laPItLmqC9oj2KkjeTbR9xPWpLDmxSew5a6lzrJFB6bk3bKxxXIfYOdcurbRafkjAvOgzuFIphWzbe/Wt0Qx5wIjRlSquk6kW4nSGqKGUkLrViRCOEh6pOmQYE4Ue1kvFIKD4zShb1Qmis0HKu/JxLElRrxwHRypAdq1svE/7xmrHun7YSKKNZE4MlDvZhBHcIsH9ilkmDNRgYQltT8FeIBkghrk2LBhODOrjwPXrl0VnKvK8XqxTSNPNgD++AQuOAEVMEVqAEPYPAInsEreLOerBfr3fqYtOas6cwu+FPW5w+ye50Q</latexit><latexit sha1_base64="A2BXJpqCmGxGfrioYCDpUEpiqDQ=">AAACEXicbZC7TsMwFIadcivlFmBksaiQYKBKqkrAgFTBwlgQoZV6iRzXba3aTrAdpCrKM7DwKiwMgFjZ2HgbnLYDtBzZ0qf/P0f2+YOIUaUd59vKLSwuLa/kVwtr6xubW/b2zp0KY4mJh0MWykaAFGFUEE9TzUgjkgTxgJF6MLzM/PoDkYqG4laPItLmqC9oj2KkjeTbR9xPWpLDmxSew5a6lzrJFB6bk3bKxxXIfYOdcurbRafkjAvOgzuFIphWzbe/Wt0Qx5wIjRlSquk6kW4nSGqKGUkLrViRCOEh6pOmQYE4Ue1kvFIKD4zShb1Qmis0HKu/JxLElRrxwHRypAdq1svE/7xmrHun7YSKKNZE4MlDvZhBHcIsH9ilkmDNRgYQltT8FeIBkghrk2LBhODOrjwPXrl0VnKvK8XqxTSNPNgD++AQuOAEVMEVqAEPYPAInsEreLOerBfr3fqYtOas6cwu+FPW5w+ye50Q</latexit>

reduced mass has a smoother behavior near threshold
and is easier to model than the dimuon mass. The
spectrum is dominated by e+e� ! µ+µ�µ+µ� pro-
duction, with additional contributions from e+e� !
⇡+⇡�⇢, ⇢ ! ⇡+⇡�, e+e� ! µ+µ�⇢, ⇢ ! ⇡+⇡�, and
e+e� ! ⇡+⇡�J/ , J/ ! µ+µ� events, where one or
several pions are misidentified as muons. A peak cor-
responding to the ⇢ meson is visible at low mass; the
second Z 0 candidate reconstructed in these events gen-
erates the enhancement near 9.5GeV. Other than the
J/ , no significant signal of other narrow resonances is
observed.
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FIG. 1: The distribution of the four-muon invariant mass,
m(4µ), for data taken at the ⌥ (4S) peak together with Monte
Carlo predictions of various processes normalized to data lu-
minosity. The e+e� ! µ+µ�µ+µ� Monte Carlo does not
include ISR corrections.

The signal e�ciency rises from ⇠ 35% at low masses to
⇠ 50% around mR = 6 � 7GeV, before dropping again
at higher masses. The signal e�ciencies include a cor-
rection factor of 0.82, which primarily accounts for the
impact of ISR not included in the simulation, as well
as di↵erences between data and simulation in trigger ef-
ficiency, charged particle identification, and track and
photon reconstruction e�ciencies. This correction fac-
tor is derived from the ratio of the mR distribution in
simulated e+e� ! µ+µ�µ+µ� events to the observed
distribution in the mass region 1–9 GeV, excluding the
J/ region (light blue line in Fig. 2). An uncertainty of
5% is propagated as a systematic uncertainty, covering
the small variations between data-taking periods and the
uncertainties on the e+e� ! µ+µ�µ+µ� cross-section.

We extract the signal yield as a function of mZ0 by
performing a series of unbinned maximum likelihood fits
to the reduced dimuon mass spectrum, covering the mass
range mR < 10GeV for the data taken near the ⌥ (4S)
resonance, and up to 9GeV for the datasets collected
near the ⌥ (2S) and ⌥ (3S) resonances. The search is
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FIG. 2: The distribution of the reduced dimuon mass, mR,
together with Monte Carlo predictions of various processes
normalized to data luminosity. Four combinations per event
are included. The fit of the ratio between reconstructed and
simulated events is shown as a light blue dashed line. The
e+e� ! µ+µ�µ+µ� Monte Carlo does not include ISR or
other e�ciency corrections (see text).

conducted in varying mass steps that correspond to the
dark boson mass resolution. Each fit is performed over
an interval 50 times broader than the signal resolution
at that mass for mR > 0.2GeV, or over a fixed interval
0 � 0.3GeV for mR < 0.2GeV. We estimate the signal
resolution by Gaussian fits to several simulated Z 0 sam-
ples for the purpose of determining the scan steps, and
interpolate the results to all other masses. The resolution
varies between 1�9MeV, dominated by experimental ef-
fects. We probe a total of 2219 mass hypotheses. The
bias in the fitted values, estimated from a large ensemble
of pseudo-experiments, is negligible.

The likelihood function, described below, contains
components from signal, continuum background, and
peaking background where appropriate. The signal prob-
ability density function (pdf) is modeled directly from
the signal Monte Carlo mass distribution using a non-
parametric kernel density function. The pdf is interpo-
lated between the known simulated masses using an algo-
rithm based on the cumulative density function [27]. An
uncertainty of 0.1 � 3.2 events associated to this proce-
dure is estimated by taking the next-to-closest mass point
in place of the closest simulated mass point to interpolate
the signal shape. The agreement between the simulated
signal resolution and the data is assessed by fitting the
full-energy peak of the four-muon invariant mass spec-
trum in the range 10.3 � 10.7GeV with a Crystal Ball
function [28]. The ratio of simulated and reconstructed
peak widths is 1.01±0.04, consistent with unity. The im-
pact of ISR emission on the peak widths are expected to
be small in that mass range. Similarly, the decay width

4

⇢
J/ 

• Data/MC discrepancy due to 
ISR, particle ID & tracking 
efficiency

• Re-scale signal efficiency by 
same factor
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SIGNAL EXTRACTION
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• Perform series of unbinned maximum likelihood fits in windows of 
reduced di-muon mass of width          and steps of  

• Signal shape modeled using non-parametric kernel density 
function derived from MC, validated on J/ 
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• Background includes continuum (polynomial or arctan 
functions based on mass) and peaking  J/ 
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Muonic dark force results

Local significance:  4.3σ
Global significance: 1.6σ 

Most significant fit

• No significant deviation from 
background-only hypothesis

• Set 90% confidence level 
upper limit on cross section 

• Signal extracted separately for each data set, results combined to 
give cross section
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• Limits on cross section can be applied to other models with 
couplings to muons

• First direct limits on muonic      in mass range, improves upon 
earlier indirect neutrino-experiment limits

Z 0
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SUMMARY

• Put limits on production of a force that couples to 2nd-generation 
leptons, constrained muon g-2 motivated parameters

• BABAR is an excellent experiment for discovering and constraining 
new low-mass particles due to clean environment and high-
statistics sample

• Excluded entire parameter space of invisibly decaying dark photon 
motivated by muon g-2

• We are only scratching the surface of hidden sectors: more to come!
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DARK FORCES
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• Dark forces can interact with the Standard Model in two ways:

1. Kinetic mixing 
(“dark photon”):

2. SM directly charged 
under new force:

A0 Aheavy 
particles

A0
f̄

f

Qf "
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INVISIBLE DARK PHOTON
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• Monophoton event display, with anti-aligned energy deposit in IFR

Figure 5: Event display for a typical e+e� ! �� event where a photon has slipped through a crack
in the EMC and only one photon is detected. Note the deposit in the IFR anti-aligned with the
detected photon.

In the low mass regime, the dominant background contribution is from e+e� ! ��. One
of the photons may miss the crystals in the EMC, and leave what appears to be a single pho-135

ton event. However, most photons that manage to evade the EMC undetected still typically
leave some deposit in the IFR anti-aligned to the primary photon, and our IFR variables are
powerful discriminants in weeding out such events (Figure 5).

In the high mass regime, the background is dominated by low-angle radiative Bhabha events,140

e+e� ! �e+e�, where the electrons have escaped down the beampipe or otherwise. The tail
of the �� background is still significant in this region and also contributes to the background
continuum.

Our analysis improves upon the work in BAD2008 [9] by performing a loose set of cuts,145

and then utilizing a multivariate discriminator to enhance our signal e�ciency.

11

PRL 119 (2017) no. 13, 131804, arXiv:1702.0327



MULTIVARIATE ANALYSIS
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• Significant backgrounds remain, but many discriminating observables!

• After loose preselection cuts, train a Boosted Decision Tree (BDT) 
classifier based on 12 discriminating observables

• Cluster shape parameters for signal candidate EMC cluster
• Total calorimeter energy excluding signal candidate cluster
• Properties of the second most energetic cluster (energy, polar 

angle, direction relative to signal candidate cluster)

• Properties of the IFR cluster closest to missing momentum 
direction

PRL 119 (2017) no. 13, 131804, arXiv:1702.0327



MULTIVARIATE ANALYSIS
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• BDT trained using the following samples:
• Signal: simulated sample with uniform     mass distributionA0
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• Background: Sample (~3/fb) of data from ⌥(3S)
<latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit><latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit><latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit><latexit sha1_base64="ffOE7yqy9mO0Hey/aXuErQ3mnqo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lUUG9FLx4rGltoQtlsN+3SzWbZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeJDnTxnW/naXlldW19dJGeXNre2e3srf/qNNMEeqTlKeqHWFNORPUN8xw2paK4iTitBUNbyZ+64kqzVLxYEaShgnuCxYzgo2VgsCXmvFU1M7uT7qVqlt3p0CLxCtIFQo0u5WvoJeSLKHCEI617niuNGGOlWGE03E5yDSVmAxxn3YsFTihOsynN4/RsVV6KE6VLWHQVP09keNE61ES2c4Em4Ge9ybif14nM/FlmDMhM0MFmS2KM45MiiYBoB5TlBg+sgQTxeytiAywwsTYmMo2BG/+5UXin9av6t7debVxXaRRgkM4ghp4cAENuIUm+EBAwjO8wpuTOS/Ou/Mxa11yipkD+APn8weG75Dj</latexit>
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Multivariate selection

Boosted Decision Tree (BDT) selector to
discriminate signal candidates

● Trained separately for low and high mass samples

● Training samples:

– Simulated signal events with uniform A' mass
distribution

– Background data events from ϒ(3S) sample

(~3 fb-1)  

12 discriminating variables:

– Cluster shape parameters for signal
candidate cluster

– Total calorimeter energy, excluding signal
candidate cluster

– Properties of the second most energetic

cluster: E*, θ*, ΔΦ*

– Properties of the IFR cluster (E*, θ*, ΔΦ*)
closest to the missing momentum direction

January 12, 2018    Searches for light new particles with BABAR data              Steven Robertson 8

Multivariate selection

Boosted Decision Tree (BDT) selector to
discriminate signal candidates

● Trained separately for low and high mass samples

● Training samples:

– Simulated signal events with uniform A' mass
distribution

– Background data events from ϒ(3S) sample

(~3 fb-1)  

12 discriminating variables:

– Cluster shape parameters for signal
candidate cluster

– Total calorimeter energy, excluding signal
candidate cluster

– Properties of the second most energetic

cluster: E*, θ*, ΔΦ*

– Properties of the IFR cluster (E*, θ*, ΔΦ*)
closest to the missing momentum direction• “Background” (      ): defined as BDT response < -0.5RB

<latexit sha1_base64="xPuaC8VbWnZXEX9A6kUiq01kU0w=">AAAB83icbVBNSwMxFHzrZ61fVY9egkXwVHZFUG+lXjxWcW2hXUo2zbah2WRNsoWy9Hd48aDi1T/jzX9jtt2Dtg4Ehpn3eJMJE860cd1vZ2V1bX1js7RV3t7Z3duvHBw+apkqQn0iuVTtEGvKmaC+YYbTdqIojkNOW+HoJvdbY6o0k+LBTBIaxHggWMQINlYKujE2Q4J5dj/tNXqVqltzZ0DLxCtIFQo0e5Wvbl+SNKbCEI617nhuYoIMK8MIp9NyN9U0wWSEB7RjqcAx1UE2Cz1Fp1bpo0gq+4RBM/X3RoZjrSdxaCfzkHrRy8X/vE5qoqsgYyJJDRVkfihKOTIS5Q2gPlOUGD6xBBPFbFZEhlhhYmxPZVuCt/jlZeKf165r3t1Ftd4o2ijBMZzAGXhwCXW4hSb4QOAJnuEV3pyx8+K8Ox/z0RWn2DmCP3A+fwA7OJHx</latexit><latexit sha1_base64="xPuaC8VbWnZXEX9A6kUiq01kU0w=">AAAB83icbVBNSwMxFHzrZ61fVY9egkXwVHZFUG+lXjxWcW2hXUo2zbah2WRNsoWy9Hd48aDi1T/jzX9jtt2Dtg4Ehpn3eJMJE860cd1vZ2V1bX1js7RV3t7Z3duvHBw+apkqQn0iuVTtEGvKmaC+YYbTdqIojkNOW+HoJvdbY6o0k+LBTBIaxHggWMQINlYKujE2Q4J5dj/tNXqVqltzZ0DLxCtIFQo0e5Wvbl+SNKbCEI617nhuYoIMK8MIp9NyN9U0wWSEB7RjqcAx1UE2Cz1Fp1bpo0gq+4RBM/X3RoZjrSdxaCfzkHrRy8X/vE5qoqsgYyJJDRVkfihKOTIS5Q2gPlOUGD6xBBPFbFZEhlhhYmxPZVuCt/jlZeKf165r3t1Ftd4o2ijBMZzAGXhwCXW4hSb4QOAJnuEV3pyx8+K8Ox/z0RWn2DmCP3A+fwA7OJHx</latexit><latexit sha1_base64="xPuaC8VbWnZXEX9A6kUiq01kU0w=">AAAB83icbVBNSwMxFHzrZ61fVY9egkXwVHZFUG+lXjxWcW2hXUo2zbah2WRNsoWy9Hd48aDi1T/jzX9jtt2Dtg4Ehpn3eJMJE860cd1vZ2V1bX1js7RV3t7Z3duvHBw+apkqQn0iuVTtEGvKmaC+YYbTdqIojkNOW+HoJvdbY6o0k+LBTBIaxHggWMQINlYKujE2Q4J5dj/tNXqVqltzZ0DLxCtIFQo0e5Wvbl+SNKbCEI617nhuYoIMK8MIp9NyN9U0wWSEB7RjqcAx1UE2Cz1Fp1bpo0gq+4RBM/X3RoZjrSdxaCfzkHrRy8X/vE5qoqsgYyJJDRVkfihKOTIS5Q2gPlOUGD6xBBPFbFZEhlhhYmxPZVuCt/jlZeKf165r3t1Ftd4o2ijBMZzAGXhwCXW4hSb4QOAJnuEV3pyx8+K8Ox/z0RWn2DmCP3A+fwA7OJHx</latexit><latexit sha1_base64="xPuaC8VbWnZXEX9A6kUiq01kU0w=">AAAB83icbVBNSwMxFHzrZ61fVY9egkXwVHZFUG+lXjxWcW2hXUo2zbah2WRNsoWy9Hd48aDi1T/jzX9jtt2Dtg4Ehpn3eJMJE860cd1vZ2V1bX1js7RV3t7Z3duvHBw+apkqQn0iuVTtEGvKmaC+YYbTdqIojkNOW+HoJvdbY6o0k+LBTBIaxHggWMQINlYKujE2Q4J5dj/tNXqVqltzZ0DLxCtIFQo0e5Wvbl+SNKbCEI617nhuYoIMK8MIp9NyN9U0wWSEB7RjqcAx1UE2Cz1Fp1bpo0gq+4RBM/X3RoZjrSdxaCfzkHrRy8X/vE5qoqsgYyJJDRVkfihKOTIS5Q2gPlOUGD6xBBPFbFZEhlhhYmxPZVuCt/jlZeKf165r3t1Ftd4o2ijBMZzAGXhwCXW4hSb4QOAJnuEV3pyx8+K8Ox/z0RWn2DmCP3A+fwA7OJHx</latexit>

(2) HIGH MASS(1) LOW MASS

RB
<latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit><latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit><latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit><latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit>
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<latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit><latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit><latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit><latexit sha1_base64="fc6lpYn8nIEdcf8V8xYmGYsxqp0=">AAACAHicbVDNS8MwHE3n15xfVS+Cl+AQPI1WBPU25sXjFOsGaylpmm1haVqSVBilXvxXvHhQ8eqf4c3/xrTrQTcfBB7v/b7ygoRRqSzr26gtLa+srtXXGxubW9s75u7evYxTgYmDYxaLfoAkYZQTR1HFSD8RBEUBI71gclX4vQciJI35nZomxIvQiNMhxUhpyTcP3HJGJkiYuxFSY4xYdpv7Hd9sWi2rBFwkdkWaoELXN7/cMMZpRLjCDEk5sK1EeRkSimJG8oabSpIgPEEjMtCUo4hILyu35/BYKyEcxkI/rmCp/u7IUCTlNAp0ZXGknPcK8T9vkKrhhZdRnqSKcDxbNEwZVDEs4oAhFQQrNtUEYUH1rRCPkUBY6dAaOgR7/suLxDltXbbsm7Nmu1OlUQeH4AicABucgza4Bl3gAAwewTN4BW/Gk/FivBsfs9KaUfXsgz8wPn8AskaXPg==</latexit>
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SELECTION OPTIMIZATION
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• We define two selection regions that are optimized with respect to 
different figures of merit

• “Tight” (      ): optimizes              (only for low-mass region, 
hard to reliably estimate bkd)

"S/NB
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• “Loose” (      ): optimizes                 (applicable where bkd 
can be fit by a featureless continuum distribution)

"S/
p
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Signal extraction

Selection optimized for best upper limit on A' production cross section

● Use BDT to define “background” ( -0.5 < BDT < 0), “Loose” and “Tight”

ϒ(2S) and ϒ(3S) only) signal criteria

● Background shape taken from “background” data

– Parametrized as 2nd order polynomial (sum of exponentiated polynomials) in low
(high) M region, plus Crystal Ball peaking function for peaking backgrounds

● Signal parametrized using Crystal Ball function with mass-dependent width

(determined from simulation); validated with e+e-  → γγ control samples   

9 independent samples
4 independent samples

PRL 119 (2017) no. 13, 131804, arXiv:1702.0327



SELECTION OPTIMIZATION
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PRL 119 (2017) no. 13, 131804, arXiv:1702.0327

Figure 16: The tight and loose cuts in the low mass region. The tight cut is cos(✓1) > �0.4 and
BDTresponse > 0.34. The loose cut includes all events outside the tight cut with BDTresponse >
0.3.
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INVISIBLE DARK PHOTON
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• Most significant fit:

A' Mass (GeV)
0 1 2 3 4 5 6 7 8

)
σ

Si
gn

ifi
ca

nc
e 

(

0

0.5

1

1.5

2

2.5

3

Entries  166

Mean   0.5585

Std Dev    0.7754

σ
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

1

10

210

Entries  166

Mean   0.5585

Std Dev    0.7754

Significance

Figure 38: Local signal significance for ✏2 > 0 as a function of mA0 (left) and the histogram of
significance values (right).
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Figure 39: Combined 2S and 3S high-mass dataset with a fit that corresponds to the dark photon
with mass mA0 = 6.22 GeV.
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Invisible decays Results

Cross section of A' determined as a function of assumed mass

● Total of 166 mass hypotheses fit

● Results consistent with null hypothesis

MA' = 6.21 GeV
Local significance 3.1σ
Global significane 2.6σ

MA0 = 6.21 GeV
<latexit sha1_base64="7v/wSVhtlBhe6qxd57aCu8wDaOI=">AAACBXicbVDLSsNAFJ34rPUVdSnCYBFdSEiK+FgIVRe6ESqYttCGMJlO2qGTBzMToYSs3PgrblyouPUf3Pk3TtostPUMA4dz7uXee7yYUSFN81ubmZ2bX1gsLZWXV1bX1vWNzYaIEo6JjSMW8ZaHBGE0JLakkpFWzAkKPEaa3uAq95sPhAsahfdyGBMnQL2Q+hQjqSRX37l104v9DJ7DY6NqdQ7VC5Ds8yC9Jo3M1SumYY4Ap4lVkAooUHf1r043wklAQokZEqJtmbF0UsQlxYxk5U4iSIzwAPVIW9EQBUQ46eiMDO4ppQv9iKsfSjhSf3ekKBBiGHiqMt9RTHq5+J/XTqR/6qQ0jBNJQjwe5CcMygjmmcAu5QRLNlQEYU7VrhD3EUdYquTKKgRr8uRpYleNM8O6O6rULos0SmAb7IIDYIETUAM3oA5sgMEjeAav4E170l60d+1jXDqjFT1b4A+0zx+U65bg</latexit><latexit sha1_base64="7v/wSVhtlBhe6qxd57aCu8wDaOI=">AAACBXicbVDLSsNAFJ34rPUVdSnCYBFdSEiK+FgIVRe6ESqYttCGMJlO2qGTBzMToYSs3PgrblyouPUf3Pk3TtostPUMA4dz7uXee7yYUSFN81ubmZ2bX1gsLZWXV1bX1vWNzYaIEo6JjSMW8ZaHBGE0JLakkpFWzAkKPEaa3uAq95sPhAsahfdyGBMnQL2Q+hQjqSRX37l104v9DJ7DY6NqdQ7VC5Ds8yC9Jo3M1SumYY4Ap4lVkAooUHf1r043wklAQokZEqJtmbF0UsQlxYxk5U4iSIzwAPVIW9EQBUQ46eiMDO4ppQv9iKsfSjhSf3ekKBBiGHiqMt9RTHq5+J/XTqR/6qQ0jBNJQjwe5CcMygjmmcAu5QRLNlQEYU7VrhD3EUdYquTKKgRr8uRpYleNM8O6O6rULos0SmAb7IIDYIETUAM3oA5sgMEjeAav4E170l60d+1jXDqjFT1b4A+0zx+U65bg</latexit><latexit sha1_base64="7v/wSVhtlBhe6qxd57aCu8wDaOI=">AAACBXicbVDLSsNAFJ34rPUVdSnCYBFdSEiK+FgIVRe6ESqYttCGMJlO2qGTBzMToYSs3PgrblyouPUf3Pk3TtostPUMA4dz7uXee7yYUSFN81ubmZ2bX1gsLZWXV1bX1vWNzYaIEo6JjSMW8ZaHBGE0JLakkpFWzAkKPEaa3uAq95sPhAsahfdyGBMnQL2Q+hQjqSRX37l104v9DJ7DY6NqdQ7VC5Ds8yC9Jo3M1SumYY4Ap4lVkAooUHf1r043wklAQokZEqJtmbF0UsQlxYxk5U4iSIzwAPVIW9EQBUQ46eiMDO4ppQv9iKsfSjhSf3ekKBBiGHiqMt9RTHq5+J/XTqR/6qQ0jBNJQjwe5CcMygjmmcAu5QRLNlQEYU7VrhD3EUdYquTKKgRr8uRpYleNM8O6O6rULos0SmAb7IIDYIETUAM3oA5sgMEjeAav4E170l60d+1jXDqjFT1b4A+0zx+U65bg</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="frmP7U8/sNGeL6TafYT0ivaMS9Q=">AAAB+nicbVDLSsNAFL3xWWvV6FaEwSK6kJB04WMhKC50I1QwbaENYTKdtEMnD2YmQglZufFX3LhQ8UPc+TdOHwttPcOFwzn3MveeIOVMKtv+NhYWl5ZXVktr5fXKxuaWuV1pyCQThLok4YloBVhSzmLqKqY4baWC4ijgtBkMrkd+85EKyZL4QQ1T6kW4F7OQEay05Jt7d35+dVigC3Ri1ZzOsX4RVn0R5Te0Ufhm1bbsMdA8caakClPUffOr001IFtFYEY6lbDt2qrwcC8UIp0W5k0maYjLAPdrWNMYRlV4+PqNAB1rpojARumKFxurviRxHUg6jQHeOdpSz3kj8z2tnKjzzchanmaIxmXwUZhypBI0yQV0mKFF8qAkmguldEeljgYnSyZV1CM7syfPErVnnlnNvQwl2YR+OwIFTuIRbqIMLBJ7gBd7g3Xg2Xo2PSVoLxjS2HfgD4/MHGOWVcA==</latexit><latexit sha1_base64="frmP7U8/sNGeL6TafYT0ivaMS9Q=">AAAB+nicbVDLSsNAFL3xWWvV6FaEwSK6kJB04WMhKC50I1QwbaENYTKdtEMnD2YmQglZufFX3LhQ8UPc+TdOHwttPcOFwzn3MveeIOVMKtv+NhYWl5ZXVktr5fXKxuaWuV1pyCQThLok4YloBVhSzmLqKqY4baWC4ijgtBkMrkd+85EKyZL4QQ1T6kW4F7OQEay05Jt7d35+dVigC3Ri1ZzOsX4RVn0R5Te0Ufhm1bbsMdA8caakClPUffOr001IFtFYEY6lbDt2qrwcC8UIp0W5k0maYjLAPdrWNMYRlV4+PqNAB1rpojARumKFxurviRxHUg6jQHeOdpSz3kj8z2tnKjzzchanmaIxmXwUZhypBI0yQV0mKFF8qAkmguldEeljgYnSyZV1CM7syfPErVnnlnNvQwl2YR+OwIFTuIRbqIMLBJ7gBd7g3Xg2Xo2PSVoLxjS2HfgD4/MHGOWVcA==</latexit><latexit sha1_base64="a3sucJRBOIudqavm3dOHCekgbgM=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovoQkLShY+FUHWhG6GCaQttCJPppB06eTAzEUrIyo2/4saFilv/wZ1/46TNQlvPMHA4517uvceLGRXSNL+10tz8wuJSebmysrq2vqFvbjVFlHBMbByxiLc9JAijIbEllYy0Y05Q4DHS8oZXud96IFzQKLyXo5g4AeqH1KcYSSW5+u6tm14cZPAcHhs1q3ukXoDkgAfpNWlmrl41DXMMOEusglRBgYarf3V7EU4CEkrMkBAdy4ylkyIuKWYkq3QTQWKEh6hPOoqGKCDCScdnZHBfKT3oR1z9UMKx+rsjRYEQo8BTlfmOYtrLxf+8TiL9UyelYZxIEuLJID9hUEYwzwT2KCdYspEiCHOqdoV4gDjCUiVXUSFY0yfPErtmnBnWnVmtXxZplMEO2AOHwAInoA5uQAPYAINH8AxewZv2pL1o79rHpLSkFT3b4A+0zx+Tq5bc</latexit><latexit sha1_base64="7v/wSVhtlBhe6qxd57aCu8wDaOI=">AAACBXicbVDLSsNAFJ34rPUVdSnCYBFdSEiK+FgIVRe6ESqYttCGMJlO2qGTBzMToYSs3PgrblyouPUf3Pk3TtostPUMA4dz7uXee7yYUSFN81ubmZ2bX1gsLZWXV1bX1vWNzYaIEo6JjSMW8ZaHBGE0JLakkpFWzAkKPEaa3uAq95sPhAsahfdyGBMnQL2Q+hQjqSRX37l104v9DJ7DY6NqdQ7VC5Ds8yC9Jo3M1SumYY4Ap4lVkAooUHf1r043wklAQokZEqJtmbF0UsQlxYxk5U4iSIzwAPVIW9EQBUQ46eiMDO4ppQv9iKsfSjhSf3ekKBBiGHiqMt9RTHq5+J/XTqR/6qQ0jBNJQjwe5CcMygjmmcAu5QRLNlQEYU7VrhD3EUdYquTKKgRr8uRpYleNM8O6O6rULos0SmAb7IIDYIETUAM3oA5sgMEjeAav4E170l60d+1jXDqjFT1b4A+0zx+U65bg</latexit><latexit sha1_base64="7v/wSVhtlBhe6qxd57aCu8wDaOI=">AAACBXicbVDLSsNAFJ34rPUVdSnCYBFdSEiK+FgIVRe6ESqYttCGMJlO2qGTBzMToYSs3PgrblyouPUf3Pk3TtostPUMA4dz7uXee7yYUSFN81ubmZ2bX1gsLZWXV1bX1vWNzYaIEo6JjSMW8ZaHBGE0JLakkpFWzAkKPEaa3uAq95sPhAsahfdyGBMnQL2Q+hQjqSRX37l104v9DJ7DY6NqdQ7VC5Ds8yC9Jo3M1SumYY4Ap4lVkAooUHf1r043wklAQokZEqJtmbF0UsQlxYxk5U4iSIzwAPVIW9EQBUQ46eiMDO4ppQv9iKsfSjhSf3ekKBBiGHiqMt9RTHq5+J/XTqR/6qQ0jBNJQjwe5CcMygjmmcAu5QRLNlQEYU7VrhD3EUdYquTKKgRr8uRpYleNM8O6O6rULos0SmAb7IIDYIETUAM3oA5sgMEjeAav4E170l60d+1jXDqjFT1b4A+0zx+U65bg</latexit><latexit sha1_base64="7v/wSVhtlBhe6qxd57aCu8wDaOI=">AAACBXicbVDLSsNAFJ34rPUVdSnCYBFdSEiK+FgIVRe6ESqYttCGMJlO2qGTBzMToYSs3PgrblyouPUf3Pk3TtostPUMA4dz7uXee7yYUSFN81ubmZ2bX1gsLZWXV1bX1vWNzYaIEo6JjSMW8ZaHBGE0JLakkpFWzAkKPEaa3uAq95sPhAsahfdyGBMnQL2Q+hQjqSRX37l104v9DJ7DY6NqdQ7VC5Ds8yC9Jo3M1SumYY4Ap4lVkAooUHf1r043wklAQokZEqJtmbF0UsQlxYxk5U4iSIzwAPVIW9EQBUQ46eiMDO4ppQv9iKsfSjhSf3ekKBBiGHiqMt9RTHq5+J/XTqR/6qQ0jBNJQjwe5CcMygjmmcAu5QRLNlQEYU7VrhD3EUdYquTKKgRr8uRpYleNM8O6O6rULos0SmAb7IIDYIETUAM3oA5sgMEjeAav4E170l60d+1jXDqjFT1b4A+0zx+U65bg</latexit><latexit sha1_base64="7v/wSVhtlBhe6qxd57aCu8wDaOI=">AAACBXicbVDLSsNAFJ34rPUVdSnCYBFdSEiK+FgIVRe6ESqYttCGMJlO2qGTBzMToYSs3PgrblyouPUf3Pk3TtostPUMA4dz7uXee7yYUSFN81ubmZ2bX1gsLZWXV1bX1vWNzYaIEo6JjSMW8ZaHBGE0JLakkpFWzAkKPEaa3uAq95sPhAsahfdyGBMnQL2Q+hQjqSRX37l104v9DJ7DY6NqdQ7VC5Ds8yC9Jo3M1SumYY4Ap4lVkAooUHf1r043wklAQokZEqJtmbF0UsQlxYxk5U4iSIzwAPVIW9EQBUQ46eiMDO4ppQv9iKsfSjhSf3ekKBBiGHiqMt9RTHq5+J/XTqR/6qQ0jBNJQjwe5CcMygjmmcAu5QRLNlQEYU7VrhD3EUdYquTKKgRr8uRpYleNM8O6O6rULos0SmAb7IIDYIETUAM3oA5sgMEjeAav4E170l60d+1jXDqjFT1b4A+0zx+U65bg</latexit><latexit sha1_base64="7v/wSVhtlBhe6qxd57aCu8wDaOI=">AAACBXicbVDLSsNAFJ34rPUVdSnCYBFdSEiK+FgIVRe6ESqYttCGMJlO2qGTBzMToYSs3PgrblyouPUf3Pk3TtostPUMA4dz7uXee7yYUSFN81ubmZ2bX1gsLZWXV1bX1vWNzYaIEo6JjSMW8ZaHBGE0JLakkpFWzAkKPEaa3uAq95sPhAsahfdyGBMnQL2Q+hQjqSRX37l104v9DJ7DY6NqdQ7VC5Ds8yC9Jo3M1SumYY4Ap4lVkAooUHf1r043wklAQokZEqJtmbF0UsQlxYxk5U4iSIzwAPVIW9EQBUQ46eiMDO4ppQv9iKsfSjhSf3ekKBBiGHiqMt9RTHq5+J/XTqR/6qQ0jBNJQjwe5CcMygjmmcAu5QRLNlQEYU7VrhD3EUdYquTKKgRr8uRpYleNM8O6O6rULos0SmAb7IIDYIETUAM3oA5sgMEjeAav4E170l60d+1jXDqjFT1b4A+0zx+U65bg</latexit><latexit sha1_base64="7v/wSVhtlBhe6qxd57aCu8wDaOI=">AAACBXicbVDLSsNAFJ34rPUVdSnCYBFdSEiK+FgIVRe6ESqYttCGMJlO2qGTBzMToYSs3PgrblyouPUf3Pk3TtostPUMA4dz7uXee7yYUSFN81ubmZ2bX1gsLZWXV1bX1vWNzYaIEo6JjSMW8ZaHBGE0JLakkpFWzAkKPEaa3uAq95sPhAsahfdyGBMnQL2Q+hQjqSRX37l104v9DJ7DY6NqdQ7VC5Ds8yC9Jo3M1SumYY4Ap4lVkAooUHf1r043wklAQokZEqJtmbF0UsQlxYxk5U4iSIzwAPVIW9EQBUQ46eiMDO4ppQv9iKsfSjhSf3ekKBBiGHiqMt9RTHq5+J/XTqR/6qQ0jBNJQjwe5CcMygjmmcAu5QRLNlQEYU7VrhD3EUdYquTKKgRr8uRpYleNM8O6O6rULos0SmAb7IIDYIETUAM3oA5sgMEjeAav4E170l60d+1jXDqjFT1b4A+0zx+U65bg</latexit>

local : 3.1�
<latexit sha1_base64="KvAT4FSJO4Wsc85B0yjy5m92RFY=">AAACAXicbVDLSsNAFJ34rPUVdSVugkVwFRIVfKyKblxWMLbQhDKZTtqh8wgzE6GE6sZfceNCxa1/4c6/cdJmoa0HLhzOuZd774lTSpT2vG9rbn5hcWm5slJdXVvf2LS3tu+UyCTCARJUyFYMFaaE40ATTXErlRiymOJmPLgq/OY9looIfquHKY4Y7HGSEAS1kTr2bsig7kuWU4EgvRg9HLt+qEiPwY5d81xvDGeW+CWpgRKNjv0VdgXKGOYaUahU2/dSHeVQaoIoHlXDTOEUogHs4bahHDKsonz8wsg5MErXSYQ0xbUzVn9P5JApNWSx6SwOVtNeIf7ntTOdnEU54WmmMUeTRUlGHS2cIg+nSyRGmg4NgUgSc6uD+lBCpE1qVROCP/3yLAmO3HPXvzmp1S/LNCpgD+yDQ+CDU1AH16ABAoDAI3gGr+DNerJerHfrY9I6Z5UzO+APrM8fkxKXGA==</latexit><latexit sha1_base64="KvAT4FSJO4Wsc85B0yjy5m92RFY=">AAACAXicbVDLSsNAFJ34rPUVdSVugkVwFRIVfKyKblxWMLbQhDKZTtqh8wgzE6GE6sZfceNCxa1/4c6/cdJmoa0HLhzOuZd774lTSpT2vG9rbn5hcWm5slJdXVvf2LS3tu+UyCTCARJUyFYMFaaE40ATTXErlRiymOJmPLgq/OY9looIfquHKY4Y7HGSEAS1kTr2bsig7kuWU4EgvRg9HLt+qEiPwY5d81xvDGeW+CWpgRKNjv0VdgXKGOYaUahU2/dSHeVQaoIoHlXDTOEUogHs4bahHDKsonz8wsg5MErXSYQ0xbUzVn9P5JApNWSx6SwOVtNeIf7ntTOdnEU54WmmMUeTRUlGHS2cIg+nSyRGmg4NgUgSc6uD+lBCpE1qVROCP/3yLAmO3HPXvzmp1S/LNCpgD+yDQ+CDU1AH16ABAoDAI3gGr+DNerJerHfrY9I6Z5UzO+APrM8fkxKXGA==</latexit><latexit sha1_base64="KvAT4FSJO4Wsc85B0yjy5m92RFY=">AAACAXicbVDLSsNAFJ34rPUVdSVugkVwFRIVfKyKblxWMLbQhDKZTtqh8wgzE6GE6sZfceNCxa1/4c6/cdJmoa0HLhzOuZd774lTSpT2vG9rbn5hcWm5slJdXVvf2LS3tu+UyCTCARJUyFYMFaaE40ATTXErlRiymOJmPLgq/OY9looIfquHKY4Y7HGSEAS1kTr2bsig7kuWU4EgvRg9HLt+qEiPwY5d81xvDGeW+CWpgRKNjv0VdgXKGOYaUahU2/dSHeVQaoIoHlXDTOEUogHs4bahHDKsonz8wsg5MErXSYQ0xbUzVn9P5JApNWSx6SwOVtNeIf7ntTOdnEU54WmmMUeTRUlGHS2cIg+nSyRGmg4NgUgSc6uD+lBCpE1qVROCP/3yLAmO3HPXvzmp1S/LNCpgD+yDQ+CDU1AH16ABAoDAI3gGr+DNerJerHfrY9I6Z5UzO+APrM8fkxKXGA==</latexit><latexit sha1_base64="KvAT4FSJO4Wsc85B0yjy5m92RFY=">AAACAXicbVDLSsNAFJ34rPUVdSVugkVwFRIVfKyKblxWMLbQhDKZTtqh8wgzE6GE6sZfceNCxa1/4c6/cdJmoa0HLhzOuZd774lTSpT2vG9rbn5hcWm5slJdXVvf2LS3tu+UyCTCARJUyFYMFaaE40ATTXErlRiymOJmPLgq/OY9looIfquHKY4Y7HGSEAS1kTr2bsig7kuWU4EgvRg9HLt+qEiPwY5d81xvDGeW+CWpgRKNjv0VdgXKGOYaUahU2/dSHeVQaoIoHlXDTOEUogHs4bahHDKsonz8wsg5MErXSYQ0xbUzVn9P5JApNWSx6SwOVtNeIf7ntTOdnEU54WmmMUeTRUlGHS2cIg+nSyRGmg4NgUgSc6uD+lBCpE1qVROCP/3yLAmO3HPXvzmp1S/LNCpgD+yDQ+CDU1AH16ABAoDAI3gGr+DNerJerHfrY9I6Z5UzO+APrM8fkxKXGA==</latexit>

global : 2.6�
<latexit sha1_base64="PUZG7Oh1qoPh0e+2E2W2/KtkG2o=">AAACAnicbVDLSsNAFJ3UV62vqDvdBIvgKiRFfK2KblxWMLbQhDKZTtKhM5MwMxFKqLjxV9y4UHHrV7jzb5y0WWjrgQuHc+7l3nvClBKpHOfbqCwsLi2vVFdra+sbm1vm9s6dTDKBsIcSmohOCCWmhGNPEUVxJxUYspDidji8Kvz2PRaSJPxWjVIcMBhzEhEElZZ65p7PoBoIlsc0CSG9GD807BNfkpjBnll3bGcCa564JamDEq2e+eX3E5QxzBWiUMqu66QqyKFQBFE8rvmZxClEQxjjrqYcMiyDfPLD2DrUSt+KEqGLK2ui/p7IIZNyxELdWVwsZ71C/M/rZio6C3LC00xhjqaLooxaKrGKQKw+ERgpOtIEIkH0rRYaQAGR0rHVdAju7MvzxGvY57Z7c1xvXpZpVME+OABHwAWnoAmuQQt4AIFH8AxewZvxZLwY78bHtLVilDO74A+Mzx9i0JeM</latexit><latexit sha1_base64="PUZG7Oh1qoPh0e+2E2W2/KtkG2o=">AAACAnicbVDLSsNAFJ3UV62vqDvdBIvgKiRFfK2KblxWMLbQhDKZTtKhM5MwMxFKqLjxV9y4UHHrV7jzb5y0WWjrgQuHc+7l3nvClBKpHOfbqCwsLi2vVFdra+sbm1vm9s6dTDKBsIcSmohOCCWmhGNPEUVxJxUYspDidji8Kvz2PRaSJPxWjVIcMBhzEhEElZZ65p7PoBoIlsc0CSG9GD807BNfkpjBnll3bGcCa564JamDEq2e+eX3E5QxzBWiUMqu66QqyKFQBFE8rvmZxClEQxjjrqYcMiyDfPLD2DrUSt+KEqGLK2ui/p7IIZNyxELdWVwsZ71C/M/rZio6C3LC00xhjqaLooxaKrGKQKw+ERgpOtIEIkH0rRYaQAGR0rHVdAju7MvzxGvY57Z7c1xvXpZpVME+OABHwAWnoAmuQQt4AIFH8AxewZvxZLwY78bHtLVilDO74A+Mzx9i0JeM</latexit><latexit sha1_base64="PUZG7Oh1qoPh0e+2E2W2/KtkG2o=">AAACAnicbVDLSsNAFJ3UV62vqDvdBIvgKiRFfK2KblxWMLbQhDKZTtKhM5MwMxFKqLjxV9y4UHHrV7jzb5y0WWjrgQuHc+7l3nvClBKpHOfbqCwsLi2vVFdra+sbm1vm9s6dTDKBsIcSmohOCCWmhGNPEUVxJxUYspDidji8Kvz2PRaSJPxWjVIcMBhzEhEElZZ65p7PoBoIlsc0CSG9GD807BNfkpjBnll3bGcCa564JamDEq2e+eX3E5QxzBWiUMqu66QqyKFQBFE8rvmZxClEQxjjrqYcMiyDfPLD2DrUSt+KEqGLK2ui/p7IIZNyxELdWVwsZ71C/M/rZio6C3LC00xhjqaLooxaKrGKQKw+ERgpOtIEIkH0rRYaQAGR0rHVdAju7MvzxGvY57Z7c1xvXpZpVME+OABHwAWnoAmuQQt4AIFH8AxewZvxZLwY78bHtLVilDO74A+Mzx9i0JeM</latexit><latexit sha1_base64="PUZG7Oh1qoPh0e+2E2W2/KtkG2o=">AAACAnicbVDLSsNAFJ3UV62vqDvdBIvgKiRFfK2KblxWMLbQhDKZTtKhM5MwMxFKqLjxV9y4UHHrV7jzb5y0WWjrgQuHc+7l3nvClBKpHOfbqCwsLi2vVFdra+sbm1vm9s6dTDKBsIcSmohOCCWmhGNPEUVxJxUYspDidji8Kvz2PRaSJPxWjVIcMBhzEhEElZZ65p7PoBoIlsc0CSG9GD807BNfkpjBnll3bGcCa564JamDEq2e+eX3E5QxzBWiUMqu66QqyKFQBFE8rvmZxClEQxjjrqYcMiyDfPLD2DrUSt+KEqGLK2ui/p7IIZNyxELdWVwsZ71C/M/rZio6C3LC00xhjqaLooxaKrGKQKw+ERgpOtIEIkH0rRYaQAGR0rHVdAju7MvzxGvY57Z7c1xvXpZpVME+OABHwAWnoAmuQQt4AIFH8AxewZvxZLwY78bHtLVilDO74A+Mzx9i0JeM</latexit>

• Signal Efficiency: 2.4-3.8% (low mass), 0.2-2% (high mass)
• Signal Resolution: 0.7� 1.5 GeV2

<latexit sha1_base64="hOmoSN+dXxJoTVXw/lkYGXbCX/w=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1gEFxqSolR3RRe6rGDaQhvLZDpph84kYWYilFDc+CtuXKi49S/c+TdO2iy09QwDh3Pu5d57/JhRqWz72ygsLC4trxRXS2vrG5tb5vZOQ0aJwMTFEYtEy0eSMBoSV1HFSCsWBHGfkaY/vMr85gMRkkbhnRrFxOOoH9KAYqS01DX3bKt64lhnnWP9OFIDwdNr0hjfV7pm2bbsCeA8cXJSBjnqXfOr04twwkmoMENSth07Vl6KhKKYkXGpk0gSIzxEfdLWNEScSC+dnDCGh1rpwSAS+ocKTtTfHSniUo64ryuzLeWsl4n/ee1EBedeSsM4USTE00FBwqCKYJYH7FFBsGIjTRAWVO8K8QAJhJVOraRDcGZPniduxbqwnNvTcu0yT6MI9sEBOAIOqIIauAF14AIMHsEzeAVvxpPxYrwbH9PSgpH37II/MD5/ALjhlU4=</latexit><latexit sha1_base64="hOmoSN+dXxJoTVXw/lkYGXbCX/w=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1gEFxqSolR3RRe6rGDaQhvLZDpph84kYWYilFDc+CtuXKi49S/c+TdO2iy09QwDh3Pu5d57/JhRqWz72ygsLC4trxRXS2vrG5tb5vZOQ0aJwMTFEYtEy0eSMBoSV1HFSCsWBHGfkaY/vMr85gMRkkbhnRrFxOOoH9KAYqS01DX3bKt64lhnnWP9OFIDwdNr0hjfV7pm2bbsCeA8cXJSBjnqXfOr04twwkmoMENSth07Vl6KhKKYkXGpk0gSIzxEfdLWNEScSC+dnDCGh1rpwSAS+ocKTtTfHSniUo64ryuzLeWsl4n/ee1EBedeSsM4USTE00FBwqCKYJYH7FFBsGIjTRAWVO8K8QAJhJVOraRDcGZPniduxbqwnNvTcu0yT6MI9sEBOAIOqIIauAF14AIMHsEzeAVvxpPxYrwbH9PSgpH37II/MD5/ALjhlU4=</latexit><latexit sha1_base64="hOmoSN+dXxJoTVXw/lkYGXbCX/w=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1gEFxqSolR3RRe6rGDaQhvLZDpph84kYWYilFDc+CtuXKi49S/c+TdO2iy09QwDh3Pu5d57/JhRqWz72ygsLC4trxRXS2vrG5tb5vZOQ0aJwMTFEYtEy0eSMBoSV1HFSCsWBHGfkaY/vMr85gMRkkbhnRrFxOOoH9KAYqS01DX3bKt64lhnnWP9OFIDwdNr0hjfV7pm2bbsCeA8cXJSBjnqXfOr04twwkmoMENSth07Vl6KhKKYkXGpk0gSIzxEfdLWNEScSC+dnDCGh1rpwSAS+ocKTtTfHSniUo64ryuzLeWsl4n/ee1EBedeSsM4USTE00FBwqCKYJYH7FFBsGIjTRAWVO8K8QAJhJVOraRDcGZPniduxbqwnNvTcu0yT6MI9sEBOAIOqIIauAF14AIMHsEzeAVvxpPxYrwbH9PSgpH37II/MD5/ALjhlU4=</latexit><latexit sha1_base64="hOmoSN+dXxJoTVXw/lkYGXbCX/w=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1gEFxqSolR3RRe6rGDaQhvLZDpph84kYWYilFDc+CtuXKi49S/c+TdO2iy09QwDh3Pu5d57/JhRqWz72ygsLC4trxRXS2vrG5tb5vZOQ0aJwMTFEYtEy0eSMBoSV1HFSCsWBHGfkaY/vMr85gMRkkbhnRrFxOOoH9KAYqS01DX3bKt64lhnnWP9OFIDwdNr0hjfV7pm2bbsCeA8cXJSBjnqXfOr04twwkmoMENSth07Vl6KhKKYkXGpk0gSIzxEfdLWNEScSC+dnDCGh1rpwSAS+ocKTtTfHSniUo64ryuzLeWsl4n/ee1EBedeSsM4USTE00FBwqCKYJYH7FFBsGIjTRAWVO8K8QAJhJVOraRDcGZPniduxbqwnNvTcu0yT6MI9sEBOAIOqIIauAF14AIMHsEzeAVvxpPxYrwbH9PSgpH37II/MD5/ALjhlU4=</latexit>
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• Signal shape: half of correction between data and MC in control 
sample of e+e� ! ��

<latexit sha1_base64="qIaq0DXIjkfgg7skUq2azEvTSfI=">AAACBXicbVBNS8NAEN3Ur1q/oh5FCBZBEEsignorevFYwdpCk5bJdtou3U3C7kYpoScv/hUvHlS8+h+8+W/cfhy0+mCGx3sz7M4LE86Udt0vKzc3v7C4lF8urKyurW/Ym1u3Kk4lxSqNeSzrISjkLMKqZppjPZEIIuRYC/uXI792h1KxOLrRgwQDAd2IdRgFbaSWvYvNQ2we+ZJ1exqkjO/9LggBk96yi27JHcP5S7wpKZIpKi3702/HNBUYacpBqYbnJjrIQGpGOQ4LfqowAdqHLjYMjUCgCrLxGUNn3yhtpxNLU5F2xurPjQyEUgMRmkkBuqdmvZH4n9dIdecsyFiUpBojOnmok3JHx84oE6fNJFLNB4YAlcz81aE9kEC1Sa5gQvBmT/5Lqsel85J3fVIsX0zTyJMdskcOiEdOSZlckQqpEkoeyBN5Ia/Wo/VsvVnvk9GcNd3ZJr9gfXwDwP+Y4g==</latexit><latexit sha1_base64="qIaq0DXIjkfgg7skUq2azEvTSfI=">AAACBXicbVBNS8NAEN3Ur1q/oh5FCBZBEEsignorevFYwdpCk5bJdtou3U3C7kYpoScv/hUvHlS8+h+8+W/cfhy0+mCGx3sz7M4LE86Udt0vKzc3v7C4lF8urKyurW/Ym1u3Kk4lxSqNeSzrISjkLMKqZppjPZEIIuRYC/uXI792h1KxOLrRgwQDAd2IdRgFbaSWvYvNQ2we+ZJ1exqkjO/9LggBk96yi27JHcP5S7wpKZIpKi3702/HNBUYacpBqYbnJjrIQGpGOQ4LfqowAdqHLjYMjUCgCrLxGUNn3yhtpxNLU5F2xurPjQyEUgMRmkkBuqdmvZH4n9dIdecsyFiUpBojOnmok3JHx84oE6fNJFLNB4YAlcz81aE9kEC1Sa5gQvBmT/5Lqsel85J3fVIsX0zTyJMdskcOiEdOSZlckQqpEkoeyBN5Ia/Wo/VsvVnvk9GcNd3ZJr9gfXwDwP+Y4g==</latexit><latexit sha1_base64="qIaq0DXIjkfgg7skUq2azEvTSfI=">AAACBXicbVBNS8NAEN3Ur1q/oh5FCBZBEEsignorevFYwdpCk5bJdtou3U3C7kYpoScv/hUvHlS8+h+8+W/cfhy0+mCGx3sz7M4LE86Udt0vKzc3v7C4lF8urKyurW/Ym1u3Kk4lxSqNeSzrISjkLMKqZppjPZEIIuRYC/uXI792h1KxOLrRgwQDAd2IdRgFbaSWvYvNQ2we+ZJ1exqkjO/9LggBk96yi27JHcP5S7wpKZIpKi3702/HNBUYacpBqYbnJjrIQGpGOQ4LfqowAdqHLjYMjUCgCrLxGUNn3yhtpxNLU5F2xurPjQyEUgMRmkkBuqdmvZH4n9dIdecsyFiUpBojOnmok3JHx84oE6fNJFLNB4YAlcz81aE9kEC1Sa5gQvBmT/5Lqsel85J3fVIsX0zTyJMdskcOiEdOSZlckQqpEkoeyBN5Ia/Wo/VsvVnvk9GcNd3ZJr9gfXwDwP+Y4g==</latexit><latexit sha1_base64="qIaq0DXIjkfgg7skUq2azEvTSfI=">AAACBXicbVBNS8NAEN3Ur1q/oh5FCBZBEEsignorevFYwdpCk5bJdtou3U3C7kYpoScv/hUvHlS8+h+8+W/cfhy0+mCGx3sz7M4LE86Udt0vKzc3v7C4lF8urKyurW/Ym1u3Kk4lxSqNeSzrISjkLMKqZppjPZEIIuRYC/uXI792h1KxOLrRgwQDAd2IdRgFbaSWvYvNQ2we+ZJ1exqkjO/9LggBk96yi27JHcP5S7wpKZIpKi3702/HNBUYacpBqYbnJjrIQGpGOQ4LfqowAdqHLjYMjUCgCrLxGUNn3yhtpxNLU5F2xurPjQyEUgMRmkkBuqdmvZH4n9dIdecsyFiUpBojOnmok3JHx84oE6fNJFLNB4YAlcz81aE9kEC1Sa5gQvBmT/5Lqsel85J3fVIsX0zTyJMdskcOiEdOSZlckQqpEkoeyBN5Ia/Wo/VsvVnvk9GcNd3ZJr9gfXwDwP+Y4g==</latexit>

• Trigger efficiency: 0.1-0.4%, evaluated using pre-scaled sample

• Signal efficiency: 5%, dominated by differences between data and 
MC in gamma reconstruction

PRL 119 (2017) no. 13, 131804, arXiv:1702.0327
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• Most significant fit:
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Muonic dark force results

Local significance:  4.3σ
Global significance: 1.6σ 

Most significant fit

global : 1.6�
<latexit sha1_base64="ndsYji4JRChxrCi9GbXM7C4oTEE=">AAACAnicbVDLSsNAFJ34rPUVdaebYBFchUTE16roxmUFYwtNKJPppB06jzAzEUqouPFX3LhQcetXuPNvnLRZaOuBC4dz7uXee+KUEqU979uam19YXFqurFRX19Y3Nu2t7TslMolwgAQVshVDhSnhONBEU9xKJYYsprgZD64Kv3mPpSKC3+phiiMGe5wkBEFtpI69GzKo+5LlPSpiSC9GD757EirSY7Bj1zzXG8OZJX5JaqBEo2N/hV2BMoa5RhQq1fa9VEc5lJogikfVMFM4hWgAe7htKIcMqygf/zByDozSdRIhTXHtjNXfEzlkSg1ZbDqLi9W0V4j/ee1MJ2dRTniaaczRZFGSUUcLpwjE6RKJkaZDQyCSxNzqoD6UEGkTW9WE4E+/PEuCI/fc9W+Oa/XLMo0K2AP74BD44BTUwTVogAAg8AiewSt4s56sF+vd+pi0zlnlzA74A+vzB2FFl4s=</latexit><latexit sha1_base64="ndsYji4JRChxrCi9GbXM7C4oTEE=">AAACAnicbVDLSsNAFJ34rPUVdaebYBFchUTE16roxmUFYwtNKJPppB06jzAzEUqouPFX3LhQcetXuPNvnLRZaOuBC4dz7uXee+KUEqU979uam19YXFqurFRX19Y3Nu2t7TslMolwgAQVshVDhSnhONBEU9xKJYYsprgZD64Kv3mPpSKC3+phiiMGe5wkBEFtpI69GzKo+5LlPSpiSC9GD757EirSY7Bj1zzXG8OZJX5JaqBEo2N/hV2BMoa5RhQq1fa9VEc5lJogikfVMFM4hWgAe7htKIcMqygf/zByDozSdRIhTXHtjNXfEzlkSg1ZbDqLi9W0V4j/ee1MJ2dRTniaaczRZFGSUUcLpwjE6RKJkaZDQyCSxNzqoD6UEGkTW9WE4E+/PEuCI/fc9W+Oa/XLMo0K2AP74BD44BTUwTVogAAg8AiewSt4s56sF+vd+pi0zlnlzA74A+vzB2FFl4s=</latexit><latexit sha1_base64="ndsYji4JRChxrCi9GbXM7C4oTEE=">AAACAnicbVDLSsNAFJ34rPUVdaebYBFchUTE16roxmUFYwtNKJPppB06jzAzEUqouPFX3LhQcetXuPNvnLRZaOuBC4dz7uXee+KUEqU979uam19YXFqurFRX19Y3Nu2t7TslMolwgAQVshVDhSnhONBEU9xKJYYsprgZD64Kv3mPpSKC3+phiiMGe5wkBEFtpI69GzKo+5LlPSpiSC9GD757EirSY7Bj1zzXG8OZJX5JaqBEo2N/hV2BMoa5RhQq1fa9VEc5lJogikfVMFM4hWgAe7htKIcMqygf/zByDozSdRIhTXHtjNXfEzlkSg1ZbDqLi9W0V4j/ee1MJ2dRTniaaczRZFGSUUcLpwjE6RKJkaZDQyCSxNzqoD6UEGkTW9WE4E+/PEuCI/fc9W+Oa/XLMo0K2AP74BD44BTUwTVogAAg8AiewSt4s56sF+vd+pi0zlnlzA74A+vzB2FFl4s=</latexit><latexit sha1_base64="ndsYji4JRChxrCi9GbXM7C4oTEE=">AAACAnicbVDLSsNAFJ34rPUVdaebYBFchUTE16roxmUFYwtNKJPppB06jzAzEUqouPFX3LhQcetXuPNvnLRZaOuBC4dz7uXee+KUEqU979uam19YXFqurFRX19Y3Nu2t7TslMolwgAQVshVDhSnhONBEU9xKJYYsprgZD64Kv3mPpSKC3+phiiMGe5wkBEFtpI69GzKo+5LlPSpiSC9GD757EirSY7Bj1zzXG8OZJX5JaqBEo2N/hV2BMoa5RhQq1fa9VEc5lJogikfVMFM4hWgAe7htKIcMqygf/zByDozSdRIhTXHtjNXfEzlkSg1ZbDqLi9W0V4j/ee1MJ2dRTniaaczRZFGSUUcLpwjE6RKJkaZDQyCSxNzqoD6UEGkTW9WE4E+/PEuCI/fc9W+Oa/XLMo0K2AP74BD44BTUwTVogAAg8AiewSt4s56sF+vd+pi0zlnlzA74A+vzB2FFl4s=</latexit>

local : 4.3�
<latexit sha1_base64="+4rtVetNu7wjZ7HFlGti9HHeP4M=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1gEVyHRgo9V0Y3LCsYWmlAm02k7dGYSZiZCCdWNv+LGhYpb/8Kdf+OkzUJbD1w4nHMv994TJYwq7brfVmlhcWl5pbxaWVvf2Nyyt3fuVJxKTHwcs1i2IqQIo4L4mmpGWokkiEeMNKPhVe4374lUNBa3epSQkKO+oD2KkTZSx94LONIDyTMWY8Quxg815yRQtM9Rx666jjsBnCdeQaqgQKNjfwXdGKecCI0ZUqrtuYkOMyQ1xYyMK0GqSILwEPVJ21CBOFFhNnlhDA+N0oW9WJoSGk7U3xMZ4kqNeGQ684PVrJeL/3ntVPfOwoyKJNVE4OmiXsqgjmGeB+xSSbBmI0MQltTcCvEASYS1Sa1iQvBmX54n/rFz7ng3tWr9skijDPbBATgCHjgFdXANGsAHGDyCZ/AK3qwn68V6tz6mrSWrmNkFf2B9/gCXr5cb</latexit><latexit sha1_base64="+4rtVetNu7wjZ7HFlGti9HHeP4M=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1gEVyHRgo9V0Y3LCsYWmlAm02k7dGYSZiZCCdWNv+LGhYpb/8Kdf+OkzUJbD1w4nHMv994TJYwq7brfVmlhcWl5pbxaWVvf2Nyyt3fuVJxKTHwcs1i2IqQIo4L4mmpGWokkiEeMNKPhVe4374lUNBa3epSQkKO+oD2KkTZSx94LONIDyTMWY8Quxg815yRQtM9Rx666jjsBnCdeQaqgQKNjfwXdGKecCI0ZUqrtuYkOMyQ1xYyMK0GqSILwEPVJ21CBOFFhNnlhDA+N0oW9WJoSGk7U3xMZ4kqNeGQ684PVrJeL/3ntVPfOwoyKJNVE4OmiXsqgjmGeB+xSSbBmI0MQltTcCvEASYS1Sa1iQvBmX54n/rFz7ng3tWr9skijDPbBATgCHjgFdXANGsAHGDyCZ/AK3qwn68V6tz6mrSWrmNkFf2B9/gCXr5cb</latexit><latexit sha1_base64="+4rtVetNu7wjZ7HFlGti9HHeP4M=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1gEVyHRgo9V0Y3LCsYWmlAm02k7dGYSZiZCCdWNv+LGhYpb/8Kdf+OkzUJbD1w4nHMv994TJYwq7brfVmlhcWl5pbxaWVvf2Nyyt3fuVJxKTHwcs1i2IqQIo4L4mmpGWokkiEeMNKPhVe4374lUNBa3epSQkKO+oD2KkTZSx94LONIDyTMWY8Quxg815yRQtM9Rx666jjsBnCdeQaqgQKNjfwXdGKecCI0ZUqrtuYkOMyQ1xYyMK0GqSILwEPVJ21CBOFFhNnlhDA+N0oW9WJoSGk7U3xMZ4kqNeGQ684PVrJeL/3ntVPfOwoyKJNVE4OmiXsqgjmGeB+xSSbBmI0MQltTcCvEASYS1Sa1iQvBmX54n/rFz7ng3tWr9skijDPbBATgCHjgFdXANGsAHGDyCZ/AK3qwn68V6tz6mrSWrmNkFf2B9/gCXr5cb</latexit><latexit sha1_base64="+4rtVetNu7wjZ7HFlGti9HHeP4M=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1gEVyHRgo9V0Y3LCsYWmlAm02k7dGYSZiZCCdWNv+LGhYpb/8Kdf+OkzUJbD1w4nHMv994TJYwq7brfVmlhcWl5pbxaWVvf2Nyyt3fuVJxKTHwcs1i2IqQIo4L4mmpGWokkiEeMNKPhVe4374lUNBa3epSQkKO+oD2KkTZSx94LONIDyTMWY8Quxg815yRQtM9Rx666jjsBnCdeQaqgQKNjfwXdGKecCI0ZUqrtuYkOMyQ1xYyMK0GqSILwEPVJ21CBOFFhNnlhDA+N0oW9WJoSGk7U3xMZ4kqNeGQ684PVrJeL/3ntVPfOwoyKJNVE4OmiXsqgjmGeB+xSSbBmI0MQltTcCvEASYS1Sa1iQvBmX54n/rFz7ng3tWr9skijDPbBATgCHjgFdXANGsAHGDyCZ/AK3qwn68V6tz6mrSWrmNkFf2B9/gCXr5cb</latexit>

MZ0 = 0.82 GeV
<latexit sha1_base64="Jl/pMjBuvZV0AYaSHZ9heFi3Q9c=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovoQkJSBOtCKLrQjVDBtMU2hMl00g6dPJiZCCVk5cZfceNCxa3/4M6/cdJmodUzDBzOuZd77/FiRoU0zS+tNDe/sLhUXq6srK6tb+ibWy0RJRwTG0cs4h0PCcJoSGxJJSOdmBMUeIy0vdFF7rfvCRc0Cm/lOCZOgAYh9SlGUkmuvnvtpncHGTyDplGv9Y7UC5Ac8iC9JK3M1aumYU4A/xKrIFVQoOnqn71+hJOAhBIzJETXMmPppIhLihnJKr1EkBjhERqQrqIhCohw0skZGdxXSh/6EVc/lHCi/uxIUSDEOPBUZb6jmPVy8T+vm0i/7qQ0jBNJQjwd5CcMygjmmcA+5QRLNlYEYU7VrhAPEUdYquQqKgRr9uS/xK4Zp4Z1c1xtnBdplMEO2AOHwAInoAGuQBPYAIMH8ARewKv2qD1rb9r7tLSkFT3b4Be0j2++rpb6</latexit><latexit sha1_base64="Jl/pMjBuvZV0AYaSHZ9heFi3Q9c=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovoQkJSBOtCKLrQjVDBtMU2hMl00g6dPJiZCCVk5cZfceNCxa3/4M6/cdJmodUzDBzOuZd77/FiRoU0zS+tNDe/sLhUXq6srK6tb+ibWy0RJRwTG0cs4h0PCcJoSGxJJSOdmBMUeIy0vdFF7rfvCRc0Cm/lOCZOgAYh9SlGUkmuvnvtpncHGTyDplGv9Y7UC5Ac8iC9JK3M1aumYU4A/xKrIFVQoOnqn71+hJOAhBIzJETXMmPppIhLihnJKr1EkBjhERqQrqIhCohw0skZGdxXSh/6EVc/lHCi/uxIUSDEOPBUZb6jmPVy8T+vm0i/7qQ0jBNJQjwd5CcMygjmmcA+5QRLNlYEYU7VrhAPEUdYquQqKgRr9uS/xK4Zp4Z1c1xtnBdplMEO2AOHwAInoAGuQBPYAIMH8ARewKv2qD1rb9r7tLSkFT3b4Be0j2++rpb6</latexit><latexit sha1_base64="Jl/pMjBuvZV0AYaSHZ9heFi3Q9c=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovoQkJSBOtCKLrQjVDBtMU2hMl00g6dPJiZCCVk5cZfceNCxa3/4M6/cdJmodUzDBzOuZd77/FiRoU0zS+tNDe/sLhUXq6srK6tb+ibWy0RJRwTG0cs4h0PCcJoSGxJJSOdmBMUeIy0vdFF7rfvCRc0Cm/lOCZOgAYh9SlGUkmuvnvtpncHGTyDplGv9Y7UC5Ac8iC9JK3M1aumYU4A/xKrIFVQoOnqn71+hJOAhBIzJETXMmPppIhLihnJKr1EkBjhERqQrqIhCohw0skZGdxXSh/6EVc/lHCi/uxIUSDEOPBUZb6jmPVy8T+vm0i/7qQ0jBNJQjwd5CcMygjmmcA+5QRLNlYEYU7VrhAPEUdYquQqKgRr9uS/xK4Zp4Z1c1xtnBdplMEO2AOHwAInoAGuQBPYAIMH8ARewKv2qD1rb9r7tLSkFT3b4Be0j2++rpb6</latexit><latexit sha1_base64="Jl/pMjBuvZV0AYaSHZ9heFi3Q9c=">AAACBXicbVDLSsNAFJ3UV62vqEsRBovoQkJSBOtCKLrQjVDBtMU2hMl00g6dPJiZCCVk5cZfceNCxa3/4M6/cdJmodUzDBzOuZd77/FiRoU0zS+tNDe/sLhUXq6srK6tb+ibWy0RJRwTG0cs4h0PCcJoSGxJJSOdmBMUeIy0vdFF7rfvCRc0Cm/lOCZOgAYh9SlGUkmuvnvtpncHGTyDplGv9Y7UC5Ac8iC9JK3M1aumYU4A/xKrIFVQoOnqn71+hJOAhBIzJETXMmPppIhLihnJKr1EkBjhERqQrqIhCohw0skZGdxXSh/6EVc/lHCi/uxIUSDEOPBUZb6jmPVy8T+vm0i/7qQ0jBNJQjwd5CcMygjmmcA+5QRLNlYEYU7VrhAPEUdYquQqKgRr9uS/xK4Zp4Z1c1xtnBdplMEO2AOHwAInoAGuQBPYAIMH8ARewKv2qD1rb9r7tLSkFT3b4Be0j2++rpb6</latexit>

• Signal Efficiency: 35-50%
• Signal Resolution: 1-9 MeV

PRD 94 (2016) no. 1, 011102, arXiv:1606.03501
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PRD 94 (2016) no. 1, 011102, arXiv:1606.03501

• Background shape: difference between using different fit functions 
for continuum di-muon spectrum

• Signal efficiency corrections: 5%, dominated by uncertainties in 
modelling effects of ISR on efficiency, as well as data/MC differences 
in PID, tracking efficiencies

• Signal PDF interpolation: use next-to-nearest neighbor to interpolate 
signal shape and take difference as systematic

• Luminosity: 0.6%


