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Can we identify BSM motivated 

scenarios with exotic signals that 

can have implications in detector 

and accelerator/facility design?

Question:



Prior to LHC:

During LHC:
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During LHC:

For FUTURE colliders we 
can start from here!

Multi-purpose 
detector:


Particle ID

Signal

Particle ID

Software: Triggering, Timing


Hardware: Geometry



Can we identify BSM motivated 

scenarios with exotic signals that 

can have implications in detector 

and accelerator/facility design?

Question:



Outline

1. Electroweakinos-like Dark Matter


• Higgsinos and Winos


• Disappearing Tracks
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2. BSM and Exotic Signals


• Landscape (partially)


• Some Examples


Rodolfo Capdevilla, Fermilab
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U. Valencia



7

1. Electroweakinos-Like Dark Matter
• Ubiquitous evidence of DM

Rodolfo Capdevilla, Fermilab
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1. Electroweakinos-Like Dark Matter

• Minimal -> SM Mediator

• Electroweakinos-like DM

<latexit sha1_base64="DtZY3c0qXlYffwfqwLyBdscU1lg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwFgjjc=</latexit>�

<latexit sha1_base64="DtZY3c0qXlYffwfqwLyBdscU1lg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwFgjjc=</latexit>�

<latexit sha1_base64="m/TFKz8/RiEgV24Qq6WuOTt+Z7Q=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Vj04kWoaD+gXUo2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RkvLK6tr64WN4ubW9s5uaW+/YeJUU1ansYh1KySGCa5Y3XIrWCvRjMhQsGY4vJ74zSemDY/Vgx0lLJCkr3jEKbFOamUdLfH97bhbKnsVbwq8SPyclCFHrVv66vRimkqmLBXEmLbvJTbIiLacCjYudlLDEkKHpM/ajioimQmy6b1jfOyUHo5i7UpZPFV/T2REGjOSoeuUxA7MvDcR//PaqY0ug4yrJLVM0dmiKBXYxnjyPO5xzagVI0cI1dzdiumAaEKti6joQvDnX14kjdOKf17x7s7K1as8jgIcwhGcgA8XUIUbqEEdKAh4hld4Q4/oBb2jj1nrEspnDuAP0OcPt8KPwg==</latexit>

SM

<latexit sha1_base64="m/TFKz8/RiEgV24Qq6WuOTt+Z7Q=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Vj04kWoaD+gXUo2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RkvLK6tr64WN4ubW9s5uaW+/YeJUU1ansYh1KySGCa5Y3XIrWCvRjMhQsGY4vJ74zSemDY/Vgx0lLJCkr3jEKbFOamUdLfH97bhbKnsVbwq8SPyclCFHrVv66vRimkqmLBXEmLbvJTbIiLacCjYudlLDEkKHpM/ajioimQmy6b1jfOyUHo5i7UpZPFV/T2REGjOSoeuUxA7MvDcR//PaqY0ug4yrJLVM0dmiKBXYxnjyPO5xzagVI0cI1dzdiumAaEKti6joQvDnX14kjdOKf17x7s7K1as8jgIcwhGcgA8XUIUbqEEdKAh4hld4Q4/oBb2jj1nrEspnDuAP0OcPt8KPwg==</latexit>

SM
Z portal

<latexit sha1_base64="A1AMxZLwwlvgs6pT583uRFFCN7Q=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/cA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDumeM4w==</latexit>

Z

<latexit sha1_base64="iwn9YpxExu4l+KpT7HXosQNGEFE="></latexit>
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<latexit sha1_base64="+LDFXPvE/gzJpZpaVPHtJswaq/c="></latexit>

�W̃ =
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�0
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◆

<latexit sha1_base64="MmDLHludcc2Myg7vquEecHt9iOY=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5UUBIwVLAwMRZC2qI0ix3Vaq44T2Q5SFfUHWPgVFgYQYmVn429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGSUCEwcHLFItHwkCaOcOIoqRlqxICj0GWn6g4ux37wnQtKI36phTNwQ9TgNKEZKS555cOOUjsoehh1FQyKhLqtl7+qndEp22bvzzKJVsSaA88TOSBFkqHvmZ6cb4SQkXGGGpGzbVqzcFAlFMSOjQieRJEZ4gHqkrSlHepebTq4ZwUOtdGEQCf24ghP190SKQimHoa87Q6T6ctYbi/957UQFZ25KeZwowvF0UZAwqCI4jgZ2qSBYsaEmCAuq/wpxHwmElQ6woEOwZ0+eJ41qxT6pWNfHxdp5Fkce7IF9UAI2OAU1cAnqwAEYPIAn8AJejUfj2Xgz3qetOSOb2QV/YHx8A9xHmOc=</latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y

Higgsino-like

Wino-like

Inelastic!

Neutral 
component

<latexit sha1_base64="66Z/XIKkgKQojhoEHeBO5kekBNw=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksQgUpiYq6LLpxWcFeoA1lMp20QyeTMDMRSij4Km5cKOLW53Dn2zhNs9DWHwY+/nMO58zvx5wp7TjfVmFpeWV1rbhe2tjc2t6xd/eaKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vJHt9N665FKxSLxoMcx9UI8ECxgBGtj9eyDStr1A+ROTlEG5wack55ddqpOJrQIbg5lyFXv2V/dfkSSkApNOFaq4zqx9lIsNSOcTkrdRNEYkxEe0I5BgUOqvDQ7f4KOjdNHQSTNExpl7u+JFIdKjUPfdIZYD9V8bWr+V+skOrj2UibiRFNBZouChCMdoWkWqM8kJZqPDWAimbkVkSGWmGiTWMmE4M5/eRGaZ1X3surcX5RrN3kcRTiEI6iAC1dQgzuoQwMIpPAMr/BmPVkv1rv1MWstWPnMPvyR9fkD1j+Tdw==</latexit>

(1,3, 0)

<latexit sha1_base64="IS0R6Ncyh8XHwqcafcIA5VkZYwg=">AAACAHicbZDLSsNAFIZPvNZ6i7pw4WawCBWkJkXUZdGNywr2Am0ok+mkHTqZhJmJUEI2voobF4q49THc+TZO0y609YeBj/+cw5nz+zFnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o9tJvfVIpWKReNDjmHohHggWMIK1sXr2YTnt+gFyszOUQ9WAe1497dklp+LkQovgzqAEM9V79le3H5EkpEITjpXquE6svRRLzQinWbGbKBpjMsID2jEocEiVl+YHZOjEOH0URNI8oVHu/p5IcajUOPRNZ4j1UM3XJuZ/tU6ig2svZSJONBVkuihIONIRmqSB+kxSovnYACaSmb8iMsQSE20yK5oQ3PmTF6FZrbiXFef+olS7mcVRgCM4hjK4cAU1uIM6NIBABs/wCm/Wk/VivVsf09YlazZzAH9kff4Av86T7A==</latexit>

(1,2, 1/2)
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<latexit sha1_base64="lj7tSUS40gTLCH21p35NjqzNAtw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0URxJKIqBulqAuXFewDmhgm00k7dCYJMxOhhPyBG3/FjQtF3Lp15984bYNo64ELZ865l7n3+DGjUlnWl1GYmZ2bXygulpaWV1bXzPWNhowSgUkdRywSLR9JwmhI6ooqRlqxIIj7jDT9/uXQb94TIWkU3qpBTFyOuiENKEZKS56561wRphDk8AxyL3Vwj97tZ/Dg52Fl8Bxanlm2KtYIcJrYOSmDHDXP/HQ6EU44CRVmSMq2bcXKTZFQFDOSlZxEkhjhPuqStqYh4kS66eieDO5opQODSOgKFRypvydSxKUccF93cqR6ctIbiv957UQFp25KwzhRJMTjj4KEQRXBYTiwQwXBig00QVhQvSvEPSQQVjrCkg7Bnjx5mjQOK/Zxxbo5Klcv8jiKYAtsgz1ggxNQBdegBuoAgwfwBF7Aq/FoPBtvxvu4tWDkM5vgD4yPb2DMmlY=</latexit>

�m = m�+ �m�0 > 0

• Charged states are long-lived• DM candidate stable

• Small mass splitting from radiative corrections

<latexit sha1_base64="iwn9YpxExu4l+KpT7HXosQNGEFE="></latexit>

�
H̃

=

✓
�+
H̃

�0
H̃

◆

R. Mahbubani, P. Schwaller, J. Zurita,

JHEP 06 (2017) 119

Feature of the 
model!

1. Electroweakinos-Like Dark Matter
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• Collider Searches

Disappearing
Tracks

<latexit sha1_base64="VeKlLpA9elKfa1zVxjn7PbUwt7g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3UOM+g==</latexit>q

<latexit sha1_base64="NzV3syf7kxD6za5/mJH5qnm+FpM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOa3Qhr9NgrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdu0EnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gEouhGDx5WXSPKsGF1X/7rxSu87jKMIRHMMpBHAJNbiFOjSAwAM8wyu8ecp78d69j3lrwctnDuEPvM8fK8aO3Q==</latexit>

q̄

<latexit sha1_base64="i0w1aV8c8QVp7a9SOIf8YTJ898k=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvoQcquiHosevFYwW0L7VKyabYNzWa3SVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFySCa+M436iwsrq2vlHcLG1t7+zulfcPGjpOFWUejUWsWgHRTHDJPMONYK1EMRIFgjWD4d3Ubz4xpXksH804YX5E+pKHnBJjJW90jken3XLFqToz4GXi5qQCOerd8lenF9M0YtJQQbRuu05i/Iwow6lgk1In1SwhdEj6rG2pJBHTfjY7doJPrNLDYaxsSYNn6u+JjERaj6PAdkbEDPSiNxX/89qpCW/8jMskNUzS+aIwFdjEePo57nHFqBFjSwhV3N6K6YAoQo3Np2RDcBdfXiaNi6p7VXUeLiu12zyOIhzBMZyBC9dQg3uogwcUODzDK7whiV7QO/qYtxZQPnMIf4A+fwDNho4G</latexit>

q, q0

<latexit sha1_base64="NzV3syf7kxD6za5/mJH5qnm+FpM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOa3Qhr9NgrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdu0EnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gEouhGDx5WXSPKsGF1X/7rxSu87jKMIRHMMpBHAJNbiFOjSAwAM8wyu8ecp78d69j3lrwctnDuEPvM8fK8aO3Q==</latexit>

q̄
<latexit sha1_base64="EtmYShtTWqPqbG0uF+onIYpAG/k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0qeM8w==</latexit>

j
<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="xFNCiDSKEW2xzGR/oyIjXF6uJOU=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9UOqic+G4tHtVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/fRaQvA==</latexit>

�̄0

<latexit sha1_base64="zM4Rm3gvkhaMGyfHkEDGJDwzYG8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKqMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1peWV1bL2wUN7e2d3ZLe/sNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8mfjNJ6oNU/LejhIaCtyXLGYEWyc1OmTAHk67pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KLi352Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBx5njtQ=</latexit>

�+

<latexit sha1_base64="Gelsw+sOIr4fPrQjPg7wtBAk92c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFcaJkRUZdFNy4r2Ae0Y8mkmTY0yYxJplCGfocbF4q49WPc+Tem01lo64HLPZxzL7k5QcyZNq777Swtr6yurRc2iptb2zu7pb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HbqN0dUaRbJBzOOqS9wX7KQEWys5HfIgD2enWbN7ZbKbsXNgBaJl5My5Kh1S1+dXkQSQaUhHGvd9tzY+ClWhhFOJ8VOommMyRD3adtSiQXVfpodPUHHVumhMFK2pEGZ+nsjxULrsQjspMBmoOe9qfif105MeO2nTMaJoZLMHgoTjkyEpgmgHlOUGD62BBPF7K2IDLDCxNicijYEb/7Li6RxXvEuK+79Rbl6k8dRgEM4ghPw4AqqcAc1qAOBJ3iGV3hzRs6L8+58zEaXnHznAP7A+fwBsgSRZg==</latexit>

��,�0
<latexit sha1_base64="MkwrtUUGMd/YZXdz+qC3zlkQAgc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtduM4A==</latexit>

W

<latexit sha1_base64="heKJsmKMLcOPIxTkhzptUN4WOOg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE81UREPRa9eKxgP7ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwZuI3n6jSLJb3ZpTQQGBfsogRNFZqdfooBJ4+dEtlr+JN4S4SPydlyFHrlr46vZikgkpDOGrd9r3EBBkqwwin42In1TRBMsQ+bVsqUVAdZNN7x+6xVXpuFCtb0rhT9fdEhkLrkQhtp0Az0PPeRPzPa6cmugoyJpPUUElmi6KUuyZ2J8+7PaYoMXxkCRLF7K0uGaBCYmxERRuCP//yImmcVfyLind3Xq5e53EU4BCO4AR8uIQq3EIN6kCAwzO8wpvz6Lw4787HrHXJyWcO4A+czx+nD4+3</latexit>

�/Z
<latexit sha1_base64="A1AMxZLwwlvgs6pT583uRFFCN7Q=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/cA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDumeM4w==</latexit>

Z

Directly produce 
DM

Produce the long-
lived charged 

state

1. Electroweakinos-Like Dark Matter
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M. Low, L. Wang, JHEP 08 (2014) 161

Thermal Target!
<latexit sha1_base64="/d32YgmDus+GNFV324ZAHNEPYzQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPEhIRNRj0YvHCv2CJpTNdtMu3U3C7kYooeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz88KUM6Vd99sqrayurW+UNytb2zu7e/b+QUslmSS0SRKeyE6IFeUspk3NNKedVFIsQk7b4ehu6rcfqVQsiRt6nNJA4EHMIkawNlLPPvIVE8hzPOSfo9yXAjVoa9Kzq67jzoCWiVeQKhSo9+wvv5+QTNBYE46V6npuqoMcS80Ip5OKnymaYjLCA9o1NMaCqiCfnT9Bp0bpoyiRpmKNZurviRwLpcYiNJ0C66Fa9Kbif14309FNkLM4zTSNyXxRlHGkEzTNAvWZpETzsSGYSGZuRWSIJSbaJFYxIXiLLy+T1oXjXTnuw2W1dlvEUYZjOIEz8OAaanAPdWgCgRye4RXerCfrxXq3PuatJauYOYQ/sD5/AKVClAE=</latexit>

⇠ 1.1TeV
<latexit sha1_base64="lAzBApeCnLhC2wYgQALQsMFhWo4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPEhJiliPRS8eK/QLmlA220m7dDcJuxuhhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLa+sblV3C7t7O7tH9iHR20Vp5JCi8Y8lt2AKOAsgpZmmkM3kUBEwKETjO9mfucRpGJx1NSTBHxBhhELGSXaSH37xFNM4Gqlhr1LnHlS4Ca0p3277FScOfAqcXNSRjkaffvLG8Q0FRBpyolSPddJtJ8RqRnlMC15qYKE0DEZQs/QiAhQfjY/f4rPjTLAYSxNRRrP1d8TGRFKTURgOgXRI7XszcT/vF6qwxs/Y1GSaojoYlGYcqxjPMsCD5gEqvnEEEIlM7diOiKSUG0SK5kQ3OWXV0m7WnGvK87DVbl+m8dRRKfoDF0gF9VQHd2jBmohijL0jF7Rm/VkvVjv1seitWDlM8foD6zPH7A7lAg=</latexit>

⇠ 2.7TeV

• Hadron colliders

In more 
recent 
studies 

FCChh can 
reach the 
thermal 
target!

1. Electroweakinos-Like Dark Matter
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• Muon colliders T. Han, Z. Liu, L. Wang, X. Wang,

Phys. Rev. D 103 (2021) 7, 075004

Mono-photon

di-muon + MET

mono-muon
The 10 TeV MuC 

can reach the 
thermal target (?)

Need DT BIB impact?

1. Electroweakinos-Like Dark Matter



Rodolfo Capdevilla, Fermilab
13

Muons decay 
in flight!

<latexit sha1_base64="JjqMnBgiI2E3Qni7SccS+rMAjRY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH18Ejds=</latexit>µ

<latexit sha1_base64="TBrBICPSvqlf+LFqaAhkmJHhFSo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUwH654lbdOcgq8XJSgRz1fvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n80Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmRD8JZfXiWti6p3VXUbl5XabR5HEU7gFM7Bg2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AyxOM7g==</latexit>e
<latexit sha1_base64="amMVT+vAmiqocnb6R0pE/0znvaU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55K++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2CJjdw=</latexit>⌫

<latexit sha1_base64="amMVT+vAmiqocnb6R0pE/0znvaU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55K++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2CJjdw=</latexit>⌫

Sestini and Casarsa

N. Bartosik et al.,

2020 JINST 15 P05001Donatella’s talk

1. Electroweakinos-Like Dark Matter

• Beam Induced Background:

1. Soft

2. Arrives late

3. Mostly forward
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• Muon colliders: Detector Geometry

Vertex Detector

Shielding 
Tungsten Nozzles!

Double layer 
structure!

1. Electroweakinos-Like Dark Matter
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• Muon colliders: Remember the BIB!

Time

Selection

Direction

Selection

O(3) background 
rejection

1. Electroweakinos-Like Dark Matter
1. Soft

2. Arrives late

3. Mostly forward
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• Muon colliders

Lifetime from 
“pure” cases

Veto layer!

(Inner tracker 1st layer)

Second double layer!

1. Electroweakinos-Like Dark Matter



Outline

1. Electroweakinos-like Dark Matter


• Higgsinos and Winos


• Disappearing Tracks


17

2. BSM and Exotic Signals


• Landscape (partially)


• Some Examples


Rodolfo Capdevilla, Fermilab



(before BSM…) SM
1. Highly boosted SM objects:

18 Rodolfo Capdevilla, Fermilab

Decay product of 2->2 
processes will be 
highly collimated!

<latexit sha1_base64="9gAB9KzZ1ywvzo8yhDw/sWSDdr0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVvz7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4ApZ2PLQ==</latexit>

✓

<latexit sha1_base64="VzC93ENx+hoVCm9S2u0rQnugt/8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDz5+M8Q==</latexit>

h

<latexit sha1_base64="A1AMxZLwwlvgs6pT583uRFFCN7Q=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/cA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDumeM4w==</latexit>

Z

Interaction 
point

ECAL

<latexit sha1_base64="/F4gP2rc3gqc40Gut9OpvQZ96ZA=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEhyhL3NXLJkd+/Y3RNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU567GhJJFrU3XLFr/ozkGUS5KQCOerd8lenl7BMorJMUGPagZ/acEy15UzgpNTJDKaUDWkf244qKtGE49nBE3LilB6JE+1KWTJTf0+MqTRmJCPXKakdmEVvKv7ntTMbX4VjrtLMomLzRXEmiE3I9HvS4xqZFSNHKNPc3UrYgGrKXASm5EIIFl9eJs2zanBR9e/OK7XrPI4iHMExnEIAl1CDW6hDAxhIeIZXePO09+K9ex/z1oKXzxzCH3ifP6jtkFE=</latexit> m
et
er

<latexit sha1_base64="ERh0C4i9tpPdHazPxTyqV7q4prk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD59+NAQ==</latexit>x
<latexit sha1_base64="8o4M9V7OwLHicFDJQrT17mbPzCk="></latexit>

✓ ⇠ tan�1

✓
mZ/2

5TeV

◆

<latexit sha1_base64="87xbZsBqks5QqFfjW8k4vrc2+h0=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkATy2a7aZfubsLuRi2h/8OLB0W8+l+8+W/ctDlo64OBx3szzMwLE860cd1vZ2l5ZXVtvbRR3tza3tmt7O23dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g5H17nffqBKs1jemXFCA4EHkkWMYGOl+yfkayaQrwQiotyrVN2aOwVaJF5BqlCg0at8+f2YpIJKQzjWuuu5iQkyrAwjnE7KfqppgskID2jXUokF1UE2vXqCjq3SR1GsbEmDpurviQwLrccitJ0Cm6Ge93LxP6+bmugyyJhMUkMlmS2KUo5MjPIIUJ8pSgwfW4KJYvZWRIZYYWJsUHkI3vzLi6R1WvPOa+7tWbV+VcRRgkM4ghPw4ALqcAMNaAIBBc/wCm/Oo/PivDsfs9Ylp5g5gD9wPn8AH6qRnQ==</latexit>x ⇠ cm

Impact on granularity!

Can we (angular) separate decay products of a ~TeV Z/W/H? (Leptonic? Hadronic?)



(before BSM…) SM

1. Highly boosted SM objects:

19 Rodolfo Capdevilla, Fermilab

Can we separate decay products of a ~TeV Z/W/H? (Leptonic? Hadronic?)

Is it possible to measure the forward muon? What angles?
2. Precision ZZH couplings:

Can we measure the polarization of outgoing VB?
3. Precision VBF:



Motivation Theoretical 
scenario

Candidate 
particle(s)

Exotic Signals (Potential Implications for Detector/Facility Design)

Boosted 
objects

Small 
splittings

Stopping 
particles

Disappearing 
tracks

Displaced 
vertices Exotic tracks Emerging 

jets
Exotics in the 
mu system

Forward 
detector

Exotics

SM+singlet x x x

2HDM x x x

New gauge 
groups x x x

VLF x x x

HNL x x x

Leptoquarks (UV motivated) x x

Quirks

(bound state)

x x x x

Hidden 
valleys x x x x

Hierarchy 
problem

SUSY
(colored) x x x

(not colored) x x x x x

Composite x x

Extra 
dimensions x

Neutral 
naturalness

Glueballs,

sQuirks x x x x

DM

Z portal EWikinos-like 
(inelastic) x x

H portal (Z2 symmetric)

Nu portal x

U(1) portal x x

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="Eu+a7E+GInAxckFlFUJl61h3EF8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRapBym7RdRj0YvHCvYD26Vk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKezOOqR/hgWAhI9hYqflQPkOtcq9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW9Oy/VrrM48nAEx3AKHlxCDW6hDg0g8AjP8ApvjnRenHfnY96ac7KZQ/gD5/MH48qOBg==</latexit>

Z 0,W 0

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0
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<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="Eu+a7E+GInAxckFlFUJl61h3EF8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRapBym7RdRj0YvHCvYD26Vk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKezOOqR/hgWAhI9hYqflQPkOtcq9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW9Oy/VrrM48nAEx3AKHlxCDW6hDg0g8AjP8ApvjnRenHfnY96ac7KZQ/gD5/MH48qOBg==</latexit>

Z 0,W 0

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>
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<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="Eu+a7E+GInAxckFlFUJl61h3EF8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRapBym7RdRj0YvHCvYD26Vk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKezOOqR/hgWAhI9hYqflQPkOtcq9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW9Oy/VrrM48nAEx3AKHlxCDW6hDg0g8AjP8ApvjnRenHfnY96ac7KZQ/gD5/MH48qOBg==</latexit>

Z 0,W 0

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

Timing


Tracker

ECAL

HCAL Decays

Stops

Produced
<latexit sha1_base64="rSaY4ABRjrkVBpdLVOfuF1evOfY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgrGFNpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoBxynPIjpQIlIMIpW8pFcE7dXrbl1dwayTLyC1KBAs1f96vYTlsVcIZPUmI7nphjkVKNgkk8q3czwlLIRHfCOpYrG3AT57NgJObFKn0SJtqWQzNTfEzmNjRnHoe2MKQ7NojcV//M6GUZXQS5UmiFXbL4oyiTBhEw/J32hOUM5toQyLeythA2ppgxtPhUbgrf48jJ5PKt7F3X3/rzWuCniKMMRHMMpeHAJDbiDJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwBfoeN0g==</latexit>

t = 0

<latexit sha1_base64="2pGmPZ2wfLIkG0/cWjKt8XyyrzQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnGScD+iQyVCwShaqY3khmDf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVa9WdR8uK/XbPI4inMApnIMHV1CHe2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AEM+I66</latexit>

t = t1

<latexit sha1_base64="johOOwPfPMFfdRoTqUCk6J5KrrI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqBeh6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnGScD+iQyVCwShaqY3khmC/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+7pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZr+TgdCcoZxYQpkW9lbCRlRThjahkg3BW355lbRqVe+y6j5cVOq3eRxFOIFTOAcPrqAO99CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMOfI67</latexit>

t = t2

Data 
Acquisition

Junhai Kang, Markus Luty,

JHEP 11 (2009) 065

A. Arvanitaki, S. Dimopoulos, A. Pierce, S. Rajendran, J. Wacker, 
Phys. Rev. D 76 (2007) 055007



Motivation Theoretical 
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Small 
splittings

Exotics

SM+singlet

2HDM x

New gauge 
groups x

VLF x

HNL

Leptoquarks (UV motivated)

Quirks

(bound state)Hidden 
valleys

Hierarchy 
problem

SUSY
(colored) x

(not colored) x

Composite x

Extra 
dimensions

Neutral 
naturalness

Glueballs,

sQuirks

DM

Z portal EWikinos-like 
(inelastic)

H portal (Z2 symmetric)

Nu portal

U(1) portal

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="Eu+a7E+GInAxckFlFUJl61h3EF8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRapBym7RdRj0YvHCvYD26Vk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKezOOqR/hgWAhI9hYqflQPkOtcq9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW9Oy/VrrM48nAEx3AKHlxCDW6hDg0g8AjP8ApvjnRenHfnY96ac7KZQ/gD5/MH48qOBg==</latexit>

Z 0,W 0

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

Soft objects

(prompt)

Soft secondary 
vertices (LLP)

Fukuda, Nagata, Oide, Otono, Shirai, 
Phys. Rev. Lett. 124 (2020) 10, 101801

B. Dobrescu, arXiv:1506.04435 V. Khachatryan et al.,

Phys. Rev. D 96 (2017) 1, 012004

G. Giudice, T. Han, K. Wang, L. Wang,

Phys. Rev. D 81 (2010) 115011



Motivation Theoretical 
scenario

Candidate 
particle(s)

Exotic Signals (Potential Implications for Detector/Facility Design)

Boosted 
objects

Small 
splittings

Stopping 
particles

Disappearing 
tracks

Displaced 
vertices Exotic tracks Emerging 

jets
Exotics in the 
mu system

Forward 
detector

Exotics

SM+singlet 7, 10, 13, 
15, 16, 

7, 10, 13, 
15, 16, 

7, 10, 13, 
15, 16, 

2HDM 1, 2, 4, 11, 1, 2, 4, 11, 1, 2, 4, 11, 

New gauge 
groups

3, 20, 21, 
30, 

3, 20, 21, 
30, 

3, 20, 21, 
30, 

VLF x x x

HNL 17, 19, 24, 
25, 26, 

17, 19, 24, 
25, 26, 

17, 19, 24, 
25, 26, 

Leptoquarks (UV motivated) 8, 12, 8, 12, 

Quirks

(bound state)

x x x x

Hidden 
valleys x x x x

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="Eu+a7E+GInAxckFlFUJl61h3EF8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRapBym7RdRj0YvHCvYD26Vk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKezOOqR/hgWAhI9hYqflQPkOtcq9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW9Oy/VrrM48nAEx3AKHlxCDW6hDg0g8AjP8ApvjnRenHfnY96ac7KZQ/gD5/MH48qOBg==</latexit>

Z 0,W 0

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

No

connection 
to exotic 
signals

High 
connection 
to exotic 
signals

1) Eichten, Martin, Phys. Lett. B 728 (2014) 125-130

2) Chakrabarty, Han, Liu, Mukhopadhyaya, Phys. Rev. D 91 (2015) 1, 015008

3) Huang, Queiroz, Rodejohann, Phys. Rev. D 103 (2021) 9, 095005

4) Han, Li, Su, Su, Wu, Phys. Rev. D 104 (2021) 5, 055029

5) Capdevilla, Meloni, Simoniello, Zurita, JHEP 06 (2021) 133

6) Bottaro, Strumia, Vignaroli, JHEP 06 (2021) 143

7) Al Ali et al., Rept. Prog. Phys. 85 (2022) 8, 084201

8) Asadi, Capdevilla, Cesarotti, Homiller JHEP 10 (2021) 182

9) Franceschini, Greco, Symmetry 13 (2021) 5, 851

10) Haghighat, Najafabadi, Nucl. Phys. B 980 (2022) 115827

11) Sen, Bandyopadhyay, Dutta, KT, Eur. Phys. J. C 82 (2022) 3, 230

12) Qian et al., JHEP 12 (2021) 047

13) Costantini, PoS EPS-HEP2021 (2022) 717

14) Casarsa, Fabbrichesi, Gabrielli, Phys. Rev. D 105 (2022) 7, 7

15) Capdevilla, Curtin, Kahn, Krnjaic, JHEP 04 (2022) 129


16) Bao, Fan, Li, JHEP 08 (2022) 276

17) Chakraborty, Roy, Srivastava, e-Print: 2206.07037

18) Inan, Kisselev, eprint: 2207.03325

19) Liu, Han, Jin, Li, eprint: 2207.07382

20) Allanach, Loisa, eprint: 2212.07440

21) Das, Nomura, Shimomura, eprint: 2212.11674

22) Franceschini, Zhao, eprint: 2212.11900

23) Lv, Cui, Li, Liu, Nucl. Phys. B 985 (2022) 116016

24) Mekala, Reuter, Zarnecki, eprint: 2301.02602

25) Kwok, Li, Liu, Rock, eprint: 2301.05177

26) Li, Liu, Lyu, eprint: 2301.07117

27) Li, Yao, Yuan, eprint: 2301.07274

28) Inan, Kisselev, eprint: 2301.08585

29) Jueid, Nasri, eprint: 2301.12524

30) Li et al., eprint: 2302.02203

…



Motivation Theoretical 
scenario

Candidate 
particle(s)

Exotic Signals (Potential Implications for Detector/Facility Design)

Boosted 
objects

Small 
splittings

Stopping 
particles

Disappearing 
tracks

Displaced 
vertices Exotic tracks Emerging 

jets
Exotics in the 
mu system

Forward 
detector

Hierarchy 
problem

SUSY
(colored) 7, 7, 7, 

(not colored) 7, 7, 7, 7, 7, 

Composite 23, 23, 

Extra 
dimensions 28, 

Neutral 
naturalness

Glueballs,

sQuirks x x x x

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

1) Eichten, Martin, Phys. Lett. B 728 (2014) 125-130

2) Chakrabarty, Han, Liu, Mukhopadhyaya, Phys. Rev. D 91 (2015) 1, 015008

3) Huang, Queiroz, Rodejohann, Phys. Rev. D 103 (2021) 9, 095005

4) Han, Li, Su, Su, Wu, Phys. Rev. D 104 (2021) 5, 055029

5) Capdevilla, Meloni, Simoniello, Zurita, JHEP 06 (2021) 133

6) Bottaro, Strumia, Vignaroli, JHEP 06 (2021) 143

7) Al Ali et al., Rept. Prog. Phys. 85 (2022) 8, 084201

8) Asadi, Capdevilla, Cesarotti, Homiller JHEP 10 (2021) 182

9) Franceschini, Greco, Symmetry 13 (2021) 5, 851

10) Haghighat, Najafabadi, Nucl. Phys. B 980 (2022) 115827

11) Sen, Bandyopadhyay, Dutta, KT, Eur. Phys. J. C 82 (2022) 3, 230

12) Qian et al., JHEP 12 (2021) 047

13) Costantini, PoS EPS-HEP2021 (2022) 717

14) Casarsa, Fabbrichesi, Gabrielli, Phys. Rev. D 105 (2022) 7, 7

15) Capdevilla, Curtin, Kahn, Krnjaic, JHEP 04 (2022) 129


16) Bao, Fan, Li, JHEP 08 (2022) 276

17) Chakraborty, Roy, Srivastava, e-Print: 2206.07037

18) Inan, Kisselev, eprint: 2207.03325

19) Liu, Han, Jin, Li, eprint: 2207.07382

20) Allanach, Loisa, eprint: 2212.07440

21) Das, Nomura, Shimomura, eprint: 2212.11674

22) Franceschini, Zhao, eprint: 2212.11900

23) Lv, Cui, Li, Liu, Nucl. Phys. B 985 (2022) 116016

24) Mekala, Reuter, Zarnecki, eprint: 2301.02602

25) Kwok, Li, Liu, Rock, eprint: 2301.05177

26) Li, Liu, Lyu, eprint: 2301.07117

27) Li, Yao, Yuan, eprint: 2301.07274

28) Inan, Kisselev, eprint: 2301.08585

29) Jueid, Nasri, eprint: 2301.12524

30) Li et al., eprint: 2302.02203

…

No

connection 
to exotic 
signals

High 
connection 
to exotic 
signals



Motivation Theoretical 
scenario

Candidate 
particle(s)

Exotic Signals (Potential Implications for Detector/Facility Design)

Boosted 
objects

Small 
splittings

Stopping 
particles

Disappearing 
tracks

Displaced 
vertices Exotic tracks Emerging 

jets
Exotics in the 
mu system

Forward 
detector

DM

Z portal EWikinos-like 
(inelastic) 5, 6, 22, 5, 6, 22, 

H portal (Z2 symmetric)

Nu portal 19, 29, 

U(1) portal x x

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

1) Eichten, Martin, Phys. Lett. B 728 (2014) 125-130

2) Chakrabarty, Han, Liu, Mukhopadhyaya, Phys. Rev. D 91 (2015) 1, 015008

3) Huang, Queiroz, Rodejohann, Phys. Rev. D 103 (2021) 9, 095005

4) Han, Li, Su, Su, Wu, Phys. Rev. D 104 (2021) 5, 055029

5) Capdevilla, Meloni, Simoniello, Zurita, JHEP 06 (2021) 133

6) Bottaro, Strumia, Vignaroli, JHEP 06 (2021) 143

7) Al Ali et al., Rept. Prog. Phys. 85 (2022) 8, 084201

8) Asadi, Capdevilla, Cesarotti, Homiller JHEP 10 (2021) 182

9) Franceschini, Greco, Symmetry 13 (2021) 5, 851

10) Haghighat, Najafabadi, Nucl. Phys. B 980 (2022) 115827

11) Sen, Bandyopadhyay, Dutta, KT, Eur. Phys. J. C 82 (2022) 3, 230

12) Qian et al., JHEP 12 (2021) 047

13) Costantini, PoS EPS-HEP2021 (2022) 717

14) Casarsa, Fabbrichesi, Gabrielli, Phys. Rev. D 105 (2022) 7, 7

15) Capdevilla, Curtin, Kahn, Krnjaic, JHEP 04 (2022) 129


16) Bao, Fan, Li, JHEP 08 (2022) 276

17) Chakraborty, Roy, Srivastava, e-Print: 2206.07037

18) Inan, Kisselev, eprint: 2207.03325

19) Liu, Han, Jin, Li, eprint: 2207.07382

20) Allanach, Loisa, eprint: 2212.07440

21) Das, Nomura, Shimomura, eprint: 2212.11674

22) Franceschini, Zhao, eprint: 2212.11900

23) Lv, Cui, Li, Liu, Nucl. Phys. B 985 (2022) 116016

24) Mekala, Reuter, Zarnecki, eprint: 2301.02602

25) Kwok, Li, Liu, Rock, eprint: 2301.05177

26) Li, Liu, Lyu, eprint: 2301.07117

27) Li, Yao, Yuan, eprint: 2301.07274

28) Inan, Kisselev, eprint: 2301.08585

29) Jueid, Nasri, eprint: 2301.12524

30) Li et al., eprint: 2302.02203

…

No

connection 
to exotic 
signals

High 
connection 
to exotic 
signals



Summary

1. We explored a highly motivated BSM scenario that can lead to exotic 

signals at future colliders: Electroweakino-Like WIMPs that produce 

disappearing tracks in the vertex detector. The double-layer design  of 

the vertex detector is important to mitigate BIB!


2. It is important for future colliders detector and accelerator/facility design 

to identify BSM scenarios that can lead to exotic signals.


3. This important task requires the close collaboration of HEP-th, HEP-ex, 

and Accelerator Physicists.
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