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Introduction

•  Hidden sectors are important possibility for New Physics. 

 Enormous range of options 

•  Motivations from addressing open questions of the Standard Model  

 are key to make progress: Naturalness, Dark Matter, …
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Symmetry
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Neutral Naturalness

SUS-19-009-PAS

The “missing Top Partner puzzle:” 

No signs of stops/vector-like fermions at LHC

• Neutral Naturalness: broad class of theories that solve little hierarchy problem 

with color-neutral Top Partners 

• Phenomenology radically non-standard, change of paradigm for searches 

• Confining hidden sector is a typical expectation

[for more on NN: talk by Stefan Stelzl @ 15:00]
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Neutral Naturalness

• A discrete symmetry relates the SM to the hidden sector

Hidden sector

Has own SU(3) color symmetry

T
• 1 loop:

ŷtf
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yt
Z2 ! ŷt

<latexit sha1_base64="Ovf7EcjF3+rAAgwTmwGFOfn1eLA="></latexit>

quadratic corrections  
to Higgs mass cancel out 

⇤UV ⇠ 5 -10 TeV
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Nc

Nc

Top  
Partner

Twin Higgs
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Hidden confinement

• 2 loops: gauge hidden SU(3) with h
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Hidden sector

gs ' ĝs at ⇤UV
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⇤UV ⇠ 5 -10 TeV
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confines at ⇤ & ⇤QCD
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• A discrete symmetry relates the SM to the hidden sector

Twin Higgs

Has own SU(3) color symmetry

3

[Chacko, Goh,  
Harnik, 2006]



Hidden sector

•  Confining hidden sector is generic expectation in Neutral Naturalness 

•  Details depend on 

➡  Mass spectrum of hidden matter 

➡  Portals to SM: Higgs is mandatory, others? 

➡  Additional interactions in hidden sector? 

•  Many models exist, aim to identify representative cases with distinct    

 phenomenology, to set motivated targets for experimental searches
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In this talk

•  Hidden QCD with 1 light fermion flavor 

•  Visible and hidden sector connected by BSM particles with ~ TeV masses

Standard Model Hidden sector

M ⇠ few TeV
<latexit sha1_base64="e+S8WsTmNcYeU5Irhx7IT+qwnGE=">AAAB+HicbVA9TwJBEN3DL8QPTi1tNoKJFbnDQkoSGxsTTPgwgQvZW+Zgw+7eZXdPg4RfYmOhMbb+FDv/jQtcoeBLJnl5byYz88KEM20879vJbWxube/kdwt7+weHRffouK3jVFFo0ZjH6j4kGjiT0DLMcLhPFBARcuiE4+u533kApVksm2aSQCDIULKIUWKs1HeL5dueZqKMI3jETWj33ZJX8RbA68TPSAllaPTdr94gpqkAaSgnWnd9LzHBlCjDKIdZoZdqSAgdkyF0LZVEgA6mi8Nn+NwqAxzFypY0eKH+npgSofVEhLZTEDPSq95c/M/rpiaqBVMmk9SApMtFUcqxifE8BTxgCqjhE0sIVczeiumIKEKNzapgQ/BXX14n7WrFv6xU76qlei2LI49O0Rm6QD66QnV0gxqohShK0TN6RW/Ok/PivDsfy9ack82coD9wPn8AD+GSBA==</latexit>

charged under SM electroweak 
 + hidden color

ĝ
<latexit sha1_base64="kndtGZKxCJzod9dBc1L2jjcwi88=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsspCSxscREQAMXsrfswYbdvcvunAm58CtsLDTG1p9j579xgSsUfMkkL+/NZGZemAhu0PO+ncLG5tb2TnG3tLd/cHhUPj7pmDjVlLVpLGL9EBLDBFesjRwFe0g0IzIUrBtObuZ+94lpw2N1j9OEBZKMFI84JWilx2p/TDAbzaqDcsWreQu468TPSQVytAblr/4wpqlkCqkgxvR8L8EgIxo5FWxW6qeGJYROyIj1LFVEMhNki4Nn7oVVhm4Ua1sK3YX6eyIj0pipDG2nJDg2q95c/M/rpRg1goyrJEWm6HJRlAoXY3f+vTvkmlEUU0sI1dze6tIx0YSizahkQ/BXX14nnXrNv6rV7+qVZiOPowhncA6X4MM1NOEWWtAGChKe4RXeHO28OO/Ox7K14OQzp/AHzucPTzyQDA==</latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>
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•  Hidden QCD with 1 light fermion flavor 

•  Visible and hidden sector connected by BSM particles with ~ TeV masses 

• Fairly common ingredients in Neutral Naturalness: 

✓  Typically only 3rd generation is copied, fewer flavors in hidden sector 

✓  TeV-scale particles play roles in Higgs mass stabilization 

• Examples: composite Twin Higgs, models realizing accidental SUSY 

Theory background

[Cheng, Li, ES, Verhaaren, 2018] 
[Cheng, Li, ES, Verhaaren, 2019]

(in backup slides; please ask if you want to hear more)
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Description of Hidden Sector 
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In this talk

•  Hidden QCD with 1 light fermion flavor 

•  Visible and hidden sector connected by BSM particles with ~ TeV masses

Standard Model Hidden sector

M ⇠ few TeV
<latexit sha1_base64="e+S8WsTmNcYeU5Irhx7IT+qwnGE=">AAAB+HicbVA9TwJBEN3DL8QPTi1tNoKJFbnDQkoSGxsTTPgwgQvZW+Zgw+7eZXdPg4RfYmOhMbb+FDv/jQtcoeBLJnl5byYz88KEM20879vJbWxube/kdwt7+weHRffouK3jVFFo0ZjH6j4kGjiT0DLMcLhPFBARcuiE4+u533kApVksm2aSQCDIULKIUWKs1HeL5dueZqKMI3jETWj33ZJX8RbA68TPSAllaPTdr94gpqkAaSgnWnd9LzHBlCjDKIdZoZdqSAgdkyF0LZVEgA6mi8Nn+NwqAxzFypY0eKH+npgSofVEhLZTEDPSq95c/M/rpiaqBVMmk9SApMtFUcqxifE8BTxgCqjhE0sIVczeiumIKEKNzapgQ/BXX14n7WrFv6xU76qlei2LI49O0Rm6QD66QnV0gxqohShK0TN6RW/Ok/PivDsfy9ack82coD9wPn8AD+GSBA==</latexit>

charged under SM electroweak 
 + hidden color

ĝ
<latexit sha1_base64="kndtGZKxCJzod9dBc1L2jjcwi88=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsspCSxscREQAMXsrfswYbdvcvunAm58CtsLDTG1p9j579xgSsUfMkkL+/NZGZemAhu0PO+ncLG5tb2TnG3tLd/cHhUPj7pmDjVlLVpLGL9EBLDBFesjRwFe0g0IzIUrBtObuZ+94lpw2N1j9OEBZKMFI84JWilx2p/TDAbzaqDcsWreQu468TPSQVytAblr/4wpqlkCqkgxvR8L8EgIxo5FWxW6qeGJYROyIj1LFVEMhNki4Nn7oVVhm4Ua1sK3YX6eyIj0pipDG2nJDg2q95c/M/rpRg1goyrJEWm6HJRlAoXY3f+vTvkmlEUU0sI1dze6tIx0YSizahkQ/BXX14nnXrNv6rV7+qVZiOPowhncA6X4MM1NOEWWtAGChKe4RXeHO28OO/Ox7K14OQzp/AHzucPTzyQDA==</latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>
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The effective theory

•  Integrate out states at                    EFT for Standard Model + hidden sectorM
<latexit sha1_base64="h68rU8LI49P8uLmqLgxDQnqdZOU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzFwpQBGxshovmAJIS9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2Fmnh9LYdB1v53cxubW9k5+t7C3f3B4VDw+aZko0Yw3WSQj3fGp4VIo3kSBkndizWnoS972Jzdzv/3EtRGResRpzPshHSkRCEbRSg/lu/KgWHIr7gJknXgZKUGGxqD41RtGLAm5QiapMV3PjbGfUo2CST4r9BLDY8omdMS7lioactNPF6fOyIVVhiSItC2FZKH+nkhpaMw09G1nSHFsVr25+J/XTTCo9VOh4gS5YstFQSIJRmT+NxkKzRnKqSWUaWFvJWxMNWVo0ynYELzVl9dJq1rxrirV+2qpXsviyMMZnMMleHANdbiFBjSBwQie4RXeHOm8OO/Ox7I152Qzp/AHzucPWkeNJQ==</latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

H
<latexit sha1_base64="i3ybX2VfWvMkAKHoY1V+WtgiwU0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxocQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VGeVAsuRV3CbJJvIyUIENzUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lep9tVSvZXHk4QIu4Ro8uIU6NKAJLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNSro0g</latexit>

H
<latexit sha1_base64="i3ybX2VfWvMkAKHoY1V+WtgiwU0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxocQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VGeVAsuRV3CbJJvIyUIENzUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lep9tVSvZXHk4QIu4Ro8uIU6NKAJLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNSro0g</latexit>

Q
<latexit sha1_base64="RHRUHuc314uEpADLv635cBQUKYg=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxsYQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VmeVAsuRV3CbJJvIyUIENjUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lWqzWqrXsjjycAGXcA0e3EId7qEBLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNgW40p</latexit>

Higgs portal

BR(h ! ĝĝ) ⇡ 2.0⇥ 10�4
�

↵d
0.18

�2 � 2 TeV
M

�4 � cg
4

�2
<latexit sha1_base64="pkeYAsVQ6gs14NAYYqq6uCf2oIk="></latexit>

yt
<latexit sha1_base64="u+aMJbhrDqqI/O4kcfUcwFSHbYY=">AAAB7HicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0e5EjixSMmFkigIdtlCxu222Z3atI0/AYvHjTGqz/Im//GBXpQ8CWTvLw3k5l5QSK4Rsf5tkpb2zu7e+X9ysHh0fFJ9fSsq+NUUebRWMSqHxDNBJfMQ46C9RPFSBQI1gtmdwu/98SU5rF8xCxhfkQmkoecEjSSV89GWB9Va07DWcLeJG5BalCgM6p+DccxTSMmkQqi9cB1EvRzopBTweaVYapZQuiMTNjAUEkipv18eezcvjLK2A5jZUqivVR/T+Qk0jqLAtMZEZzqdW8h/ucNUgxbfs5lkiKTdLUoTIWNsb343B5zxSiKzBBCFTe32nRKFKFo8qmYENz1lzdJt9lwbxrNh2at3SriKMMFXMI1uHALbbiHDnhAgcMzvMKbJa0X6936WLWWrGLmHP7A+vwBKUuOOA==</latexit>

yt
<latexit sha1_base64="u+aMJbhrDqqI/O4kcfUcwFSHbYY=">AAAB7HicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0e5EjixSMmFkigIdtlCxu222Z3atI0/AYvHjTGqz/Im//GBXpQ8CWTvLw3k5l5QSK4Rsf5tkpb2zu7e+X9ysHh0fFJ9fSsq+NUUebRWMSqHxDNBJfMQ46C9RPFSBQI1gtmdwu/98SU5rF8xCxhfkQmkoecEjSSV89GWB9Va07DWcLeJG5BalCgM6p+DccxTSMmkQqi9cB1EvRzopBTweaVYapZQuiMTNjAUEkipv18eezcvjLK2A5jZUqivVR/T+Qk0jqLAtMZEZzqdW8h/ucNUgxbfs5lkiKTdLUoTIWNsb343B5zxSiKzBBCFTe32nRKFKFo8qmYENz1lzdJt9lwbxrNh2at3SriKMMFXMI1uHALbbiHDnhAgcMzvMKbJa0X6936WLWWrGLmHP7A+vwBKUuOOA==</latexit>

(mass of Q) ⇠ M
<latexit sha1_base64="Agprt6k1FZiK/3sNiAZZ+PePjdI=">AAACAXicbVDLSgMxFM3UV62vUTeCm2BHqJsyUxcW3BTcuBFasA/oDCWTZtrQJDMkGaGUuvFX3LhQxK1/4c6/MW1noa0HLhzOuTe594QJo0q77reVW1vf2NzKbxd2dvf2D+zDo5aKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4ehm5rcfiFQ0Fvd6nJCAo4GgEcVIG6lnn5Q4UgrGEXQazoXjX/uKcnjnwJ5ddMvuHHCVeBkpggz1nv3l92OcciI0ZubNrucmOpggqSlmZFrwU0UShEdoQLqGCsSJCibzC6bw3Ch9GMXSlNBwrv6emCCu1JiHppMjPVTL3kz8z+umOqoGEyqSVBOBFx9FKYM6hrM4YJ9KgjUbG4KwpGZXiIdIIqxNaAUTgrd88ippVcreZbnSqBRr1SyOPDgFZ6AEPHAFauAW1EETYPAInsEreLOerBfr3fpYtOasbOYY/IH1+QONkZRX</latexit>

L6 ⇠ y2
t

M2

�
iH

†
$
DµH  R�

µ
 R + |H|2m   + cg↵d

12⇡ |H|2Ĝµ⌫Ĝ
µ⌫
�

<latexit sha1_base64="fKZx4X6517WZmB+yGoi0waWfPEo="></latexit>
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•  Integrate out states at                    EFT for Standard Model + hidden sectorM
<latexit sha1_base64="h68rU8LI49P8uLmqLgxDQnqdZOU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzFwpQBGxshovmAJIS9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2Fmnh9LYdB1v53cxubW9k5+t7C3f3B4VDw+aZko0Yw3WSQj3fGp4VIo3kSBkndizWnoS972Jzdzv/3EtRGResRpzPshHSkRCEbRSg/lu/KgWHIr7gJknXgZKUGGxqD41RtGLAm5QiapMV3PjbGfUo2CST4r9BLDY8omdMS7lioactNPF6fOyIVVhiSItC2FZKH+nkhpaMw09G1nSHFsVr25+J/XTTCo9VOh4gS5YstFQSIJRmT+NxkKzRnKqSWUaWFvJWxMNWVo0ynYELzVl9dJq1rxrirV+2qpXsviyMMZnMMleHANdbiFBjSBwQie4RXeHOm8OO/Ox7I152Qzp/AHzucPWkeNJQ==</latexit>

L6 ⇠ y2
t

M2

�
iH

†
$
DµH  R�

µ
 R + |H|2m   + cg↵d

12⇡ |H|2Ĝµ⌫Ĝ
µ⌫
�

<latexit sha1_base64="fKZx4X6517WZmB+yGoi0waWfPEo="></latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

H
<latexit sha1_base64="i3ybX2VfWvMkAKHoY1V+WtgiwU0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxocQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VGeVAsuRV3CbJJvIyUIENzUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lep9tVSvZXHk4QIu4Ro8uIU6NKAJLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNSro0g</latexit>

H
<latexit sha1_base64="i3ybX2VfWvMkAKHoY1V+WtgiwU0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxocQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VGeVAsuRV3CbJJvIyUIENzUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lep9tVSvZXHk4QIu4Ro8uIU6NKAJLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNSro0g</latexit>

Q
<latexit sha1_base64="RHRUHuc314uEpADLv635cBQUKYg=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxsYQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VmeVAsuRV3CbJJvIyUIENjUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lWqzWqrXsjjycAGXcA0e3EId7qEBLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNgW40p</latexit>

BR(Z !   ) ⇡ 2.2⇥ 10�5
�
2 TeV
M

�4
<latexit sha1_base64="HmiKX0tbGULz3OLOf/fYFB+lpc0="></latexit>

The effective theory

yt
<latexit sha1_base64="u+aMJbhrDqqI/O4kcfUcwFSHbYY=">AAAB7HicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0e5EjixSMmFkigIdtlCxu222Z3atI0/AYvHjTGqz/Im//GBXpQ8CWTvLw3k5l5QSK4Rsf5tkpb2zu7e+X9ysHh0fFJ9fSsq+NUUebRWMSqHxDNBJfMQ46C9RPFSBQI1gtmdwu/98SU5rF8xCxhfkQmkoecEjSSV89GWB9Va07DWcLeJG5BalCgM6p+DccxTSMmkQqi9cB1EvRzopBTweaVYapZQuiMTNjAUEkipv18eezcvjLK2A5jZUqivVR/T+Qk0jqLAtMZEZzqdW8h/ucNUgxbfs5lkiKTdLUoTIWNsb343B5zxSiKzBBCFTe32nRKFKFo8qmYENz1lzdJt9lwbxrNh2at3SriKMMFXMI1uHALbbiHDnhAgcMzvMKbJa0X6936WLWWrGLmHP7A+vwBKUuOOA==</latexit>

yt
<latexit sha1_base64="u+aMJbhrDqqI/O4kcfUcwFSHbYY=">AAAB7HicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0e5EjixSMmFkigIdtlCxu222Z3atI0/AYvHjTGqz/Im//GBXpQ8CWTvLw3k5l5QSK4Rsf5tkpb2zu7e+X9ysHh0fFJ9fSsq+NUUebRWMSqHxDNBJfMQ46C9RPFSBQI1gtmdwu/98SU5rF8xCxhfkQmkoecEjSSV89GWB9Va07DWcLeJG5BalCgM6p+DccxTSMmkQqi9cB1EvRzopBTweaVYapZQuiMTNjAUEkipv18eezcvjLK2A5jZUqivVR/T+Qk0jqLAtMZEZzqdW8h/ucNUgxbfs5lkiKTdLUoTIWNsb343B5zxSiKzBBCFTe32nRKFKFo8qmYENz1lzdJt9lwbxrNh2at3SriKMMFXMI1uHALbbiHDnhAgcMzvMKbJa0X6936WLWWrGLmHP7A+vwBKUuOOA==</latexit>

(mass of Q) ⇠ M
<latexit sha1_base64="Agprt6k1FZiK/3sNiAZZ+PePjdI=">AAACAXicbVDLSgMxFM3UV62vUTeCm2BHqJsyUxcW3BTcuBFasA/oDCWTZtrQJDMkGaGUuvFX3LhQxK1/4c6/MW1noa0HLhzOuTe594QJo0q77reVW1vf2NzKbxd2dvf2D+zDo5aKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4ehm5rcfiFQ0Fvd6nJCAo4GgEcVIG6lnn5Q4UgrGEXQazoXjX/uKcnjnwJ5ddMvuHHCVeBkpggz1nv3l92OcciI0ZubNrucmOpggqSlmZFrwU0UShEdoQLqGCsSJCibzC6bw3Ch9GMXSlNBwrv6emCCu1JiHppMjPVTL3kz8z+umOqoGEyqSVBOBFx9FKYM6hrM4YJ9KgjUbG4KwpGZXiIdIIqxNaAUTgrd88ippVcreZbnSqBRr1SyOPDgFZ6AEPHAFauAW1EETYPAInsEreLOerBfr3fpYtOasbOYY/IH1+QONkZRX</latexit>

Z
<latexit sha1_base64="D5QxxiuwbntnDTB3Hj4s/d/gdfc=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxscQoHxEI2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPj6Uw6LrfTm5jc2t7J79b2Ns/ODwqHp+0TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm7nffuLaiEg94DTm/ZCOlAgEo2il+/JjeVAsuRV3AbJOvIyUIENjUPzqDSOWhFwhk9SYrufG2E+pRsEknxV6ieExZRM64l1LFQ256aeLU2fkwipDEkTalkKyUH9PpDQ0Zhr6tjOkODar3lz8z+smGNT6qVBxglyx5aIgkQQjMv+bDIXmDOXUEsq0sLcSNqaaMrTpFGwI3urL66RVrXhXlepdtVSvZXHk4QzO4RI8uIY63EIDmsBgBM/wCm+OdF6cd+dj2ZpzsplT+APn8wduCI0y</latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

 
<latexit sha1_base64="DZiwBWHMLm/Ss+lPg/D9qlB7DCs=">AAAB+nicbVC7TsMwFL3hWcorhZElokViqpIy0LESC2OR6ENqospxndaqY0e2A6pCP4WFAYRY+RI2/ganzQAtR7J0dM49utcnTBhV2nW/rY3Nre2d3dJeef/g8OjYrpx0lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTe73HohUVPB7PUtIEKMxpxHFSBtpaFdqvjB+Hs/8RNF5bWhX3bq7gLNOvIJUoUB7aH/5I4HTmHCNGVJq4LmJDjIkNcWMzMt+qkiC8BSNycBQjmKigmxx+ty5MMrIiYQ0j2tnof5OZChWahaHZjJGeqJWvVz8zxukOmoGGeVJqgnHy0VRyhwtnLwHZ0QlwZrNDEFYUnOrgydIIqxNW2VTgrf65XXSbdS9q3rjrlFtNYs6SnAG53AJHlxDC26hDR3A8AjP8Apv1pP1Yr1bH8vRDavInMIfWJ8/QROT9Q==</latexit>

Z portal
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•  Integrate out states at                    EFT for Standard Model + hidden sectorM
<latexit sha1_base64="h68rU8LI49P8uLmqLgxDQnqdZOU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzFwpQBGxshovmAJIS9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2Fmnh9LYdB1v53cxubW9k5+t7C3f3B4VDw+aZko0Yw3WSQj3fGp4VIo3kSBkndizWnoS972Jzdzv/3EtRGResRpzPshHSkRCEbRSg/lu/KgWHIr7gJknXgZKUGGxqD41RtGLAm5QiapMV3PjbGfUo2CST4r9BLDY8omdMS7lioactNPF6fOyIVVhiSItC2FZKH+nkhpaMw09G1nSHFsVr25+J/XTTCo9VOh4gS5YstFQSIJRmT+NxkKzRnKqSWUaWFvJWxMNWVo0ynYELzVl9dJq1rxrirV+2qpXsviyMMZnMMleHANdbiFBjSBwQie4RXeHOm8OO/Ox7I152Qzp/AHzucPWkeNJQ==</latexit>

L6 ⇠ y2
t

M2

�
iH

†
$
DµH  R�

µ
 R + |H|2m   + cg↵d

12⇡ |H|2Ĝµ⌫Ĝ
µ⌫
�

<latexit sha1_base64="fKZx4X6517WZmB+yGoi0waWfPEo="></latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

H
<latexit sha1_base64="i3ybX2VfWvMkAKHoY1V+WtgiwU0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxocQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VGeVAsuRV3CbJJvIyUIENzUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lep9tVSvZXHk4QIu4Ro8uIU6NKAJLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNSro0g</latexit>

H
<latexit sha1_base64="i3ybX2VfWvMkAKHoY1V+WtgiwU0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxocQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VGeVAsuRV3CbJJvIyUIENzUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lep9tVSvZXHk4QIu4Ro8uIU6NKAJLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNSro0g</latexit>

Q
<latexit sha1_base64="RHRUHuc314uEpADLv635cBQUKYg=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxsYQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VmeVAsuRV3CbJJvIyUIENjUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lWqzWqrXsjjycAGXcA0e3EId7qEBLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNgW40p</latexit>

• At the LHC,

The effective theory

N(Z!  )
N(h!ĝĝ) ⇠ 120

�
0.18
↵d

�2� 4
cg

�2
<latexit sha1_base64="jjURZxe+gnMjnknjy365KxCw3CI="></latexit>

�Z ' 55 nb, �h ' 49 pb
<latexit sha1_base64="eaT1qC6Y9FbXtUIPKJW/cDcQBdw=">AAACGXicbZDLSgMxFIYzXmu9jbp0E2wFF1JmqsW6K7hxWcFesB2GTJppQ5PMmGSEUvoabnwVNy4Ucakr38a0nYK2Hgh8/P85nJw/iBlV2nG+raXlldW19cxGdnNre2fX3tuvqyiRmNRwxCLZDJAijApS01Qz0owlQTxgpBH0r8Z+44FIRSNxqwcx8TjqChpSjLSRfNvJtxXtcuTfQQOc3MNSKQ9FcApnRm9mnF/mYRz4ds4pOJOCi+CmkANpVX37s92JcMKJ0JghpVquE2tviKSmmJFRtp0oEiPcR13SMigQJ8obTi4bwWOjdGAYSfOEhhP198QQcaUGPDCdHOmemvfG4n9eK9Fh2RtSESeaCDxdFCYM6giOY4IdKgnWbGAAYUnNXyHuIYmwNmFmTQju/MmLUC8W3LNC8aaYq5TTODLgEByBE+CCC1AB16AKagCDR/AMXsGb9WS9WO/Wx7R1yUpnDsCfsr5+AEEJneg=</latexit>

(mass of Q) ⇠ M
<latexit sha1_base64="Agprt6k1FZiK/3sNiAZZ+PePjdI=">AAACAXicbVDLSgMxFM3UV62vUTeCm2BHqJsyUxcW3BTcuBFasA/oDCWTZtrQJDMkGaGUuvFX3LhQxK1/4c6/MW1noa0HLhzOuTe594QJo0q77reVW1vf2NzKbxd2dvf2D+zDo5aKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4ehm5rcfiFQ0Fvd6nJCAo4GgEcVIG6lnn5Q4UgrGEXQazoXjX/uKcnjnwJ5ddMvuHHCVeBkpggz1nv3l92OcciI0ZubNrucmOpggqSlmZFrwU0UShEdoQLqGCsSJCibzC6bw3Ch9GMXSlNBwrv6emCCu1JiHppMjPVTL3kz8z+umOqoGEyqSVBOBFx9FKYM6hrM4YJ9KgjUbG4KwpGZXiIdIIqxNaAUTgrd88ippVcreZbnSqBRr1SyOPDgFZ6AEPHAFauAW1EETYPAInsEreLOerBfr3fpYtOasbOYY/IH1+QONkZRX</latexit>yt

<latexit sha1_base64="u+aMJbhrDqqI/O4kcfUcwFSHbYY=">AAAB7HicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0e5EjixSMmFkigIdtlCxu222Z3atI0/AYvHjTGqz/Im//GBXpQ8CWTvLw3k5l5QSK4Rsf5tkpb2zu7e+X9ysHh0fFJ9fSsq+NUUebRWMSqHxDNBJfMQ46C9RPFSBQI1gtmdwu/98SU5rF8xCxhfkQmkoecEjSSV89GWB9Va07DWcLeJG5BalCgM6p+DccxTSMmkQqi9cB1EvRzopBTweaVYapZQuiMTNjAUEkipv18eezcvjLK2A5jZUqivVR/T+Qk0jqLAtMZEZzqdW8h/ucNUgxbfs5lkiKTdLUoTIWNsb343B5zxSiKzBBCFTe32nRKFKFo8qmYENz1lzdJt9lwbxrNh2at3SriKMMFXMI1uHALbbiHDnhAgcMzvMKbJa0X6936WLWWrGLmHP7A+vwBKUuOOA==</latexit>

yt
<latexit sha1_base64="u+aMJbhrDqqI/O4kcfUcwFSHbYY=">AAAB7HicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0e5EjixSMmFkigIdtlCxu222Z3atI0/AYvHjTGqz/Im//GBXpQ8CWTvLw3k5l5QSK4Rsf5tkpb2zu7e+X9ysHh0fFJ9fSsq+NUUebRWMSqHxDNBJfMQ46C9RPFSBQI1gtmdwu/98SU5rF8xCxhfkQmkoecEjSSV89GWB9Va07DWcLeJG5BalCgM6p+DccxTSMmkQqi9cB1EvRzopBTweaVYapZQuiMTNjAUEkipv18eezcvjLK2A5jZUqivVR/T+Qk0jqLAtMZEZzqdW8h/ucNUgxbfs5lkiKTdLUoTIWNsb343B5zxSiKzBBCFTe32nRKFKFo8qmYENz1lzdJt9lwbxrNh2at3SriKMMFXMI1uHALbbiHDnhAgcMzvMKbJa0X6936WLWWrGLmHP7A+vwBKUuOOA==</latexit>
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•  Integrate out states at                    EFT for Standard Model + hidden sectorM
<latexit sha1_base64="h68rU8LI49P8uLmqLgxDQnqdZOU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzFwpQBGxshovmAJIS9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2Fmnh9LYdB1v53cxubW9k5+t7C3f3B4VDw+aZko0Yw3WSQj3fGp4VIo3kSBkndizWnoS972Jzdzv/3EtRGResRpzPshHSkRCEbRSg/lu/KgWHIr7gJknXgZKUGGxqD41RtGLAm5QiapMV3PjbGfUo2CST4r9BLDY8omdMS7lioactNPF6fOyIVVhiSItC2FZKH+nkhpaMw09G1nSHFsVr25+J/XTTCo9VOh4gS5YstFQSIJRmT+NxkKzRnKqSWUaWFvJWxMNWVo0ynYELzVl9dJq1rxrirV+2qpXsviyMMZnMMleHANdbiFBjSBwQie4RXeHOm8OO/Ox7I152Qzp/AHzucPWkeNJQ==</latexit>

L6 ⇠ y2
t

M2

�
iH

†
$
DµH  R�

µ
 R + |H|2m   + cg↵d

12⇡ |H|2Ĝµ⌫Ĝ
µ⌫
�

<latexit sha1_base64="fKZx4X6517WZmB+yGoi0waWfPEo="></latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

H
<latexit sha1_base64="i3ybX2VfWvMkAKHoY1V+WtgiwU0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxocQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VGeVAsuRV3CbJJvIyUIENzUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lep9tVSvZXHk4QIu4Ro8uIU6NKAJLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNSro0g</latexit>

H
<latexit sha1_base64="i3ybX2VfWvMkAKHoY1V+WtgiwU0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxocQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VGeVAsuRV3CbJJvIyUIENzUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lep9tVSvZXHk4QIu4Ro8uIU6NKAJLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNSro0g</latexit>

Q
<latexit sha1_base64="RHRUHuc314uEpADLv635cBQUKYg=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxsYQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VmeVAsuRV3CbJJvIyUIENjUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lWqzWqrXsjjycAGXcA0e3EId7qEBLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNgW40p</latexit>

Focus on Z decays  
to hidden sector

The effective theory

N(Z!  )
N(h!ĝĝ) ⇠ 120

�
0.18
↵d

�2� 4
cg

�2
<latexit sha1_base64="jjURZxe+gnMjnknjy365KxCw3CI="></latexit>

yt
<latexit sha1_base64="u+aMJbhrDqqI/O4kcfUcwFSHbYY=">AAAB7HicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0e5EjixSMmFkigIdtlCxu222Z3atI0/AYvHjTGqz/Im//GBXpQ8CWTvLw3k5l5QSK4Rsf5tkpb2zu7e+X9ysHh0fFJ9fSsq+NUUebRWMSqHxDNBJfMQ46C9RPFSBQI1gtmdwu/98SU5rF8xCxhfkQmkoecEjSSV89GWB9Va07DWcLeJG5BalCgM6p+DccxTSMmkQqi9cB1EvRzopBTweaVYapZQuiMTNjAUEkipv18eezcvjLK2A5jZUqivVR/T+Qk0jqLAtMZEZzqdW8h/ucNUgxbfs5lkiKTdLUoTIWNsb343B5zxSiKzBBCFTe32nRKFKFo8qmYENz1lzdJt9lwbxrNh2at3SriKMMFXMI1uHALbbiHDnhAgcMzvMKbJa0X6936WLWWrGLmHP7A+vwBKUuOOA==</latexit>

yt
<latexit sha1_base64="u+aMJbhrDqqI/O4kcfUcwFSHbYY=">AAAB7HicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0e5EjixSMmFkigIdtlCxu222Z3atI0/AYvHjTGqz/Im//GBXpQ8CWTvLw3k5l5QSK4Rsf5tkpb2zu7e+X9ysHh0fFJ9fSsq+NUUebRWMSqHxDNBJfMQ46C9RPFSBQI1gtmdwu/98SU5rF8xCxhfkQmkoecEjSSV89GWB9Va07DWcLeJG5BalCgM6p+DccxTSMmkQqi9cB1EvRzopBTweaVYapZQuiMTNjAUEkipv18eezcvjLK2A5jZUqivVR/T+Qk0jqLAtMZEZzqdW8h/ucNUgxbfs5lkiKTdLUoTIWNsb343B5zxSiKzBBCFTe32nRKFKFo8qmYENz1lzdJt9lwbxrNh2at3SriKMMFXMI1uHALbbiHDnhAgcMzvMKbJa0X6936WLWWrGLmHP7A+vwBKUuOOA==</latexit>

(mass of Q) ⇠ M
<latexit sha1_base64="Agprt6k1FZiK/3sNiAZZ+PePjdI=">AAACAXicbVDLSgMxFM3UV62vUTeCm2BHqJsyUxcW3BTcuBFasA/oDCWTZtrQJDMkGaGUuvFX3LhQxK1/4c6/MW1noa0HLhzOuTe594QJo0q77reVW1vf2NzKbxd2dvf2D+zDo5aKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4ehm5rcfiFQ0Fvd6nJCAo4GgEcVIG6lnn5Q4UgrGEXQazoXjX/uKcnjnwJ5ddMvuHHCVeBkpggz1nv3l92OcciI0ZubNrucmOpggqSlmZFrwU0UShEdoQLqGCsSJCibzC6bw3Ch9GMXSlNBwrv6emCCu1JiHppMjPVTL3kz8z+umOqoGEyqSVBOBFx9FKYM6hrM4YJ9KgjUbG4KwpGZXiIdIIqxNaAUTgrd88ippVcreZbnSqBRr1SyOPDgFZ6AEPHAFauAW1EETYPAInsEreLOerBfr3fpYtOasbOYY/IH1+QONkZRX</latexit>

• At the LHC, �Z ' 55 nb, �h ' 49 pb
<latexit sha1_base64="eaT1qC6Y9FbXtUIPKJW/cDcQBdw=">AAACGXicbZDLSgMxFIYzXmu9jbp0E2wFF1JmqsW6K7hxWcFesB2GTJppQ5PMmGSEUvoabnwVNy4Ucakr38a0nYK2Hgh8/P85nJw/iBlV2nG+raXlldW19cxGdnNre2fX3tuvqyiRmNRwxCLZDJAijApS01Qz0owlQTxgpBH0r8Z+44FIRSNxqwcx8TjqChpSjLSRfNvJtxXtcuTfQQOc3MNSKQ9FcApnRm9mnF/mYRz4ds4pOJOCi+CmkANpVX37s92JcMKJ0JghpVquE2tviKSmmJFRtp0oEiPcR13SMigQJ8obTi4bwWOjdGAYSfOEhhP198QQcaUGPDCdHOmemvfG4n9eK9Fh2RtSESeaCDxdFCYM6giOY4IdKgnWbGAAYUnNXyHuIYmwNmFmTQju/MmLUC8W3LNC8aaYq5TTODLgEByBE+CCC1AB16AKagCDR/AMXsGb9WS9WO/Wx7R1yUpnDsCfsr5+AEEJneg=</latexit>
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• SU(3) QCD with 1 flavor: no chiral symmetry             no Goldstone bosons 

• Some results available from lattice study:  

   Baryons significantly heavier than mesons 

   Ratio of scalar/pseudoscalar meson masses: 

   No information about vector meson 

The hidden hadrons

mŜ/mP̂ ⇡ 1.5
<latexit sha1_base64="yEsQOcZGwW6Tzq2xm5KIN+M41xE=">AAACEHicbVC7TsMwFHXKq5RXgJHFokUwhaQI0bESC2MR9CE1UeS4TmvVTiLbQVRRP4GFX2FhACFWRjb+BrcNErQcydK559yr63uChFGpbPvLKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFotOgCRhNCJNRRUjnUQQxANG2sHwcuK374iQNI5u1SghHkf9iIYUI6Ul3zyucD9zB0hlN+MxPIU/VUNXLkoSEd9Dxzqv+GbZtuwp4CJxclIGORq++en2YpxyEinMkJRdx06UlyGhKGZkXHJTSRKEh6hPuppGiBPpZdODxvBIKz0YxkK/SMGp+nsiQ1zKEQ90J0dqIOe9ifif101VWPMyGiWpIhGeLQpTBlUMJ+nAHhUEKzbSBGFB9V8hHiCBsNIZlnQIzvzJi6RVtZwzq3pdLddreRxFcAAOwQlwwAWogyvQAE2AwQN4Ai/g1Xg0no03433WWjDymX3wB8bHNyfUm/c=</latexit>

[Farchioni, Montvay, Münster, 
Scholz, Sudmann, Wuilloud, 0706.1131]
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• SU(3) QCD with 1 flavor: no chiral symmetry             no Goldstone bosons 

• Some results available from lattice study:  

   Baryons significantly heavier than mesons 

   Ratio of scalar/pseudoscalar meson masses: 

   No information about vector meson 

• We assume 

• Mesons decay back to visible sector through Z and h portals

The hidden hadrons

mŜ/mP̂ ⇡ 1.5
<latexit sha1_base64="yEsQOcZGwW6Tzq2xm5KIN+M41xE=">AAACEHicbVC7TsMwFHXKq5RXgJHFokUwhaQI0bESC2MR9CE1UeS4TmvVTiLbQVRRP4GFX2FhACFWRjb+BrcNErQcydK559yr63uChFGpbPvLKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFotOgCRhNCJNRRUjnUQQxANG2sHwcuK374iQNI5u1SghHkf9iIYUI6Ul3zyucD9zB0hlN+MxPIU/VUNXLkoSEd9Dxzqv+GbZtuwp4CJxclIGORq++en2YpxyEinMkJRdx06UlyGhKGZkXHJTSRKEh6hPuppGiBPpZdODxvBIKz0YxkK/SMGp+nsiQ1zKEQ90J0dqIOe9ifif101VWPMyGiWpIhGeLQpTBlUMJ+nAHhUEKzbSBGFB9V8hHiCBsNIZlnQIzvzJi6RVtZwzq3pdLddreRxFcAAOwQlwwAWogyvQAE2AwQN4Ai/g1Xg0no03433WWjDymX3wB8bHNyfUm/c=</latexit>

0�+
<latexit sha1_base64="vWEwUMJ7vf95Us34M0eJEatx3xM=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BFtBEMtuPSieCl48VrAf0K4lm2bb0Gx2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+Ua5ldW19Y38ZmFre2d3r7h/0NRRoihr0EhEqu0TzQSXrGG4EawdK0ZCX7CWP7qZ+q0npjSP5L0Zx8wLyUDygFNirNQuOw/p+dmk3CuWnIozA14mbkZKkKHeK351+xFNQiYNFUTrjuvExkuJMpwKNil0E81iQkdkwDqWShIy7aWzeyf4xCp9HETKljR4pv6eSEmo9Tj0bWdIzFAvelPxP6+TmODKS7mME8MknS8KEoFNhKfP4z5XjBoxtoRQxe2tmA6JItTYiAo2BHfx5WXSrFbci0r1rlqqXWdx5OEIjuEUXLiEGtxCHRpAQcAzvMIbekQv6B19zFtzKJs5hD9Anz96EY7q</latexit>

1��
<latexit sha1_base64="jbBcaltm4ixPv5ICA74mjq0TZt8=">AAAB73icbVA9TwJBEJ3FL8Qv1NJmI5jYQO6w0FiR2FhiIh8JnGRv2YMNe3vn7p4JufAnbCw0xta/Y+e/cYErFHzJJC/vzWRmnh8Lro3jfKPc2vrG5lZ+u7Czu7d/UDw8aukoUZQ1aSQi1fGJZoJL1jTcCNaJFSOhL1jbH9/M/PYTU5pH8t5MYuaFZCh5wCkxVuqU3Ye0UpmW+8WSU3XmwKvEzUgJMjT6xa/eIKJJyKShgmjddZ3YeClRhlPBpoVeollM6JgMWddSSUKmvXR+7xSfWWWAg0jZkgbP1d8TKQm1noS+7QyJGellbyb+53UTE1x5KZdxYpiki0VBIrCJ8Ox5POCKUSMmlhCquL0V0xFRhBobUcGG4C6/vEpatap7Ua3d1Ur16yyOPJzAKZyDC5dQh1toQBMoCHiGV3hDj+gFvaOPRWsOZTPH8Afo8wd+p47t</latexit> 0++

<latexit sha1_base64="1Z9zqvlubGDFEvnKetYP88ov9pA=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BFtBKJTdelA8Fbx4rGA/oF1LNs22odnsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeX4suDaO841ya+sbm1v57cLO7t7+QfHwqKWjRFHWpJGIVMcnmgkuWdNwI1gnVoyEvmBtf3wz89tPTGkeyXsziZkXkqHkAafEWKlTdh7SSmVa7hdLTtWZA68SNyMlyNDoF796g4gmIZOGCqJ113Vi46VEGU4FmxZ6iWYxoWMyZF1LJQmZ9tL5vVN8ZpUBDiJlSxo8V39PpCTUehL6tjMkZqSXvZn4n9dNTHDlpVzGiWGSLhYFicAmwrPn8YArRo2YWEKo4vZWTEdEEWpsRAUbgrv88ipp1aruRbV2VyvVr7M48nACp3AOLlxCHW6hAU2gIOAZXuENPaIX9I4+Fq05lM0cwx+gzx93A47o</latexit>

mP̂ . mV̂ < mŜ
<latexit sha1_base64="F2YKb1DB4PtOay9IP6uP5InloxQ=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2AruCozdaGIi4IblxXtBdphyKSZNjTJDElGKMO8hhtfxY0LRVzqyrcxbUfR1h8Cf75zDsn5g5hRpR3n0yosLa+srhXXSxubW9s79u5eS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdDmpt++IVDQSt3ocE4+jgaAhxUgb5NtOhftpb4h02sgy2GNEKUU5/IYtAy9+bjdZVvHtslN1poKLxs1NGeRq+PZ7rx/hhBOhMUNKdV0n1l6KpKaYkazUSxSJER6hAekaKxAnykunm2XwyJA+DCNpjtBwSn9PpIgrNeaB6eRID9V8bQL/q3UTHZ55KRVxoonAs4fChEEdwUlMsE8lwZqNjUFYUvNXiIdIIqxNmCUTgju/8qJp1aruSbV2XSvXz/M4iuAAHIJj4IJTUAdXoAGaAIN78AiewYv1YD1Zr9bbrLVg5TP74I+sjy/4vaDd</latexit>

[Farchioni, Montvay, Münster, 
Scholz, Sudmann, Wuilloud, 0706.1131]

(JPC)
<latexit sha1_base64="qKjIlox+Y8GRa9dLV5vM8v2PWp0=">AAAB8XicbVBNT8JAEJ3iF+IX6tHLRjDBC2nrQY4kXIwnTOQjQiXbZQsbtttmd2tCGv6FFw8a49V/481/4wI9KPiSSV7em8nMPD/mTGnb/rZyG5tb2zv53cLe/sHhUfH4pK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf9KY+50nKhWLxL2extQL8UiwgBGsjfRQrtw+ps3G7LI8KJbsqr0AWidORkqQoTkofvWHEUlCKjThWKmeY8faS7HUjHA6K/QTRWNMJnhEe4YKHFLlpYuLZ+jCKEMURNKU0Gih/p5IcajUNPRNZ4j1WK16c/E/r5fooOalTMSJpoIsFwUJRzpC8/fRkElKNJ8agolk5lZExlhiok1IBROCs/ryOmm7Veeq6t65pXotiyMPZ3AOFXDgGupwA01oAQEBz/AKb5ayXqx362PZmrOymVP4A+vzB8Qdj6I=</latexit>
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• It turns out, all lightest mesons decay dominantly via Z portal 

• Pseudoscalar 

• Vector 

• Scalar

Hidden meson decays

P̂<latexit sha1_base64="JOd2sQncLYSrqcSkbWmkiYyY/7Y=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTssNFYkNpaYCGjgQvaWPdiwu3fZnTMhF36FjYXG2Ppz7Pw3LnCFgi+Z5OW9mczMCxPBDXret1NYW9/Y3Cpul3Z29/YPyodHbROnmrIWjUWsH0JimOCKtZCjYA+JZkSGgnXC8c3M7zwxbXis7nGSsECSoeIRpwSt9FjtjQhmzWm1X654NW8Od5X4OalAjma//NUbxDSVTCEVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWKSGaCbH7w1D2zysCNYm1LoTtXf09kRBozkaHtlARHZtmbif953RSjqyDjKkmRKbpYFKXCxdidfe8OuGYUxcQSQjW3t7p0RDShaDMq2RD85ZdXSbte8y9q9bt6pXGdx1GEEziFc/DhEhpwC01oAQUJz/AKb452Xpx352PRWnDymWP4A+fzByzMj/c=</latexit>

ZL
<latexit sha1_base64="zVsoDSrtpN28PalgMZAsj79T2RQ=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNhYWmHhAhAvZW/Zgw97uZXfPhFz4DTYWGmPrD7Lz37jAFQq+ZJKX92YyMy9MONPGdb+dwtr6xuZWcbu0s7u3f1A+PGppmSpCfSK5VJ0Qa8qZoL5hhtNOoiiOQ07b4fhm5refqNJMigczSWgQ46FgESPYWMmvPvbvqv1yxa25c6BV4uWkAjma/fJXbyBJGlNhCMdadz03MUGGlWGE02mpl2qaYDLGQ9q1VOCY6iCbHztFZ1YZoEgqW8Kgufp7IsOx1pM4tJ0xNiO97M3E/7xuaqKrIGMiSQ0VZLEoSjkyEs0+RwOmKDF8YgkmitlbERlhhYmx+ZRsCN7yy6ukVa95F7X6fb3SuM7jKMIJnMI5eHAJDbiFJvhAgMEzvMKbI5wX5935WLQWnHzmGP7A+fwBvbWN8w==</latexit>

V̂
<latexit sha1_base64="BirNpsXaX1bG5q+BhGA4TKmYA9I=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTssNFYkNpaYCGjgQvaWPdiwu3fZnTMhF36FjYXG2Ppz7Pw3LnCFgi+Z5OW9mczMCxPBDXret1NYW9/Y3Cpul3Z29/YPyodHbROnmrIWjUWsH0JimOCKtZCjYA+JZkSGgnXC8c3M7zwxbXis7nGSsECSoeIRpwSt9FjtjQhm7Wm1X654NW8Od5X4OalAjma//NUbxDSVTCEVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWKSGaCbH7w1D2zysCNYm1LoTtXf09kRBozkaHtlARHZtmbif953RSjqyDjKkmRKbpYFKXCxdidfe8OuGYUxcQSQjW3t7p0RDShaDMq2RD85ZdXSbte8y9q9bt6pXGdx1GEEziFc/DhEhpwC01oAQUJz/AKb452Xpx352PRWnDymWP4A+fzBzXwj/0=</latexit>

ZT
<latexit sha1_base64="NGpIkhM3MQJQOeEG1F2BhKmDZwU=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpaYcECEC9lb9mDD3u5ld8+EXPgNNhYaY+sPsvPfuMAVCr5kkpf3ZjIzL0w408Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKkJ9IrlU3RBrypmgvmGG026iKI5DTjvh5G7ud56o0kyKlpkmNIjxSLCIEWys5FcfB63qoFxxa+4CaJ14OalAjuag/NUfSpLGVBjCsdY9z01MkGFlGOF0VuqnmiaYTPCI9iwVOKY6yBbHztCFVYYoksqWMGih/p7IcKz1NA5tZ4zNWK96c/E/r5ea6CbImEhSQwVZLopSjoxE88/RkClKDJ9agoli9lZExlhhYmw+JRuCt/ryOmnXa95Vrf5QrzRu8ziKcAbncAkeXEMD7qEJPhBg8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDJ3Y37</latexit>

f
<latexit sha1_base64="PaD4lz5TYvx5l/jBM1GhO+P42us=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYYBUngQvaWPdiwt3fZnTMhF36CjYXG2PqL7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+D8c3Mf3zi2ohYPeAk4X5Eh0qEglG00n01rPbLFbfmzkFWiZeTCuRo9stfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiXtes27qNXv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AgN6NQA==</latexit>

f̄
<latexit sha1_base64="5l4uEfGaNc45gxlFPb09TJap4aA=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpaYCGjgQvaWPdiwH5fdPRNy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8KOHMWN//9gpr6xubW8Xt0s7u3v5B+fCobVSqCW0RxZV+iLChnEnassxy+pBoikXEaSca38z8zhPVhil5bycJDQUeShYzgq2THqu9COssnlb75Ypf8+dAqyTISQVyNPvlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzQ+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+CjMmk9RSSRaL4pQjq9DsezRgmhLLJ45gopm7FZER1phYl1HJhRAsv7xK2vVacFGr39Urjes8jiKcwCmcQwCX0IBbaEILCAh4hld487T34r17H4vWgpfPHMMfeJ8/QgSQBQ==</latexit>

f
<latexit sha1_base64="PaD4lz5TYvx5l/jBM1GhO+P42us=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYYBUngQvaWPdiwt3fZnTMhF36CjYXG2PqL7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+D8c3Mf3zi2ohYPeAk4X5Eh0qEglG00n01rPbLFbfmzkFWiZeTCuRo9stfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiXtes27qNXv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AgN6NQA==</latexit>

f̄
<latexit sha1_base64="5l4uEfGaNc45gxlFPb09TJap4aA=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpaYCGjgQvaWPdiwH5fdPRNy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8KOHMWN//9gpr6xubW8Xt0s7u3v5B+fCobVSqCW0RxZV+iLChnEnassxy+pBoikXEaSca38z8zhPVhil5bycJDQUeShYzgq2THqu9COssnlb75Ypf8+dAqyTISQVyNPvlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzQ+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+CjMmk9RSSRaL4pQjq9DsezRgmhLLJ45gopm7FZER1phYl1HJhRAsv7xK2vVacFGr39Urjes8jiKcwCmcQwCX0IBbaEILCAh4hld487T34r17H4vWgpfPHMMfeJ8/QgSQBQ==</latexit>

Z⇤
<latexit sha1_base64="kFIwQanxjUuPkODjTB8S+i5BuDI=">AAAB73icbVA9TwJBEJ3zE/ELtbTZCCZW5A4LjRWJjSUm8hHhJHvLHmzY2zt350wI4U/YWGiMrX/Hzn/jAlco+JJJXt6bycy8IJHCoOt+Oyura+sbm7mt/PbO7t5+4eCwYeJUM15nsYx1K6CGS6F4HQVK3ko0p1EgeTMYXk/95hPXRsTqDkcJ9yPaVyIUjKKVWqX7hw41WOoWim7ZnYEsEy8jRchQ6xa+Or2YpRFXyCQ1pu25CfpjqlEwySf5Tmp4QtmQ9nnbUkUjbvzx7N4JObVKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwwv/bFQSYpcsfmiMJUEYzJ9nvSE5gzlyBLKtLC3EjagmjK0EeVtCN7iy8ukUSl75+XKbaVYvcriyMExnMAZeHABVbiBGtSBgYRneIU359F5cd6dj3nripPNHMEfOJ8/OruPaA==</latexit>

Ŝ
<latexit sha1_base64="wk6WUc1Pb/e4XqpKO3YDVqbY2qU=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYY5cPAhewtC2zYvbvszpmQC7/CxkJjbP05dv4bF7hCwZdM8vLeTGbmBbEUBl3328mtrW9sbuW3Czu7e/sHxcOjpokSzXiDRTLS7YAaLkXIGyhQ8nasOVWB5K1gfDPzW09cGxGFDziJua/oMBQDwSha6bHcHVFM76flXrHkVtw5yCrxMlKCDPVe8avbj1iieIhMUmM6nhujn1KNgkk+LXQTw2PKxnTIO5aGVHHjp/ODp+TMKn0yiLStEMlc/T2RUmXMRAW2U1EcmWVvJv7ndRIcXPmpCOMEecgWiwaJJBiR2fekLzRnKCeWUKaFvZWwEdWUoc2oYEPwll9eJc1qxbuoVO+qpdp1FkceTuAUzsGDS6jBLdShAQwUPMMrvDnaeXHenY9Fa87JZo7hD5zPHzFej/o=</latexit>

V̂
<latexit sha1_base64="BirNpsXaX1bG5q+BhGA4TKmYA9I=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTssNFYkNpaYCGjgQvaWPdiwu3fZnTMhF36FjYXG2Ppz7Pw3LnCFgi+Z5OW9mczMCxPBDXret1NYW9/Y3Cpul3Z29/YPyodHbROnmrIWjUWsH0JimOCKtZCjYA+JZkSGgnXC8c3M7zwxbXis7nGSsECSoeIRpwSt9FjtjQhm7Wm1X654NW8Od5X4OalAjma//NUbxDSVTCEVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWKSGaCbH7w1D2zysCNYm1LoTtXf09kRBozkaHtlARHZtmbif953RSjqyDjKkmRKbpYFKXCxdidfe8OuGYUxcQSQjW3t7p0RDShaDMq2RD85ZdXSbte8y9q9bt6pXGdx1GEEziFc/DhEhpwC01oAQUJz/AKb452Xpx352PRWnDymWP4A+fzBzXwj/0=</latexit>

Ŝ
<latexit sha1_base64="wk6WUc1Pb/e4XqpKO3YDVqbY2qU=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYY5cPAhewtC2zYvbvszpmQC7/CxkJjbP05dv4bF7hCwZdM8vLeTGbmBbEUBl3328mtrW9sbuW3Czu7e/sHxcOjpokSzXiDRTLS7YAaLkXIGyhQ8nasOVWB5K1gfDPzW09cGxGFDziJua/oMBQDwSha6bHcHVFM76flXrHkVtw5yCrxMlKCDPVe8avbj1iieIhMUmM6nhujn1KNgkk+LXQTw2PKxnTIO5aGVHHjp/ODp+TMKn0yiLStEMlc/T2RUmXMRAW2U1EcmWVvJv7ndRIcXPmpCOMEecgWiwaJJBiR2fekLzRnKCeWUKaFvZWwEdWUoc2oYEPwll9eJc1qxbuoVO+qpdp1FkceTuAUzsGDS6jBLdShAQwUPMMrvDnaeXHenY9Fa87JZo7hD5zPHzFej/o=</latexit>

h
<latexit sha1_base64="o6lKlVntQXVese0qUPT8s1zNCMo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYYBUngQvaWPdiwt3fZnTMhF36CjYXG2PqL7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+D8c3Mf3zi2ohYPeAk4X5Eh0qEglG00n11VO2XK27NnYOsEi8nFcjR7Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuGVnwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEra9Zp3Uavf1SuN6zyOIpzAKZyDB5fQgFtoQgsYDOEZXuHNkc6L8+58LFoLTj5zDH/gfP4Ag+iNQg==</latexit>�

<latexit sha1_base64="98PbOyM3nvZypwLwVgNgEzVEqGY=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WWwFTyWpBz0WBPFYwbSFNpTNdpMu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1LBtXGcb1Ta2Nza3invVvb2Dw6PqscnHZ1kijKPJiJRvYBoJrhknuFGsF6qGIkDwbrB5Hbud5+Y0jyRj2aaMj8mkeQhp8RYyasPoqg+rNachrMAXiduQWpQoD2sfg1GCc1iJg0VROu+66TGz4kynAo2qwwyzVJCJyRifUsliZn288WxM3xhlREOE2VLGrxQf0/kJNZ6Gge2MyZmrFe9ufif189MeOPnXKaZYZIuF4WZwCbB88/xiCtGjZhaQqji9lZMx0QRamw+FRuCu/ryOuk0G+5Vo/nQrLXuijjKcAbncAkuXEML7qENHlDg8Ayv8IYkekHv6GPZWkLFzCn8Afr8AfmWjiQ=</latexit>

fh
<latexit sha1_base64="HmImLMlgK11GrHE3bxhPDyklgnc=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBhPBU9iNB8VTwIvHCOYByRJmJ7PJkHksM71CWPIZXjwo4tWv8ebfOEn2oIkFDUVVN91dUSK4Bd//9gobm1vbO8Xd0t7+weFR+fikbXVqKGtRLbTpRsQywRVrAQfBuolhREaCdaLJ3dzvPDFjuVaPME1YKMlI8ZhTAk7qVeNB1jcSj2fVQbni1/wF8DoJclJBOZqD8ld/qGkqmQIqiLW9wE8gzIgBTgWblfqpZQmhEzJiPUcVkcyG2eLkGb5wyhDH2rhSgBfq74mMSGunMnKdksDYrnpz8T+vl0J8E2ZcJSkwRZeL4lRg0Hj+Px5ywyiIqSOEGu5uxXRMDKHgUiq5EILVl9dJu14Lrmr1h3qlcZvHUURn6BxdogBdowa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AFugJCq</latexit>

f̄h
<latexit sha1_base64="iVsXz58Kreh3xiYSgNMWq3KsRCE=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWDiibR40Hgi8eIREwETaJrtsoUN222zu9WQ2p/ixYPGePWXePPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YFcPuypOJaEdEvNY3gdYUc4E7WimOb1PJMVRwGkvmFzP/N4DlYrF4k5PE+pFeCRYyAjWRvLtan0QYJmFuZ8NZITGed23a07DmQOtErcgNSjQ9u2vwTAmaUSFJhwr1XedRHsZlpoRTvPKIFU0wWSCR7RvqMARVV42Pz1Hp0YZojCWpoRGc/X3RIYjpaZRYDojrMdq2ZuJ/3n9VIeXXsZEkmoqyGJRmHKkYzTLAQ2ZpETzqSGYSGZuRWSMJSbapFUxIbjLL6+SbrPhnjeat81a66qIowzHcAJn4MIFtOAG2tABAo/wDK/wZj1ZL9a79bFoLVnFzBH8gfX5A7xBk6A=</latexit>

fh
<latexit sha1_base64="HmImLMlgK11GrHE3bxhPDyklgnc=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBhPBU9iNB8VTwIvHCOYByRJmJ7PJkHksM71CWPIZXjwo4tWv8ebfOEn2oIkFDUVVN91dUSK4Bd//9gobm1vbO8Xd0t7+weFR+fikbXVqKGtRLbTpRsQywRVrAQfBuolhREaCdaLJ3dzvPDFjuVaPME1YKMlI8ZhTAk7qVeNB1jcSj2fVQbni1/wF8DoJclJBOZqD8ld/qGkqmQIqiLW9wE8gzIgBTgWblfqpZQmhEzJiPUcVkcyG2eLkGb5wyhDH2rhSgBfq74mMSGunMnKdksDYrnpz8T+vl0J8E2ZcJSkwRZeL4lRg0Hj+Px5ywyiIqSOEGu5uxXRMDKHgUiq5EILVl9dJu14Lrmr1h3qlcZvHUURn6BxdogBdowa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AFugJCq</latexit>

f̄h
<latexit sha1_base64="iVsXz58Kreh3xiYSgNMWq3KsRCE=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWDiibR40Hgi8eIREwETaJrtsoUN222zu9WQ2p/ixYPGePWXePPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YFcPuypOJaEdEvNY3gdYUc4E7WimOb1PJMVRwGkvmFzP/N4DlYrF4k5PE+pFeCRYyAjWRvLtan0QYJmFuZ8NZITGed23a07DmQOtErcgNSjQ9u2vwTAmaUSFJhwr1XedRHsZlpoRTvPKIFU0wWSCR7RvqMARVV42Pz1Hp0YZojCWpoRGc/X3RIYjpaZRYDojrMdq2ZuJ/3n9VIeXXsZEkmoqyGJRmHKkYzTLAQ2ZpETzqSGYSGZuRWSMJSbapFUxIbjLL6+SbrPhnjeat81a66qIowzHcAJn4MIFtOAG2tABAo/wDK/wZj1ZL9a79bFoLVnFzBH8gfX5A7xBk6A=</latexit>
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Hidden meson decays

Decay length  
[meters]

⇤ [GeV]
<latexit sha1_base64="w18UI+m7q5toVkgbHirNaF5KIMA=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFi0SU5WUgY6VGGBgKBJ9SGlUOc5Na9VxIttBKlW/hIUBhFj5FDb+BrfNAC1HsnR0zrm61ydIOVPacb6twsbm1vZOcbe0t39wWLaPjjsqySSFNk14InsBUcCZgLZmmkMvlUDigEM3GF/P/e4jSMUS8aAnKfgxGQoWMUq0kQZ2udq/M+mQVLF3Ax1/YFecmrMAXiduTiooR2tgf/XDhGYxCE05UcpznVT7UyI1oxxmpX6mICV0TIbgGSpIDMqfLg6f4XOjhDhKpHlC44X6e2JKYqUmcWCSMdEjterNxf88L9NRw58ykWYaBF0uijKOdYLnLeCQSaCaTwwhVDJzK6YjIgnVpquSKcFd/fI66dRr7mWtfl+vNBt5HUV0is7QBXLRFWqiW9RCbURRhp7RK3qznqwX6936WEYLVj5zgv7A+vwB/Z6R+A==</latexit>

M = 2 TeV
<latexit sha1_base64="1uW7ViKUXkq9KASMBqt/yDPUUH4=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtzFwjRCwMZGiJDEwOUIe5u5ZMne7rG7J4QjP8PGQhFbf42d/8ZNcoUmPhh4vDfDzLww4Uwb1/12ChubW9s7xd3S3v7B4VH5+KSrZaoodKjkUvVCooEzAR3DDIdeooDEIYfHcHI79x+fQGkmRdtMEwhiMhIsYpQYK/nVe3yD61Xchu6gXHFr7gJ4nXg5qaAcrUH5qz+UNI1BGMqJ1r7nJibIiDKMcpiV+qmGhNAJGYFvqSAx6CBbnDzDF1YZ4kgqW8Lghfp7IiOx1tM4tJ0xMWO96s3F/zw/NVEjyJhIUgOCLhdFKcdG4vn/eMgUUMOnlhCqmL0V0zFRhBqbUsmG4K2+vE669Zp3Vas/1CvNRh5HEZ2hc3SJPHSNmugOtVAHUSTRM3pFb45xXpx352PZWnDymVP0B87nD2Bdj1M=</latexit>

mP̂ = mV̂ = 2⇤
<latexit sha1_base64="IABxYQAyMwGFWAW8pQI6ucfpmsQ=">AAACEnicbVDLSsNAFJ3UV62vqEs3g62gICWJC10oFNy4cFHBPqAJYTKZtEMnD2YmQgn5Bjf+ihsXirh15c6/cZpG0OqBgXPPuXdm7vESRoU0jE+tsrC4tLxSXa2trW9sbunbO10RpxyTDo5ZzPseEoTRiHQklYz0E05Q6DHS88aXU793R7igcXQrJwlxQjSMaEAxkkpy9aNG6Gb2CMmsnefwAn5X3aKy7GNoX6vbfNRw9brRNArAv8QsSR2UaLv6h+3HOA1JJDFDQgxMI5FOhrikmJG8ZqeCJAiP0ZAMFI1QSISTFSvl8EApPgxirk4kYaH+nMhQKMQk9FRniORIzHtT8T9vkMrgzMlolKSSRHj2UJAyKGM4zQf6lBMs2UQRhDlVf4V4hDjCUqVYUyGY8yv/JV2raZ40rRur3jov46iCPbAPDoEJTkELXIE26AAM7sEjeAYv2oP2pL1qb7PWilbO7IJf0N6/AODMnEo=</latexit>

• Hidden confinement scale 

• Mediation scale

⇤
<latexit sha1_base64="euZxYq4vqPjiANt/ZXDLGfcny0E=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBFvBVZmpC8VVwY0LFxXsQ9qhZDKZNjTJDElGKEO/wo0LRdz6Oe78G9N2Ftp6IHA451xy7wkSzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6ThWhLRLzWHUDrClnkrYMM5x2E0WxCDjtBOObmd95okqzWD6YSUJ9gYeSRYxgY6XHav/OZkNcHZQrbs2dA60SLycVyNEclL/6YUxSQaUhHGvd89zE+BlWhhFOp6V+qmmCyRgPac9SiQXVfjZfeIrOrBKiKFb2SYPm6u+JDAutJyKwSYHNSC97M/E/r5ea6MrPmExSQyVZfBSlHJkYza5HIVOUGD6xBBPF7K6IjLDCxNiOSrYEb/nkVdKu17yLWv2+Xmlc53UU4QRO4Rw8uIQG3EITWkBAwDO8wpujnBfn3flYRAtOPnMMf+B8/gDEqo+z</latexit>

M
<latexit sha1_base64="jvIWCf705GtVZma2L5eFaBcBILs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzFQrEK2NgIEc0HJEfY2+wlS/b2jt05IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+a0nro2I1SOOE+5HdKBEKBhFKz2U78q9YsmtuHOQVeJlpAQZ6r3iV7cfszTiCpmkxnQ8N0F/QjUKJvm00E0NTygb0QHvWKpoxI0/mZ86JWdW6ZMw1rYUkrn6e2JCI2PGUWA7I4pDs+zNxP+8TorhlT8RKkmRK7ZYFKaSYExmf5O+0JyhHFtCmRb2VsKGVFOGNp2CDcFbfnmVNKsV76JSva+WatdZHHk4gVM4Bw8uoQa3UIcGMBjAM7zCmyOdF+fd+Vi05pxs5hj+wPn8AVrhjSc=</latexit>

Two main parameters determine pheno:
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Hidden meson decays

Decay length  
[meters]

M = 2 TeV
<latexit sha1_base64="1uW7ViKUXkq9KASMBqt/yDPUUH4=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtzFwjRCwMZGiJDEwOUIe5u5ZMne7rG7J4QjP8PGQhFbf42d/8ZNcoUmPhh4vDfDzLww4Uwb1/12ChubW9s7xd3S3v7B4VH5+KSrZaoodKjkUvVCooEzAR3DDIdeooDEIYfHcHI79x+fQGkmRdtMEwhiMhIsYpQYK/nVe3yD61Xchu6gXHFr7gJ4nXg5qaAcrUH5qz+UNI1BGMqJ1r7nJibIiDKMcpiV+qmGhNAJGYFvqSAx6CBbnDzDF1YZ4kgqW8Lghfp7IiOx1tM4tJ0xMWO96s3F/zw/NVEjyJhIUgOCLhdFKcdG4vn/eMgUUMOnlhCqmL0V0zFRhBqbUsmG4K2+vE669Zp3Vas/1CvNRh5HEZ2hc3SJPHSNmugOtVAHUSTRM3pFb45xXpx352PZWnDymVP0B87nD2Bdj1M=</latexit>

mP̂ = mV̂ = 2⇤
<latexit sha1_base64="IABxYQAyMwGFWAW8pQI6ucfpmsQ=">AAACEnicbVDLSsNAFJ3UV62vqEs3g62gICWJC10oFNy4cFHBPqAJYTKZtEMnD2YmQgn5Bjf+ihsXirh15c6/cZpG0OqBgXPPuXdm7vESRoU0jE+tsrC4tLxSXa2trW9sbunbO10RpxyTDo5ZzPseEoTRiHQklYz0E05Q6DHS88aXU793R7igcXQrJwlxQjSMaEAxkkpy9aNG6Gb2CMmsnefwAn5X3aKy7GNoX6vbfNRw9brRNArAv8QsSR2UaLv6h+3HOA1JJDFDQgxMI5FOhrikmJG8ZqeCJAiP0ZAMFI1QSISTFSvl8EApPgxirk4kYaH+nMhQKMQk9FRniORIzHtT8T9vkMrgzMlolKSSRHj2UJAyKGM4zQf6lBMs2UQRhDlVf4V4hDjCUqVYUyGY8yv/JV2raZ40rRur3jov46iCPbAPDoEJTkELXIE26AAM7sEjeAYv2oP2pL1qb7PWilbO7IJf0N6/AODMnEo=</latexit>

⇤/2 < �m < 3⇤/2
<latexit sha1_base64="0u/2/tsPd5txt4q1cK6m9qxJ8gk=">AAACD3icbVC7TsMwFHXKq5RXgJHFogUxlSQd6MBQCQYGhiLRh9REleM4rVXHiWwHqYr6Byz8CgsDCLGysvE3uG0GaDmSpaNzztX1PX7CqFSW9W0UVlbX1jeKm6Wt7Z3dPXP/oC3jVGDSwjGLRddHkjDKSUtRxUg3EQRFPiMdf3Q19TsPREga83s1TogXoQGnIcVIaalvnlbcW50O0Dl04CV0rwlTCEaa1nIDaqfSN8tW1ZoBLhM7J2WQo9k3v9wgxmlEuMIMSdmzrUR5GRKKYkYmJTeVJEF4hAakpylHEZFeNrtnAk+0EsAwFvpxBWfq74kMRVKOI18nI6SGctGbiv95vVSFdS+jPEkV4Xi+KEwZVDGclgMDKghWbKwJwoLqv0I8RAJhpSss6RLsxZOXSdup2rWqc+eUG/W8jiI4AsfgDNjgAjTADWiCFsDgETyDV/BmPBkvxrvxMY8WjHzmEPyB8fkD7WmYwQ==</latexit>

Ŝ
<latexit sha1_base64="wk6WUc1Pb/e4XqpKO3YDVqbY2qU=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYY5cPAhewtC2zYvbvszpmQC7/CxkJjbP05dv4bF7hCwZdM8vLeTGbmBbEUBl3328mtrW9sbuW3Czu7e/sHxcOjpokSzXiDRTLS7YAaLkXIGyhQ8nasOVWB5K1gfDPzW09cGxGFDziJua/oMBQDwSha6bHcHVFM76flXrHkVtw5yCrxMlKCDPVe8avbj1iieIhMUmM6nh ujn1KNgkk+LXQTw2PKxnTIO5aGVHHjp/ODp+TMKn0yiLStEMlc/T2RUmXMRAW2U1EcmWVvJv7ndRIcXPmpCOMEecgWiwaJJBiR2fekLzRnKCeWUKaFvZWwEdWUoc2oYEPwll9eJc1qxbuoVO+qpdp1FkceTuAUzsGDS6jBLdShAQwUPMMrvDnaeXHenY9Fa87JZo7hD5zPHzFej/o=</latexit>

Z⇤
<latexit sha1_base64="kFIwQanxjUuPkODjTB8S+i5BuDI=">AAAB73icbVA9TwJBEJ3zE/ELtbTZCCZW5A4LjRWJjSUm8hHhJHvLHmzY2zt350wI4U/YWGiMrX/Hzn/jAlco+JJJXt6bycy8IJHCoOt+Oyura+sbm7mt/PbO7t5+4eCwYeJUM15nsYx1K6CGS6F4HQVK3ko0p1EgeTMYXk/95hPXRsTqDkcJ9yPaVyIUjKKVWqX7hw41WOoWim7ZnYEsEy8jRchQ6xa+Or2YpRFXyCQ1pu25CfpjqlEwySf5Tmp4QtmQ9nnbUkUjbvzx7N4JObVKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwwv/bFQSYpcsfmiMJUEYzJ9nvSE5gzlyBLKtLC3EjagmjK0EeVtCN7iy8ukUSl75+XKbaVYvcriyMExnMAZeHABVbiBGtSBgYRneIU359F5cd6dj3nripPNHMEfOJ8/OruPaA==</latexit>

V̂
<latexit sha1_base64="BirNpsXaX1bG5q+BhGA4TKmYA9I=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTssNFYkNpaYCGjgQvaWPdiwu3fZnTMhF36FjYXG2Ppz7Pw3LnCFgi+Z5OW9mczMCxPBDXret1NYW9/Y3Cpul3Z29/YPyodHbROnmrIWjUWsH0JimOCKtZCjYA+JZkSGgnXC8c3M7zwxbXis7nGSsECSoeIRpwSt9FjtjQhm7Wm1X654NW8Od5X4OalAjma//NUbxDSVTCEVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWKSGaCbH7w1D2zysCNYm1LoTtXf09kRBozkaHtlARHZtmbif953RSjqyDjKkmRKbpYFKXCxdidfe8OuGYUxcQSQjW3t7p0RDShaDMq2RD85ZdXSbte8y9q9bt6pXGdx1GEEziFc/DhEhpwC01oAQUJz/AKb452Xpx352PRWnDymWP4A+fzBzXwj/0=</latexit>

f
<latexit sha1_base64="PaD4lz5TYvx5l/jBM1GhO+P42us=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYYBUngQvaWPdiwt3fZnTMhF36CjYXG2PqL7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+D8c3Mf3zi2ohYPeAk4X5Eh0qEglG00n01rPbLFbfmzkFWiZeTCuRo9stfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiXtes27qNXv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AgN6NQA==</latexit>

f̄
<latexit sha1_base64="5l4uEfGaNc45gxlFPb09TJap4aA=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpaYCGjgQvaWPdiwH5fdPRNy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8KOHMWN//9gpr6xubW8Xt0s7u3v5B+fCobVSqCW0RxZV+iLChnEnassxy+pBoikXEaSca38z8zhPVhil5bycJDQUeShYzgq2THqu9COssnlb75Ypf8+dAqyTISQVyNPvlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzQ+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+CjMmk9RSSRaL4pQjq9DsezRgmhLLJ45gopm7FZER1phYl1HJhRAsv7xK2vVacFGr39Urjes8jiKcwCmcQwCX0IBbaEILCAh4hld487T34r17H4vWgpfPHMMfeJ8/QgSQBQ==</latexit>

�m ⌘ mŜ �mV̂
<latexit sha1_base64="RPqr4GG5FN7j7r0k49sJ4IOXuhA=">AAACFHicbVDLSgNBEJz1GeMr6tHLYBQEMezGgx4FPXiMaB6QDWF20jGDM7vrTG8gLPsRXvwVLx4U8erBm3/j5IGosaChpqqb6a4glsKg6346M7Nz8wuLuaX88srq2nphY7NmokRzqPJIRroRMANShFBFgRIasQamAgn14PZs6Nf7oI2IwmscxNBS7CYUXcEZWqldONj1z0Eio4r6cJeIPlXt1O8xTK+yjB5+v2pZttsuFN2SOwKdJt6EFMkElXbhw+9EPFEQIpfMmKbnxthKmUbBJWR5PzEQM37LbqBpacgUmFY6Oiqje1bp0G6kbYVIR+rPiZQpYwYqsJ2KYc/89Ybif14zwe5JKxVhnCCEfPxRN5EUIzpMiHaEBo5yYAnjWthdKe8xzTjaHPM2BO/vydOkVi55R6XyZbl4ejKJI0e2yQ7ZJx45JqfkglRIlXByTx7JM3lxHpwn59V5G7fOOJOZLfILzvsXrfyd8g==</latexit>

�Ŝ / (�m)7
<latexit sha1_base64="Lh5lx/f9SLGMGTbHwGGkMLiR+I8=">AAACEHicbVA9SwNBFNyLXzF+nVraLCaiNuEuFrEUFLSMaFTIxfBus0mW7N4du++EcOQn2PhXbCwUsbW089+4iSk0OrAwzLzH25kwkcKg5306uZnZufmF/GJhaXlldc1d37gycaoZr7NYxvomBMOliHgdBUp+k2gOKpT8Ouwfj/zrO66NiKNLHCS8qaAbiY5ggFZqubul4BSUglYW9ACzi+GQBomOE4zpXnDCJQJV+7fVUsstemVvDPqX+BNSJBPUWu5H0I5ZqniETIIxDd9LsJmBRsEkHxaC1PAEWB+6vGFpBIqbZjYONKQ7VmnTTqzti5CO1Z8bGShjBiq0kwqwZ6a9kfif10ixc9jMRJSkyCP2faiTSmrjjtqhbaE5QzmwBJgW9q+U9UADQ9thwZbgT0f+S64qZf+gXDmvFI8OJ3XkyRbZJnvEJ1VyRM5IjdQJI/fkkTyTF+fBeXJenbfv0Zwz2dkkv+C8fwEKrpvk</latexit>

⇤ [GeV]
<latexit sha1_base64="w18UI+m7q5toVkgbHirNaF5KIMA=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFi0SU5WUgY6VGGBgKBJ9SGlUOc5Na9VxIttBKlW/hIUBhFj5FDb+BrfNAC1HsnR0zrm61ydIOVPacb6twsbm1vZOcbe0t39wWLaPjjsqySSFNk14InsBUcCZgLZmmkMvlUDigEM3GF/P/e4jSMUS8aAnKfgxGQoWMUq0kQZ2udq/M+mQVLF3Ax1/YFecmrMAXiduTiooR2tgf/XDhGYxCE05UcpznVT7UyI1oxxmpX6mICV0TIbgGSpIDMqfLg6f4XOjhDhKpHlC44X6e2JKYqUmcWCSMdEjterNxf88L9NRw58ykWYaBF0uijKOdYLnLeCQSaCaTwwhVDJzK6YjIgnVpquSKcFd/fI66dRr7mWtfl+vNBt5HUV0is7QBXLRFWqiW9RCbURRhp7RK3qznqwX6936WEYLVj5zgv7A+vwB/Z6R+A==</latexit>
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Constraints

L6 ⇠ y2
t

M2

�
iH

†
$
DµH  R�

µ
 R + |H|2m   + cg↵d

12⇡ |H|2Ĝµ⌫Ĝ
µ⌫
�

<latexit sha1_base64="fKZx4X6517WZmB+yGoi0waWfPEo="></latexit>

•  An indirect constraint comes from EW precision tests:

H
<latexit sha1_base64="i3ybX2VfWvMkAKHoY1V+WtgiwU0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxocQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VGeVAsuRV3CbJJvIyUIENzUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lep9tVSvZXHk4QIu4Ro8uIU6NKAJLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNSro0g</latexit>

H
†

<latexit sha1_base64="NM9WoAwJyhVUEpO0n50Oys5BBrQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LLaCp5LUgz0WvPRYwX5AGstms0mXbjZhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbm+angGmz72yptbe/s7pX3KweHR8cn1dOzvk4yRVmPJiJRQ59oJrhkPeAg2DBVjMS+YAN/erfwB09MaZ7IB5ilzItJJHnIKQEjufXO4yggUcRUfVyt2Q17CbxJnILUUIHuuPo1ChKaxUwCFURr17FT8HKigFPB5pVRpllK6JREzDVUkphpL1+ePMdXRglwmChTEvBS/T2Rk1jrWeybzpjARK97C/E/z80gbHk5l2kGTNLVojATGBK8+B8HXDEKYmYIoYqbWzGdEEUomJQqJgRn/eVN0m82nJtG875Za7eKOMroAl2ia+SgW9RGHdRFPURRgp7RK3qzwHqx3q2PVWvJKmbO0R9Ynz9OLpCU</latexit>

H
†

<latexit sha1_base64="NM9WoAwJyhVUEpO0n50Oys5BBrQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LLaCp5LUgz0WvPRYwX5AGstms0mXbjZhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbm+angGmz72yptbe/s7pX3KweHR8cn1dOzvk4yRVmPJiJRQ59oJrhkPeAg2DBVjMS+YAN/erfwB09MaZ7IB5ilzItJJHnIKQEjufXO4yggUcRUfVyt2Q17CbxJnILUUIHuuPo1ChKaxUwCFURr17FT8HKigFPB5pVRpllK6JREzDVUkphpL1+ePMdXRglwmChTEvBS/T2Rk1jrWeybzpjARK97C/E/z80gbHk5l2kGTNLVojATGBK8+B8HXDEKYmYIoYqbWzGdEEUomJQqJgRn/eVN0m82nJtG875Za7eKOMroAl2ia+SgW9RGHdRFPURRgp7RK3qzwHqx3q2PVWvJKmbO0R9Ynz9OLpCU</latexit>

H
<latexit sha1_base64="i3ybX2VfWvMkAKHoY1V+WtgiwU0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxocQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VGeVAsuRV3CbJJvIyUIENzUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lep9tVSvZXHk4QIu4Ro8uIU6NKAJLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNSro0g</latexit>

� bT . 10�3 ! M & 0.9 TeV
<latexit sha1_base64="s0SWScbuigX/2zFG8lYBdPT4gBs="></latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

•  Explore direct probes instead: Z decays to hidden hadrons

� bT = 4
3
Ndy

2
t

16⇡2
m2

t
M2

<latexit sha1_base64="0fMr1QC+9ciCo1VlMtotp+Wlmlg="></latexit>
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Phenomenology/1

Decay length  
[meters]

⇤ [GeV]
<latexit sha1_base64="w18UI+m7q5toVkgbHirNaF5KIMA=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFi0SU5WUgY6VGGBgKBJ9SGlUOc5Na9VxIttBKlW/hIUBhFj5FDb+BrfNAC1HsnR0zrm61ydIOVPacb6twsbm1vZOcbe0t39wWLaPjjsqySSFNk14InsBUcCZgLZmmkMvlUDigEM3GF/P/e4jSMUS8aAnKfgxGQoWMUq0kQZ2udq/M+mQVLF3Ax1/YFecmrMAXiduTiooR2tgf/XDhGYxCE05UcpznVT7UyI1oxxmpX6mICV0TIbgGSpIDMqfLg6f4XOjhDhKpHlC44X6e2JKYqUmcWCSMdEjterNxf88L9NRw58ykWYaBF0uijKOdYLnLeCQSaCaTwwhVDJzK6YjIgnVpquSKcFd/fI66dRr7mWtfl+vNBt5HUV0is7QBXLRFWqiW9RCbURRhp7RK3qznqwX6936WEYLVj5zgv7A+vwB/Z6R+A==</latexit>

⇤ & 10 GeV, M ⇠ few TeV : Z ! 2 mesons, prompt decays
<latexit sha1_base64="iJoFPoronm+nin7nAbTviNkmnlg="></latexit>

M = 2 TeV
<latexit sha1_base64="1uW7ViKUXkq9KASMBqt/yDPUUH4=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtzFwjRCwMZGiJDEwOUIe5u5ZMne7rG7J4QjP8PGQhFbf42d/8ZNcoUmPhh4vDfDzLww4Uwb1/12ChubW9s7xd3S3v7B4VH5+KSrZaoodKjkUvVCooEzAR3DDIdeooDEIYfHcHI79x+fQGkmRdtMEwhiMhIsYpQYK/nVe3yD61Xchu6gXHFr7gJ4nXg5qaAcrUH5qz+UNI1BGMqJ1r7nJibIiDKMcpiV+qmGhNAJGYFvqSAx6CBbnDzDF1YZ4kgqW8Lghfp7IiOx1tM4tJ0xMWO96s3F/zw/NVEjyJhIUgOCLhdFKcdG4vn/eMgUUMOnlhCqmL0V0zFRhBqbUsmG4K2+vE669Zp3Vas/1CvNRh5HEZ2hc3SJPHSNmugOtVAHUSTRM3pFb45xXpx352PZWnDymVP0B87nD2Bdj1M=</latexit>
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Phenomenology/1

• If mesons have masses of O(10-30) GeV, Z decays to 2-body final states 

• Quantitative predictions of BRs are hard. Simply parametrize ignorance 

Z
<latexit sha1_base64="D5QxxiuwbntnDTB3Hj4s/d/gdfc=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxscQoHxEI2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPj6Uw6LrfTm5jc2t7J79b2Ns/ODwqHp+0TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm7nffuLaiEg94DTm/ZCOlAgEo2il+/JjeVAsuRV3AbJOvIyUIENjUPzqDSOWhFwhk9SYrufG2E+pRsEknxV6ieExZRM64l1LFQ256aeLU2fkwipDEkTalkKyUH9PpDQ0Zhr6tjOkODar3lz8z+smGNT6qVBxglyx5aIgkQQjMv+bDIXmDOXUEsq0sLcSNqaaMrTpFGwI3urL66RVrXhXlepdtVSvZXHk4QzO4RI8uIY63EIDmsBgBM/wCm+OdF6cd+dj2ZpzsplT+APn8wduCI0y</latexit>

P̂
<latexit sha1_base64="7JmnDHNMR49cOXHkJc+Xdryqz90=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsspCSxscREQAMXsrfswYbdvcvunAm58CtsLDTG1p9j579xgSsUfMkkL+/NZGZemAhu0PO+ncLG5tb2TnG3tLd/cHhUPj7pmDjVlLVpLGL9EBLDBFesjRwFe0g0IzIUrBtObuZ+94lpw2N1j9OEBZKMFI84JWilx2p/TDBrzaqDcsWreQu468TPSQVytAblr/4wpqlkCqkgxvR8L8EgIxo5FWxW6qeGJYROyIj1LFVEMhNki4Nn7oVVhm4Ua1sK3YX6eyIj0pipDG2nJDg2q95c/M/rpRg1goyrJEWm6HJRlAoXY3f+vTvkmlEUU0sI1dze6tIx0YSizahkQ/BXX14nnXrNv6rV7+qVZiOPowhncA6X4MM1NOEWWtAGChKe4RXeHO28OO/Ox7K14OQzp/AHzucPLDKP9Q==</latexit>

Ŝ
<latexit sha1_base64="NkmGGpxxUHlVyaPYMj6tb1oBfzI=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxscQoHwYuZG9ZYMPe3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMviKUw6LrfTm5jc2t7J79b2Ns/ODwqHp+0TJRoxpsskpHuBNRwKRRvokDJO7HmNAwkbweTm7nffuLaiEg94DTmfkhHSgwFo2ilx3JvTDG9n5X7xZJbcRcg68TLSAkyNPrFr94gYknIFTJJjel6box+SjUKJvms0EsMjymb0BHvWqpoyI2fLg6ekQurDMgw0rYUkoX6eyKloTHTMLCdIcWxWfXm4n9eN8FhzU+FihPkii0XDRNJMCLz78lAaM5QTi2hTAt7K2FjqilDm1HBhuCtvrxOWtWKd1Wp3lVL9VoWRx7O4BwuwYNrqMMtNKAJDEJ4hld4c7Tz4rw7H8vWnJPNnMIfOJ8/MMSP+A==</latexit>

Z⇤
<latexit sha1_base64="GXyv/HG8nXeGa5Db5zbxVF+93ls=">AAAB73icbVA9TwJBEJ3zE/ELtbTZCCZW5A4LKUlsLDGRjwgn2Vv2YMPe3rk7Z0IIf8LGQmNs/Tt2/hsXuELBl0zy8t5MZuYFiRQGXffbWVvf2Nzazu3kd/f2Dw4LR8dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8Hoeua3nrg2IlZ3OE64H9GBEqFgFK3ULt0/dKnBUq9QdMvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/m907JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYlj1J0IlKXLFFovCVBKMyex50heaM5RjSyjTwt5K2JBqytBGlLcheMsvr5Jmpexdliu3lWKtmsWRg1M4gwvw4ApqcAN1aAADCc/wCm/Oo/PivDsfi9Y1J5s5gT9wPn8AOiGPZg==</latexit>

V̂
<latexit sha1_base64="w+fzccgTYvXQCqxBQreUkBX/izk=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsspCSxscREQAMXsrfswYbdvcvunAm58CtsLDTG1p9j579xgSsUfMkkL+/NZGZemAhu0PO+ncLG5tb2TnG3tLd/cHhUPj7pmDjVlLVpLGL9EBLDBFesjRwFe0g0IzIUrBtObuZ+94lpw2N1j9OEBZKMFI84JWilx2p/TDDrzKqDcsWreQu468TPSQVytAblr/4wpqlkCqkgxvR8L8EgIxo5FWxW6qeGJYROyIj1LFVEMhNki4Nn7oVVhm4Ua1sK3YX6eyIj0pipDG2nJDg2q95c/M/rpRg1goyrJEWm6HJRlAoXY3f+vTvkmlEUU0sI1dze6tIx0YSizahkQ/BXX14nnXrNv6rV7+qVZiOPowhncA6X4MM1NOEWWtAGChKe4RXeHO28OO/Ox7K14OQzp/AHzucPNVaP+w==</latexit>

µ
<latexit sha1_base64="4ZpGEnEbSOhdGSiDep/tw0WScZc=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8yJHEi0dMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NS+lBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdrf0e09UaRbLRzNPaCDwRLKIEWys5NeHIq2PqjW34eZAm8QrSA0KdEbVr+E4Jqmg0hCOtR54bmKCDCvDCKeLyjDVNMFkhid0YKnEguogy49doCurjFEUK1vSoFz9PZFhofVchLZTYDPV695S/M8bpCZqBRmTSWqoJKtFUcqRidHyczRmihLD55Zgopi9FZEpVpgYm0/FhuCtv7xJus2Gd9NoPjRr7VYRRxku4BKuwYNbaMM9dMAHAgye4RXeHOm8OO/Ox6q15BQz5/AHzucPE9mOKg==</latexit>

µ
<latexit sha1_base64="4ZpGEnEbSOhdGSiDep/tw0WScZc=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8yJHEi0dMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NS+lBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdrf0e09UaRbLRzNPaCDwRLKIEWys5NeHIq2PqjW34eZAm8QrSA0KdEbVr+E4Jqmg0hCOtR54bmKCDCvDCKeLyjDVNMFkhid0YKnEguogy49doCurjFEUK1vSoFz9PZFhofVchLZTYDPV695S/M8bpCZqBRmTSWqoJKtFUcqRidHyczRmihLD55Zgopi9FZEpVpgYm0/FhuCtv7xJus2Gd9NoPjRr7VYRRxku4BKuwYNbaMM9dMAHAgye4RXeHOm8OO/Ox6q15BQz5/AHzucPE9mOKg==</latexit>

b̄
<latexit sha1_base64="ogIQzjEpS8i3FbIgjqI8dh8bv/I=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHbxIEcSLx4xEdDAhrSlCw1td9N2TciGX+HFg8Z49ed4899YYA8KvmSSl/dmMjOPJIIb6/vfXmFjc2t7p7hb2ts/ODwqH590TJxqyto0FrF+INgwwRVrW24Fe0g0w5II1iWTm7nffWLa8Fjd22nCQolHikecYuukx2qfYJ2RWXVQrvg1fwG0ToKcVCBHa1D+6g9jmkqmLBXYmF7gJzbMsLacCjYr9VPDEkwneMR6jiosmQmzxcEzdOGUIYpi7UpZtFB/T2RYGjOVxHVKbMdm1ZuL/3m91EaNMOMqSS1TdLkoSgWyMZp/j4ZcM2rF1BFMNXe3IjrGGlPrMiq5EILVl9dJp14Lrmr1u3ql2cjjKMIZnMMlBHANTbiFFrSBgoRneIU3T3sv3rv3sWwtePnMKfyB9/kDO1KP/w==</latexit>

b
<latexit sha1_base64="NrkCzRO8/09lvkfd1kwZNbFSmBA=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxscQoSAIXsrfswYa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZekEhh0HW/ncLG5tb2TnG3tLd/cHhUPj7pmDjVjLdZLGPdDajhUijeRoGSdxPNaRRI/hhMbub+4xPXRsTqAacJ9yM6UiIUjKKV7qtBdVCuuDV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXTqNe+qVr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gB6MI06</latexit>

Z ! (bb̄)(µµ) +X
<latexit sha1_base64="YtTaIxOHxCivjYtQNS7Z09AEZeA=">AAACB3icbVDLSgMxFM3UV62vUZeCBFuhRSgzdaELFwU3LivYB3aGkkkzbWiSGZKMUIbu3Pgrblwo4tZfcOffmLaz0NYDFw7n3EtyThAzqrTjfFu5ldW19Y38ZmFre2d3z94/aKkokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjK6nfvuBSEUjcafHMfE5GggaUoy0kXr2cene0xEsB16AZBpMKmWPJ9BMBZ7BTqlnF52qMwNcJm5GiiBDo2d/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46yzGBp0bpwzCSZoSGM/X3RYq4UmMemE2O9FAtelPxP6+b6PDST6mIE00Enj8UJgya5NNSYJ9KgjUbG4KwpOavEA+RRFib6gqmBHcx8jJp1aruebV2WyvWr7I68uAInIAycMEFqIMb0ABNgMEjeAav4M16sl6sd+tjvpqzsptD8AfW5w+F2pci</latexit>

ĝZZµ(Ŝ @µP̂ � P̂ @µŜ)
<latexit sha1_base64="hq3znWiDkCTWjxsxmHhWI/ATcsg=">AAACO3icbZBLSwMxFIUz9VXra9Slm2ArVKhlpgq6LLhxWa190E4dMmnahmYeJBmhDPO/3Pgn3Llx40IRt+7NTCto64XA4Tv3JrnHCRgV0jCetczS8srqWnY9t7G5tb2j7+41hR9yTBrYZz5vO0gQRj3SkFQy0g44Qa7DSMsZXyZ+655wQX3vVk4C0nPR0KMDipFUyNZvCtYIyWgY2x3YsS03hMUU1GOrZAWIS4rYXYJTWovhyY +ySnCxoR4fF2w9b5SNtOCiMGciD2ZVs/Unq+/j0CWexAwJ0TWNQPai5G7MSJyzQkEChMdoSLpKesglohelu8fwSJE+HPhcHU/ClP6eiJArxMR1VKeL5EjMewn8z+uGcnDRi6gXhJJ4ePrQIGRQ+jAJEvYpJ1iyiRIIc6r+CvEIcYSlijunQjDnV14UzUrZPC1Xriv56tksjiw4AIegCExwDqrgCtRAA2DwAF7AG3jXHrVX7UP7nLZmtNnMPvhT2tc3LtSthQ==</latexit>
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Phenomenology/1

• No dedicated LHC search yet, but can learn from 

• CMS analysis: 

• For Z signal, selection efficiency ~ 10 times smaller than for Higgs!

h ! aa ! (bb̄)(µµ)
<latexit sha1_base64="OaDbKVfbX8eKcuQfeVAi6892lTg=">AAACCXicbVC7TsMwFHV4lvIKMLJYtEjtUiVloGMlFsYi0YfURNWN67RW7SSyHaQq6srCr7AwgBArf8DG3+C2GaDlSNc6OudeXd8TJJwp7Tjf1sbm1vbObmGvuH9weHRsn5x2VJxKQtsk5rHsBaAoZxFta6Y57SWSggg47QaTm7nffaBSsTi619OE+gJGEQsZAW2kgY3LY0/HGGD+VgIvAJkFs2rFEyk2VS0P7JJTcxbA68TNSQnlaA3sL28Yk1TQSBMOSvVdJ9F+BlIzwums6KWKJkAmMKJ9QyMQVPnZ4pIZvjTKEIexNBVpvFB/T2QglJqKwHQK0GO16s3F/7x+qsOGn7EoSTWNyHJRmHJsrp7HgodMUqL51BAgkpm/YjIGCUSb8IomBHf15HXSqdfcq1r9rl5qNvI4CugcXaAKctE1aqJb1EJtRNAjekav6M16sl6sd+tj2bph5TNn6A+szx8RAJie</latexit>

mZ
<latexit sha1_base64="IKgpWOwLBUVq3maRQmBpLIkW2XQ=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsopCSxscTEAyJcyN6yBxt29y67eybkwm+wsdAYW3+Qnf/GBa5Q8CWTvLw3k5l5YcKZNq777RS2tnd294r7pYPDo+OT8ulZR8epItQnMY9VL8Saciapb5jhtJcoikXIaTec3i787hNVmsXywcwSGgg8lixiBBsr+VUxfKwOyxW35i6BNomXkwrkaA/LX4NRTFJBpSEca9333MQEGVaGEU7npUGqaYLJFI9p31KJBdVBtjx2jq6sMkJRrGxJg5bq74kMC61nIrSdApuJXvcW4n9ePzVRM8iYTFJDJVktilKOTIwWn6MRU5QYPrMEE8XsrYhMsMLE2HxKNgRv/eVN0qnXvEatfl+vtJp5HEW4gEu4Bg9uoAV30AYfCDB4hld4c6Tz4rw7H6vWgpPPnMMfOJ8/72aOEg==</latexit>

[CMS, 1812.06359]

13 TeV, 35.9 fb�1
<latexit sha1_base64="zsQfyHhTX9OUefk7KbqsULMQgDo=">AAAB/3icbVDLSgNBEOyNrxhfq4IXL4OJ4EHD7gZRbwEvHiPkBckaZiezccjsg5lZIaw5+CtePCji1d/w5t84SfagiQUNRVU33V1ezJlUlvVt5JaWV1bX8uuFjc2t7R1zd68po0QQ2iARj0Tbw5JyFtKGYorTdiwoDjxOW97weuK3HqiQLArrahRTN8CDkPmMYKWlnnlgV1CdNk9R5bx8hXyvdJee2eNSzyxaZWsKtEjsjBQhQ61nfnX7EUkCGirCsZQd24qVm2KhGOF0XOgmksaYDPGAdjQNcUClm07vH6NjrfSRHwldoUJT9fdEigMpR4GnOwOs7uW8NxH/8zqJ8i/dlIVxomhIZov8hCMVoUkYqM8EJYqPNMFEMH0rIvdYYKJ0ZAUdgj3/8iJpOmW7UnZunWLVyeLIwyEcwQnYcAFVuIEaNIDAIzzDK7wZT8aL8W58zFpzRjazD39gfP4AVhCTCw==</latexit>
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Phenomenology/1

• No dedicated LHC search yet, but can learn from 

• CMS analysis: 

• For Z signal, selection efficiency ~ 10 times smaller than for Higgs! 

• Keeping cuts as soft as possible is key: 

• ATLAS analysis has slightly tighter cuts, sensitivity is negligible

h ! aa ! (bb̄)(µµ)
<latexit sha1_base64="OaDbKVfbX8eKcuQfeVAi6892lTg=">AAACCXicbVC7TsMwFHV4lvIKMLJYtEjtUiVloGMlFsYi0YfURNWN67RW7SSyHaQq6srCr7AwgBArf8DG3+C2GaDlSNc6OudeXd8TJJwp7Tjf1sbm1vbObmGvuH9weHRsn5x2VJxKQtsk5rHsBaAoZxFta6Y57SWSggg47QaTm7nffaBSsTi619OE+gJGEQsZAW2kgY3LY0/HGGD+VgIvAJkFs2rFEyk2VS0P7JJTcxbA68TNSQnlaA3sL28Yk1TQSBMOSvVdJ9F+BlIzwums6KWKJkAmMKJ9QyMQVPnZ4pIZvjTKEIexNBVpvFB/T2QglJqKwHQK0GO16s3F/7x+qsOGn7EoSTWNyHJRmHJsrp7HgodMUqL51BAgkpm/YjIGCUSb8IomBHf15HXSqdfcq1r9rl5qNvI4CugcXaAKctE1aqJb1EJtRNAjekav6M16sl6sd+tj2bph5TNn6A+szx8RAJie</latexit>

pµ1,2T > 17, 8 GeV, pbT > 15 GeV
<latexit sha1_base64="+EFINGI96ZdypzeI9b9VBX/mMqE=">AAACG3icbVDLSsNAFJ34rPUVdelmsC24KCWJaAuCFFzoskJf0MQwmU7boZMHMxOhhP6HG3/FjQtFXAku/BunaRbaeuDC4Zx7ufceL2JUSMP41lZW19Y3NnNb+e2d3b19/eCwLcKYY9LCIQt510OCMBqQlqSSkW7ECfI9Rjre+Hrmdx4IFzQMmnISEcdHw4AOKEZSSa5uFSO3eZ/YfgzNsjWFV9CslmGtCG9IuwyL9iVMfS91zlPZ1QtGxUgBl4mZkQLI0HD1T7sf4tgngcQMCdEzjUg6CeKSYkameTsWJEJ4jIakp2iAfCKcJP1tCktK6cNByFUFEqbq74kE+UJMfHVgyUdyJBa9mfif14vloOYkNIhiSQI8XzSIGZQhnAUF+5QTLNlEEYQ5VbdCPEIcYanizKsQzMWXl0nbqphnFevOKtQvsjhy4BicgFNggiqog1vQAC2AwSN4Bq/gTXvSXrR37WPeuqJlM0fgD7SvH2Msm/s=</latexit>

~ 2 times larger signal efficiency

[ATLAS, 1807.00539]

[CMS, 1812.06359]

14



Phenomenology/1

• At GigaZ factory (109 Z bosons), background is negligible after cuts! 

• Sensitivity on mediation scale:

NB < 0.1 events
<latexit sha1_base64="L1VVoauZ/FC+mEbN2+MlAe55d8g=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5BUUBcuim5cSQX7gDaEyXTSDp08mJkUS+ivuHGhiFt/xJ1/47TNQlsPDBzOuYd75/gJZ1LZ9rdRWFvf2Nwqbpd2dvf2D8zDckvGqSC0SWIei46PJeUsok3FFKedRFAc+py2/dHtzG+PqZAsjh7VJKFuiAcRCxjBSkueWa7eezfoGtmWU0V0TCMlPbNiW/YcaJU4OalAjoZnfvX6MUlDHSYcS9l17ES5GRaKEU6npV4qaYLJCA9oV9MIh1S62fz2KTrVSh8FsdAvUmiu/k5kOJRyEvp6MsRqKJe9mfif101VcOVmLEpSRSOyWBSkHKkYzYpAfSYoUXyiCSaC6VsRGWKBidJ1lXQJzvKXV0mrZjnnVu2hVqlf5HUU4RhO4AwcuIQ63EEDmkDgCZ7hFd6MqfFivBsfi9GCkWeO4A+Mzx/D9pJM</latexit>

e+e� ! bb̄``
<latexit sha1_base64="9+SCqhYPOcWK/99SATfVolSPmuI=">AAACCXicbVDLSgMxFM3UV62vUZdugm1BEMvMuNBlwY3LCvYBnWnJpLdtaOZBkhHK0K0bf8WNC0Xc+gfu/BvT6Sy09UDC4Zxccs/xY86ksqxvo7C2vrG5Vdwu7ezu7R+Yh0ctGSWCQpNGPBIdn0jgLISmYopDJxZAAp9D25/czP32AwjJovBeTWPwAjIK2ZBRorTUN3EFeucYehfYVRH2XZ+I1J9hFzjPrkrfLFs1KwNeJXZOyihHo29+uYOIJgGEinIiZde2YuWlRChGOcxKbiIhJnRCRtDVNCQBSC/NksxwVSsDPIyEPqHCmfp7IiWBlNNAb1gNiBrLZW8u/ud1EzW89lIWxomCkC4+GiYc69DzWvCACaCKTzUhVDC9K6ZjIghVurySLsFejrxKWk7Nvqw5d0657uR1FNEJOkVnyEZXqI5uUQM1EUWP6Bm9ojfjyXgx3o2PxdOCkc8coz8wPn8ArVSYYQ==</latexit>
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Phenomenology/1

•  At LHC, very clean final state from 

•  Start from CMS search for light Z’, but implement our own analysis   

Z ! V̂ Ŝ ! (µµ)(µµ) +X
<latexit sha1_base64="Tew7DxjvKNNb5oQHuAc6iLYxjbs=">AAACGXicbVDLSgMxFM3UV62vUZdugq1QEcpMBXVZcOOyon1gZyiZNNOGJpkhyQhl6G+48VfcuFDEpa78G9N2QG29JNzDOfeSnBPEjCrtOF9Wbml5ZXUtv17Y2Nza3rF395oqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBcPLid66J1LRSNzqUUx8jvqChhQjbaiu7ZTuPB1Bb4B02hzP+o3phit7PDHn+AecwHapaxedijMtuAjcDBRBVvWu/eH1IpxwIjRmSKmO68TaT5HUFDMyLniJIjHCQ9QnHQMF4kT56dTZGB4ZpgfDSJorNJyyvzdSxJUa8cBMcqQHal6bkP9pnUSHF35KRZxoIvDsoTBh0PiexAR7VBKs2cgAhCU1f4V4gCTC2oRZMCG485YXQbNacU8r1etqsXaWxZEHB+AQlIELzkENXIE6aAAMHsATeAGv1qP1bL1Z77PRnJXt7IM/ZX1+Ax/Qnmk=</latexit>

[CMS, 1808.03684]

|m(µ+
1 µ

�
2 )�m(µ+

2 µ
�
1 )| < 1 GeV

<latexit sha1_base64="dR7XH0C3HoxBkQmlMfKoPsH2z7s=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ArVKRlZirowkXBhS4r2Au005JJ0zY0mRmSjFDaPogbX8WNC0XcuBB8GzPtLLT1QMjP959Dcn4vZFQqy/o2Uiura+sb6c3M1vbO7p65f1CTQSQwqeKABaLhIUkY9UlVUcVIIxQEcY+Ruje8jv36AxGSBv69GoXE5ajv0x7FSGnUMUu5Cc+3eNSx22cwvp124RQW4Bw6CbQ1nMAraOfgDa l1zKxVtGYFl4WdiCxIqtIxP1vdAEec+AozJGXTtkLljpFQFDMyzbQiSUKEh6hPmlr6iBPpjmfLTeGJJl3YC4Q+voIz+ntijLiUI+7pTo7UQC56MfzPa0aqd+mOqR9Givh4/lAvYlAFME4KdqkgWLGRFggLqv8K8QAJhJXOM6NDsBdXXhY1p2iXis6dky2fJ3GkwRE4BnlggwtQBregAqoAg0fwDF7Bm/FkvBjvxse8NWUkM4fgTxlfP4gRnTc=</latexit>

|m(µ+
1 µ

�
1 )�m(µ+

1 µ
�
1 )| or

<latexit sha1_base64="RvbuAph7qDBjyGdppNFt2RPTL4M=">AAACF3icbVDLSsNAFJ3UV62vqEs3g61QkYakCrosuHFZwT6gjWEynbRDZ5IwMxFK2r9w46+4caGIW935N07bLLT1wOUezrmXmXv8mFGpbPvbyK2srq1v5DcLW9s7u3vm/kFTRonApIEjFom2jyRhNCQNRRUj7VgQxH1GWv7weuq3HoiQNArv1CgmLkf9kAYUI6Ulz7RKY17u8sRz7s/gvFdOYQUui+MSjIRnFm3LngEuEycjRZCh7plf3V6EE05ChRmSsuPYsXJTJBTFjEwK3USSGOEh6pOOpiHiRLrp7K4JPNFKDwaR0BUqOFN/b6SISznivp7kSA3kojcV//M6iQqu3JSGcaJIiOcPBQmDKoLTkGCPCoIVG2mCsKD6rxAPkEBY6SgLOgRn8eRl0qxazrlVva0WaxdZHHlwBI5BGTjgEtTADaiDBsDgETyDV/BmPBkvxrvxMR/NGdnOIfgD4/MHTT2cNQ==</latexit>

13 TeV, 77.3 fb�1
<latexit sha1_base64="QGXRO4WkwWYU5jpOjlHThdMpJ0Y=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAjuNCQpIu6LLhxWaEvaGOZTCft0MkkzEyEEurGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0nSBiVynG+jcLa+sbmVnG7tLO7t39gHh61ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB2Mb2Z++4EISWPeUJOE+BEachpSjJSW+uaJ5VYs2CCtS1it2hUYBtZ9duVOrb5ZdmxnDrhK3JyUQY563/zqDWKcRoQrzJCUXddJlJ8hoShmZFrqpZIkCI/RkHQ15Sgi0s/mH0zhuVYGMIyFLq7gXP09kaFIykkU6M4IqZFc9mbif143VeG1n1GepIpwvFgUpgyqGM7igAMqCFZsognCgupbIR4hgbDSoZV0CO7yy6uk5dluxfbuvHLNy+MoglNwBi6AC6qgBm5BHTQBBo/gGbyCN+PJeDHejY9Fa8HIZ47BHxifPxQbk2c=</latexit>

now

HL-LHC
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Phenomenology/2

Decay length  
[meters]

⇤ [GeV]
<latexit sha1_base64="w18UI+m7q5toVkgbHirNaF5KIMA=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFi0SU5WUgY6VGGBgKBJ9SGlUOc5Na9VxIttBKlW/hIUBhFj5FDb+BrfNAC1HsnR0zrm61ydIOVPacb6twsbm1vZOcbe0t39wWLaPjjsqySSFNk14InsBUcCZgLZmmkMvlUDigEM3GF/P/e4jSMUS8aAnKfgxGQoWMUq0kQZ2udq/M+mQVLF3Ax1/YFecmrMAXiduTiooR2tgf/XDhGYxCE05UcpznVT7UyI1oxxmpX6mICV0TIbgGSpIDMqfLg6f4XOjhDhKpHlC44X6e2JKYqUmcWCSMdEjterNxf88L9NRw58ykWYaBF0uijKOdYLnLeCQSaCaTwwhVDJzK6YjIgnVpquSKcFd/fI66dRr7mWtfl+vNBt5HUV0is7QBXLRFWqiW9RCbURRhp7RK3qznqwX6936WEYLVj5zgv7A+vwB/Z6R+A==</latexit>

M = 2 TeV
<latexit sha1_base64="1uW7ViKUXkq9KASMBqt/yDPUUH4=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtzFwjRCwMZGiJDEwOUIe5u5ZMne7rG7J4QjP8PGQhFbf42d/8ZNcoUmPhh4vDfDzLww4Uwb1/12ChubW9s7xd3S3v7B4VH5+KSrZaoodKjkUvVCooEzAR3DDIdeooDEIYfHcHI79x+fQGkmRdtMEwhiMhIsYpQYK/nVe3yD61Xchu6gXHFr7gJ4nXg5qaAcrUH5qz+UNI1BGMqJ1r7nJibIiDKMcpiV+qmGhNAJGYFvqSAx6CBbnDzDF1YZ4kgqW8Lghfp7IiOx1tM4tJ0xMWO96s3F/zw/NVEjyJhIUgOCLhdFKcdG4vn/eMgUUMOnlhCqmL0V0zFRhBqbUsmG4K2+vE669Zp3Vas/1CvNRh5HEZ2hc3SJPHSNmugOtVAHUSTRM3pFb45xXpx352PZWnDymVP0B87nD2Bdj1M=</latexit>

⇤ . 2-3 GeV : Z ! hidden jets, long-lived mesons
<latexit sha1_base64="V4llp3z5e1WetM/e4NYtFy6dpAQ="></latexit>
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Phenomenology/2

•  Hidden jets made of long-lived mesons 

•  Similarities with emerging/semi-visible jets, but relatively soft production mode 

 and democratic  

  

• ATLAS and CMS searches not sensitive, best reach @ LHCb 
Resolve single                   decay inside the VELO 

• Benchmark: 

V̂ ! fSMf̄SM
<latexit sha1_base64="WUq3ELegK/M9kd3dDdetxjSlI9s=">AAACEnicbVBLSwMxGMzWV62vVY9egq2gl7JbQT0WvHgRKtoHdJclm2bb0CS7JFmhLP0NXvwrXjwo4tWTN/+NabuItg4EJjPfRzITJowq7ThfVmFpeWV1rbhe2tjc2t6xd/daKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDy4nfvidS0Vjc6VFCfI76gkYUI22kwD6peAOks9YYejqGUZB5ksPba3MNkcyi8Y9QCeyyU3WmgIvEzUkZ5GgE9qfXi3HKidCYIaW6rpNoP0NSU8zIuOSliiQID1GfdA0ViBPlZ9NIY3hklB6MYmmO0HCq/t7IEFdqxEMzyZEeqHlvIv7ndVMdXfgZFUmqicCzh6KUQZN+0g/sUUmwZiNDEJbU/BXiAZIIa9NiyZTgzkdeJK1a1T2t1m5q5fpZXkcRHIBDcAxccA7q4Ao0QBNg8ACewAt4tR6tZ+vNep+NFqx8Zx/8gfXxDQEAnQI=</latexit>

V̂ ! µµ
<latexit sha1_base64="5LI19Ei7tENPtQAgeAu6KN/S6rE=">AAAB/XicbVDLSgMxFM34rPU1PnZugq3gqsxUUJcFNy4r2Ad0hpJJ0zY0yQzJHaEOxV9x40IRt/6HO//GtJ2Fth4SOJxzL/feEyWCG/C8b2dldW19Y7OwVdze2d3bdw8OmyZONWUNGotYtyNimOCKNYCDYO1EMyIjwVrR6Gbqtx6YNjxW9zBOWCjJQPE+pwSs1HWPy8GQQNac4ABiHMjUvnLXLXkVbwa8TPyclFCOetf9CnoxTSVTQAUxpuN7CYQZ0cCpYJNikBqWEDoiA9axVBHJTJjNtp/gM6v0cD/W9ivAM/V3R0akMWMZ2UpJYGgWvan4n9dJoX8dZlwlKTBF54P6qcD20GkUuMc1oyDGlhCqud0V0yHRhIINrGhD8BdPXibNasW/qFTvqqXaZR5HAZ2gU3SOfHSFaugW1VEDUfSIntErenOenBfn3fmYl644ec8R+gPn8weEN5ST</latexit>

mP̂ = mV̂ = 1 GeV, neglect heavier hadrons
<latexit sha1_base64="cI7chhRGVAc4oi2ZXAEGuJ9Kdvs=">AAACJXicbVBNSwMxEM3Wr1q/qh69BFvBg5TdKuhBQfCgxwq2FtpSZtNpNzSbXZJsoSz9M178K148KCJ48q+Y1gra+iDw5r0ZJvP8WHBtXPfDySwsLi2vZFdza+sbm1v57Z2ajhLFsMoiEam6DxoFl1g13Aisxwoh9AXe+/2rsX8/QKV5JO/MMMZWCD3Ju5yBsVI7f14M22kzAJNWRiN6QX+q2qTyivQaa0dUYk8gMzRAGHBUNICOiqRu5wtuyZ2AzhNvSgpkiko7/9rsRCwJURomQOuG58amlYIynAkc5ZqJxhhYH3rYsFRCiLqVTq4c0QOrdGg3UvZJQyfq74kUQq2HoW87QzCBnvXG4n9eIzHds1bKZZwYlOx7UTcR1ER0HBntcGWPF0NLgClu/0pZAAqYscHmbAje7MnzpFYuecel8m25cHkyjSNL9sg+OSQeOSWX5IZUSJUw8kCeyAt5dR6dZ+fNef9uzTjTmV3yB87nF7GCpB0=</latexit>

hNi ⇡ 7 mesons in each jet
<latexit sha1_base64="3vyC7LSfOLcdxEy/B7yGBACMfz0=">AAACGXicbZDLSgMxFIYzXmu9VV26CVbBVZmpQl0KblxJBdsKnaGcSc+00UwyJBmxFF/Dja/ixoUiLnXl25heFt5+CHz85xxOzh9nghvr+5/ezOzc/MJiYam4vLK6tl7a2GwalWuGDaaE0pcxGBRcYsNyK/Ay0whpLLAVX5+M6q0b1IYreWEHGUYp9CRPOAPrrE7J3w0FyJ5AekZDPaEQskyrW1rbpSkaJQ3lkiKwPr1C2ymV/Yo/Fv0LwRTKZKp6p/QedhXLU5SWCTCmHfiZjYagLWcC74phbjADdg09bDuU4HZGw/Fld3TPOV2aKO2etHTsfp8YQmrMII1dZwq2b37XRuZ/tXZuk6NoyGWWW5RssijJBbWKjmKiXa6RWTFwAExz91fK+qCBWRdm0YUQ/D75LzSrleCgUj2vlo8Pp3EUyDbZIfskIDVyTE5JnTQII/fkkTyTF+/Be/JevbdJ64w3ndkiP+R9fAE6jJ8m</latexit>

NP̂
NV̂

= 1
3

<latexit sha1_base64="q3vTtC94HL+wSnIPaoasCskcjKE=">AAACGHicbVDLSgMxFM34rPU16tJNsBVc1Zl2YTdCwY0rqWAf0BlKJs20oZnMkGSEEuYz3Pgrblwo4rY7/8a0HURbDwTOPedebu4JEkalcpwva219Y3Nru7BT3N3bPzi0j47bMk4FJi0cs1h0AyQJo5y0FFWMdBNBUBQw0gnGNzO/80iEpDF/UJOE+BEachpSjJSR+vZl2QsFwvqur70RUrqZZdlP0TYFvIaLDjfTtazct0tOxZkDrhI3JyWQo9m3p94gxmlEuMIMSdlznUT5GglFMSNZ0UslSRAeoyHpGcpRRKSv54dl8NwoAxjGwjyu4Fz9PaFRJOUkCkxnhNRILnsz8T+vl6qw7mvKk1QRjheLwpRBFcNZSnBABcGKTQxBWFDzV4hHyMSgTJZFE4K7fPIqaVcrbq1Sva+WGvU8jgI4BWfgArjgCjTALWiCFsDgCbyAN/BuPVuv1of1uWhds/KZE/AH1vQbVLyghA==</latexit>

P̂ assumed stable on collider scales
<latexit sha1_base64="BvVLUyWv1UfqbPXIJIjZjfmiH4o=">AAACFHicbVDLSgNBEJz1GeMr6tHLYCIIQtiNgh4DXjxGMBpIQuid7ZjB2dllplcISz7Ci7/ixYMiXj1482+cPA6+GgaKqu7q6QpTJS35/qc3N7+wuLRcWCmurq1vbJa2tq9skhmBTZGoxLRCsKikxiZJUthKDUIcKrwOb8/G+vUdGisTfUnDFLsx3GjZlwLIUb3SYaUzAMobowoHa7MYI24J3DRPNHf2SkZouBWg0PZKZb/qT4r/BcEMlNmsGr3SRydKhDPVJJSzbwd+St0cDEmhcFTsZBZTELdwg20HNcRou/nkqBHfd0zE+4lxTxOfsN8ncoitHcah64yBBva3Nib/09oZ9U+7udRpRqjFdFE/U5wSPk6IR9KgIDV0AISR7q9cDMCAIJdj0YUQ/D75L7iqVYOjau2iVq4fz+IosF22xw5YwE5YnZ2zBmsywe7ZI3tmL96D9+S9em/T1jlvNrPDfpT3/gUNWp4p</latexit>

[Schwaller, Stolarski, Weiler, 1502.05409] 
[Cohen, Lisanti, Lou, 1503.00009]

[Pierce, Shakya, Tsai, Zhao, 1708.05389]
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Phenomenology/2

•  Hidden jets made of long-lived mesons 

•  Similarities with emerging/semi-visible jets, but relatively soft production mode 

 and democratic  

  

• ATLAS and CMS searches not sensitive, best reach @ LHCb 
Resolve single                   decay inside the VELO 

• Benchmark: 

V̂ ! fSMf̄SM
<latexit sha1_base64="WUq3ELegK/M9kd3dDdetxjSlI9s=">AAACEnicbVBLSwMxGMzWV62vVY9egq2gl7JbQT0WvHgRKtoHdJclm2bb0CS7JFmhLP0NXvwrXjwo4tWTN/+NabuItg4EJjPfRzITJowq7ThfVmFpeWV1rbhe2tjc2t6xd/daKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDy4nfvidS0Vjc6VFCfI76gkYUI22kwD6peAOks9YYejqGUZB5ksPba3MNkcyi8Y9QCeyyU3WmgIvEzUkZ5GgE9qfXi3HKidCYIaW6rpNoP0NSU8zIuOSliiQID1GfdA0ViBPlZ9NIY3hklB6MYmmO0HCq/t7IEFdqxEMzyZEeqHlvIv7ndVMdXfgZFUmqicCzh6KUQZN+0g/sUUmwZiNDEJbU/BXiAZIIa9NiyZTgzkdeJK1a1T2t1m5q5fpZXkcRHIBDcAxccA7q4Ao0QBNg8ACewAt4tR6tZ+vNep+NFqx8Zx/8gfXxDQEAnQI=</latexit>

V̂ ! µµ
<latexit sha1_base64="5LI19Ei7tENPtQAgeAu6KN/S6rE=">AAAB/XicbVDLSgMxFM34rPU1PnZugq3gqsxUUJcFNy4r2Ad0hpJJ0zY0yQzJHaEOxV9x40IRt/6HO//GtJ2Fth4SOJxzL/feEyWCG/C8b2dldW19Y7OwVdze2d3bdw8OmyZONWUNGotYtyNimOCKNYCDYO1EMyIjwVrR6Gbqtx6YNjxW9zBOWCjJQPE+pwSs1HWPy8GQQNac4ABiHMjUvnLXLXkVbwa8TPyclFCOetf9CnoxTSVTQAUxpuN7CYQZ0cCpYJNikBqWEDoiA9axVBHJTJjNtp/gM6v0cD/W9ivAM/V3R0akMWMZ2UpJYGgWvan4n9dJoX8dZlwlKTBF54P6qcD20GkUuMc1oyDGlhCqud0V0yHRhIINrGhD8BdPXibNasW/qFTvqqXaZR5HAZ2gU3SOfHSFaugW1VEDUfSIntErenOenBfn3fmYl644ec8R+gPn8weEN5ST</latexit>

mP̂ = mV̂ = 1 GeV, neglect heavier hadrons
<latexit sha1_base64="cI7chhRGVAc4oi2ZXAEGuJ9Kdvs=">AAACJXicbVBNSwMxEM3Wr1q/qh69BFvBg5TdKuhBQfCgxwq2FtpSZtNpNzSbXZJsoSz9M178K148KCJ48q+Y1gra+iDw5r0ZJvP8WHBtXPfDySwsLi2vZFdza+sbm1v57Z2ajhLFsMoiEam6DxoFl1g13Aisxwoh9AXe+/2rsX8/QKV5JO/MMMZWCD3Ju5yBsVI7f14M22kzAJNWRiN6QX+q2qTyivQaa0dUYk8gMzRAGHBUNICOiqRu5wtuyZ2AzhNvSgpkiko7/9rsRCwJURomQOuG58amlYIynAkc5ZqJxhhYH3rYsFRCiLqVTq4c0QOrdGg3UvZJQyfq74kUQq2HoW87QzCBnvXG4n9eIzHds1bKZZwYlOx7UTcR1ER0HBntcGWPF0NLgClu/0pZAAqYscHmbAje7MnzpFYuecel8m25cHkyjSNL9sg+OSQeOSWX5IZUSJUw8kCeyAt5dR6dZ+fNef9uzTjTmV3yB87nF7GCpB0=</latexit>

hNi ⇡ 7 mesons in each jet
<latexit sha1_base64="3vyC7LSfOLcdxEy/B7yGBACMfz0=">AAACGXicbZDLSgMxFIYzXmu9VV26CVbBVZmpQl0KblxJBdsKnaGcSc+00UwyJBmxFF/Dja/ixoUiLnXl25heFt5+CHz85xxOzh9nghvr+5/ezOzc/MJiYam4vLK6tl7a2GwalWuGDaaE0pcxGBRcYsNyK/Ay0whpLLAVX5+M6q0b1IYreWEHGUYp9CRPOAPrrE7J3w0FyJ5AekZDPaEQskyrW1rbpSkaJQ3lkiKwPr1C2ymV/Yo/Fv0LwRTKZKp6p/QedhXLU5SWCTCmHfiZjYagLWcC74phbjADdg09bDuU4HZGw/Fld3TPOV2aKO2etHTsfp8YQmrMII1dZwq2b37XRuZ/tXZuk6NoyGWWW5RssijJBbWKjmKiXa6RWTFwAExz91fK+qCBWRdm0YUQ/D75LzSrleCgUj2vlo8Pp3EUyDbZIfskIDVyTE5JnTQII/fkkTyTF+/Be/JevbdJ64w3ndkiP+R9fAE6jJ8m</latexit>

NP̂
NV̂

= 1
3

<latexit sha1_base64="q3vTtC94HL+wSnIPaoasCskcjKE=">AAACGHicbVDLSgMxFM34rPU16tJNsBVc1Zl2YTdCwY0rqWAf0BlKJs20oZnMkGSEEuYz3Pgrblwo4rY7/8a0HURbDwTOPedebu4JEkalcpwva219Y3Nru7BT3N3bPzi0j47bMk4FJi0cs1h0AyQJo5y0FFWMdBNBUBQw0gnGNzO/80iEpDF/UJOE+BEachpSjJSR+vZl2QsFwvqur70RUrqZZdlP0TYFvIaLDjfTtazct0tOxZkDrhI3JyWQo9m3p94gxmlEuMIMSdlznUT5GglFMSNZ0UslSRAeoyHpGcpRRKSv54dl8NwoAxjGwjyu4Fz9PaFRJOUkCkxnhNRILnsz8T+vl6qw7mvKk1QRjheLwpRBFcNZSnBABcGKTQxBWFDzV4hHyMSgTJZFE4K7fPIqaVcrbq1Sva+WGvU8jgI4BWfgArjgCjTALWiCFsDgCbyAN/BuPVuv1of1uWhds/KZE/AH1vQbVLyghA==</latexit>

P̂ assumed stable on collider scales
<latexit sha1_base64="BvVLUyWv1UfqbPXIJIjZjfmiH4o=">AAACFHicbVDLSgNBEJz1GeMr6tHLYCIIQtiNgh4DXjxGMBpIQuid7ZjB2dllplcISz7Ci7/ixYMiXj1482+cPA6+GgaKqu7q6QpTJS35/qc3N7+wuLRcWCmurq1vbJa2tq9skhmBTZGoxLRCsKikxiZJUthKDUIcKrwOb8/G+vUdGisTfUnDFLsx3GjZlwLIUb3SYaUzAMobowoHa7MYI24J3DRPNHf2SkZouBWg0PZKZb/qT4r/BcEMlNmsGr3SRydKhDPVJJSzbwd+St0cDEmhcFTsZBZTELdwg20HNcRou/nkqBHfd0zE+4lxTxOfsN8ncoitHcah64yBBva3Nib/09oZ9U+7udRpRqjFdFE/U5wSPk6IR9KgIDV0AISR7q9cDMCAIJdj0YUQ/D75L7iqVYOjau2iVq4fz+IosF22xw5YwE5YnZ2zBmsywe7ZI3tmL96D9+S9em/T1jlvNrPDfpT3/gUNWp4p</latexit>

theory
M > 1.6 (2.0) TeV

<latexit sha1_base64="GCv8lvEkmvUGafT+ujHCsN7QnpM=">AAAB/nicbVDLSgNBEOyNrxhfq+LJy2AiRJBldxX1JAEvXoQIeUGyhNnJJBky+2BmVghLwF/x4kERr36HN//GSbIHjRY0FFXddHf5MWdS2faXkVtaXlldy68XNja3tnfM3b2GjBJBaJ1EPBItH0vKWUjriilOW7GgOPA5bfqjm6nffKBCsiisqXFMvQAPQtZnBCstdc2D0h26Ro510Tktu5Z9UkI12kBds2hb9gzoL3EyUoQM1a752elFJAloqAjHUrYdO1ZeioVihNNJoZNIGmMywgPa1jTEAZVeOjt/go610kP9SOgKFZqpPydSHEg5DnzdGWA1lIveVPzPayeqf+WlLIwTRUMyX9RPOFIRmmaBekxQovhYE0wE07ciMsQCE6UTK+gQnMWX/5KGazlnlnvvFivnWRx5OIQjKIMDl1CBW6hCHQik8AQv8Go8Gs/Gm/E+b80Z2cw+/ILx8Q1UNJHR</latexit>

for L = 15 (300) fb�1
<latexit sha1_base64="9kigIdRJ7v2QS+vb05QR4cbYbw0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBhuhgpakVXQjFNy4cFHBPqCNZTKdtEMnM2FmIpTQlRt/xY0LRdz6De78G9M2C209q8M593LPPV7IqNK2/W1kFhaXlleyq7m19Y3NLXN7p65EJDGpYcGEbHpIEUY5qWmqGWmGkqDAY6ThDa7GfuOBSEUFv9PDkLgB6nHqU4x0InXMfV9IaN3AS+ictY8LZds+sqDvWffxiTOyOmbeLtoTwHnipCQPUlQ75le7K3AUEK4xQ0q1HDvUboykppiRUa4dKRIiPEA90kooRwFRbjx5YwQPE6ULx4F8wTWcqL83YhQoNQy8ZDJAuq9mvbH4n9eKtH/hxpSHkSYcTw/5EYNawHEnsEslwZoNE4KwpElWiPtIIqyT5nJJCc7sy/OkXio65WLptpSvnKZ1ZMEeOAAF4IBzUAHXoApqAINH8AxewZvxZLwY78bHdDRjpDu74A+Mzx/475Tv</latexit>
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Phenomenology/2

•  For                       , other production mechanisms become important: 

 Bremsstrahlung, meson decays, Drell-Yan, … 

• Constituents have no electric charge, vector meson couples to neutral current 

• No global analysis available yet.  

To gain first impression, approximate      as “kinetically mixed dark photon” with

mV̂ . GeV
<latexit sha1_base64="uelnRn3aAu/tn3S08wd6mcqtmDM=">AAACDXicbVBNS8NAEN3Ur1q/oh69LLaCBylJBfVY8KDHCvYDmlI222m7dDcJuxuhhPwBL/4VLx4U8erdm//GTZuDtj4YeLw3w8w8P+JMacf5tgorq2vrG8XN0tb2zu6evX/QUmEsKTRpyEPZ8YkCzgJoaqY5dCIJRPgc2v7kOvPbDyAVC4N7PY2gJ8goYENGiTZS365URD/xxkQnrTTFHgelFBPemSeIHkuR3EArrfTtslN1ZsDLxM1JGeVo9O0vbxDSWECgKSdKdV0n0r2ESM0oh7TkxQoiQidkBF1DAyJA9ZLZNyk+McoAD0NpKtB4pv6eSIhQaip805kdqRa9TPzP68Z6eNVLWBDFGgI6XzSMOdYhzqLBAyaBaj41hFDJzK2YjokkVJsASyYEd/HlZdKqVd3zau2uVq5f5HEU0RE6RqfIRZeojm5RAzURRY/oGb2iN+vJerHerY95a8HKZw7RH1ifP6S3m98=</latexit>

V̂
<latexit sha1_base64="3depJuvSS2cb+pMlbLxVm1nug1U=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BFvBU0kqqMeCF48VbKu0oWy2m3bp7ibsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMT6ISSGCa5YCzkK9pBoRmQoWCcc38z8zhPThsfqHicJCyQZKh5xStBKj9XeiGDWnlb75YpX8+ZwV4mfkwrkaPbLX71BTFPJFFJBjOn6XoJBRjRyKti01EsNSwgdkyHrWqqIZCbI5gdP3TOrDNwo1rYUunP190RGpDETGdpOSXBklr2Z+J/XTTG6DjKukhSZootFUSpcjN3Z9+6Aa0ZRTCwhVHN7q0tHRBOKNqOSDcFffnmVtOs1/6JWv6tXGpd5HEU4gVM4Bx+uoAG30IQWUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/ADS8j/k=</latexit>
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Phenomenology/2

•  For                       , other production mechanisms become important: 

 Bremsstrahlung, meson decays, Drell-Yan, … 

• Constituents have no electric charge, vector meson couples to neutral current 

• No global analysis available yet.  

To gain first impression, approximate      as “kinetically mixed dark photon” with

mV̂ . GeV
<latexit sha1_base64="uelnRn3aAu/tn3S08wd6mcqtmDM=">AAACDXicbVBNS8NAEN3Ur1q/oh69LLaCBylJBfVY8KDHCvYDmlI222m7dDcJuxuhhPwBL/4VLx4U8erdm//GTZuDtj4YeLw3w8w8P+JMacf5tgorq2vrG8XN0tb2zu6evX/QUmEsKTRpyEPZ8YkCzgJoaqY5dCIJRPgc2v7kOvPbDyAVC4N7PY2gJ8goYENGiTZS365URD/xxkQnrTTFHgelFBPemSeIHkuR3EArrfTtslN1ZsDLxM1JGeVo9O0vbxDSWECgKSdKdV0n0r2ESM0oh7TkxQoiQidkBF1DAyJA9ZLZNyk+McoAD0NpKtB4pv6eSIhQaip805kdqRa9TPzP68Z6eNVLWBDFGgI6XzSMOdYhzqLBAyaBaj41hFDJzK2YjokkVJsASyYEd/HlZdKqVd3zau2uVq5f5HEU0RE6RqfIRZeojm5RAzURRY/oGb2iN+vJerHerY95a8HKZw7RH1ifP6S3m98=</latexit>

V̂
<latexit sha1_base64="3depJuvSS2cb+pMlbLxVm1nug1U=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BFvBU0kqqMeCF48VbKu0oWy2m3bp7ibsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMT6ISSGCa5YCzkK9pBoRmQoWCcc38z8zhPThsfqHicJCyQZKh5xStBKj9XeiGDWnlb75YpX8+ZwV4mfkwrkaPbLX71BTFPJFFJBjOn6XoJBRjRyKti01EsNSwgdkyHrWqqIZCbI5gdP3TOrDNwo1rYUunP190RGpDETGdpOSXBklr2Z+J/XTTG6DjKukhSZootFUSpcjN3Z9+6Aa0ZRTCwhVHN7q0tHRBOKNqOSDcFffnmVtOs1/6JWv6tXGpd5HEU4gVM4Bx+uoAG30IQWUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/ADS8j/k=</latexit>

mV̂ [GeV]
<latexit sha1_base64="LCDgCeMOSItWa3QGS6GO6dOBDvA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWwFTyWpgh4LHvRYwcZCGsJmu2mX7m7C7kYIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0oZVdpxvq3K2vrG5lZ1u7azu7d/YB8eeSrJJCY9nLBE9iOkCKOC9DTVjPRTSRCPGHmIJtcz/+GRSEUTca/zlAQcjQSNKUbaSKFdb/KwGIyRLrzptAn9G+IFod1wWs4ccJW4JWmAEt3Q/hoME5xxIjRmSCnfdVIdFEhqihmZ1gaZIinCEzQivqECcaKCYn78FJ4aZQjjRJoSGs7V3xMF4krlPDKdHOmxWvZm4n+en+n4KiioSDNNBF4sijMGdQJnScAhlQRrlhuCsKTmVojHSCKsTV41E4K7/PIq8dot97zVvms3OhdlHFVwDE7AGXDBJeiAW9AFPYBBDp7BK3iznqwX6936WLRWrHKmDv7A+vwBzHWUKg==</latexit>

"
<latexit sha1_base64="fLCXNrrY0V67rvVJQ16d8PiuUmU=">AAAB9HicbVDLTgJBEOzFF+IL9ehlI5h4Irt4kCOJF4+YyCOBDZkdemHC7Mw6M0tCNnyHFw8a49WP8ebfODwOClbSSaWqO91dYcKZNp737eS2tnd29/L7hYPDo+OT4ulZS8tUUWxSyaXqhEQjZwKbhhmOnUQhiUOO7XB8N/fbE1SaSfFopgkGMRkKFjFKjJWCcm9CFCaacSnK/WLJq3gLuJvEX5ESrNDoF796A0nTGIWhnGjd9b3EBBlRhlGOs0Iv1ZgQOiZD7FoqSIw6yBZHz9wrqwzcSCpbwrgL9fdERmKtp3FoO2NiRnrdm4v/ed3URLUgYyJJDQq6XBSl3DXSnSfgDphCavjUEkIVs7e6dEQUocbmVLAh+Osvb5JWteLfVKoP1VK9toojDxdwCdfgwy3U4R4a0AQKT/AMr/DmTJwX5935WLbmnNXMOfyB8/kDdOuR2w==</latexit>

included

BR(V̂ ! ⌫⌫)
<latexit sha1_base64="rJ5EoKCXgy/fuAv0dFlZKQHzoeY=">AAACC3icbVC7TsMwFHV4lvIKMLJYbZHKUiUFCcYKFsaC6ENqospx3daq7US2g1RF2Vn4FRYGEGLlB9j4G5w2A7Rc6UpH59yre88JIkaVdpxva2V1bX1js7BV3N7Z3du3Dw7bKowlJi0cslB2A6QIo4K0NNWMdCNJEA8Y6QST60zvPBCpaCju9TQiPkcjQYcUI22ovl2qeBzpseTJ1V1a9cZIJ+0UejqEnoizPq307bJTc2YFl4GbgzLIq9m3v7xBiGNOhMYMKdVznUj7CZKaYkbSohcrEiE8QSPSM1AgTpSfzLyk8MQwAzgMpWmh4Yz9vZEgrtSUB2Yye1wtahn5n9aL9fDST6iIYk0Enh8axgwaq1kwcEAlwZpNDUBYUvMrxGMkEdYmvqIJwV20vAza9Zp7Vqvf1suN8zyOAjgGJVAFLrgADXADmqAFMHgEz+AVvFlP1ov1bn3MR1esfOcI/Cnr8weBTJoB</latexit>

[bounds from PBC, 1901.09966]
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Summary

•  Neutral Naturalness theories strongly motivate confining hidden sectors 

 at 

•  Motivated by SUSY realization, studied 1-flavor hidden QCD  

 coupled to SM via Higgs and Z portal 

•  Z portal dramatically increases reach on hidden sector, thanks to large 

    statistics collected at LHC and future Z-factory. Rich phenomenology: 

‣  For                               :  Z decays to prompt mesons 

‣  For                             :  Z decays to hidden jets, signals at intensity frontier 

       from hidden vector meson 

•  Add to wishlist: more input from lattice?

0.1 GeV . ⇤ . 15 GeV
<latexit sha1_base64="D3mBsV/LtvL8xqCvd2pmuUCdPhM=">AAACFXicbVDLSgMxFM3UV62vUZdugh3BhQwzFR/LggtduKhgH9AZSia904ZmHiQZoZT6EW78FTcuFHEruPNvTB+Ith4IHM45N8k9QcqZVI7zZeQWFpeWV/KrhbX1jc0tc3unJpNMUKjShCeiERAJnMVQVUxxaKQCSBRwqAe9i5FfvwMhWRLfqn4KfkQ6MQsZJUpLLfPIcmzXur+EGrY8DlJKFmHvWl/QJvhHcE8srCMts+jYzhh4nrhTUkRTVFrmp9dOaBZBrCgnUjZdJ1X+gAjFKIdhwcskpIT2SAeamsYkAukPxlsN8YFW2jhMhD6xwmP198SARFL2o0AnI6K6ctYbif95zUyF5/6AxWmmIKaTh8KMY5XgUUW4zQRQxfuaECqY/iumXSIIVbrIgi7BnV15ntRKtntsl25KxfLptI482kP76BC56AyV0RWqoCqi6AE9oRf0ajwaz8ab8T6J5ozpzC76A+PjGzujnFU=</latexit>

⇤ ⇠ O(10) GeV
<latexit sha1_base64="JeeZgM1+aV2iIW2QK0or8ZlbasQ=">AAACAXicbVDLSgMxFM3UV62vUTeCm2Ar1E2ZqaAuCy50IVjBPqAzlEwmbUOTzJBkhDLUjb/ixoUibv0Ld/6NaTsLbT0QOJxzLjf3BDGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29pooSiUkDRyyS7QApwqggDU01I+1YEsQDRlrB8HLitx6IVDQS93oUE5+jvqA9ipE2Utc+KHk3Jh0i6CnK4W3ZdU5K8Io0u3bRqThTwEXiZqQIMtS79pcXRjjhRGjMkFId14m1nyKpKWZkXPASRWKEh6hPOoYKxIny0+kFY3hslBD2Imme0HCq/p5IEVdqxAOT5EgP1Lw3Ef/zOonuXfgpFXGiicCzRb2EQR3BSR0wpJJgzUaGICyp+SvEAyQR1qa0ginBnT95kTSrFfe0Ur2rFmtnWR15cAiOQBm44BzUwDWogwbA4BE8g1fwZj1ZL9a79TGL5qxsZh/8gfX5A84elH4=</latexit>

⇤ ⇠ O(1) GeV
<latexit sha1_base64="dgB9xBHwdv7FLrVtnoqTaRXfDKM=">AAACAHicbVDLSgMxFM34rPU16sKFm2Ar1E2ZqaAuCy50IVjBPqAzlEwm04YmmSHJCGXoxl9x40IRt36GO//GtJ2Fth4IHM45l5t7goRRpR3n21paXlldWy9sFDe3tnd27b39lopTiUkTxyyWnQApwqggTU01I51EEsQDRtrB8Gritx+JVDQWD3qUEJ+jvqARxUgbqWcflr1bkw4R9BTl8K7inpbhNWn17JJTdaaAi8TNSQnkaPTsLy+MccqJ0Jghpbquk2g/Q1JTzMi46KWKJAgPUZ90DRWIE+Vn0wPG8MQoIYxiaZ7QcKr+nsgQV2rEA5PkSA/UvDcR//O6qY4u/YyKJNVE4NmiKGVQx3DSBgypJFizkSEIS2r+CvEASYS16axoSnDnT14krVrVPavW7mul+nleRwEcgWNQAS64AHVwAxqgCTAYg2fwCt6sJ+vFerc+ZtElK585AH9gff4AWcGURA==</latexit>
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Phenomenology/1

• At GigaZ factory (109 Z bosons), background is negligible after cuts! 

• At LEP1 ?

NB < 0.1 events
<latexit sha1_base64="L1VVoauZ/FC+mEbN2+MlAe55d8g=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5BUUBcuim5cSQX7gDaEyXTSDp08mJkUS+ivuHGhiFt/xJ1/47TNQlsPDBzOuYd75/gJZ1LZ9rdRWFvf2Nwqbpd2dvf2D8zDckvGqSC0SWIei46PJeUsok3FFKedRFAc+py2/dHtzG+PqZAsjh7VJKFuiAcRCxjBSkueWa7eezfoGtmWU0V0TCMlPbNiW/YcaJU4OalAjoZnfvX6MUlDHSYcS9l17ES5GRaKEU6npV4qaYLJCA9oV9MIh1S62fz2KTrVSh8FsdAvUmiu/k5kOJRyEvp6MsRqKJe9mfif101VcOVmLEpSRSOyWBSkHKkYzYpAfSYoUXyiCSaC6VsRGWKBidJ1lXQJzvKXV0mrZjnnVu2hVqlf5HUU4RhO4AwcuIQ63EEDmkDgCZ7hFd6MqfFivBsfi9GCkWeO4A+Mzx/D9pJM</latexit>

N total
Z ⇡ 2.2⇥ 107

<latexit sha1_base64="AjhVXS+6Mf3PyKZQCLbngV0SS/k=">AAACEXicbVC7SgNBFJ31GeNr1dJmMBFShd0VjGXAxkoimAdmN2F2MkmGzD6YuSuGJb9g46/YWChia2fn3zhJttDEAwOHc+7lzjl+LLgCy/o2VlbX1jc2c1v57Z3dvX3z4LChokRSVqeRiGTLJ4oJHrI6cBCsFUtGAl+wpj+6nPrNeyYVj8JbGMfMC8gg5H1OCWipa5aK1927TurKAEMEREywS+JYRg/YKTsu8IApbFudSrFrFqyyNQNeJnZGCihDrWt+ub2IJgELgQqiVNu2YvBSIoFTwSZ5N1EsJnREBqytaUj0KS+dJZrgU630cD+S+oWAZ+rvjZQESo0DX08GBIZq0ZuK/3ntBPoXXsrDOAEW0vmhfiJ0eDytB/e4ZBTEWBNCJdd/xXRIJKGgS8zrEuzFyMuk4ZTts7Jz4xSq51kdOXSMTlAJ2aiCqugK1VAdUfSIntErejOejBfj3fiYj64Y2c4R+gPj8wfZgZux</latexit>

NS ⇡ 28 fP̂ Ŝ

�
2 TeV
M

�4
(A ✏)tot

<latexit sha1_base64="/6Y3zxEuNgiBBYt26zwqKKsUc74="></latexit>

but                 , no sensitivity for  ✏b ⇠ 0.3
<latexit sha1_base64="L8LaItBgHyHAqql/zb3yAWflW4c=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4Ot4CokLajLghuXFewFmlAm00k7dCYJMxOhhIKv4saFIm59Dne+jdM2C239YeDjP+dwzvxhypnSrvttra1vbG5tl3bKu3v7B4f20XFbJZkktEUSnshuiBXlLKYtzTSn3VRSLEJOO+H4dlbvPFKpWBI/6ElKA4GHMYsYwdpYffu06tNUMW44RL5iArlOvdq3K67jzoVWwSugAoWaffvLHyQkEzTWhGOlep6b6iDHUjPC6bTsZ4qmmIzxkPYMxlhQFeTz86fowjgDFCXSvFijuft7IsdCqYkITafAeqSWazPzv1ov09FNkLM4zTSNyWJRlHGkEzTLAg2YpETziQFMJDO3IjLCEhNtEiubELzlL69Cu+Z4dad2X6s0roo4SnAG53AJHlxDA+6gCS0gkMMzvMKb9WS9WO/Wx6J1zSpmTuCPrM8fMEiUSA==</latexit>

M = 2 TeV
<latexit sha1_base64="vqFgpqFqzM39WOmRkgrXBNx2xh0=">AAAB/nicbVDLSgMxFM3UV62vUXHlJtgKrsrMCCqIUHDjRqjQF3SGkkkzbWiSGZKMUIaCv+LGhSJu/Q53/o2ZtgttPRA4nHMv9+SECaNKO863VVhZXVvfKG6WtrZ3dvfs/YOWilOJSRPHLJadECnCqCBNTTUjnUQSxENG2uHoNvfbj0QqGouGHick4GggaEQx0kbq2UeVe3gDPf/a50gPJc8apDWp9OyyU3WmgMvEnZMymKPes7/8foxTToTGDCnVdZ1EBxmSmmJGJiU/VSRBeIQGpGuoQJyoIJvGn8BTo/RhFEvzhIZT9fdGhrhSYx6ayTykWvRy8T+vm+roKsioSFJNBJ4dilIGdQzzLmCfSoI1GxuCsKQmK8RDJBHWprGSKcFd/PIyaXlV97zqPXjl2sW8jiI4BifgDLjgEtTAHaiDJsAgA8/gFbxZT9aL9W59zEYL1nznEPyB9fkDCzWUOg==</latexit>

e+e� ! bb̄``
<latexit sha1_base64="9+SCqhYPOcWK/99SATfVolSPmuI=">AAACCXicbVDLSgMxFM3UV62vUZdugm1BEMvMuNBlwY3LCvYBnWnJpLdtaOZBkhHK0K0bf8WNC0Xc+gfu/BvT6Sy09UDC4Zxccs/xY86ksqxvo7C2vrG5Vdwu7ezu7R+Yh0ctGSWCQpNGPBIdn0jgLISmYopDJxZAAp9D25/czP32AwjJovBeTWPwAjIK2ZBRorTUN3EFeucYehfYVRH2XZ+I1J9hFzjPrkrfLFs1KwNeJXZOyihHo29+uYOIJgGEinIiZde2YuWlRChGOcxKbiIhJnRCRtDVNCQBSC/NksxwVSsDPIyEPqHCmfp7IiWBlNNAb1gNiBrLZW8u/ud1EzW89lIWxomCkC4+GiYc69DzWvCACaCKTzUhVDC9K6ZjIghVurySLsFejrxKWk7Nvqw5d0657uR1FNEJOkVnyEZXqI5uUQM1EUWP6Bm9ojfjyXgx3o2PxdOCkc8coz8wPn8ArVSYYQ==</latexit>

[hep-ex/0509008]
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•  Hidden QCD with 1 light fermion flavor 

•  Visible and hidden sector connected by BSM particles with ~ TeV masses 

• Fairly common ingredients in Neutral Naturalness 

• Examples: composite Twin Higgs, models based on accidental SUSY 

Theory background

SU(3)A ⇥ SU(3)B ⇥ SU(3)C ⇥ SU(2)⇥ U(1)
<latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit>

W = yt(QAHu
c
A +QBHu

c
B +QCHu

c
C) +M(QBQ

0c
B +QCQ

0c
C)

<latexit sha1_base64="BpqZHIjk6SeP/tXnDTUDevbg8Tk="></latexit>

Z3
<latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit>

Z2
<latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit>

raise colored stops lower color-neutral stops

Vs = em2(| eQA|2 + |ũc
A|2)� em2(| eQB |2 + | eQC |2)

<latexit sha1_base64="MhlShk2bGU1sRf1N2x+Cy73D0HI="></latexit>

Gauge symmetries: 

Superpotential:

Soft masses:

[Cheng, Li, ES, Verhaaren, 2018/2019]
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<latexit sha1_base64="qS445EG+41xoLL+Fx2xnyZjJ4sU=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g63gqiR1YZcFN26ECvYBbSiTyU07dDIJMxOlhuKvuHGhiFv/w51/47TNQlsPXDiccy/33uMnnCntON/Wyura+sZmYau4vbO7t28fHLZUnEoKTRrzWHZ8ooAzAU3NNIdOIoFEPoe2P7qa+u17kIrF4k6PE/AiMhAsZJRoI/Xt43LvgQWgGQ8giyY9HeObct8uORVnBrxM3JyUUI5G3/7qBTFNIxCacqJU13US7WVEakY5TIq9VEFC6IgMoGuoIBEoL5tdP8FnRglwGEtTQuOZ+nsiI5FS48g3nRHRQ7XoTcX/vG6qw5qXMZGkGgSdLwpTjs2P0yhwwCRQzceGECqZuRXTIZGEahNY0YTgLr68TFrVintRqd5WS/VaHkcBnaBTdI5cdInq6Bo1UBNR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB/RGlNs=</latexit>

0
<latexit sha1_base64="eCTaYlRH8sGt8X2keNVY9P8DkzE=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYYBUngQvaWPdiwt3fZnTMhF36CjYXG2PqL7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+D8c3Mf3zi2ohYPeAk4X5Eh0qEglG00n3VrfbLFbfmzkFWiZeTCuRo9stfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiXtes27qNXv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8ALtCNCg==</latexit>

 
<latexit sha1_base64="vmKbJv603SbxLDjJF/381snKFuY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYCJ4CrsR1GPAi8cI5gHJEmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZNalV5iWKVfKvtVfw60SoKclCFHo1/66g0USQWVlnBsTDfwExtmWFtGOJ0We6mhCSZjPKRdRyUW1ITZ/NopOnfKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauObMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1ARVdCMHyy6ukVasGl9Xafa1cv8rjKMApnMEFBHANdbiDBjSBwCM8wyu8ecp78d69j0XrmpfPnMAfeJ8/2qOOnA==</latexit>

hidden (⇥2)
<latexit sha1_base64="SXkAoONpudJ/K3vrT6GFwtHX5DA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWyFeilJPCieCl48VrAf0Iay2WzbpZtN2J0IodS/4sWDIl79Id78N27bHLT1wcDjvRlm5gWJ4Boc59sqbGxube8Ud0t7+weHR/bxSVvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOMLmd+51HpjSP5QNkCfMjMpJ8yCkBIw3s8piHIZO4WusDj5jG3kV1YFecurMAXiduTiooR3Ngf/XDmKYRk0AF0brnOgn4U6KAU8FmpX6qWULohIxYz1BJzCJ/ujh+hs+NEuJhrExJwAv198SURFpnUWA6IwJjverNxf+8XgrDa3/KZZICk3S5aJgKDDGeJ4FDrhgFkRlCqOLmVkzHRBEKJq+SCcFdfXmdtL26e1n37r1K4yaPo4hO0RmqIRddoQa6Q03UQhRl6Bm9ojfryXqx3q2PZWvBymfK6A+szx+DKpNY</latexit>

visible
<latexit sha1_base64="3sieyFk4VKmMsTOrUj8DHwXslkw=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCruxiFgFbCwjmAckS5id3E2GzM4uM7OBsOQjbCwUsfV77PwbJ8kWmnhg4HDOucy9J0gE18Z1v53C1vbO7l5xv3RweHR8Uj49a+s4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcr/wO1NUmsfyycwS9CM6kjzkjBordaZccxsdlCtu1V2CbBIvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwLnpX6qMaFsQkfYs1TSCLWfLdedkyurDEkYK/ukIUv190RGI61nUWCTETVjve4txP+8XmrCWz/jMkkNSrb6KEwFMTFZ3E6GXCEzYmYJZYrbXQkbU0WZsQ2VbAne+smbpF2rejfV2mOt0rjL6yjCBVzCNXhQhwY8QBNawGACz/AKb07ivDjvzscqWnDymXP4A+fzB4Ygj6g=</latexit>

color-neutral, EW-doublet  
scalar top partners

Accidental supersymmetry

[Cheng, Li, ES, Verhaaren, 2019]
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0
<latexit sha1_base64="eCTaYlRH8sGt8X2keNVY9P8DkzE=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYYBUngQvaWPdiwt3fZnTMhF36CjYXG2PqL7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+D8c3Mf3zi2ohYPeAk4X5Eh0qEglG00n3VrfbLFbfmzkFWiZeTCuRo9stfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiXtes27qNXv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8ALtCNCg==</latexit>

 
<latexit sha1_base64="vmKbJv603SbxLDjJF/381snKFuY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYCJ4CrsR1GPAi8cI5gHJEmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZNalV5iWKVfKvtVfw60SoKclCFHo1/66g0USQWVlnBsTDfwExtmWFtGOJ0We6mhCSZjPKRdRyUW1ITZ/NopOnfKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauObMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1ARVdCMHyy6ukVasGl9Xafa1cv8rjKMApnMEFBHANdbiDBjSBwCM8wyu8ecp78d69j0XrmpfPnMAfeJ8/2qOOnA==</latexit>

hidden (⇥2)
<latexit sha1_base64="SXkAoONpudJ/K3vrT6GFwtHX5DA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWyFeilJPCieCl48VrAf0Iay2WzbpZtN2J0IodS/4sWDIl79Id78N27bHLT1wcDjvRlm5gWJ4Boc59sqbGxube8Ud0t7+weHR/bxSVvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOMLmd+51HpjSP5QNkCfMjMpJ8yCkBIw3s8piHIZO4WusDj5jG3kV1YFecurMAXiduTiooR3Ngf/XDmKYRk0AF0brnOgn4U6KAU8FmpX6qWULohIxYz1BJzCJ/ujh+hs+NEuJhrExJwAv198SURFpnUWA6IwJjverNxf+8XgrDa3/KZZICk3S5aJgKDDGeJ4FDrhgFkRlCqOLmVkzHRBEKJq+SCcFdfXmdtL26e1n37r1K4yaPo4hO0RmqIRddoQa6Q03UQhRl6Bm9ojfryXqx3q2PZWvBymfK6A+szx+DKpNY</latexit>

visible
<latexit sha1_base64="3sieyFk4VKmMsTOrUj8DHwXslkw=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCruxiFgFbCwjmAckS5id3E2GzM4uM7OBsOQjbCwUsfV77PwbJ8kWmnhg4HDOucy9J0gE18Z1v53C1vbO7l5xv3RweHR8Uj49a+s4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcr/wO1NUmsfyycwS9CM6kjzkjBordaZccxsdlCtu1V2CbBIvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwLnpX6qMaFsQkfYs1TSCLWfLdedkyurDEkYK/ukIUv190RGI61nUWCTETVjve4txP+8XmrCWz/jMkkNSrb6KEwFMTFZ3E6GXCEzYmYJZYrbXQkbU0WZsQ2VbAne+smbpF2rejfV2mOt0rjL6yjCBVzCNXhQhwY8QBNawGACz/AKb07ivDjvzscqWnDymXP4A+fzB4Ygj6g=</latexit>A very light Dirac fermion 

at bottom of spectrum 

Accidental supersymmetry

em ! M
<latexit sha1_base64="qS445EG+41xoLL+Fx2xnyZjJ4sU=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g63gqiR1YZcFN26ECvYBbSiTyU07dDIJMxOlhuKvuHGhiFv/w51/47TNQlsPXDiccy/33uMnnCntON/Wyura+sZmYau4vbO7t28fHLZUnEoKTRrzWHZ8ooAzAU3NNIdOIoFEPoe2P7qa+u17kIrF4k6PE/AiMhAsZJRoI/Xt43LvgQWgGQ8giyY9HeObct8uORVnBrxM3JyUUI5G3/7qBTFNIxCacqJU13US7WVEakY5TIq9VEFC6IgMoGuoIBEoL5tdP8FnRglwGEtTQuOZ+nsiI5FS48g3nRHRQ7XoTcX/vG6qw5qXMZGkGgSdLwpTjs2P0yhwwCRQzceGECqZuRXTIZGEahNY0YTgLr68TFrVintRqd5WS/VaHkcBnaBTdI5cdInq6Bo1UBNR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB/RGlNs=</latexit>

[Cheng, Li, ES, Verhaaren, 2019]


