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REMINDER: LHC DARK MATTER WORKING GROUP 

l  Role: 
-  Provide open, collaborative, and friendly environment for: 

l  Discuss new Dark Matter signatures 
l  Devise future searches for Dark Matter 
l  Provide recommendations for interpretation of Dark Matter searches 

-  Your ideas very welcome: 
l  E.g. extensions of 2HDM, dark photon models, t+MET, you name it! 

-  Suggestions for future topics you would like to tackle very welcome! 
-  Facilitate exchange of ideas through meetings etc: 

l  http://simba3.web.cern.ch/simba3/SelfSubscription.aspx?groupName=lhc-dmwg-contributors  
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INTERPRETATION OF DARK MATTER (DM) SEARCHES 

Z’-2HDM model 
JHEP 06 (2014) 078  
+ arXiv:1507.00966 

2HDM+a model 
JHEP 05 (2017) 138 
+ arXiv:1810.09420 

Richer kinematics + phenomenology 

1) Effective field theory 2) Simplified models 3) Simplified, consistent,  
& UV-complete models 

+  
many other 
signatures 

DMF recommendations 
arXiv:1507.00966 

Focus of this talk 
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2HDM+𝒂: (NOT-SO) NEW KID ON THE BLOCK 

plots w/o reference are from this White Paper in this talk 
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l  Pseudoscalar DM mediator 
-  Weak constraint from direct detection 

experiments 
l  No tree-level coupling 

l  2HDM (II) extension of Higgs sector 
-  Well motivated 
-  Avoid Higgs constraints in alignment limit 
-  Avoid issues of pure pseudoscalar models 

l  Predictiveness: 
-  Minimal particle content for a complete theory 
-  Simple enough to parametrise on simple grids 

l  Diverse palette of signatures 
-  Confront, combine complementary channels 
-  Mono-Z, mono-h play special role 
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2HDM+𝒂: FEATURES 

Particle content: 
- CP even: h, H 
- CP odd: A, a 
- Charged: H± 

- Dirac DM: 𝝌 
 
A, a mixed: sin𝜽 
 
a0 (before mixing) 
couples to 𝝌 

Simplified scalar models from LHC DM WG exist (arXiv:1603.04156) 
that map directly to 2HDM for some final states, e.g. monojet, tt+H 
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2HDM+𝒂: PARAMETERS 

sin ✓
<latexit sha1_base64="NqIpvcFP7ast4lWGmlT2KwL0XeE=">AAAB8XicbZBNS8NAEIYn9avWr6pHL8EieCpJqai3ohePFewHNqFstpt26WYTdidCCf0XXjwo4tV/481/47YNqNUXFh7emWFn3iARXKPjfFqFldW19Y3iZmlre2d3r7x/0NZxqihr0VjEqhsQzQSXrIUcBesmipEoEKwTjK9n9c4DU5rH8g4nCfMjMpQ85JSgse49zaWHI4akX6441bPaZd2t2U7Vmesb3BwqkKvZL394g5imEZNIBdG65zoJ+hlRyKlg05KXapYQOiZD1jMoScS0n803ntonxhnYYazMk2jP3Z8TGYm0nkSB6YwIjvRybWb+V+ulGF74GZdJikzSxUdhKmyM7dn59oArRlFMDBCquNnVpiOiCEUTUsmE4C6f/Bfatapr+LZeaVzlcRThCI7hFFw4hwbcQBNaQEHCIzzDi6WtJ+vVelu0Fqx85hB+yXr/AuXtkQ0=</latexit><latexit sha1_base64="NqIpvcFP7ast4lWGmlT2KwL0XeE=">AAAB8XicbZBNS8NAEIYn9avWr6pHL8EieCpJqai3ohePFewHNqFstpt26WYTdidCCf0XXjwo4tV/481/47YNqNUXFh7emWFn3iARXKPjfFqFldW19Y3iZmlre2d3r7x/0NZxqihr0VjEqhsQzQSXrIUcBesmipEoEKwTjK9n9c4DU5rH8g4nCfMjMpQ85JSgse49zaWHI4akX6441bPaZd2t2U7Vmesb3BwqkKvZL394g5imEZNIBdG65zoJ+hlRyKlg05KXapYQOiZD1jMoScS0n803ntonxhnYYazMk2jP3Z8TGYm0nkSB6YwIjvRybWb+V+ulGF74GZdJikzSxUdhKmyM7dn59oArRlFMDBCquNnVpiOiCEUTUsmE4C6f/Bfatapr+LZeaVzlcRThCI7hFFw4hwbcQBNaQEHCIzzDi6WtJ+vVelu0Fqx85hB+yXr/AuXtkQ0=</latexit><latexit sha1_base64="NqIpvcFP7ast4lWGmlT2KwL0XeE=">AAAB8XicbZBNS8NAEIYn9avWr6pHL8EieCpJqai3ohePFewHNqFstpt26WYTdidCCf0XXjwo4tV/481/47YNqNUXFh7emWFn3iARXKPjfFqFldW19Y3iZmlre2d3r7x/0NZxqihr0VjEqhsQzQSXrIUcBesmipEoEKwTjK9n9c4DU5rH8g4nCfMjMpQ85JSgse49zaWHI4akX6441bPaZd2t2U7Vmesb3BwqkKvZL394g5imEZNIBdG65zoJ+hlRyKlg05KXapYQOiZD1jMoScS0n803ntonxhnYYazMk2jP3Z8TGYm0nkSB6YwIjvRybWb+V+ulGF74GZdJikzSxUdhKmyM7dn59oArRlFMDBCquNnVpiOiCEUTUsmE4C6f/Bfatapr+LZeaVzlcRThCI7hFFw4hwbcQBNaQEHCIzzDi6WtJ+vVelu0Fqx85hB+yXr/AuXtkQ0=</latexit><latexit sha1_base64="NqIpvcFP7ast4lWGmlT2KwL0XeE=">AAAB8XicbZBNS8NAEIYn9avWr6pHL8EieCpJqai3ohePFewHNqFstpt26WYTdidCCf0XXjwo4tV/481/47YNqNUXFh7emWFn3iARXKPjfFqFldW19Y3iZmlre2d3r7x/0NZxqihr0VjEqhsQzQSXrIUcBesmipEoEKwTjK9n9c4DU5rH8g4nCfMjMpQ85JSgse49zaWHI4akX6441bPaZd2t2U7Vmesb3BwqkKvZL394g5imEZNIBdG65zoJ+hlRyKlg05KXapYQOiZD1jMoScS0n803ntonxhnYYazMk2jP3Z8TGYm0nkSB6YwIjvRybWb+V+ulGF74GZdJikzSxUdhKmyM7dn59oArRlFMDBCquNnVpiOiCEUTUsmE4C6f/Bfatapr+LZeaVzlcRThCI7hFFw4hwbcQBNaQEHCIzzDi6WtJ+vVelu0Fqx85hB+yXr/AuXtkQ0=</latexit>

excluded 

�3
<latexit sha1_base64="Get+C/zas3YvO2xqbNper46Y23Q=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZlaUXdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem7YBaPRA4nHMuufcECWfauO6ns7S8srq2Xtgobm5t7+yW9vZbOk4VoU0S81h1AqwpZ5I2DTOcdhJFsQg4bQej66nffqBKs1jemXFCfYEHkkWMYGOl+x630RD3T/ulsls5q17WvCpyK+4M38TLSRlyNPqlj14Yk1RQaQjHWnc9NzF+hpVhhNNJsZdqmmAywgPatVRiQbWfzRaeoGOrhCiKlX3SoJn6cyLDQuuxCGxSYDPUi95U/M/rpia68DMmk9RQSeYfRSlHJkbT61HIFCWGjy3BRDG7KyJDrDAxtqOiLcFbPPkvaVUrnuW3tXL9Kq+jAIdwBCfgwTnU4QYa0AQCAh7hGV4c5Tw5r87bPLrk5DMH8AvO+xeL/ZA6</latexit><latexit sha1_base64="Get+C/zas3YvO2xqbNper46Y23Q=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZlaUXdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem7YBaPRA4nHMuufcECWfauO6ns7S8srq2Xtgobm5t7+yW9vZbOk4VoU0S81h1AqwpZ5I2DTOcdhJFsQg4bQej66nffqBKs1jemXFCfYEHkkWMYGOl+x630RD3T/ulsls5q17WvCpyK+4M38TLSRlyNPqlj14Yk1RQaQjHWnc9NzF+hpVhhNNJsZdqmmAywgPatVRiQbWfzRaeoGOrhCiKlX3SoJn6cyLDQuuxCGxSYDPUi95U/M/rpia68DMmk9RQSeYfRSlHJkbT61HIFCWGjy3BRDG7KyJDrDAxtqOiLcFbPPkvaVUrnuW3tXL9Kq+jAIdwBCfgwTnU4QYa0AQCAh7hGV4c5Tw5r87bPLrk5DMH8AvO+xeL/ZA6</latexit><latexit sha1_base64="Get+C/zas3YvO2xqbNper46Y23Q=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZlaUXdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem7YBaPRA4nHMuufcECWfauO6ns7S8srq2Xtgobm5t7+yW9vZbOk4VoU0S81h1AqwpZ5I2DTOcdhJFsQg4bQej66nffqBKs1jemXFCfYEHkkWMYGOl+x630RD3T/ulsls5q17WvCpyK+4M38TLSRlyNPqlj14Yk1RQaQjHWnc9NzF+hpVhhNNJsZdqmmAywgPatVRiQbWfzRaeoGOrhCiKlX3SoJn6cyLDQuuxCGxSYDPUi95U/M/rpia68DMmk9RQSeYfRSlHJkbT61HIFCWGjy3BRDG7KyJDrDAxtqOiLcFbPPkvaVUrnuW3tXL9Kq+jAIdwBCfgwTnU4QYa0AQCAh7hGV4c5Tw5r87bPLrk5DMH8AvO+xeL/ZA6</latexit><latexit sha1_base64="Get+C/zas3YvO2xqbNper46Y23Q=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZlaUXdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem7YBaPRA4nHMuufcECWfauO6ns7S8srq2Xtgobm5t7+yW9vZbOk4VoU0S81h1AqwpZ5I2DTOcdhJFsQg4bQej66nffqBKs1jemXFCfYEHkkWMYGOl+x630RD3T/ulsls5q17WvCpyK+4M38TLSRlyNPqlj14Yk1RQaQjHWnc9NzF+hpVhhNNJsZdqmmAywgPatVRiQbWfzRaeoGOrhCiKlX3SoJn6cyLDQuuxCGxSYDPUi95U/M/rpia68DMmk9RQSeYfRSlHJkbT61HIFCWGjy3BRDG7KyJDrDAxtqOiLcFbPPkvaVUrnuW3tXL9Kq+jAIdwBCfgwTnU4QYa0AQCAh7hGV4c5Tw5r87bPLrk5DMH8AvO+xeL/ZA6</latexit>

excluded 

Convenience 
Resonant enhancement 
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l  Executive Experimental summary on model pheno: 
-  14 parameters to start with 

l  7 parameters fixed: 
-  symmetry, EW-precision measurements, Higgs properties,... 

l  7 “free” parameters: 

l  A/a mixing angle sin𝜽 important, e.g.: 
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2HDM+𝒂: PARAMETERS 

kinematics  
& channels 

ß couplings 

[1] 
[2] 

�(A ! ��) / sin2 ✓ �(a ! ��) / cos2 ✓
�(a ! ff) / sin2 ✓�(A ! ff) / cos2 ✓

�(A ! ah) / sin ✓ cos ✓

[1] can change shapes if u/d-type couplings process-relevant 
[2] statement true if decay mediator on-shell 

ß DM Yukawa 

More details in talk by Johanna Gramling 
https://indico.cern.ch/event/665524/sessions/260090/  
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l  Diverse palette of signatures: 

l  The interplay is experimentally exciting! 
l  Today’s talk: 

-  Phenomenology + recommendations 
-  First interpretations with this model 
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2HDM+𝒂: SIGNATURES 
Mono-Higgs 

Mono-Z 

Di-top 

tt + MET 

Mono-jet 

+ many other 
 signatures 
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2HDM+𝒂: (NON-) RESONANT SIGNATURES 

Resonant Non-Resonant 

h + DM 

Z + DM 

Wt + DM + 
m
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y 
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ig
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l  General: 
-  Can be resonantly enhanced 

l  à driving sensitivity for 2HDM+a 
-  h + ET

miss dominant over Z + ET
miss if 
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2HDM+𝒂: 𝙝 + DM 

) MH = MH± = MA
<latexit sha1_base64="QwdQhiJiyUbiVaA1u8L5J49szJY=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozIuhGqLrpplDFXqAzDpk0bUOTzJBklDJ05cZXceNCEbc+gzvfxrSdhbb+EPj4zzmcnD+MGVXacb6t3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWyFSBFGBalrqhlpxZIgHjLSDAdX43rznkhFI3GrhzHxOeoJ2qUYaWMF9r53Q3t9jaSMHmA1qJxXg7Ry58V8ZOgisItOyZkIzoObQRFkqgX2l9eJcMKJ0JghpdquE2s/RVJTzMio4CWKxAgPUI+0DQrEifLTyRkjeGicDuxG0jyh4cT9PZEirtSQh6aTI91Xs7Wx+V+tnejumZ9SESeaCDxd1E0Y1BEcZwI7VBKs2dAAwpKav0LcRxJhbZIrmBDc2ZPnoXFccg1fnxTLl1kcebAHDsARcMEpKIMKqIE6wOARPINX8GY9WS/Wu/Uxbc1Z2cwu+CPr8wc8pZhQ</latexit><latexit sha1_base64="QwdQhiJiyUbiVaA1u8L5J49szJY=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozIuhGqLrpplDFXqAzDpk0bUOTzJBklDJ05cZXceNCEbc+gzvfxrSdhbb+EPj4zzmcnD+MGVXacb6t3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWyFSBFGBalrqhlpxZIgHjLSDAdX43rznkhFI3GrhzHxOeoJ2qUYaWMF9r53Q3t9jaSMHmA1qJxXg7Ry58V8ZOgisItOyZkIzoObQRFkqgX2l9eJcMKJ0JghpdquE2s/RVJTzMio4CWKxAgPUI+0DQrEifLTyRkjeGicDuxG0jyh4cT9PZEirtSQh6aTI91Xs7Wx+V+tnejumZ9SESeaCDxd1E0Y1BEcZwI7VBKs2dAAwpKav0LcRxJhbZIrmBDc2ZPnoXFccg1fnxTLl1kcebAHDsARcMEpKIMKqIE6wOARPINX8GY9WS/Wu/Uxbc1Z2cwu+CPr8wc8pZhQ</latexit><latexit sha1_base64="QwdQhiJiyUbiVaA1u8L5J49szJY=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozIuhGqLrpplDFXqAzDpk0bUOTzJBklDJ05cZXceNCEbc+gzvfxrSdhbb+EPj4zzmcnD+MGVXacb6t3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWyFSBFGBalrqhlpxZIgHjLSDAdX43rznkhFI3GrhzHxOeoJ2qUYaWMF9r53Q3t9jaSMHmA1qJxXg7Ry58V8ZOgisItOyZkIzoObQRFkqgX2l9eJcMKJ0JghpdquE2s/RVJTzMio4CWKxAgPUI+0DQrEifLTyRkjeGicDuxG0jyh4cT9PZEirtSQh6aTI91Xs7Wx+V+tnejumZ9SESeaCDxd1E0Y1BEcZwI7VBKs2dAAwpKav0LcRxJhbZIrmBDc2ZPnoXFccg1fnxTLl1kcebAHDsARcMEpKIMKqIE6wOARPINX8GY9WS/Wu/Uxbc1Z2cwu+CPr8wc8pZhQ</latexit><latexit sha1_base64="QwdQhiJiyUbiVaA1u8L5J49szJY=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozIuhGqLrpplDFXqAzDpk0bUOTzJBklDJ05cZXceNCEbc+gzvfxrSdhbb+EPj4zzmcnD+MGVXacb6t3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWyFSBFGBalrqhlpxZIgHjLSDAdX43rznkhFI3GrhzHxOeoJ2qUYaWMF9r53Q3t9jaSMHmA1qJxXg7Ry58V8ZOgisItOyZkIzoObQRFkqgX2l9eJcMKJ0JghpdquE2s/RVJTzMio4CWKxAgPUI+0DQrEifLTyRkjeGicDuxG0jyh4cT9PZEirtSQh6aTI91Xs7Wx+V+tnejumZ9SESeaCDxd1E0Y1BEcZwI7VBKs2dAAwpKav0LcRxJhbZIrmBDc2ZPnoXFccg1fnxTLl1kcebAHDsARcMEpKIMKqIE6wOARPINX8GY9WS/Wu/Uxbc1Z2cwu+CPr8wc8pZhQ</latexit>
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l  General: 
-  Can be resonantly enhanced 

l  à driving sensitivity for 2HDM+a 
-  Z + ET

miss dominant over h + ET
miss if 
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2HDM+𝒂: Z + DM 

) MH = MH± = MA
<latexit sha1_base64="QwdQhiJiyUbiVaA1u8L5J49szJY=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozIuhGqLrpplDFXqAzDpk0bUOTzJBklDJ05cZXceNCEbc+gzvfxrSdhbb+EPj4zzmcnD+MGVXacb6t3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWyFSBFGBalrqhlpxZIgHjLSDAdX43rznkhFI3GrhzHxOeoJ2qUYaWMF9r53Q3t9jaSMHmA1qJxXg7Ry58V8ZOgisItOyZkIzoObQRFkqgX2l9eJcMKJ0JghpdquE2s/RVJTzMio4CWKxAgPUI+0DQrEifLTyRkjeGicDuxG0jyh4cT9PZEirtSQh6aTI91Xs7Wx+V+tnejumZ9SESeaCDxd1E0Y1BEcZwI7VBKs2dAAwpKav0LcRxJhbZIrmBDc2ZPnoXFccg1fnxTLl1kcebAHDsARcMEpKIMKqIE6wOARPINX8GY9WS/Wu/Uxbc1Z2cwu+CPr8wc8pZhQ</latexit><latexit sha1_base64="QwdQhiJiyUbiVaA1u8L5J49szJY=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozIuhGqLrpplDFXqAzDpk0bUOTzJBklDJ05cZXceNCEbc+gzvfxrSdhbb+EPj4zzmcnD+MGVXacb6t3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWyFSBFGBalrqhlpxZIgHjLSDAdX43rznkhFI3GrhzHxOeoJ2qUYaWMF9r53Q3t9jaSMHmA1qJxXg7Ry58V8ZOgisItOyZkIzoObQRFkqgX2l9eJcMKJ0JghpdquE2s/RVJTzMio4CWKxAgPUI+0DQrEifLTyRkjeGicDuxG0jyh4cT9PZEirtSQh6aTI91Xs7Wx+V+tnejumZ9SESeaCDxd1E0Y1BEcZwI7VBKs2dAAwpKav0LcRxJhbZIrmBDc2ZPnoXFccg1fnxTLl1kcebAHDsARcMEpKIMKqIE6wOARPINX8GY9WS/Wu/Uxbc1Z2cwu+CPr8wc8pZhQ</latexit><latexit sha1_base64="QwdQhiJiyUbiVaA1u8L5J49szJY=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozIuhGqLrpplDFXqAzDpk0bUOTzJBklDJ05cZXceNCEbc+gzvfxrSdhbb+EPj4zzmcnD+MGVXacb6t3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWyFSBFGBalrqhlpxZIgHjLSDAdX43rznkhFI3GrhzHxOeoJ2qUYaWMF9r53Q3t9jaSMHmA1qJxXg7Ry58V8ZOgisItOyZkIzoObQRFkqgX2l9eJcMKJ0JghpdquE2s/RVJTzMio4CWKxAgPUI+0DQrEifLTyRkjeGicDuxG0jyh4cT9PZEirtSQh6aTI91Xs7Wx+V+tnejumZ9SESeaCDxd1E0Y1BEcZwI7VBKs2dAAwpKav0LcRxJhbZIrmBDc2ZPnoXFccg1fnxTLl1kcebAHDsARcMEpKIMKqIE6wOARPINX8GY9WS/Wu/Uxbc1Z2cwu+CPr8wc8pZhQ</latexit><latexit sha1_base64="QwdQhiJiyUbiVaA1u8L5J49szJY=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozIuhGqLrpplDFXqAzDpk0bUOTzJBklDJ05cZXceNCEbc+gzvfxrSdhbb+EPj4zzmcnD+MGVXacb6t3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWyFSBFGBalrqhlpxZIgHjLSDAdX43rznkhFI3GrhzHxOeoJ2qUYaWMF9r53Q3t9jaSMHmA1qJxXg7Ry58V8ZOgisItOyZkIzoObQRFkqgX2l9eJcMKJ0JghpdquE2s/RVJTzMio4CWKxAgPUI+0DQrEifLTyRkjeGicDuxG0jyh4cT9PZEirtSQh6aTI91Xs7Wx+V+tnejumZ9SESeaCDxd1E0Y1BEcZwI7VBKs2dAAwpKav0LcRxJhbZIrmBDc2ZPnoXFccg1fnxTLl1kcebAHDsARcMEpKIMKqIE6wOARPINX8GY9WS/Wu/Uxbc1Z2cwu+CPr8wc8pZhQ</latexit>
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2HDM+𝒂: FIRST RESULTS FOR MA,M𝒂 

CMS-EXO-16-050-PAS 

ATLAS-CONF-2018-051 
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l  Sin𝜽: a, A mixing angle 

-  Change balance between high-MET peak & low-MET bulk  
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2HDM+𝒂: DEPENDENCE ON SIN𝜽 

�(A ! ��) / sin2 ✓ �(a ! ��) / cos2 ✓
�(a ! ff) / sin2 ✓�(A ! ff) / cos2 ✓

�(A ! ah) / sin ✓ cos ✓
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2HDM+𝒂: FIRST RESULTS FOR SIN𝜽 

CMS-EXO-16-050-PAS 
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2HDM+𝒂: DEPENDENCE ON TAN𝜷 

ggF bb induced ggF 
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2HDM+𝒂: FIRST RESULTS FOR M𝒂,TAN𝜷 
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l  What can direct detection experiments say about the 2HDM+a? 
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2HDM+𝒂: DIRECT DETECTION 

LUX 2016 
XENON1T 2017 

Not accessible, 
Neutrino floor 
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l  Relic density provides guidance 
-  Many annihilation channels to be considered 
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2HDM+𝒂: RELIC DENSITY 



OLEG BRANDT 

l  Relic density provides guidance 
-  Many annihilation channels to be considered 
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2HDM+𝒂: RELIC DENSITY 

ATLAS-CONF-2018-051 
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LHC Dark Matter WG: 
Topical meetings 

(here: Higgs-related) 
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l  Topical meeting on mono-h(bb) (https://indico.cern.ch/event/768106/)  
-  Format similar to cross-talk, but through vidyo (more inclusive) 
-  Reviews of the ATLAS + CMS analyses 

l  Details of analysis strategy (e.g. background estimation) 
l  Performance aspects, e.g.: 

-  Jet reconstruction: only large-radius jet with R=1.5 (CMS), resolved 
and merged topologies (ATLAS) 

-  b-tagging: 

-  Discussion about future interpretations of the analyses 
l  Next page 
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MONO-H(BB) TOPICAL MEETING 

double-b-tagger (CMS) variable-radius track jets (ATLAS) 
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l  Interpretation / Z’-2HDM model (JHEP 06 (2014) 078 + arXiv:1507.00966): 
-  In conflict with b-sector data and dijet constraints 

 

-  Will fix inconsistency: mH=mH+=300 GeV (ATLAS), mH=mH+=mA (CMS): 
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Plot from Uli Haisch 
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l  Interpretation / 2HDM+a model (JHEP 05 (2017) 138 +arXiv:1810.09420): 
-  Agreed: future main model of this signature 

l  Resonant and non-resonant signatures 
l  Non-trivial interplay with other channels 

 

 
l  Need another cross-check to confirm generation settings are identical 

-  Very different sensitivities? 
l  Finalising generation settings for full Run 2 
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ATLAS-CONF-2018-051 CMS-EXO-16-050-PAS arXiv:1810.09420 
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DARK MATTER + HIGGS 

Higgs-portal models 

Dark Sector ? 
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l  Motivation: 
-  Higgs couples to massive particles 
-  Dark Matter particles massive… 
-                  possible if 

l  Competitive – Higgs production as tag: 
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HIGGS à INVISIBLE 
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ggF H [49 pb] VH [2.3 pb] VBF H [3.8 pb] 
 
 
 
 
 
 
 

ggF+V(had)H(inv): 0.83 (0.58) [1] 
Z(ℓℓ)H(inv): 0.67 (0.39) [2] 0.37 (0.28) [3] 

ggF+V(had)H(inv): 0.53 (0.40) [5] 
Z(ℓℓ)H(inv): 0.40 (0.42) [6] 0.33 (0.25) [7] 

+ ISR jet 

[1] JHEP 10 (2018) 180 
[2] PLB 776 (2017) 318 
[3] arXiv:1809.06682 
[4] ATLAS-CONF-2018-054 
[5] PRD 97 (2018) 092005 
[6] EPJC 78 (2018) 291 
[7] arXiv:1809.05937 

ATLAS 

CMS Combo [7] 

Feynman diagrams: Christian Ohm 

Combo [4] 

New 
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l  Strategies: 
-  ATLAS: third jet veto, target high mjj 

-  CMS: constrain from low mjj, target high mjj 
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HIGGS à INVISIBLE (VBF) 

Similar sensitivies 

arXiv:1809.06682 

arXiv:1809.05937 
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HIGGS à INVISIBLE (COMBINATIONS) 

BHàinv < 0.26 (0.17) BHàinv < 0.26 (0.20) 
arXiv:1809.05937 ATLAS-CONF-2018-054 

Provides dominant constraints  
on singlet mixing model! 
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HIGGS à INVISIBLE (COMBINATIONS) 

arXiv:1809.05937 ATLAS-CONF-2018-054 



OLEG BRANDT 

l  2HDM+a:  
-  simplified, consistent, UV-complete model 
-  Rich phenomenology: 

l  Interesting complementarity between signatures 
l  Resonant production of DM + distinct SM signatures 

-  Main resonant signatures: 
l  Z + MET 
l  h + MET 

-  + Many other signatures 
l  Mono-h(bb) topical meeting: 

-  2HDM+a main model for interpretation 
-  Consistency of Z’-2HDM in the future 

l  Higgs portal models: 
-  Major production modes covered using 36 fb-1 

-  No big surprises, but both see a mild excess 
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SUMMARY + OUTLOOK 

Main scans: (mA,ma), (ma,tan𝜷), sin𝜽, m𝝌 
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Spares 
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l  Very different sensitivities 
-  Different generation settings somewhere? 
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MONO-H(BB) EXCLUSION DIFFERENCES 

Comparison artwork: Philipp Gadow 
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l  Very different sensitivities 
-  Different generation settings somewhere? 
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MONO-H(BB) EXCLUSION DIFFERENCES 

Comparison artwork: Philipp Gadow 
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l  Very different sensitivities 
-  Different generation settings somewhere? 
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MONO-H(BB) EXCLUSION DIFFERENCES 
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l  General: 
-  Always there, but low Xsec: 

-  Still want this UFO to motivate W+MET? 
l  Model gives interesting kinematic distributions… 

-  Change in kinematics and xsec with u/d type couplings?  
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W + ET
MISS 
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l  Use limits on visible cross-section 
-  “Model-independent” limits 

1. simulate parton-level x-sec  
2. bin into 4 MET bins  
3.  fold (bin-by-bin) with  
4. multiply with SM BR(h→bb) 
5. divide (bin-by-bin) by              

 observed upper limit                     
on    

6. sum over 4 MET bins  
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𝙝(𝙗𝙗) + ET
MISS : SENSITIVITY ESTIMATE 

ATLAS-CONF-2017-028 
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l  Use limits on visible cross-section 
-  “Model-independent” limits 

1. simulate parton-level x-sec  
2. bin into 4 MET bins  
3.  fold (bin-by-bin) with  
4. multiply with SM BR(h→bb) 
5. divide (bin-by-bin) by              

 observed upper limit                     
on    

6. sum over 4 MET bins  
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✱ 
✱ 
✱ 
✱ 
✱ 

✱ 
✱ 

✱ 

     our suggestion (44) 
✱  nice to have (8) 

Other parameters: 
●  sin(θ) = 0.35 
●  mH = mA+100 GeV 
●  tan(β) = 1 
●  mχ = 1 GeV 
●  yχ = 1 
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l  Syntax: 
-  p p > xd xd j [QCD] 

l  (checking g g > xd xd j [QCD]) 
l  Status: 

-  Some signal-points generated in private setup, 
-  ATLAS setup working 

l  Next steps: 
-  Systematically study model at particle level 
-  Re-interpret limits  

l  Test rescaling existing benchmark samples 
l  General: 

-  Typically, not dominating sensitivity for 2HDM+a 
-  2HDM+a parameter grid definition should be driven 

by resonant (other) signatures 
l  à check complementarity with jet + Et

miss? 
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