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• IR behavior ⇒ EV << Eq ⇒ large Ej 
• Forward jets with central veto ⇒ longitudinal enhancement 
• Mostly EWK ⇒ additional hadronic activity suppressed 
• Unique kinematics (2 forward energetic jets) allows 

suppression of dijet backgrounds.
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• Just as pion scattering used to understand chiral symmetry 
breaking, energetic VL behaves as Goldstone and can tell us 
about EWSB. 

• Without Higgs, VL VL → VL VL violates unitarity at  ~ TeV. 

• SM-ish Higgs gives E2 behavior in amplitudes. 

• 2nd largest production channel for Higgs. 
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VBF requires lower MET 
thresholds compared to 

Mono-X 
⇒ EFT formalism is valid 



“Moore’s Law” of Direct Detection
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Off-Shell Production 
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• Add a Z2 symmetric singlet scalar:   

• cφ ~1 motivated from EW baryogenesis, naturalness. 

• mφ > mh / 2 and no mass-mixing makes this difficult to probe. 

• VBF has good balance of signal rate and background 
separation.
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III. Electroweakinos 



Neutralinos
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• Prospects for direct detection solely dependent on known 
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Neutrino Floor

Direct Detection

Multi-Nucleon?



VBF Signal

Berlin, Lin, Low, Wang, arXiv:1502.05044
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VBF Cuts
• Backgrounds: Z+jets, W+jets, tt, QCD multijet
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High Luminosity
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2. Binos 



Cosmology
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Motivates small mass splittings.



Direct Detection
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VBF Signal

• Compressed bino-slepton spectra difficult to probe with direct 
searches. 

• VBF jets + MET + central leptons  

• Mass reach of O(100) GeV binos

Dutta et al. arXiv:1411.6043
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• Most powerful direct probe for off-shell production. 

• Consistent with EFT models of dark matter at Run 2. 
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• Tagging additional central activity is an interesting alternative. 



Conclusions
• Opportunities for interesting regions of light Higgs portal dark 

matter.  

• Most powerful direct probe for off-shell production. 

• Consistent with EFT models of dark matter at Run 2. 

• Complementary (but not most sensitive) channel for 
electroweakinos. 

• Tagging additional central activity is an interesting alternative. 



Conclusions
• Opportunities for interesting regions of light Higgs portal dark 

matter.  

• Most powerful direct probe for off-shell production. 

• Consistent EFT models of dark matter at Run 2. 

• Complementary (but not most sensitive) channel for 
electroweakinos. 

• Tagging additional central activity is an interesting alternative. 



Conclusions
• Opportunities for interesting regions of light Higgs portal dark 

matter.  

• Most powerful direct probe for off-shell production. 

• Consistent EFT models of dark matter at Run 2. 

• Complementary (but not most sensitive) channel for 
electroweakinos. 

• Tagging additional central activity is an interesting alternative. 



Conclusions
• Opportunities for interesting regions of light Higgs portal dark 

matter.  

• Most powerful direct probe for off-shell production. 

• Consistent EFT models of dark matter at Run 2. 

• Complementary (but not most sensitive) channel for 
electroweakinos. 

• Tagging additional central activity is an interesting alternative. 





Backup Slides



On-Shell Production 

h

χ

χ



• Simplified Model:  

• Indirect detection: unconstrained 
• Direct detection: mild constraints

(SM) Higgs Portal Dark Matter

{ L � g� h �� } (1)

1

Brooke et al., arXiv:1603.07739

Run 1 Sensitivity



• Simplified Model:  

• Indirect detection: unconstrained 
• Direct detection: mild constraints

(SM) Higgs Portal Dark Matter

{ L � g� h �� } (1)

1

Brooke et al., arXiv:1603.07739

Run 1 Sensitivity



• Simplified Model:  

• Indirect detection: unconstrained 
• Direct detection: mild constraints

(SM) Higgs Portal Dark Matter

{ L � g� h �� } (1)

1

Brooke et al., arXiv:1603.07739

Run 1 Sensitivity



• Simplified Model:  

• Indirect detection: unconstrained 
• Direct detection: mild constraints

(SM) Higgs Portal Dark Matter

{ L � g� h �� } (1)

1

Brooke et al., arXiv:1603.07739

Run 1 Sensitivity



VBF Production On-Shell

Brooke et al., arXiv:1603.07739



VBF Production On-Shell

Brooke et al., arXiv:1603.07739

VBF kinematics 
+ MET



VBF Production On-Shell
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(non-SM) Higgs Portal Dark Matter{ L � g� h �� }
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• Simplified Models:  

• Indirect detection: H → unconstrained, A → mild constraints 
• Direct detection: H → mild constraints, A → unconstrained
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