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The Invisible Universe

● Existence of Dark matter has been proved by
many experiments

● Rich Phenomenology (BSM):
Dark Matter Particles, axion-like particles

● Higgs-Portal models: SM Higgs acts as a mediator
between the SM and the hidden DM sector

● No direct invisible Higgs decay in the SM,  
SM Higgs decay with similar signature (H    ZZ    νννν)
very small (0.1%) 2



● Does the Higgs couple directly to dark matter
particles ?
 

● For 2 x DM candidate mass < SM Higgs mass
Direct decay of Higgs into DM particles

● Two possible ways to experimentally 
probe BSM decays of Higgs,
- Measure known Higgs decays precisely
- Direct searches for invisible Higgs decays

Invisible Higgs Decay 
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002


How to make the invisible visible



● Main sensitivity to invisible decays 
comes from VBF Higgs production  

● Experimental signature of signal: 
- Pair of quark jets with wide
   pseudorapidity* gap 
- missing transverse momentum 
   signature of O(100 GeV) - decay

● observed (expected) upper limit of 
BR(H->inv) 0.13 (0.13) at 95 % CL 

Latest ATLAS Sensitivity 

5 * pseudorapidity = angle of a particle relative to the beam axis



FUTURE

HI-LUMI

https://www.youtube.com/watch?v=RBLnAhzPpTQ&feature=embtitle

https://www.youtube.com/watch?v=RBLnAhzPpTQ&feature=emb_titl


Future accelerator: Timeline



High Luminosity LHC setup
Instantaneous luminosity = # collisions per bunch crossing 

⇒ HL-LHC factor ~5 more inst. luminosity
- upgrades to make more collisions (LHC)
- upgrades to detect more collisions (experiments, next slide)

1) Different superconductors for reaching >12T
a) Needed to free up space around the experiments
b) Better focusing

2) Increasing number of protons per bunch
3) Crab cavities

Weak points:
● Pile-up… (hadron-hadron collisions)
● vacuum degradation -> fake background



Detector Upgrades
Increased luminosity -> more collisions per bunch crossing -> 
more interactions with the detectors

Need for upgrades in the experiments, main points:
● Higher detector occupancy

○ Higher bandwidth
○ Increased radiation damage
○ Increased single event upsets
○ Faster algorithms

Solutions:
● 4D tracking (add timing detectors)
● Designing radiation hard devices
● Larger server farms - better connections

Design and test of new detectors already started for several experiments

50 events

200 events

Current LHC

HL-LHC



Gain in sensitivity
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● Pileup mitigation technique not only will maintain but possibly improve
MET performance

● Improved Lepton identification & pileup jet rejection 

●  HL-LHC - An leap in an order of magnitude for sensitivity,
                     BR(inv.) < 0.025 at 95% CL for ATLAS+CMS HL-LHC

● Gain in sensitivity for BR(inv.) along with precise measurements of SM Higgs decay 
further improve our understanding of BSM Higgs decays BR(BSM)



HL-LHC sensitivity to Dark Matter
● Higgs-portal model is an attractive option to test signatures of New Physics

in collider and direct detection environments 



Thank you for your attention

https://higgsfilm.com/ https://www.youtube.com/watch?v=o8o_GA9v0P4 

https://higgsfilm.com/
https://www.youtube.com/watch?v=o8o_GA9v0P4
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Bonus - Signal Region Definition



Bonus - Post-fit plots




