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Dark Matter Matters
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Dark matter comprises most matter in our universe 
and is one of the biggest unanswered puzzles in physics.

Responsible for the evolution of structure in the 
universe - no dark matter, no galaxies, no life.

Dark Matter allows astronomers to observe phenomena 
occurring out of reach of current telescopes.

Latest Dark Matter result from CMS

Dark Matter



● From observation we can infer that its; 
○ Electrically neutral
○ Does not emit / absorb light
○ Weakly interacting with regular matter 
○ Stable
○ Extremely abundant in our universe

● Many theories exists;
○ Axions (additional Field suppressing strong cp violation)
○ Sterile neutrinos (right-handed analogue of active neutrino)

● Most Popular?
○ Weakly interacting massive particles (WIMPs)

■ As predicted by Supersymmetry 😇

Dark Matter Properties 
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Evidence for Dark Matter
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In fact, most mass in the cluster 
is the blue (dark) distribution.

Latest Dark Matter result from CMS

The Bullet Cluster was formed in the 
most energetic event in known 
universe.

The mass of this cluster as determined by 
gravitational lensing (distortion of light by 
massive objects) is not fully accounted for by the 
visible (pink) distribution.

Dark Matter is hypothesised to 
occupy halos around visible 
matter.



Large Hadron Collider (LHC) 
& CMS experiment
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● It’s big - 27 Km in diameter
● The largest (and coolest?) machine ever 

built
● 40 million protons collide within the LHC 

tutel at the speed of light per second.
 

Deep Learning in New Physics Searches
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5Deep Learning in New Physics Searches

http://www.youtube.com/watch?v=s2mgZacBgqM


LHC timeline
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2018

Long Shutdown (LS2)

Planned upgrade work 
increasing luminosity 
capabilities 

2013

Long Shutdown (LS1)

Planned upgrade work increasing 
luminosity and centre of mass 
energy 

2011

Run I
First era of data taking at the 
LHC experiments 

Run II

Second era of data taking at 
the LHC. In toal, four years of 
data gathered.

2015 Today

Run III

Third era of data taking at the 
LHC (slightly delayed due to 
Covid-19). Once again, an 
increase in luminosity.

Phase II

HighLuminosity 
LHC. 

10 fold 
Luminosity 
increase.

Latest Dark Matter result from CMS



WIMP searches @ CMS



3Latest Dark Matter result from CMS

WIMPs @ CMS 

Since WIMPs only interact weakly, 
our detection techniques from the 

previous slide are hopeless!

Momentum must be balanced (initial 
transverse momenta = 0).

Even though we can’t detect dark matter 
particles directly, we may infer their 
existence from missing energy in the 

collision.

Missing transverse energy (the invisible 
WIMP particle produced in collision) pT(miss)

Very rare processes (needle in a 
haystack search)
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WIMPs @ CMS II 

Latest Dark Matter result from CMS

1. Define a signal signature 
Simplified Dark Matter Model (DMsimp)

-Standard model decay to Dark Matter via (scalar / vector) 
mediator
- Higgs as a portal to Dark Matter
- Higgs couples proportionally to mass,  making it a viable 
portal to DM
- Invisible Higgs decays prohibited in the SM 

2.   Identify irreducible background (almost identical signatures) 

Signal
Background



CMS: Latest Result



HIG-21-007
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For the first time considers ttH and VH Higgs production mechanisms 

and combines  all Higgs production modes for the most sensitive 
H→invisible measurement ever made.

✅ Public result

Authors:

- David Anthony 
- Olivier Davignon
- Henning Flaecher 
- Maciej Glowacki
- Robert White
- Imperial College London, Boston University,  École polytechnique 

collaborators

Conference: Higgs Hunting, Paris, 12-14 September 2022

Journal: EPJC
Latest Dark Matter result from CMS



Event selection
MapReduce style operations
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Statistical Inference
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Run 2 Results
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Sensitivity breakdown by production mode

● Run 1+2 result of 15% (8%), driven by VBF channel.

● Run 1 (and 2015) have little effect on overall picture
○ Run 1 and Run 2015 contributions are as follows:

 

Latest Dark Matter result from CMS

● 2σ excess from null hypothesis.

○ 3σ level needed for evidence 



Interpretation in Higgs Portal Model 
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Interpretation of Hinv limit in the wider 
landscape of Dark Matter Searchers 
(DM-nucleon scattering)

● A large number of new direct detection 
results recently published (LZ, Panda-4X, 
DarkSide-50…)

● H->DM DM interpretation gives most 
stringent limit at the low Dark Matter 
mass regime  (yellow, orange and red 
curves)

● Model dependence on nature of DM 
candidate 

Latest Dark Matter result from CMS



TOWARDS RUN 3



3Higgs → invisible in Run 
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CMS  welcoming Run 3 events back in 
June 🥳

Increased Centre of Mass energy

Increased Luminosity for Run 3 which will 
compliment data collected during Run 1 + 2.

Improved  efficiency in data acquisition 
targeting events with missing transverse energy.

Improved identification and 
reconstruction algorithms:

Deep Jet (Flavour 
tagging) Deep TauDeep Jet (Boosted 

tagging)

Building blocks



Signal enhancement with Deep Learning
● Train deep learning algorithm to discriminate signal from background events.
● Re-define signal region in terms of classifier probability distribution for improved sensitivity.
● Many approaches currently under consideration;

Represent as image:
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CNN

Sequence of objects:

Recurrent 
(LSTM)

Represent as Graph:

GNN 
(particleNet)

Edge conv



Wrap-up ❏ Dark Matter Searches @ CMS:
❏ Simplified Dark Matter models are accessible to LHC 

detectors in the form of WIMP search.
❏ Proportional to mass coupling makes the Higgs Boson 

the perfect candidate as a portal to Dark Matter.
❏ For the first time ever, all Higgs Boson production 

modes have been combined for the most precise Dark 
Matter Measurement ever made!
❏ Probability of Higgs to DM decays: 8% expected, 

15% observed → 2σ excess (5σ needed to claim 

discovery, 3σ considered evidence).

❏ Run 3 has commenced. More events, optimised search.

 Reach me at:
maciej.mikolaj.glowacki@cern.ch

Official party line? Run 3 Hit or Bust!



Back Up 
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Cluster (KNN) and convolve along edges to extract features 
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