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• Dark Sector at the LHC

• Future Prospects



protons

protons

Proton-Proton (Heavy Ion) Accelerator

Circumference: 27 km

Energy: √s = 7 TeV (2010/2011)

√s = 8 TeV (2012)

√s = 13 TeV (2015-2018)    Run2

√s = 14 TeV (2021-2023)    Run3
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the glorious m0 /m1/2 plane:

filled areas get 
ΩDM right due to:
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Collider Vector operator

Spin-1 simplified 
model 



Collider Gluonic operator

Spin-0 simplified 
model 
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mono-jet Vector Boson Fusion (VBF)

mono-jet Vector Boson Fusion (VBF)



A highly efficient multi-purpose detector
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Leptophilic or 

Leptophobic Z’,

Low mass resonances









• The “dark sector” consists of particles that do not 

couple to known SM fields, but interact through a 

mediator:

• Dark photons (vector portal), dark scalars (Higgs 

portal), ALPs (axion), sterile neutrinos…

• Mediators can provide “portal” to DM candidates or 

be candidates themselves.

• Exotics decays of Higgs boson are predicted in many 

BSM models to explain g-2 discrepancy or positron 

excesses

Vector Portal:

Min. Lagrangian = 

SM Lagrangian

+ Dark QED

+ “Kinetic Mixing (e)” 

But there physics laws or constraints that SM – Dark Sector interactions must 

respect



• Add a U(1)D where massive dark gauge boson (A’/ZD/ D) kinetically mix with 

SM photon

• Parameters: kinetic mixing term, ϵ. and mA’

• Dark photon decay can be:

• Minimal: via same mixing as production

• Generic: not ϵ-suppressed, dominant in cases where m< mA’  with either 

stable & invisible, or  decays to SM particles, A’ > 2 charged partciles.



arXiV:1608.08632 Phys. Lett. B 796 (2019) 131



arXiV:1608.08632 Dark Photon may be prompt or long lived

depending of e and its mass

JHEP 02 (2015) 157

ATLAS



• Search for collimated production of leptons: “lepton jets”.

• Dark fermions (fd2) produced in H decays, which decay to γD

(via dark scalar, sd) and HLSP

HLSP = hidden lightest 

stable particle (fermion)

• Different experimental signatures depending on lifetime of dark 

photon.

• Mean life time

• Prompt and displaced lepton jet signatures



• Interpreted in terms of limits on the kinetic mixing 

parameter, , and mA’

• Limits are shown for B(h → 2γD + X) in range 1–20%.



• There may be a dark Higgs boson; then there could also 

be a mixing between the SM Higgs boson (H) and the 

dark sector Higgs boson (S).

• The mixing parameter  between H and S, 

can be extracted from  H Zd Zd  4l, a 

unique channel to access this parameter

• In addition to kinetic mixing, there could be

also a mass mixing between SM Z and Zd

• H Z Zd  4l is sensitive to the kinetic mixing 

parameter , and to Z-Zd mixing parameter . Unique 

channel to extract 



• H Z Zd  4l. No exess of events. Bound on  (loose) and 

• H Zd Zd  4l. No excess of events. Searches for higher masses. 



• Search for with dark SUSY benchmark model:

• 1 = lightest non-dark neutralino, and D = a dark

neutralino that  is undetected.

• Signal region defined by: m(μμ)1 ∼ m(μμ)2

|m(μμ)1 − m(μμ)2 | < 5σ(mμμ)

• Upper limits set on product of H 

production cross  section and BR of 

Higgs boson (cascade) decay to a pair

of dark photons:

σ(pp→h→ 21→ 2γD + 2 D) × B(γD → 2μ)

• Limits on B(h → 2γD + X) in the range 

0.1–40% 





• Colliders can still do more with Run2 data. Reinterpretation, models..

• Future HL-LHC very challenging

• High pile-up, Higher MET trigger threshold. But NEW and more 

performant detectors

• Control of systematic uncertainties crucial

• Better interplay with DD experiments (Axion, Dark photons…)



SUSY EW Searches, with conservative systematic uncertainties



• DM searches is the ideal inter-disciplinay field comibining theoretical 

and experimental efforts from Cosmology, Astrophyics and Partcile

Physics. 

• Interpretation (=benchmarks) important to understand the big picture 

• But the models we use inevitably influence motivations for searches

• Outlook for LHC DM searches: 

• expanding beyond WIMP simplified models  

• less simplified models (e.g. 2HDM), dark sectors

• More complicated signatures (LLP), dark photon…

• Futue LHC runs (Run3, HL-LHC) might open new era with higher 

reach in DM parameter space. 

• Significant improvement in detectors/Systematics to keep 

perfromance

• Only 1% of full LHC dataset analyzed so far 

• A long way to go to probe SM-DM interactions, whatever they are!


