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Dark scalar (or dark Higgs)

• a complex scalar field: 
• a singlet under the SM gauge group 

• carries charge under a new U(1)′ gauge group

• ϕ in general couples linearly to other fields in the theory

• generally expected to be unstable and decay into any pair of particles, 
allowed by their masses

• typically considered to be the lightest dark sector particle and decays 
into visible final states only
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Production and decays at colliders
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Ferber, Grohsjean, Kahlhoefer’23

https://inspirehep.net/literature/2662585
https://inspirehep.net/literature/2662585
https://inspirehep.net/literature/2662585


Dark scalar decay widths
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Ferber, Grohsjean, Kahlhoefer’23

GeV mass range has large theoretical uncertainties (grey band)

Various decay channels can be targeted, depending on mass:

https://inspirehep.net/literature/2662585
https://inspirehep.net/literature/2662585
https://inspirehep.net/literature/2662585


BC4: no quartic coupling (𝜆=0), Br(h→SS)=0

• production through hadron 
decays

• at low masses, sensitivity is 
dominated by the beam-dump:
• SHiP, DarkQuest

   and forward/shielded 
experiments:

• LHCb, MAPP, PREFACE

• large potential for dedicated 
experiments at FCC-hh:
• FOREHUNT
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BC5: Br(h→SS)=0.01

• 𝐵 → 𝐾(∗)𝑆𝑆, 𝐵 → 𝑆𝑆 for light S

• in addition, production through Higgs 
boson decays

• dedicated LHC-based experiments:
• ANUBIS, CODEX-b, MATHUSLA, PREFACE

• FCC-ee experiments are sensitive to 
much lower BF:
• the results are rescaled to Br(h→SS)=1% 

for comparison

• FPF-like facility at the FCC-hh can lead 
to a significant improvement
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LLP interpretation: exotic H boson decay

• Additional interpretation to 
demonstrate LLP exploration

• H boson decay to two dark scalars

• dedicated detectors at (HL-)LHC 
are sensitive to larger lifetimes:
• ANUBIS, CODEX-b, MATHUSLA

• shorter lifetimes are uniquely 
probed at FCC-ee: clean 
environment for purely hadronic 
decays
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H→𝜙𝜙, m(𝜙) = 15 GeV, 𝜙→𝑏ത𝑏



Summary

• Dark scalar searches require a range of complementary approaches

• Low masses (below b quark) will be comprehensively explored by the 
running LHC experiments and can be complemented by dedicated LLP 
detectors. Ultimately, SHiP will cover the smallest couplings. 
• Shorter-lived hadronically decaying scalars are accessible at the FCC-ee

• Intermediate masses (below H boson) can be best explored by the 
dedicated LHC experiments, and LHCb. In the future, by the Higgs factories, 
as FCC-ee
• Also, large potential for the dedicated FCC-hh facilities

• Sensitivity to high-mass scalars is explored under different model 
assumptions. Comes from associated dark Higgs boson production in high-
energy colliders
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Considered inputs

• 19: The Forward Physics Facility at the Large Hadron Collider

• 44: Proposal for a shared transverse LLP detector for FCC-ee and FCC-hh and a forward LLP detector for FCC-
hh

• 61: MATHUSLA: An External Long-Lived Particle Detector to Maximize the Discovery Potential of the HL-LHC

• 81: Discovery potential of LHCb Upgrade II

• 140: LC vision: different model assumptions

• 141: The ECFA Higgs/Electroweak/Top Factory Study

• 145: SHiP experiment at the SPS Beam Dump Facility

• 235: Summary Report of the Physics Beyond Colliders Study at CERN

• 214: The Large Hadron electron Collider (LHeC) as a bridge project for CERN: different model assumptions

• 227: Prospects for physics at FCC-hh

• 233: FCC Integrated Programme Stage 1: The FCC-ee

• 242: Prospects in BSM physics at FCC

• 247: FCC Integrated Programme Stage 2: The FCC-hh
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140: LC vision

Input in different coordinates Model assumptions: arXiv:1807.04743 
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140: LC vision

https://inspirehep.net/literature/1682001
https://indico.cern.ch/event/1439855/contributions/6461548/


arXiv:1807.10842

Direct searches Indirect constraints
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https://inspirehep.net/literature/1684352


arXiv:1807.10842

Final plot: direct and indirect Low mass
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https://inspirehep.net/literature/1684352


214: LHeC and FCC-eh

arXiv:2007.14491 arXiv:1712.07135
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The considered model has varying Br(h→SS), hence not directly compatible with the BC5

https://inspirehep.net/literature/1809802
https://inspirehep.net/literature/1644383
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