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Overview

• A General Model
• Portals

• Heavy mediator
• Higgs
• Vector / kinetic mixing
• Neutrino

• Theoretical Motivations
• Hierarchy Problem
• Dark matter Candidates

• Some Experimental Constraints and Searches
• MilliQan
• Constraints on dark photons / millicharged particles
• Dark Showers / Jets
• Invisible Higgs decays
• MATHUSLA (Long Lived Particles)
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A General Hidden Valley Model

https://physicstoday.scitation.org/doi/10.1063/PT.3.3594
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https://physicstoday.scitation.org/doi/10.1063/PT.3.3594


Portals
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a) Heavy Mediator

BROKEN SYMMETRY

GAUGED

INTEGRATE OUT
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b) Higgs Portal

B. Patt and F. Wilczek, “Higgs-field portal into hidden sectors,” arXiv:hep-ph/0605188 [hep-ph].
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c) Vector Portal / Kinetic Mixing

B. Holdom, “Two U(1)’s and Epsilon Charge Shifts,” Phys. Lett. 166B (1986) 196–198.
A. Haas, C. S. Hill, E. Izaguirre, and I. Yavin, Phys. Lett. B746, 117 (2015), arXiv:1410.6816 [hep-ph]
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extra) Neutrino Portals

A. Falkowski, J. Juknevich, and J. Shelton, “Dark Matter Through the Neutrino Portal,” arXiv:0908.1790 [hep-ph]
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Theoretical Motivations
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Hierarchy Problem: 
Why is the Higgs mass so small ??
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cutoff

“new physics”

energy

our effective SM

fine tuning

Fine tuning surpasses 10% at cutoff 
scales around 1.5TeV, which is when 
we would expect new physics to kick 
in.

Solution ? SYMMETRY
Expect, for a natural theory:



Twin Higgs Model

Z. Chacko, H.-S. Goh, and R. Harnik, The Twin Higgs: Natural electroweak breaking from mirror symmetry, Phys. Rev. Lett. 96 (2006) 231802, [hep-ph/0506256]
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Dark Matter Candidates

• Single Fermion,           gauged under new U(1),
• Most like standard WIMP model

L. Randall and W. L. Xu, Searching for Dark Photon Dark Matter with Cosmic Ray Antideuterons, 1910.14669.
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Dark Matter Candidates

• Dark SU(N) x U(1), two flavours:
• Confining scale, hadronise: 

M. J. Strassler and K. M. Zurek, Phys. Lett. B 651 (2007) 374 [arXiv:hep-ph/0604261]
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Experimental Constraints 
and Searches
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MilliQan

A. Haas, C. S. Hill, E. Izaguirre, and I. Yavin, Phys. Lett. B746, 117 (2015), arXiv:1410.6816 [hep-ph]
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Observed Constraints

A. Berlin, D. Hooper, G. Krnjaic, and S. D. McDermott, Phys. Rev. Lett. 121, 011102 (2018).
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Observed Constraints

A. Haas, C. S. Hill, E. Izaguirre, and I. Yavin, Phys. Lett. B746, 117 (2015), arXiv:1410.6816 [hep-ph]
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Dark Showers

M. J. Strassler and K. M. Zurek, Phys. Lett. B 651 (2007) 374 [arXiv:hep-ph/0604261]
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Semi-visible Jets

Jet + Missing Energy searches
(missed by current minimum angular separation conditions)

T. Cohen, M. Lisanti, and H. K. Lou, Semivisible Jets: Dark Matter Undercover at the LHC, Phys. Rev. Lett. 115.17 (2015) p. 171804, arXiv: 1503.00009 [hep-ph]
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Invisible Higgs Decays

M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 update
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Invisible Higgs Decays (ATLAS)

M. Aaboud et al. (ATLAS Collaboration), Combination of Searches for Invisible Higgs Boson Decays with the ATLAS Experiment, Phys. Rev. Lett. 122, 231801 (2019).
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MATHUSLA

D. Curtin et al., (2018), arXiv:1806.07396 [hep-ph].
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MATHUSLA
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Thank you !
Questions ?
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