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Dark matter

Observations
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Anomalies in astrophysics

Angular scale
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Anomalies in astrophysics: systematic uncertainties
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Global analyses
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Global analyses
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Global analyses
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From supersymmetry to simplified models

LHC constraints on top-philic dark matter
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Dark matter simplified models

DMsimp: Simplified dark matter models
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Dark matter simplified models

DMsimp: Simplified dark matter models
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Simplified models may be theoretically inconsistent
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Simplified models may be theoretically inconsistent
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Consistent models have to be

* gauge invariant;
* unitary;
- free of gauge anomalies.



Need to extend simplified models — dark sectors
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We will focus on three dark sector scenarios:

Weakly-Interacting Massive Particles (WIMPs),

/ /-) / \ Strong]y-lnteracting Massive Particles (SIMPS) and

/ / ; Feebly-Interacting Massive Particles (FIMPs),

| which exhibit features known from the weak, strong and
electromagnetic interactions, respectively.

= 12



Novel LHC signatures for dark matter

Feebly interacting
dark matter

Relic density through freeze-in

Hall, Jedamzik, March-Russell, West arXiv:0911.1120 [hep-ph]
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https://arxiv.org/abs/0911.1120

Novel LHC signatures for dark matter

Strongly interacting
dark matter

Relic density set by dark sector

Hochberg, Kuflik, Volansky, Wacker, arXiv:1402.5143 [hep-ph]

Novel collider signatures, such as
semi-visible jets, anomalous
underlying events,...

——

Schwaller, Stolarski, Weiler, arXiv:1502.05409 [hep-ph]
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https://arxiv.org/abs/1502.05409
https://arxiv.org/abs/1402.5143

Strongly interacting dark matter

SM ® U(1)mediator ® SU(3)dark

Bernreuther, Kahlhoefer, MK, Tunney, in prep.
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Strongly interacting dark matter

SM ® U(1)mediator ® SU(3)dark

Particle content

ntx, 0, p*, pO: dark mesons with mass of O(GeV)

/. vector mediator with mass of O(100-1000 GeV)

Bernreuther, Kahlhoefer, MK, Tunney, in prep.
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Strongly interacting dark matter

SM ® U(1)mediator ® SU(3)dark

Particle content

ntx, 0, p*, p0: dark mesons with mass of O(GeV)

/. vector mediator with mass of O(100-1000 GeV)

Relic density
dd
T r~ P —> SM If p = SM proceeds sufficiently fast,
Qpwm is set by dark sector parameters:
Qd, Mg, My,

Bernreuther, Kahlhoefer, MK, Tunney, in prep.
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Strongly interacting dark matter

SM ® U(1)mediator ® SU(3)dark

Particle content

ntx, 0, p*, p0: dark mesons with mass of O(GeV)

/. vector mediator with mass of O(100-1000 GeV)

Direct detection
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Bernreuther, Kahlhoefer, MK, Tunney, in prep.
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Strongly interacting dark matter

SM ® U(1)mediator ® SU(3)dark

Particle content

ntx, 0, p*, p0: dark mesons with mass of O(GeV)

/. vector mediator with mass of O(100-1000 GeV)

Dijet-resonance searches

P , SM Setting eq = 0.4 reduces BR(Z — SM) to
ed ed less than 20% and thus the sensitivity of
dijet-resonance searches.
P SM

Bernreuther, Kahlhoefer, MK, Tunney, in prep.
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Strongly interacting dark matter: LHC phenomenology

ga=1 my=4 GeV

Bernreuther, Kahlhoefer, MK, Tunney, in prep.
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Strongly interacting dark matter: LHC phenomenology

)

Signature as in “Hidden Valley” models (Strassler, Zurek)
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Strongly interacting dark matter: LHC phenomenology
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Strongly interacting dark matter: LHC phenomenology
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Strongly interacting dark matter: LHC phenomenology

3
B 10
Need to optimise and re-design LHC searches
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- optimise Ad-cut
* re-interpret long-lived particle searches

 improve S/B through ML-techniques

(c.f. Heimel, Kasieczka, Plehn, Thompson, SciPost Phys. 6, 030 (2019))
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Dark sectors lead to novel & subtle LHC signatures!
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88| Dark sectors lead to novel & subtle LHC signatures!
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We will focus on three dark sector scenarios:

 7aN
,. 8
N

Weakly-Interacting Massive Particles (WIMPs),
Strongly-Interacting Massive Particles (SIMPs) and
Feebly-Interacting Massive Particles (FIMPs),

and explore

models, phenomenology and interpretation.




_'_,_/"’\.___4/__ //\\“\ / L s N

"~ s
AN AT

e 8 Dark sectors lead to novel & subtle LHC signatures!

() / We benefit from

N
/
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/

* accurate predictions for signal and
'/, SM background distributions (B1b,
W B1q)

\ 5 r + BSM searches in Higgs and top
, |

physics (A2a, A3a, B2b)

|| - BSM searches in flavour physics
(C1a, C3a, C3b)
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