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Dark Matter — ?

Energy density of the universe:
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Dark Matter = WIMP
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Dark Matter - WIMP
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Dark Matter = WIMP
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Pheno description

= Effective Operators
= Simplified Models
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Probe

= Direct detection experiments

®» |ndirect detection (lceCube)
= Thermal relic density

= DM production@LHC
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Dark Matter = WIMP
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= DM production@LHC

» Effective Operators —
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Goal: Explore complementarity, discuss EFT < Simplified Model
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A "direct-detection-phobic” model

= Model where LHC and lceCube are competitive

— No spin-independent WIMP-nucleon scattering

X _Vector-boson s-channel messenger

- Majorana DM
- Axial couplings to quarks and DM

(no couplings to leptons)

- Four parameters: My, m,, g4, gy
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A "direct-detection-phobic” model

= Model where LHC and lceCube are competitive

— No spin-independent WIMP-nucleon scattering

X _Vector-boson s-channel messenger

- Majorana DM
- Axial couplings to quarks and DM

(no couplings to leptons)

5
gqu,ufy q - FOUI‘ ParameterS: MV) mX7 gCI7 gX

- Here: choose My, my, (949¢), T'v  (=_3¢-45

=

Note: not all values allowed! CEFT: m,, (gqu/]\]?/) ~
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lceCube limits from

Dark Matter annihilation in the Sun




Indirect DM detection: annihilation in the Sun

= Sun: Giant DM trap via WIMP-nucleon scattering ("direct detection”)

= Sensitive to spin-dependent scattering

\,  veloaty

distribution

[Joakim Edsjo]

N = Cgy — CpN?
7 KN

Capture rate: Annihilation rate:

WIMP-nucleon

scattering ogp
in the Sun

CAN? =214

Equilibrium: C, = CA N? o neutrino flux
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Detect neutrinos
from DM annihilation
with lceCube

IceCube Lab

IceCube Array
86 strings, 60 sensors each
5,160 optical sensors

DeepCore
6 strings optimized
for low energies

1 Eiffel Tower
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Dominant annihilation channels
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Dominant annihilation channels

Re-interpretstion of lceCube-79
[1212.4097] limits:

VIx9q = 1XFV
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[1509.07867]
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Dominant annihilation channels

Re-interpretstion of lceCube-79
[1212.4097] limits:

VIx9q = 1XFV

I I

[1509.07867]
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xX — light quarks
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Resulting limits from IceCube

[1509.07867]
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Resulting limits from IceCube

[1509.07867]
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Limits from the LHC




Results from mono-jet searches at 8 TeV LHC

= Re-interpret LHC Run | mono-jet + MET searches
[ATLAS:1502.01518, CMS: 1408.3583]

= Simulation: FeyRules/MadGraph/Phythia/Delphes

EFT Limit
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EFT Limit
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Complementary constraints:

Summary Plots




Complementary constraints: Summary

[1509.07867]
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Summary

» Considered "DD-phobic" model: Vector mediator with axial
couplings

= Striking complementarity between various constraints
» LHC: EFT not reliable, Q-truncation conservative estimate

= ATLAS mono-jet strongest constraint on thermal relic strip
sensitive up to My ~ 3'TeV

= |ceCube important for annihilation into tt:
Strongest limits for m, ~ 200 — 500 GeV
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Thank you for your attention!




Backup I: Inaccessible regions

- Parametrlzatlon Mv,mx, (gqu) Iy
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