Dark Matter at the LHC and IceCube
A Simplified Models Interpretation

JH, Michael Kramer, Mathieu Pellen, Christopher Wiebusch

Jan Heisig (RWTH Aachen University)

Institute for
Theoretical

I I Particle Physics
and Cosmology

| 1th Patras Workshop on Axions,WIMPs and WISPs
June 25,2015




An attractive scenario:

t Dark Matter




An attractive scenario:

t (ns)
1 10 100 1000
108
10—4 i!: my= 100 GeV 106
-6
10 !!:
108
Ry &
10710
sl
(o~is
F
10~ |
10‘16{
10
T (GeV)
Atoms
Dark
4.9% Energy
Dark 68.3%
Matter

26.8%

TODAY



An attractive scenario:
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LHC: Beyond effective field theory

Dark Matter beyond EFT: Effects of mediators very important

[see e.g. Busoni, De Simone, Morgante, Riotto 1307.2253; Buchmueller, Dolan, McCabe
1308.6799; Busoni,De Simone, Jacques, Morgante, Riotto 1405.3101; Buchmueller, Dolan, Malik,
McCabe 1407.8257]
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This Talk:

= Discuss the need for Simplified Models
for LHC

= Show importance of lceCube limits



Our Model:

- Vector-boson s-channel messenger
- Majorana DM
- Axial couplings to quarks and DM

(no couplings to leptons)

- Four parameters: My, m,, g4, Gy

= No spin-independent WIMP-nucleon scattering
— weak direct detection limits
= | HC constraints important

» Indirect detection limits from 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
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Exploring the parameter space
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Exploring the parameter space

X
P

- Four parameters: My, my,, g, gy
or MV; My (gqu)’ FV
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Results for 8 TeV LHC and IceCube

CMS monojet 8TeV [1408.3583]

10000 I T T T :
'y = 0.01My
_ .
VIx9q = 0.2 %@;,
V4
4// ]
« &O/
— 1000 / ]
> CMS EFT ,/
O,  mmmmmmmm - < -
/ N
- / N
= % 5
/ \ 7
//
100 / -
, ]
/
, ]
/
| [ /\ [ | [ |
1 10 100 1000

my [GeV]



Results for 8 TeV LHC and IceCube

CMS monojet 8TeV [1408.3583]
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Results for 8 TeV LHC and IceCube

CMS monojet 8TeV [1408.3583]
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Results for 8 TeV LHC and IceCube

CMS monojet 8TeV [1408.3583]
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Results for 8 TeV LHC and IceCube

CMS monojet 8TeV [1408.3583]
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Results for 8 TeV LHC and IceCube

CMS monojet 8TeV [1408.3583]
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Results for 8 TeV LHC and IceCube
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Results for 8 TeV LHC and IceCube

CMS monojet 8TeV [1408.3583]
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Summary

= Model: Majorana DM with axial-axial couplings to SM

= Almost no region for viable EFT (not valid or bad
description)

= Simplified Models needed
» |ceCube important for axial-axial couplings

= Strong limits for heavy DM




