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Dark matter road map

Dark matter at colliders
What should we look for? | —7mMmF M —=————» (

What else matters?

Look for DM candidates and mediators
explain observed relic denS|ty

|

Look for missing energy
Do not look left or right

Thermal production Baryon asymmetry CP in QCD Whatever
WIMP, asymmetric DM axions dark photons
gravitinos,..
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General QFT Propagating mediator Precision predictions
heavy mediator LO Feynman diagrams UV-completion of SM
effective theory simplified model renormalizable model
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Thermal production

One measurement, many Cases [Bauer & TP, lecture notes]

annihilation rate from Boltzmann equation
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D6 dark matter operators

Classic: relic density p|US Hooperon [Liem, Bertone, Calore, Ruiz de Austri, Tait, Trotta, Weniger]

choose DM candidate
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D6 dark matter operators

choose DM candidate

thermal production
D6-annihilation xx — SM SM
indirect detection non-relativistic
direct detection non-relativistic
example: scalar DM

Coefficient Operator ol (cannVv)
Real scalar

RiXxy ~ 1/(2M2) quzaq v s-wave

R2X\p ~ 1/(2M2) iquzz'ry q s-wave

R3Ag ~ as/(4MP)x2Guy GHY v s-wave
R4rg ~ as/(4MP)ix® Gy GHY s-wave

profile likelihood

flat prior on log A\; fprior 1/x;]

Dirichlet prior prefering
similar-sized Wilson coefficients

Fermi: GCE plus dwarf galaxies

seriously short of measurements...

Classic: relic density p|US Hooperon [Liem, Bertone, Calore, Ruiz de Austri, Tait, Trotta, Weniger]
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Effective theory

Decoupled mediator Mmeq 2 2my

— direct detection fine [non-relativistic]
indirect detection, annihilation today fine  very non-refativistic]

relic density challenging | » e >2my
me

'med 2
—med ~ 3.4 TeV = Mmed < 1.7TeV x g
gzmx me:

— collider constraints: mMyeq 2 TeV
= trouble ahead




Effective theory

Decoupled mediator Mmeq 2 2my

— direct detection fine [non-relativistic]
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— collider constraints: mMyeq 2 TeV
= trouble ahead

Learning from SMEFT success?  [gauer, Butter, Desai, Gonzalez-Fraile, TP]

— tree-level colored t-channel mediator [squark-neutralino in MSSM]
tree-level vector s-channel mediator [z’ mediator]
loop-mediated scalar s-channel mediator (nheavy Higgs-neutralino in MSSM]

loop-mediated scalar f-channel mediator (stop-neutralino in MSSM]
= EFT to represent models?




Models: relic density vs LHC

Tree-level scalar in t-channel

— relic density for small my
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Models: relic density vs LHC

Tree-level scalar in t-channel [squarks] /@Z:Q x L
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Models: relic density vs LHC

Tree-level scalar in t-channel [squarks]

— relic density for small my
— two effective Lagrangians

Cux _ c  _ Y
Left D % (@ax) (xUp) Lt D 75(x) G, G"

— EFT not valid for correct relic density...

Tree-level vector in s-channel s

— relic density for small my, or around pole
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Models: relic density vs LHC

Tree-level scalar in t-channel [squarks]

— relic density for small my
— two effective Lagrangians

Cux _ c  _ Y
Left D % (@ax) (xUp) Lt D 75(x) G, G"

— EFT not valid for correct relic density...

Tree-level vector in s-channel s

— relic density for small my, or around pole
— only 4-fermion operator

— EFT not valid for correct relic density...
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Models: relic density vs LHC

Tree-level scalar in t-channel [squarks]

— relic density for small my
— two effective Lagrangians
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Loop-mediated scalar in s-channel

— relic density around pole




Models: relic density vs LHC

Tree-level scalar in t-channel

[squarks]
— relic density for small my
— two effective Lagrangians
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— EFT not vaIid for correct relic density...

Tree-level vector in s-channel
— relic density for small my, or around pole
— only 4-fermion operator
— EFT not valid for correct relic density...

Loop-mediated scalar in s-channel

— relic density around pole
— two effective Lagrangians
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— EFT not valid for correct relic density...
= global DM-EFT framework no success story
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Neutrino-inspired DM-EFT

Replace neutralino with RH neutrino  (sischer, TP, Rodejohann]

— focus on 4-fermion operators to 3rd generation
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Neutrino-inspired DM-EFT

Replace neutralino with RH neutrino  (sischer, TP, Rodejohann]

— focus on 4-fermion operators to 3rd generation
— indirect detection from dwarf spheriodals

— direct detection Only for Dirac neutrino  (induced vector coupling]
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Models, again

non-perturbative

Tree-level models, slightly weirder?

gauged (B — L)3
vector leptoquarks
scalar leptoquarks

relic density required 10° 108

EFT constraints for DD, ID, etc my [GeV]

model constraints from collider non-perturbative
— EFT consistency improved

= still no global analysis framework
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DM-EFT(s)

— working for DD and ID
dodgy for relic density [the one measurement]
maybe useful for cosmo

— not working for SUSY-like or simple Z’ models
semi-convincing for 3rd-generation models
no valid collider framework

— DM observables available in public codes  Micromegas, Darksusy, ..]
global fit with one observable?
EFT with propagating mediator better?
= What'’s the point, really?
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