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Constraining physics beyond the SM with quantum gravity

Asymptotic safety Dark matter model

Provides UV completion Fixes matter degrees of freedom

N/

Planck scale boundary conditions

lead to constraint on DM mass
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The Standard Model
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e Perturbative up to Mp
e Landau pole beyond Mp
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The Standard Model
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Asymptotic safety seems to be able
to incorporate SM matter & cure

Landau poles

e Perturbative up to Mp
e Landau pole beyond Mp
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Avoiding Landau poles
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Avoiding a Landau pole leads to a constrain/prediction
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Planck scale boundary conditions

Quartic scalar coupling with 0 < f U(1) gauge coupling
B = B matter + HA .-Sg = .Bg.matter o fgg
Boundary condition:  A(Mp) ~ 0 0<f, <004

Higgs mass
my, = 126 — 136 GeV

Boundary condition at one loop
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Dark Matter

Dark Matrer
ASSleptionS Baryonic Matter
e DM is a particle

e Production via freeze-out

relativistic non-relativistic

ot LA [ i Dark Energy
freeze-ont

I'~H

indirect

i

SM

relic density

equilibrium 3
m T i

SM DM

collider

Determines annihil. cross section
Example: Higgs portal A, H'HS*S
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Lagrangian of the dark sector

1 , 2 |
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og u,_ Q)z* + My, i;_;"t..w'i? + Yo S -zﬁfgﬁ'ﬁc
1 x v € v —uv M%: . 2
L Fo Fi + 5 Fr FE + 5 (Z, — 8.¢)

v

~ Higgs-portal-scalar + dark-fermion + dagk-U(1)x-with-dark-photon

e Dark matter candidate: S or ¢/ (depending on mass hierarchy)
e Dark U(1)x with coupling gp generates A, below Mp,

e Vector-like fermion v for vacuum stability of S

e Mass of dark photon Z’ via Stueckelberg mechanism

e Kinetic mixing between U(1)y and U(1)x via coupling g
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Constraining the portal coupling

om0
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Predictivity:

® A\i(Mp) =~ 0 th @
e gp(Mp)) and g.(Mp) bounded

Vacuum stability
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Constraining the portal coupling

10° 10° 107 10 0%
RG scale [GeV]

Predictivity:
® \i(Mp) =~ 0
e gp(Mp) and g.(Mp;) bounded

mp = (125 + ¥0) GeV
my, = (125 £+ 1) GeV
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Vacuum stability

|Ap(TeV)| < 0.15
IA\,(TeV)| < 0.10
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Scalar dark matter
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Scalar dark matter

Disfavored by QG

Disfavored by
Quantum
Gravity

MDM [GBV]

56 GeIV < Mpm < 63 GeV

Pirsa: 20070018 Page 13/16



Fermionic dark matter

Mz = 100 TeV 3

Mz =30TeV
Mz =10 TeV

10° 104
Mpwm [GeV]

Non-resonant Mz < Mpm: Mpm < 2TeV

Resonant Mz > Mpwm: Mpnm < 50 TeV
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Summary

Search for simple DM models compatible with asymptotic safety
Boundary conditions at Mp, lead to constraints on the DM mass
Scalar Higgs portal 56 GeV < Mpy < 63 GeV

Fermionic dark matter Mpm < 50 TeV

All models are experimentally testable

What can we learn about quantum gravity from the experimental
tests of these models?
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Thank you for your attention
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