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Towards a fundamental theory

Standard Model Quantum Gravity

three generations of matter interactions / force carriers
(fermions) (bosons)
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The minimal ASSM: setup

Standard Model

* All SM matter content /symmetries
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* Free parameters:

(Grks G2k s 3.k > Ygks Yk s Aok, Giy Ai)

* Higgs sector
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Asymptotically safe quantum gravity
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* Minimal gravity-matter coupling

Juv = Opp + /167G by

The Functional Renormalisation Group
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The ASSM trajectory
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Broken phase and scale setting

* Deep IR QCD:

ki
breaking -

* Top Yukawa — Top quark pole mass

MOP) =172.5+£0.7GeV, TP

—  Top pole width prediction:
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,pole

Dynamical chiral symmetry
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UV-Higgs potential

Reliability regimes Nmax=17
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UV-Higgs landscape

Weak-gravity bound
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Quantitative for qualitative

.| «— New flat UV-Higgs potential

Gaussian FP trajectory

Higgs instability

Sources of systematics:

> Strong coupling: os k=nr, € [ozls\/ls, 1.10 ag/[S]

> Top pole mass: T GeV
> Gravity FP: <« 1GeV
122 124 126 128 130 132 134 ~  FRG truncation

My [GeV] g
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Conclusions and outlook

. Novel UV-Higgs potential

. Unified and UV-complete picture of the SM + QG

. Consistent non-perturbative UV-IR renormalisation, from trans-

planckian to sub-Fermi scales
> Versatile framework for non-perturbative new physics

. Thorough systematic analysis

On the gravity side...

. Studied viability of gravity-matter systems accounting for momentum

dependencies

i Consistent RG-scheme results with inclusion of mass-thresholds at all

scales
. Found a kinematic identity for gravity- gauge-fermion/Yukawa systems
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Beyond the ASSM...
Non-perturbative BSM (CH, ...) + ASSM
UV complete extensions
Implementation of flavour
Finite temperature SM: EWPT

Expanded Higgs potential at ~EW scale



Thank you for your attention!
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Additional slides
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The functional Renormalisation Group
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Existence of the ASSM

1 p?
Tﬂat(f): (5—1) @(1—16) ﬂfzﬁ
1
Tmat (T) = Tfat (Tx)
mg

. Matter matters: Ymg — 0

The matter propagators lack the IR mass introduced by the regulator and

hence are enhanced relative to the graviton propagator

. Gravity rules: Ymg — 00

The graviton propagator lacks the IR mass introduced by the regulator and

hence are enhanced relative to the matter propagators

Similar effect achievable through tweaking of cosmological and Newton’s constant
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Flattening of the potential

(SM)
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Strong QCD

* Implementation of FRG results from 2+1 flavor QCD.

*  QCD mass-gap accounted

* Dynamical chiral symmetry breaking

* Scale setting:

93 k=M, = \/1.07 (4mar,) = 1.26
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The top pole mass determination
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