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Quantum gravity

quantum |field theory of grayity & matter in the path-integral framework:

Goal: [ ‘bg'D«;) e'Sle9l 5 (| DgDo e8¢ — [k P8DO € ol

Pirsa: 14050125 Page 4/20



Quantum gravity

quantum |field theory of grayity & matter in the path-integral framework:
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» works ag an effective theory
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Quantum gravity
quantum |field theory of grayity & matter in the path-integral framework:

Goal: J 'Fg-pm el Slgd] ]

e works agan effective theony

« Can we get a fundamental theory? (valid on all scales)
Do we need to: leave the ontinuum?

break fugtlamental symmetries?

introducinew (unobserved) degrees of freedom?
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Asymptiotic safety

Fundameptal QFT:

fﬁ>k D 5 = e~Mwl9l
couplingsgstay finite

for k — oc

scale-free!

Fundamental theory:

interacting fixed point

critical surface

spanned by
. relavant
/ couplings

nfrared value of eoupling

\

perturbative
regime

Running dimensionless cou ings approach fixed point towards UV
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Asympt otically Safe Quantum Gravity: Evidenc

FkER = Tereern J VEB(R — 2M(K))

fixed-point action: prediction
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Asymptitically Safe Quantum Gravity: Evidenc

Pz = 133?(3:{(1«‘) [ V&(R - 2X(k))

fixed-point action: prediction
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x'-\*iyn[u}t;\ 1cally » Quantum Gravity: Evidenc
0.4 : ' "

MkEH = 1'|3'.»._;;‘}4_('ij ’ \/8:("? = 25\(;"))

; fixed-point action: prediction
0.0} =

=01
=01 00 Ol 0.2
A

Ik = Meen + [gaug

A E. (2013)
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Matter effects on the gravitational fixed point
truncation: Iy = 'y + Matter (Minimally coupled)  oon:
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Matter effects on the gravitational fixed point
truncatioh: My = Mg gy + Mofatter (Minimally coupled)

10 20 3()‘ 40 5
upper limit on Np and Ns ®r Ny = 12

Standard Model: Ny =12, ND_ = 45/.2. Ns = 4:
compatible with gravitational fixed point
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Specificl matter model$
Standard Model: (Ns = 4, Np = 45/2, Ny = 12)

%{ right-handed neudrinos?..

—| dark matter scalat

—Aaxion? v
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Specific matter model$
Standard |Model: (Ns = 4, Np = 45/2, Ny = 12)

“r( right-handed neutlrinos?..

—3| dark matter scalag?

Jaxion? v

supersymmetric extension (MISSM: Ns = 49, Np = 61/2, Ny = 12) X
GUT (50(10)1 Ns = 97, Np|= 24, Ny = 45) X

Only specific models with rektricted matter content are compatible with
Asymptotically Safe Quant@n Gravity within our truncation

— Test quantum gravity at the LHC by looking for
Beyond-Standard-Model physics
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Toward$ a quantum tHeory

of gravity and matt
: ) X ) : .
Higgs potential: Vj, = Jth?|+ Agh* m?, = —2\ymj,

bosonic fluctuations: As incieases towards UV

fermionic| fluctuations: A4 dfcreases towards UV

Higgs mas bounds
(from A4(A) = 0:)

Pirsa: 14050125

Page 18/20



Toward$ a quantum theory of gravit
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Higgs potential: Vj, = Zhh?|+ Ay h* m?, = —2\ym;,

bosonic fluctuations: A4 incteases towards UV
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Toward$ a quantum tl

eory of gravity and matt
- . ? s
Higgs potential: Vj, = Zhh?|+ Ay h* m?, = —2\ymp;

bosonic fluctuations: As incieases towards UV

fermionic|fluctuations: A4 decreases towards UV

Higgs ma&s bounds
(from As4(A) = 0:)

et g 10, AVGeY]
1 12 4 16 In

full Standard Model: A ~ Mpiancic = MHlower = 129GeV

experimental result: my =~ 126 GeV
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