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Motivation

Quantum gravity

Planck cosmology
Quantum black holes

Cosmological constant —
Why this value?
Why now?

X-tra dimensions
Planck physics at TeV in LHC
How does Gravity look in them?



Asymptotic Safety

e \Weinberg 1979:. non-perturbative renor-
malizability

perturbative renormalizability
= trivial UV fixed point (e.g. QCD)

non-trivial UV fixed point = non-perturbative
renormalizability (e.g. Gross-Neveu)

e Gravity

Weinberg 1979: UVFP perturbatively in
2 4+ ¢ dimensions

Recent progress in 4d gravity:

Reuter (1996); Souma (1999) ;
Lauscher, Reuter (2000), (2001);
Forgacs, Niedermaier (2002);

Perini, Percacci (2003);

Litim (2003); Hamber (2000) (lattice)



Wilsonian Renormalization Group

Exact Renormalization Group Flow
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Ol ko] = ETTI‘Q)[gb] s O Ry
k k

e Effective action IM[¢]
Field modes ¢4 with ¢ > k£ have been in-

tegrated out

e R; provides the momentum cutoff

e Implementation for quantum gravity by
Reuter (1996)



Einstein Hilbert Gravity

Truncation

M = 1671(;]@ /ddaz\/§<R —2%)

Canonical dimensions

(Gel=2—-d , [M] =2
Renormalized dimensionless couplings
gy = GLk™2 | X=X k72
Renormalization group equations

kOrg =089 , kOgA=0)

Bg=(2—-d—n)g



Example

4d Flow
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Extra Dimensions

Fixed point analysis

Solve  Bg(gxA«) =0 ,  Br(gxAx) =0
All solutions obey Ax >0, g¢g«+>0
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Universality

Fixed points are non-universal
Eigenvalues of stability matrix 0 = 8’ +:6”
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Gauge-fixing Independence

Compare optimised results from different cut-
offs and gauge fixings.
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Conclusions

Ultraviolet fixed points found for quan-
tum gravity in extra dimensions

Highest reliability of present truncation
due to the underlying optimisation

If this picture persists in all extended trun-
cations, quantum dgravity is asymptoti-
cally safe

Implications for extra dimensional phe-
nomenology at LHC
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Exact Renormalization Group
Equation

Full propagator (2) ... §2[[¢]/6%¢

Trace T'r...trspintre T flavor [ dq

IR-cutoff R(q2/k?)

q>k R(q2/k:2) — 0
g<k 1 R(G/k?) —xk?

g°b
(b+1)9°/k2 1
generalized optimal R = b(k2 — ¢2)© (k2 — ¢2)

e.g. modified exponential R =
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Extended Truncations

e Higher Truncations (4+R?2): slight influ-
ence, EH very good approximation
LLauscher, Reuter 2002

e Matter minimally added: if # fields small,
FP remains attractive
Percacci, Perini 2003
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Other Applications

Planck-time Cosmology: no Horizon Prob-
lem, flat R-fluctuation spectrum (spec-
tral index n = 1)

BH: evaporation stops, relics of Mp;

IRFP Cosmology: conjecture IRFP, pre-
dict near FP

by Bonanno, Reuter
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