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Wilsonian renormalizabkion

Q

All theories are effective!




Kadanotf blocking generates a
flow for infinitely many couplings

Bi = Z M;; (Aj — A7) + subleading

J

Ni(k) = AT + Z cn VI kU + subleading

Predictability means finite
dimensional UV-critical surface!



NONPERTUBATIVE UV F?

K.G. Wilson & Koqut, Phys.Rep. 12 C, 1974

Grross-Neveu model in d<4 K.GWilson, PRD1o, 73
Gravity: Asymplotic Safeby

SWeinberg, 1972
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Quantum Einstein Gravity
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Fwo abbractive relevank direcktions
wikh complex cribtical expownenks

Saueressig & Reuter, PRD, 2002



Cosmological conse




Comgt&&e cosmic his &01":;

G=const

A= const

AB & M Reuter, 2003, 2007, 2008. AB, Esposito, Rubano,
2003,2004,2005; AB, Contillo, Percacci 2010



More general truncations

Einstein-Hilbert truncation
polynomial f(R)-truncation

R? 4+ C“-truncation
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Asymptotically Safe Inflation

Ilg) = — [ d'ay/=Detg | igo(8) + A1 (AR + gaa(A) R

+926(A)R* Ry + A" %g3q(A)R® + A" %gap(A)RR* Ry, + . ..

Optimal cutoff: radiative corrections just beginning to be important
and higher order terms just beginning to be less important
Objective: to obtain a dS solution which is unstable but lasts N>60 e-
folds

S.Weinberg PRD 2010, Thie & Xu, PRD 2010
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Beyond polynomial truncations

Project on maximally symmetric spaces
Effective action
Solve a non-linear PDE flow equation

SEE NEXT TALK!



How ko extract physical information ?

RG-improvement of the standard QCD
Lagrangian
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Use the field-strenqth as a cutoff as in the
“leading-log” model
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Eichhorn, Gies and Pawlowski, 2011




Amptv the same approack i QECs

1
Einstein-Hilbert truncation: EH _ LD N
L 16mG (R )

Linearized flow around NGFP:
(A, 9) = (Xagy)” + 2{[ReC cas@7) -+ ImiChsin(0''t)|[Re V
+[ReC cos(0"t) — ImC sin(0”t)|]Im V1 e ¢

t=lIn(k/ko) =0 £i0"




Substitute this solution in the E£H
Lagrangian after identifying k with the
field strength

; b
LSHEG(R) = R? 4 bR? cos « log (%)J (%)

a=01 25 —=8 <0

(L iS a renormalization scale

<< 34, L@ < ’;'

Dietz and Morris, 2013

f(R)=R*+ R+ A Rcoslog R* + B Rsinlog R’



G=const

A = const




Look for unstable solutions with
growth time >>1/H so that inflation
comes to an end after enough e-folds

H(t)=H +dexp(EHt) £2+€3e2a +A=0

1/& ~ e—nw/H”

The stability of the solutions does not depend on

For negative values of n, A is always negative !
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[y =2 rh Ak [ diaafgR"

I (N),0<n<N-1

Only three operators are relevant
at NGFP

1907 ?917 192




Approximate Effective Action for
the N=34 Etruwncation

1 )\ V9o
Lox = B Sl N c
H E 3M+/3
192 ~ 1D

Starobinsky model + Planck scale
modification



conformal frame representation

S=o— [ day=gf(R) f(R)=R+F(R

The above action is equivalent to

. i
?SOR—U(SO)

= /d%\/?g E

where

SOEl"‘F,X(X)



‘S&uc{j the theory in the conformal frame
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Is the AS - vacuum "flat” ?




Asymptotic Safety predicts the
presence of at least another relevant

direction in the UV critical manifold

|

|, —
16w

(—R+2A)+BR? (>0

@ Ref: Codello, Percacci, Rahmede 2007



Kinetic “condensate” model (010,90 ¢|0) # 0

) =0+ 0O0/2M2

Lauscher, Reuter and Wetterich, 2000
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Lattice-regulated model in 2-dim
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Conclusions

@ Starobinsky inflation is a prediction of AS

@ No rehating is needed but a transition fo
radiation dominated universe is obtained

@ Spectral index is generally < 1 with some
“running”

@ tensor to scalar ratio < 0.1

® Vacuum structure at transplanckian scale
might still change things even in standard
inflation !



