Asymptotic Safety

Martin Reuter



Natuve's fundamental intevactions

&= el.eCJ;fo-—ma.3vzel-ic) WQa.k[ Sévonj intevactions

elass.: Yoms— Mills l:mae Jauge theories

3u¢u¥um: Pevl:uvbukvetg Yevoyueslizable
Local quentum field theories

® gravi ’cj

class. : Qeneral ’lzel.ah‘vi{:j

QuaVﬂ:u.\M: effective -Fie(o( Haeovj )
wot venormalizable oithin  perfurbahon theow

N Qua.n{:uw Covwece hbng Cowmn ut‘a‘[e

(no concepheal clash ) )

bt has Lttle /Vlo Pvedic«h‘ve power

at shot odistances

anveasinj orcler of pe:réuvbahbu f—‘ke;cvcj -‘—?

7e

Nnuwm b gy cf cownter ﬁevm [y ='3>

(4 4 (7

un odetevwined Patameters



Beyond ffective QOFT . options

® Leo.ve the -?mw\ecoork of Quantem Feld 77:601‘73

LQG' sPin :F-DQ\MS( S-tr;nﬂ TEOYU g

® S'-I:o.y within (non— /Deréurbo.h‘ve ' ) QRFT ;

Conbinuwum aﬂsroac‘z : slabisbical mech. appy. ;
T’-u.mc bonal Renorwalizakow Dﬁmm;CQl ‘mahsu.lQAbnS)
Grou.(p Eq,uaéz‘on (TRG E), 'Qesge caleedus )

E ffective Avemge Action

t t

modern Wilsonian concept of

veénormalizabhon awad

now- perturbative venormalizability



Asym. sofe Quantum Einstein Gravity

@ oleyees O{ -Fyeeo(om carviol bj 3,“’ (x)

) cku.awt-i%o.i:{ow / renormalizabon s hon-—peviuvbabive

m an Essenbial way

@ boue (“cLa.ss:'cat") QC—";’“ z:s net an a.s‘.rump/'z'ou

but a ppdiclown :

J‘d‘;('FE‘R-I- move ~ Wnon- Gaussian 'F?"ed« Poiw£ ,0{
o ‘Fumg"\'thL (00 dim, ! ) RG ‘Flou)

o UV Limt toaken ot NGFP =>

non — Per‘:u.v bative rehormm(i%qBIU€7 despite
periur bakive Mon-tenorm als %a.bi(i’cy

® Predicw&ive at shortest odistances :

NGFP “tames” Pleéhorq of pavameters
thal wewlal be u.na(e@.‘heo( i eﬁec"ve féean‘es



The funda.mewl-o.l. Pfobl-em:

Give a meaning to ( "define “, “renormalize

“{:le the conbinuwwn Limf'!: 0? ! ,'") Q ‘Func‘éa‘ona.z.

}.wkesmL over all wmetrics on a Space Hme /Q .

|93, e =]

S: d.i¥¥ (ﬂ) - mvayian
bare ackion )

9.3. SEH + counter terms

V3, = T 7T a5

xeM 7

t—- 'tequu',res Yeﬁu_lo.ri%a—kon (UV Cedoff )



. Effective Average Action and its

Functional Renormalization Group Equation

The idea of Asymptotic Safety

“Quantum Einstein Gravity”:

results and general properties
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Agrees with the g - A projection from

all generalized truncations investigated:

Quantum Einstein Gravity is
most likely asymptotically safe,

i. e. non-perturbatively renormalizable!
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Summary

By now we have highly significant evidence
indicating that there does exist an asymptotically
safe theory of Quantum Einstein Gravity which
is well defined and predictive on the shortest
possible length scales, and also complies with the
other basic physical principles (background
independence, ...).

While non-perturbative concepts play a crucial
role, there seems to be no reason for a radical
departure from the framework of Quantum Field
Theory —which has been so successful in the
case of the other 3 fundamental forces of Nature!



Frequent objections: Too conservative,

Not radical enough, ...

Recall however how modern QED took shape at the
Shelter Island conference:

“...the conference brought together theorists who had
In their own iIndividual ways been thinking about
renormalization...

When the revolution came in the late 1940s, it was made
by physicists who, though mostly young, were playing a
conservative role, turning away from the search by their
predecessors for a radical solution.”

(S. Weinberg, QFT, Vol.1)






