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PERTURBATION THEORY
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THE PROBLEMS OF QG

e interaction strength grows like G = Gk?

e lack of predictivity



PossiBLE RG SOLUTION

~

G = G(k)k?* — G, (Fixed Point)
more generally, §; — G;» where §; = k=% g,
predictivity requires that only a finite number of couplings is arbitrary

The RG trajectories that flow into the FP for ¢ = log % — oo form the UV

critical surface.



ASYMPTOTIC SAFETY I

e If (1) a FP exist, and (2) UV critical surface is finite-dimensional, then (a)
reaction rates remain finite (in units of k) for ¢ — oo and (b) theory is

predictive



ASYMPTOTIC SAFETY 1]

_ op,
0g;

Linearize low around FP: i&r .

positive critical exponent = negative eigenvalue = UV attractive = relevant

negative critical exponent = positive eigenvalue = UV repulsive = irrelevant
Example: QCD. Gauflian Fixed Point at g;. = 0.

B = 0:gi = —d;gi + k=% 3;

M;;|, = —did;

UV critical surface=span{renormalizable couplings}.



GRAVITY IN 2 + m-
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ONE Loopr CORRECTIONS IN EINSTEIN’S THEORY

[N.E.J. Bjerrum-Bohr, J.F. Donoghue and B.R.
Holstein, Phys. Rev. D 68, 084005 (2003)]
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ERGE: BETA FUNCTIONS

compare with

2 \3¢os

read off beta functions. Generally scheme-dependent.
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[M. Reuter, Phys. Rev. D 57 971(1998)]

[D. Dou and R. P., Class. and Quantum Grav.
15 3449 (1998)]



ERGE: CUTOFF TYPES

MMMM = A =-V?+E(R) + Ex(g;, R)
Pi(z) = z + Ri(2)
type I
A+ Ry(—=V?) = P,(—=V?) + E1(R) + E2(g:, R)
type 11
A+ Ry(—V? +E)) = P,(-V’+E;) + Ey
type 11

A+ Ry(A) = Pi(A)



HEAT KERNEL TECHNIQUE I

TrW (A) = Qa(W)By(A) + Qa_(W)Ba(A) + ... + Qo(W)Bag(A) + ..

2 2

QnW] = —— \08 dzz""TW(z): Q_,[W]=(=D"W"0). n>0

[A.H. Chamseddine and A. Connes, Comm.
Math. Phys. 186, 731 (1997)]

[M. Reuter, Phys. Rev. D 57, 971 (1998)]
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with optimized

HEAT KERNEL TECHNIQUE 11

- (i)
= 5los () B v g () By ]

cutoff Ry(z) = (k* — 2)0(k* — 2)
[D.Litim, Phys.Rev.D64:105007,2001]
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EINSTEIN-HILBERT TRUNCATION |
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EINSTEIN-HILBERT TRUNCATION 11
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EINSTEIN-HILBERT TRUNCATION III
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EINSTEIN-HILBERT TRUNCATION 1V

~

Non—Gaussian FP with G,

both directions.

Several tests prove robustness.

H ~
16702

—0.701 and A, = 0.171, UV attractive in

[W. Souma, arXiv:gr-qc/0006008.]

[O. Lauscher and M. Reuter,
Phys. Rev. D 65 (2002) 025013]

[O. Lauscher and M. Reuter,
Class. Quant. Grav. 19 (2002) 483]
[O. Lauscher and M. Reuter,
Int. J. Mod. Phys. A 17 (2002) 993]

Adding term 1?2 brings about relatively small modifications.

Other dimensions

Need further tests

[O. Lauscher and M. Reuter,
Phys. Rev. D 66 (2002) 025026.]

[P, Fischer and D.Litim,
Phys.Lett.B638:497-502,2006]



DIVERGENCES IN EINSTEIN THEORY
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HIGHER DERIVATIVE GRAVITY
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BETA FUNCTIONS 1

1 133
= — \?
Oa (47)2 10
1 5
= — 10A% — BAE + —
k= =g (10 -5+ 35
1 196 ,
— A
B0 = tm2 15 ”

Ao
M e 108 (£
T Ao @ 7o 108 | %,

w(k) — ws &~ —0.0228

0(k) — 0, ~ 0.327



BETA FUNCTIONS 11
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FLOW IN A—G PLANE I
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FLOw IN A-G PLANE II




WITH z>eemw-

ng scalars, np Dirac, ny; Maxwell fields, minimally coupled

ABy = —2a{Y N2

ABe = —alV€?

AB, = —aptp?

ABg = 32ma™M G?

ABz = 87a" G + 3210 P AG

FP still exists
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f(R) GRAVITY

Tt (g = \ Iz JGf(R)

f(R) = M gi(k)R'

e workable for n <8

A. Codello, R.P. and C. Rahmede Int.J.Mod.Phys.A23:143-150
e-Print:0705.1769 [hep-th|; P.F. Machado, F. Saueressig, Phys. Rev. D
e-Print: arXiv:0712.0445 [hep-th))



f(R) GRAVITY II

Position of FixedPoint (x 10 3)

n 90 x* 91x 92 93 94 % 95 % 96 97 % g8 x
1 5.23 -20.1
2 3.29 -12.7 1.51
3 5.18 -19.6 0.70 -9.7
4 5.06 -20.6 0.27 -11.0 -8.65
5 5.07 -20.5 0.27 -9.7 -8.03 -3.35
6 5.05 -20.8 0.14 -10.2 -9.57 -3.59 2.46
7 5.04 -20.8 0.03 -9.78 -10.5 -6.05 3.42 5.91
8 5.07 -20.7 0.09 -8.58 -8.93 -6.81 1.17 6.20 4.70
Critical exponents
n Re¥q Im9Yq Yo Y3 Redy Imvy Y6 (U vy
1 2.38 2.17
2 1.38 2.32 26.9
3 2.71 2.27 2.07 -4.23
4 2.86 2.45 1.55 -3.91 -5.22
5 2.53 2.69 1.78 -4.36 -3.76 -4.88
6 2.41 2.42 1.50 -4.11 -4.42 -5.98 -8.58
7 2.51 2.44 1.24 -3.97 -4.57 -4.93 -7.57 -11.1
8 2.41 2.54 1.40 -4.17 -3.52 -5.15 -7.46 -10.2 -12.3
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Critical exponents
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f(R) graviTYy III

Critical surface:
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LARGE N EXPANSION |
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LARGE N EXPANSION I1

For all n # 2: &wv = 1 QM:V

For n = 2: g2 (k) = ¢'* (ko) + a\? In(k/ko)

1

If Rip(z) = (k2 — 2)0(k% — 2), ™ =0 for n > 3.

[R. P., Phys. Rev. D 73, 041501 (2006), ]



Summary and Conclusions

Asymptotic Safety of gravity plausible
Bottom up approach
Not exclusive

Implications
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