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question

IS metric quantum gravity fundamental ?



gravitation

physics of classical gravity
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gravitation

physics of classical gravity

3

physics of quantum gravity

1/2
Planck length {p1 = (th) / ~ 10733 cm
Planck mass Mpy ~ 1017GeV
Planck time tpr ~ 1074 g

Planck temperature 7Tp; ~ 1032 K

quantum modifications



perturbation theory

e structure of UV divergences

(9] =0, [Ricci] =2, [Gn]=2-d

effective gt = G E?
~ fdppA_[G]N

G| >0:

G| =0:

G] < 0: dangerous

e perturbative non-renormalisability



perturbation theory

e effective theory for gravity (Donoghue '94)

E?/Mj, < 1

e higher derivative gravity | (Stelle '77)
R2

e higher derivative gravity lI (Gomis, Weinberg '96)



quantum fields

running couplings

asymptotic freedom of the strong force
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quantum fields

running couplings

strong nuclear force (QCD)

= g5/ (4n)

_— dX
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trivial
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quantum fields

running couplings

strong nuclear force (QCD)
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X = g;/(4n)
Bx = &

— dlnp

trivial
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asymptotic freedom
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quantum fields

running couplings

gravitation
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quantum fields

running couplings

gravitation
s POx =+2X
X =Gy |
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classical general relativity




quantum gravity

running couplings

gravitation

X = G(p) p?

_— dX
ﬁX—dln,u

non-trivial
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quantum gravity

running couplings

gravitation
X = G(p) p?
_ dX
6X — dlnu

non-trivial

asymptotic safety

(S Weinberg '79)




quantum gravity

running couplings

gravitation

X = G(p) p?
6_dX

dln p

non-trivial
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UV fixed point
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asymptotic safety
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asymptotic safety

kO A = ) Bij (Aj — A}) + subleading

J

\i(k) = A7+ ¢, V7" k" + subleading

{ Uy >0
W, < 0 relevant



power counting
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power counting

[ng] =0 [Du] =1 — QW/D,LLDV

)\z’ /d4x\/det Juv Oi(Dp, g(ﬂ-)

d)\; :
RG flow T E —d; A;+ quantum corrections

d@:4—2n

classical scaling vg, =2n—4



knowns and unknowns
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knowns and unknowns
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knowns and unknowns

gx =0 gx 7 0
na =0 NN # 0
canonical non-canonical
{Vc.n} {19 " } not
256 R256 ?
o




bootstrap

hypothesis ordering follows canonical dimension

strategy

Step 1 retain invariants up to mass dimension D
Step 2 compute {9n} (eg. RG, lattice, holography)
Step 3 enhance D, and iterate

convergence (no convergence) of the iteration:

hypothesis supported (refuted)



bootstrap

hypothesis

Step 1
Step 2 {ﬁn}
Step 3

f(R) quantum gravity



f(R) quantum gravity

Step 1

N—1

L= Y Ak / d*z\/g R"
n=0

invariants upto D = 2(N — 1)

Step 2

RG flow
fixed point
scaling exponents

Step 3

enhance N — N +1
& iterate



f(R) quantum gravity

Step 1

N—1
L= Y Ak / d*z./g R"
n=0 iterate Step 1,2 and 3

invariantsupto D = 2(N — 1) how often is enough?

Step 2 -
RG flow well, it depends...
fixed point
scaling exponents here:
34 consecutive orders
Step 3

enhance N —- N +1

& iterate



f(R) quantum gravity
Step 1
N—1
L= Y Ak / d*z\/g R"
n=0
D =2(N —1)

Step 2

Step 3
N — N+1
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f(R) quantum graVity UV fixed point

Step 1
N-—1
Fk — \ kdn /d4$ R" <)\0> — 0.25574 =+ 0.015%
7;) " V9 (A1) = —1.02747 + 0.026%
- (A2) 0.01557 =+ 0.9%
: : A3) —0.4454 £ 0.70%
nvariant t — _ (A3
nvariants upto D = 2(N — 1) (\) = —0.3668 =+ 0.51%
(A5) = —0.2342 + 2.5%
Step 2
RG flow
fixed point fixed point coordinates
scaling exponents become independent of the
approximation order
Step 3

enhance N — N +1
& iterate



f(R) quantum gravity

UV scaling solution

~30

-2 -1 0 1 2

radius of convergence 0. ~ 0.82 £+ 5%



f(R) quantum gravity

evaluate sets of eigenvalues

{9,(N),0<n<N -1}
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f(R) quantum gravity
evaluate sets of eigenvalues
{9,(N),0<n<N -1}

linear least-square fit

PV, ~a-n—>b

with
ayuyvy — 2.17 & 5%
buv 4.06 £+ 10%
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f(R) quantum gravity

distance from Gaussianity

1.000 |
0.500 |

0.100 |
0.050 |

0.010 |
0.005 |

0.001




question

IS metric quantum gravity fundamental ?

dNSwer

perhaps.

systematic search strategy available
very encouraging results from model studies



conclusions

systematic bootstrap strategy
justifies canonical dimension as guiding principle

f(R) quantum gravity

stability of asymptotic safety
near-Gaussian scaling dimensions

R256 relevant irrelevant at

marginal

irrelevant @ self-consistent fixed point !

extendable to other asymptotically safe theories



