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[5. Weinberg, 'T9]

e Criterion of consistency for a QFT that

generalizes perturbative renormalisability

Requirement that observable quantities (like

theory be fixed by a finite number of parameters

lim g;(k) = g;

B—roC

— fixed point (FP) in the

Renormalisation Group flow

dim (Spy) -

Spy: space spanned by trajectories hitting the
fixed point

k is the energy scale at which the theory is
described by an effective action I'y,
Perturbative renormalisability + asvmptotic

freedom is equivalent to asvmptotic safety at the

Gaussian FP, g7 =0




[Wetterich, "01]

e ['}: quantum action coarse-grained a la Wilson
Degcribes physics at the energy scale &
All quantum effects contained in running

couplings

Zi[J] = exp (Wi[J])

= Doexn (—5 A+ / i

o . 1
o IR cutoff term ApS[¢] = S | eRe(0)¢

s ) WL
Tilda] = / I et — Wi[J] 2 Pel = J

aJ

e Exact RG Equation (scalar theory)
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[Wetterich 93]




Zk[J] = / Doexp (—H[r.—u] + / J-¢

l 1'52 F I =
[ 2 [r".’-'?x"] = -Tv = _-h + Ry, ¢ Ry,
2 ol

e Same construction for ¢ — g,

Euclidean signature

e Diffeo invariance gauge fixing and ghosts

(background technique with metric g)

o

O Tkl[g.v, v, 9] = %:l—]' Z (I":,\_E' + R-A-)

-
r_-':?

B %Tr Z (I“H T R’;-)

oAt
[arlr
T3

—1

[M. Reuter '96
0. Lauscher and M. Reuter "02]

e Diffeomorphism invariancs

Tilg+ Leg, v+ Lov, 0+ L0,




EKnowledge of exact form of I'y, is equivalent to

solving the quantum theory

No path-integral techniques bevond perturbation
t'lj_q_'i_i]_‘_“‘.-'

Do not specify form of S and functional integrate

Take ERGE as defining the theory

Write down most general form of I'y, accounting

for symmetries

Make approximations if necessary

(e.g. truncations)

Study attractivity of FP’s by linearizing RG
equations




There is a no

[Souma '01
Launscher and Reuter, "02]

A, =0.339

{i;rq: = (.344

(_n_e'::n‘.:l 4.196 \

Stability matrix M|yapp = \
o 4,905 —-.':.su:a-}

with eigenvalues 8 = 8’ +i6"” = —1.863 £ 4.078i

[nclusion of A= term [Lauscher and Reuter '02]
Culgodl = [ dayg {in (2R - B) + uR?)

Small modifications w.r.t. previous truncation
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[M. Reuter, D. Dou and R. Percacci]




e Ansatz (i = 1/167Gy)

e There is a non-Gaussian FP

[Souma '01
Lauscher and Reuter, "02]

A, =0.339
(7, =0.344

St abil \ (—”.5173 -Llﬂ'f}\
e Stability matrix M|~ =
- INGFP o
\—unn —::.a-_au::}

with eigenvalues 8 = 8’ +i6"” = —1.863 £+ 4.078:
@

e Inclusion of A< term [Lauscher and Reuter '02]
].__.'p[lr,n'. F_}'] == / 11"5,.".,&_.'{_;{5-1: (3_1;‘ = R) 7S JARJ}

Small modifications w.r.t. previous truncation




Assuming asvmptotic safety with pure gravity,

[t may happen that the NGFP disappears or

does not have good properties

Reproducing the matter content we see in nature

(i.e. Standard Model) is very difficult

Two approximations

Minimally coupled matter fields

[B. Percacci and D. Perini, '02]

Scalar field with arbitrary potential

[R. Percacci and I). Perini, '03]
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Minimally coupled, massless matter fields
ng scalars, ny Wevl fermions. nyy Maxwell, npg
Rarita-Schwinger

Scalar gl .., = /f14.-".,'__.'lr_

BB =

scalar
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[B. Percacci and I). Perini, '02]

, ' 1
kg = =3 .
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NGFP determined by the zeroes of a function
h(A)

Studv numerically bounds on matter content

Example: A, and G, as functions of ng
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e More generally. the behaviour of h is determined
by the sign of two parameters:
A= e(0) = 1/4R'(0)
roc k) By - oo B

The parameter space can be divided into four

regions

A<
A

) one NGFP with

II) one NGFP with A,
one NGFP with A,

[T} one NGFP with .
IV) no NGFP’s




e Only numerical study (point by point)

]_:'i_r]_‘ 0 — (. nps = ]




e In seneral.

e recions with A 2 0, separated by the plane
ng -+ '_-f.'.'_L.f B :-_J,'h'ﬂ' —4dngps — 4.16 =1
e the other plane has equation

6.98ng — 14.Tnyr — 1.6nw +32npgg — 21.45 =10
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e SM and minimal SU(5) in region I

S((10) in region I or III (depends on symmetry

breaking)




Scalar field with arbitrary potential and coupling

to R [R. Percacci and D. Perini, '03]

Scalar field may be though of as a sample of
matter fields or part of the gravitational sector

(dilaton)

. 1 :
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e Infinite number of «

Imihnite-dimensional o

A =2xA£0 2; =0 (1 0)

-El'_l = & : ” P Ly |: 1 = I:H

This is the “Gaussian-Matter FP” (GMFP)

It is attractive in four directions. therebv |




Asymptotic safety: non-perturbative approach

Pure gravity seems to admit a NGFP
Explicit
hounds on type of matter

Conclusions seem robust w.r.t. addition of extra

terms (scalar field)

Understand better the properties of the FP
Applications to phenomenology

Understand relation with other approaches to

Quantum Gravity




