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Abstract: <p>In thistalk, | will discuss the asymptotic safety paradigm, and will highlight that it can provide aframework for a predictive ultraviolet
completion for gravity and matter. Specificaly, | will discuss compelling hints that exist for the realization of asymptotic safety in pure gravity, and
will then present recent progress on the case of gravity coupled to Standard Model matter. In particular, | will highlight results that show how to
forge a link between physics a the Planck scale and physics at the electroweak scale, in order to impose observational constraints on the
microscopic quantum gravity dynamics.</p>
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The asymptotic safety paradigm
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The asymptotic safety paradigm
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Theory space

92
4 Quantum fluctuations
generate all interactions
compatible with the symmetries
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Asymptotic safety/freedom:
Fixed point in infinite-dimensional theory space
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Irrelevant directions: Predictions from asymptotic safety
92
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Irrelevant directions: Predictions from asymptotic safety
92
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Irrelevant directions: Predictions from asymptotic safety
92
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Mechanism for asymptotic safety
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Mechanism for asymptotic safety

K;N] =2—d — dimlesss G =Gy | S

Be=(d-2)G+G?
Balancing canonical
and quantum scaling: G

€ expansionind = 2 + ¢

38 .
ﬁ(_j = eG — .; G2

€

Glk]

Weinberg '76; Christensen, Duff '78
Qastmans, Kallosh, Truffin ‘78 ®_ ___scale-invariant

Goal: extension to d=4 ?
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Functional Renormalization Group

probe scale dependence of QFT Ri(pIK?)
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Functional Renormalization Group

probe scale dependence of QFT Ri(p? 1K)
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prediction of asymptotic safety

Fk contains effect of quantum fluctuations above k
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Functional Renormalization Group

probe scale dependence of QFT Ri(pPIK?)
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Functional Renormalization Group

probe scale dependence of QFT Ri(p?IK?)
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Functional Renormalization Group

probe scale dependence of QFT Ri(p? 1K)
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Functional Renormalization Group

probe scale dependence of QFT R(pPIK?)
. 1.0

e~ Trlol _ / Do e—SlPl—3 [ ¢(—p)Ri (p)e(p) 08

0.6

EraES gy 0.4
Wetterich '93: Morris, ‘94 > o
0.0
scale- and momentum- 22

p
& = 05 1.0 1.5 2.0
dependent mass

Wetterich equation:
‘_ . (2) =
Ty = SSTr (TP + By)  OeRi =
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Functional Renormalization Group &
€ - expansion

perturbative evidence for asymptotic safety:

expansionind = 2 + €

o g
Bc =G — —G*
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Weinberg '76; Christensen, Duff '78
Gastmans, Kallosh, Truffin ‘78

Goal: Match onto d >2 results
and extend to d=4

FRG suitable tool:

extend pert. controlled FP away from crit. dim.
— see non-gravity models
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Functional Renormalization Group &
€ - expansion

perturbative evidence for asymptotic Safety_ PHYSICAL REVIEW D 90, 025018 (2014)
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Critical O(N) models in 6 — ¢ dimensions
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Goal: Match onto d >2 results
and extend to d=4

FRG suitable tool:

extend pert. controlled FP away from crit. dim.
— see non-gravity models
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Functional Renormalization Group &
€ - expansion

perturba“ve EVIdEﬂCG fOI’ szmptDTIC SOfety PHYSICAL REVIEW D 90, 025018 (2014)
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Functional Renormalization Group &
€ - expansion

perturbative evidence for asymptotic safety: FRG in d = 2 + ¢
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The case for asymptotic safety in gravity
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The case for asymptotic safety in gravity
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The case for asymptotic safety in gravity
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The case for asymptotic safety in gravity
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A link that matters

‘ Mobs % ‘Af[ew A-}thck
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observable not currently observable
(physics)
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A link that matters

-

M obs ~ M ew M Planck

10* GeV 101 GeV
observable not currently observable
(physics) (physics?) *

*“In any region of physics where very little is
known, one must keep to the experimental basis
if one is not to indulge in wild speculation that is

almost certain to be wrong. “
(P.A.M. Dirac)
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A link that matters

,A'_.[(:)]:'}S ~ A[P W A[P lan C]’\’

10* GeV 10* GeV
observable not currently observable
(physics) (physics?) *

w

constrains viable
microscopic models

*“In any region of physics where very little is
known, one must keep to the experimental basis
If one is not to indulge in wild speculation that is

almost certain to be wrong. “
(P.A.M. Dirac)
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Asymptotic safety for guantum gravity and matter

quantum gravity dynamics matter dynamics
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Asymptotic safety for quantum gravity and matter

Can quantum fluctuations o3
of matter destroy 0l Z
consistent quantum gravity model? i =
quantum gravity dynamics matter dynamics

TR

Can quantum fluctuations
of gravity generate
a viable UV completion for matter?
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Asymptotic safety for quantum gravity and matter
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Can quantum fluctuations W}~
of matter destroy 02
consistent quantum gravity model? i s =

quantum gravity dynamics matter dynamics

\ / triviality in scalar & U(1)

Can quantum fluctuations
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Asymptotic safety for quantum gravity and matter
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Can quantum fluctuations 0s} 7
of matter destroy 0 =
consistent quantum gravity model? - =

quantum gravity dynamics matter dynamics

\ / triviality in scalar & U(1)

QG-induced
Can quantum fluctuations asymptotic safety
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fixed point
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Asymptotic safety for quantum gravity and matter
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Quantum fluctuations of matter alter the UV dynamics for gravity
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Matter matters

Quantum fluctuations of matter alter the UV dynamics for gravity
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Asymptotically safe solution to the U(1) triviality problem
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Asymptotically safe solution to the U(1) triviality problem
'y, ='xEn + 421 / dr ﬂ#z
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Newton coupling

{ 2 2 r 9 U 3 9
g1y = (Fi\’fﬂf-(l) o E.‘fl‘hl(“)) 9u(1)

QG-induced asymptotic freedom?
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Asymptotically safe solution to the U(1) triviality problem
'y = kgl + 421 / d*x ﬂ]ﬂz
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Newton coupling
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Asymptotically safe solution to the U(1) triviality problem
'y = I'kgn + 42[ / ({4,1.'@_]_4’2
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Newton coupling
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QG-induced asymptotic freedom?
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Asymptotically safe solution to the U(1) triviality problem

gravity must remain ““weak”
for a real fixed point in
U(1) gauge theory
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Asymptotically safe solution to the U(1) triviality problem

interaction structure in gauge sector:

1 ‘ .
== F? + @y F*
e

interacting fixed point

asymptotically free fixed point?
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Asymptotically safe solution to the U(1) triviality prob!em
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Asymptotically safe solution to the U(1) triviality problem
interaction structure in gauge sector:

1 ; _
T %+ w2 F*
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interacting fixed point

asymptotically free fixed point?
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Asymptotically safe solution to the U(1) triviality problem

interaction structure in gauge sector:

1 o .
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asymptotically free fixed point?
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Asymptotically safe solution to the U(1) triviality problem
interaction structure in gauge sector:
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Asymptotically safe solution to the U(1) triviality problem
interaction structure in gauge sector:
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QG-induced fixed-point structure

interaction structure in gauge sector:

] ‘ _
I & "+ wo I e
497 (1) C

interacting fixed point
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QG-induced fixed-point structure

interaction structure in gauge sector:

1 ; .
== F? + wyF*
49001) d

interacting fixed point
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matter couplings
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Symmetries dictate fixed-point structure

] 2 Z ‘. ]
. / { ()] 1) & | & [
"Z:ﬁ" / (14'17 \/-(—}(:";’V(:"h T (]4'17 \/-(-}.qf”g()h PO,
-(?.fl.y — (:"E QYs -(!,:"_1 (/) — -(f)
b — et 5 shift symm. = P+a

Induced interactions (non-free) ﬁz% y

fermions & x (9,00 ¢) YV — X« # 0
scalars

— fixed point in matter sector cannot be completely free
nonzero interactions: symmetry of kinetic term
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Symmetries dictate fixed-point structure

: . 7 . 7
s g e L lan} = JLl Ik . : 4 . lyaly A
12y /r] x \/E’V‘ 5 d*x /g g"" 0,00, ¢ iy | &z /gy @

P — €15 o= —¢ G e,
D — et s shift symm. @ — ¢ + a Y — e 2789y
| l ) — t_;-"_‘("'gm’"-'
induced interactions (non-free) m - QG flucs: global symmetries v
fermions & x (0,00 ) YV — xu # 0 » \<\— Y
/7 \

scalars
.f'},;,|‘g:;|';w = # yg

— fixed point in matter sector cannot be completely free
nonzero interactions: symmetry of kinetic term
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Symmetries dictate fixed-point structure

. o | Z ',-"IJ L < L& / - . T
iZ, / Paygiye 22 [ daJagroe0e iy / iz /G o
.(;.‘"_, iy (ai. ays .{';': (f) — -(f) &
&y iy shift symm. @ — ¢ + a e

[ [ 'J,Tr""l
Y — YPe 2O

induced interactions (non-free) m ,~ QG flucs: global symmetries v

fermions & x (8,09 0) VY — xx # 0 215 Y
scalars § ¥
".},;,r|;_';|':w — # yg

minimally interacting FP:
free in couplings with
reduced symmetry,
Interacting in couplings with
full symmetry of kin. terms
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Symmetries dictate fixed-point structure
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Induced interactions (non-free) % QG flucs: global symmetries v

fermions & x (9,09"¢) YV — xx # 0 159
scalars f >

.f'),y|;_';r;w — # yyg

minimally interacting FP:
free in couplings with
* Real couplings at induced fixed point? reduced symmetry,

i . . iInteracting in couplings with
(Ir)relevant interactions? e
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Asymptotic safety for matter requires weakly
interacting” gravity

gauge fields
induced interactions w, (F?)* = wa . # 0
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Asymptotic safety for matter requires weakly
interacting” gravity
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Asymptotic safety for matter requires weakly
interacting” gravity

fermions & scalars gauge fields
induced interactions induced interactions ws (F?)* = wa . # 0
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% hints for requirement of “weak gravity”
from two independent matter sectors
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Linking ASQG to the electroweak scale

10—~ e s R
A | Connection to viable
1y : J UV fixed point?
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RGE scale p in GeV
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Linking ASQG to the electroweak scale

IO —re—r—Tr—r———rrrrr—r—r—r |

S | Connection to viable
os] \ i UV fixed point?
:\..1
oo —— —

107 16 10® 0™ 0 107 o o™ o™ oM
RGE scale p in GeV

toy model: simple Higgs-Yukawa model:
by = % / ('l4.‘lf\/§ g""0,90,¢ +1i 2y / (‘14;1f\/ﬂt;7'Y7zf' +iy / c'f”l;z*\/ﬁgf)z;t,;""
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Linking ASQG to the electroweak scale
T R SRR T yg+ &y — Yu =0

y
grav

08}

o6k T m

SM couplings
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Linking ASQG to the electroweak scale

3
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Linking ASQG to the electroweak scale
yg+ s = Ye =0
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Linking QG to the electroweak scale

B == e T T
CEAY } determines entire
08 top mass at e/w scale
) ytt o — (y - (P))tt
:f Sk chiral symmetry:
3| no microscopic fermion masses
| il i ”)-(;' ¢ = p = ;
'\\..1 1 My PP = —) (-z;"q; Wi + Vg, f.-‘"’;,»)
oaln B, RN i : e
................ == in the Standard Model

107 16* 10° 108 0 107 10 10X o e
RGE scale p in GeV

guaranteed automatically below Mp; or nontrivial constraint on fundamental model?
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Chiral fermions

chiral symmetry: no microscopic fermion masses m,c_t, in the Standard Model

— guaranteed automatically below Mp; or nontrivial constraint on fundamental model?

Ve = Vogew + 32 / dx VY LYY + im " /(f'l.f‘\/;_jt_.:i' )t
+i€ / d*x\/gRY " + i / d*z.\/gy' V3

theory space 1 g

-IG €, -

y=sym. int.
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Chiral fermions

chiral symmetry: no microscopic fermion masses m.a_t, in the Standard Model

— guaranteed automatically below Mp; or nontrivial constraint on fundamental model?

Ve = Ve +12¢ / dx VY LV + 11Ty /(f'l.f‘\/;_j't_.:i' )t
+i& /d'].rﬁ]?f:"i:" +iC /(f'l.f'ﬁc_.“'vgt_.-""

theory space 1 g

IR-repulsive 6., =1+ 0., >0

restoration of chiral symmetry
not automatic towards IR

S VR S

constraint on microscopic models:

=8ym. int. : : : :
Xy chiral symmetry must be realized microscopically

Pirsa: 17030050 Page 62/64



Chiral fermions in asymptotic safety

I = Fgrav + 12y / d*z \Jg P VY + imy, / d*x /gy
+i€ / d*z\/gRY Yt + i / d*z\/g' V2

fixed point lr«_\'mnwlr_\' for fc-rmiuns! Ge | A ‘ T n I Ea : Ca Ny | 4 ‘ 02 l ta | 04 l 05 J|
chiral non-Gauffian chiral 252 | -0.42 0 0 | O 017354 1.34 | 0.84 |[-0.73|-1.27
chiral non-GauBian chiral 2.52 | -0.42 0 -0.17]1 3.54 | 1.34 | 0.84
chiral non-Gauflian chiral 252 [-0.42 0 -0.17[ 3.54 | 1.34 -0.69
chiral non-Gauflian chiral 2.52 | -0.42 0 [-0.17( 3.54 | 1.34 -1.30
non-GauBian none 1.00 [-0.27 ] 1.01 | 1.10 | -2.49] -0.56 | 3.65 | 1.66 | 0.59 [-2.50 + i 1.60
non-Gauflian none 2.52 | -0.41 0.74 -0.15( 3.54 [1.37 £ 10.04 I

chirally symmetric interacting fixed point:
realization of chiral symmetry on all scales
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Conclusions & Outlook

quantum gravity might provide a UV completion for the Standard Model
— asymptotically safe solution to the U(1) triviality problem

— existence of matter fixed point requires weak gravity

— (phenomenologically) viable matter fixed point constrains
gravitational parameter space

— existence of chiral fermions accommodated in ASQG
(chiral symmetry not IR attractive)
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