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Abstract: <p>I will discuss a proposed mechanism to fix the value of the top quark mass from asymptotic safety of gravity and matter, and will
review the status of the proposal.</p>
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Quantum gravity and matter in asymptotic safety

idea: asymptotic safety paradigm could:

e Quantum gravity + Standard Model (+ extensions?) at transplanckian scales

—3 universality (extend range of QFT beyond Mpl; not necessarily “fundamental”)

« enhanced predictive power

— explanatory power
—> testability

status:

. first indications exist, but open challenges!

Pirsa: 18060064
Page 2/23



Pirsa: 18060064

Quantum gravity in asymptotic safety
ok

Renormalization Group fixed point in space of
all couplings compatible with symmetry

—3 UV completion in scaling regime

relevant couplings: free parameters (fixed from observations)

S

irrelevant couplings: predictions (value fixed from asymptotic-safety requirement

free

fixed

point operators

\[(} [Routor "06, Lause her, Reuter "01
Rotner, Savorossig '02; AL, Gles 10
Pocker, Fleuter "14;

.\/(—;f{ Ghristianaon, Knormr Maibohm, Pawlow ki, Raichen "15]

JGRZ, GR" Ry

|Benedotli Machndo, Sauorassi( 06
Danz, Pawlowski, Hoi hert *17]

|Codallo, Hercacel, Finhmeda 07, "08
Machado, Saverossig '07:
AL "13]

|Falls, Litim, Nikolahopoulos, Aahmede 113 "14]

\[(I(—f" L (,'._ A{m ( "jﬁr'!.u p  |Gles, Knorr, Lippoldt, Saverassig *16]

Vol (1)

[Dommal, Saueressid, Savorosaig 19]

prediction

parameter

X tool: functional RG equation

in truncations of theory space
X (well-tested for interacting fixed points
[Walterich "93, Reuter 06)
X
(Ising model [Canet et & 03
Litim, Zappala 10},
Gross-Neveu (Yukawa)
“Uit" LK) l:-l' (5 | 17
Classen, Herbut, Scherer “17],
multicritical points

(AE, Mesterhazy, Scheorer ‘14]...)
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Quantum gravity in asymptotic sa}r_ifety

Renormalization Group fixed point in space of
all couplings compatible with symmetry

—3 UV completion in scaling regime

relevant couplings: free parameters (fixed from observations)

1

irrelevant couplings: predictions (value fixed from asymptotic-safety requirement

fixed 0
operators parameter

point
\/ﬂ [Router 06, Lauschor Router ‘01 X

Reutor, Sauoreasig '02, AL, Glon "10
Hocker, Mouter 14,

\/}}1{ Christiansan, Knorr, Meibohm Pawlowski, Raichert *13)] X
b "
)2 J’ [Benadlotti, Mac hitlo, Saveroasin "0
\/.E;]' 1 \/ﬁl{ ]{J”" Danz, Pawlowaki, Reicher 17]

3 [Godelio, Percacel Rahmeode ‘07, '08
\/.(-Ih Machatlo, Sauerassig 07
- AL "15]

\/I'{.I?:;d

\/{I(,’I“""\(}M\f'”('.‘r,w“, [Giles, Knorm, Lippoldt, Sauerossid "10)

-‘/EI(R) [Dammel, Savoreasig, Saneressig "15)

[Falls, Litim Nikolakopoulos, Rahmeda 13 *14)

prediction

=5 710/ 1520825880

N
[Litim et al. "14]
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Challenges for the field

—y successive enlargement

[in progress)

« quantitative convergence of truncations

_y |attice studies?
[Ambjorn, Jurkiewicz, Loll. Laiho]

— first step: study in ADM decomposition

Schiffer, in progress|

« Lorentzian signature

Saueressig et al]  for interacting maller- gravily systams [AE.M

—3 first step: distinguish background-prop.
from fluctuation prop.

hert 14, Dona, A.E., Labus, Percacci "15.
Reichert 18] & work in progress

e background independence

e.g., [Meibohm, Pawlowski, Reic
A E., Labus, Pawlowski,

— shift Ward identity

[Morris “1(5; Percacc, Vacaa 17: Ohta "7, AE

— connection to tensor models?

a, Peraira, in progress]

. Labus, Pawlowski, Reichert "18]

|AE., Koslowski 13,'14,°17; AE, Koslowski, Lurmim.

 unitarity? interpretation: no poles of flat-space propagator with wrong sign

“ghost” runs “away” towards higher scales

[Benedetty, Machado, Saueressig "09]

include maﬁer! [Saveressig et al. "18]

2

" proposal: mass of

R°+ R
— infinite-dimensional truncations,
<y “fundamental”’?

able? —» connection to particle physics

J phenomenologically Vi
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Towards the top quark mass
from asymptotic safety

Quantum gravity «“affects” at the electroweak scale?




” at the electroweak scale?

Quantum gravity “effects

AS Quantum gravity effects on matter (in truncations of dynamics):

- higher-order couplings induced (present at UV fixed point)

|AE, Gies *11; AE 12, M ibohm, Pawlowski *14; AE. Held, Pawlowski "16; AE, Lippoldt, Skrinjar 17]

— suppressed below M;: by canonical power-law

—» presumably no effect on electroweak-scale physics

Pirsa: 18060064
Page 7/23



ak scale?

Quantum gravity “effects” at the electrowe

AS Quantum gravity effects on matter (in truncations of dynamics):

- higher-order couplings induced (present at UV fixed point)

|AE, Gies "11; AE "12; Meibohm, Pawlowski “14; AE, Heldl, Pawlowski "16; AE, Lippoldt, Skrinjar *17]

—% suppressed below M; by canonical power-law

—» presumably no effect on electroweak-scale physics

- fixed points in marginal couplings generated

— logarithmic running below Mpi preserves
«memory” of UV physics

[Daum, Reuler '00: Eichhorn, Helc "17 18, Eichhorn, Versteegen “17]
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Mechanism for “retrodiction” of SM couplings

for marginally irrelevant SM couplings:
9

! 3 4 92 . 2 2
B, = lf = (99,_ + 3yiy+ye (_1(,93 -5% 1o

QG contribution (FRG) ~ dimensional term

/- effective strength of QG fluc’s
—» guant. estimates from FRG stu

ﬁygraw = @— -+ @_ W

dies (in truncation)

O
e

g -
-

e.g. Einstein-Hilbert truncation fy = G —

A(103 + 56A))
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Mechanism for “retrodiction” of SM couplings

for marginally irrelevant SM couplings:

| A0 e U s
By, = |‘ o2 (9’!!;, + 3yp e+ Yt (—“’93 = 5= 109

QG contribution (FRG) ~ dimensional term

[z effective strength of QG fluc’s

—» quant. estimates from FRG studies (in truncation)

2m= .
IR attractive!
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Mechanism for “ratrodiction” of SM couplings

for marginally irrelevant SM couplings:

PUSS U 3o

0
(Qy? + 3yiye + Yt (—16’93 e TS

QG contribution (FRG) ~ dimensional term

- effective strength of QG fluc’s
—» guant. estimates from FRG studies (in truncation)
, 96 -+ A(—235 -+ A(104 4 56A))

v/—fy321° What is /,? fy = " on(3 %+ 2K (=5 +
i\ A o N T i yel iy b e\ R :
e 3 IR attractive: Einstein-Hilbert-truncation:

backreaction of matter crucial
[Dona, AE, Percacei ‘13]

no fixed point

| in h/o matter couplings
[AE, Held, Pawlowski ‘15, AE, Held “17,

Christiansen, AE "17]
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Mechanism for “retrodiction” of SM couplings

for marginally irrelevant SM couplings:

! &0
By, = “ 3972 (.()’.U? ar 3'!/3’!}1. ar (—l().(lg = =

QG contribution (FRG) ~ dimensional term

- effective strength of QG fluc’s
—» guant. estimates from FRG studies (in tr

2
2

uncation)
, 96 + A(—235 A(103 Sli.‘\j

2072 ) What is fi? fv=C —on@+ 2A(=5+44))
Attractive! noHi o
IR attractive: Einstein-Hilbert-truncation:

backreaction of matter crucial
[Dona, AE, Percacc “13]
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Mechanism for “retrodiction” of SM couplings

for marginally irrelevant SM couplings:

1 R L o o
By = fuyt + 353 (9?/;‘ + 3yzyy +ye (| =1093 = 59288 ﬁyj

Boy = Jg 9i T #,(}f {0

[Daum, Harsl, Reuter '10; Folkerts, Litim, Pawlowski “11; Harsl, Reuter "11,
Christiansen, AE 17, AE, Versteegen '17]

06 -+ L(— 230 A(103 - 56A))

& VT 32m° R attractive! What is f;? Jy=C—on@1 2A(—5 + 4N))? ol
— I o e VO autracuve Einstein-Hilbert-truncation:

backreaction of matter crucial
1.2 [Dona, AE, Percaccl "13]

SM and gravity couplings
(=]
-

10 10" 104! 10" 10! 10! -
ol

RG scale k in GeV -5 T /i _3 5 o 0

3 generations
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Mechanism for “retrodiction” of SM couplings

for marginally irrelevant SM couplings:

1 9, 9.2 Saladrors il
ﬁyr e E‘Zﬁ (ﬂyr + 3y + Ui (*”'!I:a - ;2,‘_1:3 = 'I[').{fl

s T ] % :
Tyt 06 A(—235 + A(103 -+ 56A)) M, ~ 170 GeV

Jy=C—Ton(@-r 20 (=5 + M2 .

i T
\ 1 1
: . 3 10F Y [t
Bg. = fo 9i #i; & \ o 1
b p v % DB" : : ;GN'
5(1 — 4A) 2 11
fy= -G S oef i
: 187 (1 — 20)* = g1~ L
B o4} .
o ]
/5("N —_Z(,N —‘*(.rN_,("N( ) = \Aa :
@ gof-I—= '
¢ 1 ‘ o0 1 ot 1030 ot CR
By = 2N — Gy A fan(N) 1 10 ]
RG scale k in GeV
y ) Ng o e T
,(iv ( e 3 -} IVH’ —_— I‘* — J\f|f — ey blll(&{/l))
2m 2(3 —4A) 2 2(1—2A)
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Mechanism for “retrodiction” of SM couplings

' [ 1 e
1954 : /] ! 7/ ;!
‘ ‘ [
—3 QG effects on matter @ electroweak scale?!| 17sp |y UVinsafetraieciories fiec ) il
161} ’
150} A ’:’ ’/’ ’a’ 0.8
. . - ’, 1
—% marginal couplings restricted by AS ~ ol PR Al L
o - ’ i - x
Q - —“ t” ,"’ 106 E
= N
S === =Siedictive trajeciory M polo 171 Gev40.4
S e
free trajectories
) : ;
10 10% 10™! 1078

RG scale k in GeV
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Mechanism for «retrodiction” of SM couplings

1.2
195} : TR ] /
_y QG effects on matter @ electroweak scale?! e UV unsafe trajectsries J/ gl
1611 o rl 7 Y
150+ / s /
—% marginal couplings restricted by AS 5 s aFs
% 120+ - ”/ ”, ",r =
(U] o Py ! 106 =
= R €
— predictive trajectory : Fauciive rojociory M pola= 171 GeV 10.4
= upper bound R R [
free trajectories
0.0015¢ 10 1070 1091 1070
RG scale k in GaV
0.0010}
& 00005
0 0000
-0.0005;

0.0 0.1 02 0.3 04 05
Yi
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Mechanism for “retrodiction” of SM couplings

12
195+ 'f "
— % QG effects on matter @ electroweak scale?! 175 ! A
i e
— % marginal couplings restricted by AS o 2N /—us
Y S T =iitlae =
>3 :___:_.-—" =
-> predictive trajectory —— prodictive irmjectory My pole 171 GeV40.4
= upper bound e iy (7
free trajectornes
— relevance of asymptotic safety 10 107 1051 107
beyond “fundamental” UV model RG scale k in GeV
[~ fy 327* UV completion
= IR attractive! s strings? loops?
er
I
-
= =
2 B
5 B
% =)
— [P

Mpianck
[see also Percacal, Vaoca '10]
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Mechanism for «“retrodiction” of SM couplings

beyond the “simplest” truncation:

(expansion scheme: combined vertex & derivative exp.)
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Mechanism for “retrodiction” of SM couplings

beyond the “simplest” truncation:

(expansion scheme: combined vertex & derivative exp.)

estimate of systematic error
variation under change of regulator

mechanism (qualitative) 1 obust

i 25 20N IS0 =S
A
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Mechanism for “retrodiction” of SM couplings

e 'rﬁ-—rrl_m—x—:m"‘?"r"_"_rww

beyond the “simplest” truncation:

(expansion scheme: combined vertex & derivative exp.)

estimate of systematic error
variation under change of regulator

O e 56" 15 -10. =5
effect of higher-order terms: - A

h/o terms in grav. propagator  [EEEEEEEEET

1 - ; u o
Ty = — e d*x/a (R - 2A) -+ b]d’:::\/ﬁ!?,,.,[f’“ ta /r[‘_,-\/:,_,j,"
f!)‘ e fy( ?-- Ao~ (Lo, bv)
1.0 = to do:
o] backreaction
of matter
oo Onto ”¢~bm
o 085 | S —)
-1.0 B
-15
1 e |"I
S20lS
o 2 4 o 8
—2A [AE, Hald "17]
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Mechanism for “retrodiction” of SM couplings

beyond the “simplest” truncation:

(expansion scheme: combined vertex & derivative exp.)

estimate of systematic error
variation under change of regulator

bt bt e et P P S S T
-40 =35 =30 SO R sk = 10 =9

0

effect of higher-order terms: N
R : . h/o matter interactions
o terms in grav. propagator MR - .
CRERS AR gravity-induced matter interactions
1 . o y
[‘,_, = = ﬁm‘(_.; [ dl;r\/}} (R - 21’\) -t b/d];l‘\/ﬂ”,n-“"w—| i /rfl.f \/:f_]”' : o g ;
- | ) - [AE, Gies "11, AE 12, Meibohm, Pawlowski "14; AE, Held, Pawlowski "16]
f, = T (Gay ALy ey 00 - i L
ks v = s e.g. Aa(tst)” ) X VYV (06)°
e backreaction 3
of matter contribution to Ju suppressed compared to /;

explicit calculation: [AE, Held 17)
structural argument:

onto U, D«

| ——ee

/\_,\ o G.,

1
matter loop: 7, ~ — 1 AL
i | AV ](HT"

o ]
—2A [AE, Held '17]
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Summary

intriguing hint for connection between
particle physics & AS quantum gravity

(s

10}

0.8}

06p

D4t

D2k

SM and gravity couplings

00

-0.2 :
10 10" 10?! 10" 10! 10"

RG scale k in GeV

potential mechanism for “retrodictions”:
antiscreening gravity fluctuations balance
screening matter fluctuations

restricts microscopic grav. parameter space
in truncations

worthwhile to follow up further!
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Summary

intriguing hint for connection between
particle physics & AS quantum gravity Future:

« truncations:
« h/o gravity couplings with
backreaction of matter
« alternative methods: lattice?

i
rg « connection to other paradigms for
‘E UV completion (universality)
=
£ . towards quantitative viability:
: « SMonly?
RG scale k in GeV ° BSM?

potential mechanism for “retrodictions”:
antiscreening gravity fluctuations balance
screening matter fluctuations

restricts microscopic grav. parameter space
in truncations

worthwhile to follow up further!
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