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Asymptotic safety in a nutshell

Looking for hints from the UV for the IR model buidling
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AS inspired by
quantum gravity

AS defines UV
boundary
conditions
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Transmitted to the IR by the RGE flow
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Trans-Planckian AS with matter

Gravity affects matter:

RGE system coupled to gravity

L Quantum-gravitational contribution
Modification to RGEs @ k > Mp (in principle via FRG)

5 5SM—I—NP

8, BSI\/H—NP _@
EXAMPLE : U(1) + ® + E-H:
SM+NP 1—4A
B = By O —2hy
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Trans-Planckian AS with matter

Gravity affects matter:

RGE system coupled to gravity

L Quantum-gravitational contribution
Modification to RGEs @ k > Mp (in principle via FRG)

5 5SM—I—NP

8, BSI\/H—NP _@
EXAMPLE : U(1) + ® + E-H:
SM+NP 1—4A
B = By O —2hy

FRG calculation of fihas very large uncertainties ...
(truncation in number of operators, cut-off scheme dependence, higher-order loop corrections in matter)
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Trans-Planckian AS with matter

Gravity affects matter:

RGE system coupled to gravity
Quantum-gravitational contribution

Modification to RGEs @ k > Mp; (in principle via FRG)

5 5SM—I—NP

8 BSM—I—NP _@ /
Yy EXAMPLE : U(1) + ® + E-H:
3 SI\/H—NP@ foog LA

A A I 4r(1 — 2A)2

FRG calculation of fihas very large uncertainties ...
(truncation in number of operators, cut-off scheme dependence, higher-order loop corrections in matter)

v

Due to universality of f; existance of a FP is enough to get predictions for

iIrrelevant couplings

Similar approach: see, eg., Eichhorn, Held, 1707.01107, 1803.04027; Reichert, Smirnov, 1911.00012; Alkofer et al. 2003.08401, KK, Sessolo,
Yamamoto, 2007.03567; KK, Sessolo, 2012.15200, Boos, Carone, Donald, Musser, 2006.02686
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Strategy of getting predictions from AS

illustrative example:
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Predictions for NP from AS

New Physics Experimental anomaly

fixed point for dimensionless

. C CiCi
NP couplings AP

— = X loop factor
Am myp

NP couplings irrelevant
predictions in IR

ll

Predictions for NP masses

(relevant parameters not constrained by AS )

AS leads to specific and testable sighatures
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Predictions from AS: muon (g-2)

Measured value at BNL (2006):
Bennet et al, Phys. Rev. D 73 (2006) 072003 (hep-ex/0602035)

oo R
BNL —11
(116592089 1 63) >< ].O Fermilab
/’l/ result - e
Measured value at FNAL (2021,2023):
Muon g-2 Collaboration, Phys. Rev. Lett. 126 (2021) 141801 Standar.dModel Expe'".mm
D. P. Aguillard et al. (Muon g-2) (2023), arXiv:2308.06230 keadictlons Aeprg

175 180 185 190 195 200 205 210 215
9
ap><10 -1165900

a, " = (116592055 + 24) x 10~

Aa _ (24 0+ 4 8) > 10—10 CallsfoquP
n = J T 4.

explanation...

... although stay tuned

discrepancy at~5.1o0 for the lattice results
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Predictions from AS: muon (g-2)

1-loop contribution from scalar(s) @, and VL fermions wj

6(9 —2)u = { — s (W P+ " P ) [QF (i) — QiGr (wij)] S
g ZZ; 1672m3, ( L R ) J J J
My, M. PP,
~ Joraa Re (V) Q72 (2) — Qi <xij>}}

Hnr \ JHL HUR KL \ ! UR

minimal: 1 VL lepton and 1 scalar
TMhapyy Mg ™~ 0(100 GeV)

e 2VL+1SorlVL+2Sneeded

e parametrically enhanced

Yukawa couplings > 1
excluded by the LHC see P. Athron et al., 2104.03691

for the most recent results @
Landau Pole e.g. KK. E.Sessolo, 1707.00753

* LHC bounds easily avoided...

@ ... but PS largely unconstrained
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Predictions from AS: muon (g-2)

KK, E.M.Sessolo (PRD '21, arXiv: 2012.15200)

minimal SM extension: two different VL leptons + extra scalar

extra assumption: a DM particle and a symmetry to stabilize it
Lxe D (YRurE' S+ YL F'S'l,+Yi ER'F + Y, F'hE' + He.)

Minimally coupled to QG above the Planck scale

dgy 9y
ot 162y T la9y
dy 1 [9 17 9
d—tt = 162 liy? +CL (Y +Y5) - 5912/ - Zgg - 89%] Yyt — fy Yt
dY;y 1

5
ﬁ = W [3y?—|—03y22—|—501Y12+C6Y5+C7Y1:25_GY9%_G29§:| Yl_ny1

dY: 1 5 1

7 167T2{ [3%2 POV F GV CuYi+ 5V = Gy gy —nggl Y2+ Cs quLYR} —fy Y2

itz ! 2 2 2 o 14 2 o]

dt 1672 CaXy + oY, +08YL+C9YR+§yu_HY9Y—H2Q2 Y., +Csy, YrY2 p — fy Y1
dY
dtR:167r2{[Y22+207Y12+2O9Y5+010Y13+y3Jyg?szgS_ YR+205quLY2}nyR
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Predictions from AS: muon (g-2)

KK, E.M.Sessolo (PRD '21, arXiv: 2012.15200)

UV fixed point

IR predictions B

Y(Qo) | Yr(Qo) | Y1(Qo) | Ya2(Qo)

M, 0.21 0.91 062 | 9x10~*
M, 0.65 0.59 0.03 | 6x10~*
My 0.01 0.77 0.18 | 3x107°
Mg 0.04 0.78 0.65 | 9x107°
Mo | 0.98 0.87 0.03 | 1x1073

e

free parameters: Ms, Mg, Mg
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1) Fundamentally different
and testable signhatures.

Entirely consequence of asymptotic
safety.

2) Relevant parameters
constrained.
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Other BSM predictions can be made...

e anomaliesinb - s

KK, E.M.Sessolo, Y.Yamamoto,
Eur.Phys.J.C 81 (2021) 4, 272

A.Chikkaballi, W. Kotlarski, KK, D.Rizzo, E.M.Sessolo,
JHEP 01 (2023) 164

e anomaliesinb - ¢

KK, E.M.Sessolo, Y.Yamamoto,
Eur.Phys.J.C 81 (2021) 4, 272

* neutrino masses AISO graVitationaI

KK, S.Pramaick, E.M.Sessolo, | wave signals!
JHEP 08 (2022) 262 I:> : 9

A.Chikkaballi, KK, E.M.Sessolo, E.Sessolo’s talk

arXiv: 2308.06114

* dark matter, baryon number, ALPs, GWs

see eg. Reichert, Smirnov, 1803.04027; Grabowski, Kwapisz, Meissner, 1810.08461; Hamada, Tsumura, Yamada,
2002.03666, Eichhorn, Pauly, 2005.03661; de Brito, Eichhorn, Lino dos Santos, 2112.08972, Boos, Carone,
Donald, Musser, 2206.02686, 2209.14268, Eichhorn, dos Santos, Miqueleto, 2306.17718, ....
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Predictions for NP - assumptions

W.Kotlarski, KK, D.Rizzo, E.M.Sessolo
EPJC 23, arXiv: 2304.08959

0.6
* 1-loop matter RGEs f
0.5
* Planck scale set at 10%° GeV 0.4l

» Gravity parameters f are constant 0.3
0.2
* Gravity decouples instantaneously o
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Predictions for NP - assumptions

W.Kotlarski, KK, D.Rizzo, E.M.Sessolo
EPJC '23, arXiv: 2304.08959

0, B
1-loop matter RGEs | Met |

0.5

Planck scale set at 10*° GeV 0.4

0.3

Gravity parameters f are constant |
0.2

Gravity decouples instantaneously

0.1

But in FRG:

eg. EH truncation, a=0, =1 g.f
A. Eichhorn, F. Versteegen, JHEP 01 (2018) 030
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Let’s drop the assumptions...
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Uncertainties — gauge sector

W.Kotlarski, KK, D.Rizzo, E.M.Sessolo
EPJC '23, arXiv: 2304.08959

€g. U(l)Y X U(1)p

A bY\ Recall B-L from E.Sessolo’s talk 0.60 __ Original setup
dgy 1 ¥)\ 3 055 | M
= b II > — t - PL get fy
dt 1672 ( v 1L ) gy = gv fo(l) 0.50"
dgq 1 Y d € 0.45
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dge 1 )\ (.3 2 (d) \ 2 035/
At 1672 [(by + Hn22> (92 + 29v9¢) + (bd + Hn22> 9dge 030 &
. 025" preditct
%-(be+ﬁﬂﬁgg)(gﬁgd—kgdgffl—-gefgﬁd o T
‘ 20 40 60 80 100 120
Log;,[u/GeV]
The coupling ratios do not depend on f, 0.50 f
(due to the universality of QG) f Cooommmmr
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Uncertainties - Yukawa sector

W.Kotlarski, KK, D.Rizzo, E.M.Sessolo

EPJC '23, arXiv: 2304.08959 2-Yukawa Svstem i
dy Y1 (1), 2 (1) Y2 — /D 2 (1) 0.8] di
dt — 167 (aly? + o} g+ éﬂn ) =ty () redic
d@/Z y2 ( ) (2) ) : ( ) 06 \ L. W =Y
2 (2 2 NN o] T e e
dt 167T2< yi + s +n§ ya fy(t) N
- Ye=Y1
. i get fy)
The FP ratio y. to y; depends on FP of other couplings 020 20 60 80 100 120
G
fixed fy and f, shift due to the running fy, f, Logylu/GeV]
~ i i - A
2 B 7 N 1/2
y (6 =) + @O @) gt/ (ol —al?) 6912 + (@ - ) 3977
1 (L loop) ~ O __® + O @
91 Ay~ — 4y y1 ( — Q9 )
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Uncertainties - Yukawa sector

W.Kotlarski, KK, D.Rizzo, E.M.Sessolo

EPJC '23, arXiv: 2304.08959 2-Yukawa system .
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Uncertainties - Yukawa sector

W.Kotlarski, KK, D.Rizzo, E.M.Sessolo

EPJC '23, arXiv: 2304.08959 2-Yukawa system "
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Conclusions

* Trans-Planckian AS is a very predictive UV framework.
Applications for SM and NP.

* AS predictions in the gauge sector are stable under higher-
order corrections and running of the gravity parameters.

* Uncertainties of the AS predictions in the Yukawa sector do
not exceed 20%.

* Flavor anomalies, g-2 anomaly, dark matter, etc. can lead to
very testable signatures.

Kamila Kowalska National Centre for Nuclear Research, Warsaw
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