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Outline

» Super-brief recall of trans-Planckian AS in matter

Naturally small dimensionless couplings: the neutrino case

Fixed points of SM + RHN

Connections to AS quantum gravity

Fixed points of gauged B-L model

e Gravitational waves from FOPTs vs. AS

Enrico Maria Sessolo IP2 Lyon workshop June 2024



Asymptotic safety in a nutshell

Hints from the UV for IR model building

Landaquole (QED)H

AS defines UV
boundary
conditions

Asymptotic safety

Theory space

Asymptotic freedom (QCD)

L critical
surface
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u[GeV]

—>

Reuter, Saueressig, hep-th/0110054

1 AS inspired by
s quantum gravity
‘g ? from Wikipedia (created by Andreas Nink)
s Transmitted to the IR by the RGE flow
E 0.2+
: é \\\\\\\ — |
S\

cosmological constant
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Scaling properties

Mij = aﬁi/a&j ’{a;} (-) eigenvalue (critical exponent): 6 > 0

freg¢
para

M.Yamada, Warsaw 08.10.2019

Relevant couplings are free parameters
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Scaling properties

Mij = aﬁi/a&j ’{a;} (-) eigenvalue (critical exponent): 6 <0

Landau pole

M.Yamada, Warsaw 08.10.2019

Irrelevant couplings provide predictions
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Matter RGEs with quantum gravity

Robinson, Wilczek '06, Pietrykowski '07, Toms '08, Rodigast, Schuster '09, Zanusso et al. '09,
Daum et al. '09,'10, Folkers et al. '11, Dona' et al. '13, Eichhorn et al. '16-17...

Trans-Planckian corrections of matter RGEs £ > Mp; (functional renormalization group)

Wetterich, Reuter, Saueressig, Percacci,

SM gauge Couplings Litim, Pawlowski, Eichhorn ...

dgy 9y 41 f gy universal corrections depend on gravity fixed points

dt 1672 6 I * -

da o 1 —4A _ 96+ A* (—235 +103A* + 56A*?)

2 — —

Wi g —fag2 awrrn o 1 A

dt 1672 6 4r (1 - 2A) 127 (3 - 10A* + 84+

dgs o 93 - f e.g. A. Eichhorn, A. Held, 1707.01107
dt 1672 — 19 g3 A. Eichhorn, F. Versteegen, 1709.07252

SM Yukawa couplings

dys i

dog . 2 = 2 _ 9 . ‘ L E s
dt = 16n2 ( Yo + 5% +3Y5 T3y — 792 — 895 — To9v T e T UL F yT-) — fy yt

dyo _ y (9 5, 3. : 2 9. 9
Ut = Ten7 \ ¥ T ¥ T 3us + 3y — 192 — 805 — ﬁgy 8 A1 UT) — fy yb
.. same for other quarks and leptons
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Matter RGEs with quantum gravity

Robinson, Wilczek '06, Pietrykowski '07, Toms '08, Rodigast, Schuster '09, Zanusso et al. '09,
Daum et al. '09,'10, Folkers et al. '11, Dona' et al. '13, Eichhorn et al. '16-17...

Trans-Planckian corrections of matter RGEs & > Mpy

SM gauge couplings

dgy gy 41

dt_167r26 ~fogy =0
dg2 92
Wi —fegz =0
dgs 93
G 16m2 -fgg3 =0

SM Yukawa couplings

dyt Yt
dt 16 2

dyb Y
4

9. 3. , .9
( y; + Eyﬁ + 3y; + 3y; — i.qi

(functional renormalization group)

Wetterich, Reuter, Saueressig, Percacci,
Litim, Pawlowski, Eichhorn ...

universal corrections depend on gravity fixed points

96+ A (—235 +103A° + 56[\*'2)

1 — 4A* .
f.u:_G

4w (1 —2]\*)2'

fy:é‘

= 5 2
127 (3 — 10A* + 8A"3)

e.g. A. Eichhorn, A. Held, 1707.01107
A. Eichhorn, F. Versteegen, 1709.07252

17

—8gi— —g@ Yty + yf-) ~fyyt =0

12

I'

9 5 Bg e el D
& T 3( ub+§:yf+3:uf+3:yﬁ——95—8.%—ﬁgy+*h +U,u+%) -fyyb =0

.. same for other quarks and leptons

Enrico Maria Sessolo

get fixed points
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Matter RGEs with quantum gravity

Robinson, Wilczek '06, Pietrykowski '07, Toms '08, Rodigast, Schuster '09, Zanusso et al. '09,
Daum et al. '09,'10, Folkers et al. '11, Dona' et al. '13, Eichhorn et al. '16-17...

Trans-Planckian corrections of matter RGEs k& > Mp, (functional renormalization group)

Wetterich, Reuter, Saueressig, Percacci,
Litim, Pawlowski, Eichhorn ...

SM gauge couplings

— B Yy =
it 1672 6 ggy =0
A. Eichhorn, F. Versteegen, '17
1.4 - - ‘
| FF A b fy <0.0097
1.2 UV unsafe trajectories,»” - _~ -
i Vs ,—’ _,—’ |
! e ] ~
1.0F predictive trajectory y fQ 0.0097
= ' ' matches SM value
< 0.8}
K free trajectories
06
0.4F . i
: S s —» f, >0.0097
0.2k CC . £ ‘ ]
1 1030 1040

RG scale k in GeV

euristic determination fg,y — universality of couplings — predictions BSM

Kamila's talk
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Naturalness
with
asymptotic safety



Neutrinos — experimental status

NUFIT5.1 (2021)

2007.14792

Am3; = 7427020 x 107°eV?,

NO: Amj, = 2.515F

0.028
0.028

x 1072 eV?,

10: Am3, = —2.49870028 x 1073 eV?,
Planck (2021) 1807.06209

> m;<0.12eV

i=1,2.3
PMNS pars ...
U =
PMNS fit ... (PDG)
NO: 612 = (
IO . 912 - (
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Neutrino mass

Neutrino masses are very small !

. : . 1t ® Yt
either Dirac neutrino ... s Yb
Yr

. . -3L
RHN — Higgs mechanism — small Yukawa 07T e Y
.. 5] @ Ye

— v . c . 10°°}

Lp=—yJvp; (H)'L; +H.c.
YoVl 107}
m, =
V2
-12L
10 s Y,, small Yukawa
or Majorana neutrino ... :
11 @ Yt
see-saw mechanism — large Yukawa S -gb |
=1 ikl Yu
10 ® Yu
1 ..
ﬁM = ﬁD . §M;\€VR,iI/R,j -+ H.c. 10_*_) K Ye large Yukawa
'-'3 B
= ( 0 mp ) S Y202, 10
mp ﬂf‘.x-‘ I \/§MN 1
107"
1 free parameter MN
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Fixed points SM + RHN

dgy ¢35 4 =0
G 1626 99
dyt _ yt -9 2 2 17 2-
dt 1672 _Qyt + Y, 1 QY_ f_yyt =0
dyl/ _ yu [ 2 5 2 3 2
. arrows toward the UV
R BE B G DY S B RES
T'f I# . L'.Ij.;ll: 41‘ /| 4-4 ’/7{:/’:
RN ll'-h\l'||l||'T||" 'l,-'llll.-"'/__,f
R lt_..,\ | 'n,l_|'f|' f.",xx,r //_,x‘
0.4} (SN \\ﬁ\itl' | 144 IV //:
o ONNNN\//Z 728
relevant @ ;*--__-iﬂ%::%\g \ [ /47 /}' 4
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' V==
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relevant relevant
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—1 x 10~

I

K. Kowalska, S. Pramanick, EMS '22

YS S 1x107

fy > ferit

... implies
large yv
coupling
et o
. - f
FoM 8 x 1074 ’
Small coupling V(My)
is possible but

large fine tuning
10'%F

10%¢

£ 10

104}

Yv* is 0(1)

100

10° 10° 10" 1072 1072

IP2 Lyon workshop June 2024

100

100 10 10® 100 10"
My (GeV)



FiX e d p oi nt s SM + RHN K. Kowalska, S. Pramanick, EMS '22

gy 41

dgy =0
it " 16w G Je9v
dyt Yt -9 2 2 17 2-
d - 16n2 2% T T 9y | T Ly =0
dyy uo | 5 9 o9 3 2-
— 3 2 242 - —
. 16m2 |V T ¥ T 9| T Jub =0
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/

-

fy < ferit

—4 -3
—1x107" < f, S1x10

... implies
zero or small
yv coupling

. > fy
friy ~ 8% 107

Vv = 0...
predicted mass is zero?

let's go deeper ...

irrelevant Pv* = 0

IP2 Lyon workshop June 2024
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FiX e d p oi nt s SM + RHN K. Kowalska, S. Pramanick, EMS '22

y KON 0 irrelevant trans-Planckian flow
v —
0.5 11—
0.4F L W\ |
0.3
=
0.2

- yv arbitrarily small |‘11
10-13 : B \
¥t 20000 60000 100000
Integrate the curve: Loglk/GeV]
16 2 crit —
olt, ) |- on W erit — )
e\ Jerit ™ Jy TER— _|_ 5/2

16 T’k = Planck “distance” (e-folds) (1 free parameter, not worse than see-saw)

No fine tuning

(Neutrinos could be Dirac naturally)
Enrico Maria Sessolo IP2 Lyon workshop June 2024
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Some comments ...

1. Is the neutrino special?

(Can we make anything else small via irrelevant Gaussian FP?)

Dirac or only

small Majorana large Majorana

y,=0 (D) y,#0 (I)

/

f,mustbe on fu
this side of fcrit ...

... buttop massis good only if... -1 x107* < f, <1x107°

»fy

... and there's an fcrit for each fermion ...

dyx _ yx
dt 1672
dyz _ yz
dt 1672
ey = 2y ey — ooy

lax v + azyz —av gy ] — fyyx

[oy % + ayys — oy gy ] — fy vz

crit

Z O‘-’ert Oﬂ"Y Z iy
u, c 3 T | —20.0x107¢
b 2 2 | 1.17x10™*
d, s 3 = 22.3 x 1074
Vi 3 8 | 8.22x107*
€, by T 3 % ~119 x 1074

Enrico Maria Sessolo

7 7
167 axy — ay

TOP BAD

TOP GOOD
TOP GOOD
TOP BAD

IP2 Lyon workshop June 2024
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Some comments ...

1. Is the neutrino special?

(Can we make anything else small via irrelevant Gaussian FP?)

crit

Z O‘-’szt OL’IY ZitY
u,c 3 7] —20.0x 1071
b 3 2 | 117x107*
§ d,s ) 3 NS 22.3x10™* | TOP GOOD?
Vi 3 3| 822x107*
e, L, T 3 Lot —119x10™*

... running CKM pushes fcrit to the left (spoils the fit)

Fixed CKM: Running CKM:

5 3 5
16204 s ~ 1672 f, — 3y;> + & gvp = 16704, ~1672f, — 5 (14 |Vio|?) yi* + Egg“?

Ca

FP=0
R. Alkofer et al. (2003.08401)

... perhaps the neutrino is special after all

Enrico Maria Sessolo IP2 Lyon workshop June 2024 13



dye _ Ye {32

dt  16m2 1 2% T 2

15 9
-~ <4912/+492> +3(yf+y§)}—fyye

- iyll«_Q[

dyu — Yu 3 9
dt 1672

15 9
-~ <4g§+492> +3(yf+y§)}—fyyu

dyr _ Yr [3.2 3
2

dt 16w 1297

15, 9
‘Yt Y Y Y — (Zg?z + 195) +3 (yi + y?)} —fyyr (A1)

[(A-X - 232+ (1-Y =Wk + (X +Y + Z + W — 1)y

More comments...
2. What about the full lepton sector?

dt (4m)? [\v2 -y

yé—y?

(A.9)

2 2 _ 2
T <y;1 +y;2> {(yZ—yZ)XY+ (y= y”)[W(l—X)+X—

+ (B2 {ut —staxa-x - 2+ B bl g _yya - 2) - xa-am) -

=3
. <y+y) {6 -sxr s M[wu-xnx—(l—yxl—zn}
(i)

{(y —y)Y(1-X-Y)+ e —vr) 5 yz)[W(l -X

3 2, .2 2 o
— S X+ Y+ (- X = Y)uls] + 92 +va + 2 + v + o + vis B () {ut - stxz+ B8 - x) 4 x - -V - 2]

W - X)]}

+ () [z - xa-x - Y>+—( Bl - -wa -]
§Z2 Wl 1= 7 — W 2, .2, .2, 2 2 2 LS
Yo + Wyl + ( Vos] + U2 +yn + Y+ Yo+ Yoa + U3 (A.15)
(A.10) o =~ () (e s - x) 4 X - (- V) - 20+ G - YW
+ szz;) Wis —¥) (1 y)(1— 2) - W(1 - X) — X(L—2V)] + (s — v Y (L — ¥ W)}

—2Y)+X—(1—Z)(1—Y)]H

(A.16)

){(yl y;)XZ+M[W(1 X)+X - <1-y>(1_2)]}

X—2Z)+X—(1—Y)(1—Z)]}

w[(l - Z2)A-Y) =W -X) - X(1-22)] + (4 - y2)Z(1 —Z_W)}]

(A.17)

-a-va- 21}

z _ 3 [(y, +e
dt (amz [\ g2 — 2
or _ w $32 D Ixi2 1z (- X - 202 + o R+ v+ v+ o e (42 — gis)
dt 1672 | 2 vl ) e M T e Iz T vl v2 v3 + (H> {(yvl_yVS)Z(l_X_Z)"'f[W(l_
3 9 b (Ut [0 vy gy x oW - X))+ R - )ZW
(B 22) 30D ) - e (5:222) {25200 x o)
)
Y1 — Yus
duvo _ o2 [3 0 B ryvr 2 (1 m Y W] R 4R R+ v+ 0
dt ].67'('2 2 Yvo — 9 e o T e i T vl v2 v3 aw _ 3 [<y5+y3> {(y - yQS)Wy+ (42 — v21)
s 3 2 + 9 +3( 2+ 2) _f (A 13) " 2147r~)‘¢y y“_ye (y22_y2)
49Y 492 Y ™ Y% y Y2 . + (yj‘ y:){(ygfyd)W(lfY W)+%[(17)/)(17Z)7X7W(17X72Z)]}
p 7 g + (gngzg‘) {(yifyz)WZ+ @[ 17X)W+X7(17Y)(172)]}
Yv3  Yu3 2 2 2 2 5
P 167r2{2 Yus — 2[(I—X—Y)ye+(1—Z—W)yu+(X+Y+Z+W—1)yT] N (5*3){@ Wz B

3 9
YRyl Yl Yl — (;lgi + ZQ%) +3(y7 + y?)} — fyyus  (A14)

Enrico Maria Sessolo
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More comments...

2. Asym. safe SM full fit works (with normal ordering) « Rowalska, S Pramanick, EMS 22
PMNS parametrization 1.000; X e B
p Y \ 1000y o o
X Y 1-X-Y 012 = arctan \/; et -
U = |Uai|2 - VA %% 1-Z-W 013 = arccosx/m 0.100}+ ' ....... ‘( \ ...... .
1-X-Z1-Y-WX+Y+Z+W-1 AowW—Z 0.050} 1
623 = arcsin ﬁ
0.010¢
_ recos (X+Y)2Z-YX4+Y+Z+W-1)-XQ-W-2)(1-X-Y) g
2V/XYQ1-X-Y)1-Z-W)X+Y +Z+W-1)
PMNS fit 0.001 i,
130000 135000 140000 145000
X €[0.64—0.71] Y €[0.26—0.34] Z €[0.05—-0.26] W €[0.21 — 0.48] Log[k/GeV]

K. Kowalska, S. Pramanick, EMS '22

3. The mechanism is more generic than SM 10 %

e.g. dark gauge coupling go + Yukawa interactions 0.1}

D
LD YS XR(DXL + YL ¢R(D¢L + H.c. RERt

1075}

Qw =>> QX (dark abelian charge)

1077

Can use it to justify freeze-in, feebly interacting models, etc... 19

200 400 600 800 1000
Loglk/GeV]

Enrico Maria Sessolo IP2 Lyon workshop June 2024 15



Connections to quantum gravity
In SMRHN + Gravity

fg value linked to hypercharge gauge coupling

2 3
16720, ~ —=g¥* + ;> < 0

3 2
trans-Planckian running A. Chikkaballi, K.Kowalska, EMS '23
1—' — g ,,,,, e - S5F - - - - ' ]
--------- e aen ol —» [ 72 00097 FRG Einstein - ,
0.1 Vi to match SM value 4| Hilbert \
" _
SMRHN
001} : .
.. Itisalinein 3t
Y001+ space of NO
gravity fixed 2|
1074 pomts fo=0.0097
-5 o . s 14X 1
107+ " arbitrarily small Jo=G ~T
-1.—.(1 fz.\-)
Jrli e censossbongstonas s
0 10000 20000 30000 40000
Logolu/Mp] Quantum gravity <

calculation should
eventually match
the blue line
(difficult)

FRG calculation following
A. Eichhorn, F.Versteegen, 1709.07252

Enrico Maria Sessolo IP2 Lyon workshop June 2024 16



Connections to quantum gravity

In U(1)e-L + Gravity
gv is relevant (free) ... fg value linked to gx = 9’1512: ge = -\/ig_%

trans-Planckian running

f_'__'_}'__'__'_'__'__'__'_'__'__'___'__'_'__'__'_'__'_g_é
lgk — > fy= any
0.1}
001}
0.001}
104~ I
dynamical
_s| mechanism still
107°F works!
10—6 ............ { §p gy sy
0 2000 4000 6000 8000 10000
Loglp/Mpl .
Quantum gravity 4
Calculation prOVideS FRG calculation following
prediCtiOnS for gX gé‘ A. Eichhorn, F.Versteegen, 1709.07252

and new Yukawa

Enrico Maria Sessolo IP2 Lyon workshop June 2024 17



Predictions B-L

Conditions on the choice of henchmark points

1. Feasible dynamical mechanism: yv* = 0 irrelevant (gray)
2. gy* = 0 relevant (green)
3. Matching top quark mass (brown)

A. Chikkaballi, K.Kowalska, EMS '23

-15 =10 =05 00 05 10 15 -15 -10 -05 00 05 1.0 15
3; 8x

Enrico Maria Sessolo IP2 Lyon workshop June 2024
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Predictions B-L

 New gauge sector gx, ge (I)

« New Yukawa coupling yN Ly = —y%Svg;vr,; + H.c. (Majorana mass term)  (I)

* New scalar vev vs breaking U(1)B-L

(R)

Different fg, fy lead to predictive fixed points for gx, g¢, yn:

fq fu 9% g: yn | gx (1077 GeV) ge (10>79 GeV) yn (10>77 GeV)
BP1 | 0.01 | 0.0005 | 0.10 | —0.55 | 0.12 | 0.29, 0.29,0.30 | —0.26, —0.27, —0.28 | 0.16, 0.16, 0.16
BP2 | 0.05 | —0.005 | 0.70 | —1.32 | 0.47 | 0.40, 041, 0.44 | —0.52, —0.56, —0.61 | 0.42, 0.44, 0.45
BP3 | 0.02 | —0.0015 | 0.10 | —0.75 | 0.0 0.12, 0.12, 0.12 | —0.33, —0.35, —0.37 0.0
BP4 | 0.03 | —0.004 | 0.10 | 0.75 0.0 0.09, 0.09, 0.09 0.23, 0.25, 0.28 0.0

1.00

050

020F

0.10f
005}

0.02
0017

Chikkaballi, Kotlarski, Kowalska, Rizzo, EMS '22

T
LHC7 TeV-

Model 1B

LHC 13 TeV

1000 2000

Enrico Maria Sessolo

3000 4000 5000

m 7 (GeV)

6000

IP2 Lyon workshop June 2024

large kinetic mixing implies vs >> vH :

I Majorana

| Dirac
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Predictions B-L
Possible stochastic GWs from FOPTs?

. 1 1 25 2
Coleman-Weinberg  Vow = 7As¢" + 10— (2005 + 96g — 48y ) ¢* (_E +1In 172)

Thermal corrections V(¢.T) = Vo(0) + Vi—icop(®) + Vihermal(@. T) + Vdaisy (¢, T)

Bubbles of broken phase nucleation ‘ ‘Collision of bubbles wall ‘ [ Sources of GWs
e ' illustration
o ' 1.Collision of wall Hashino, Toyama 2018
False T & |:> 2.Plasma turbulence
L2 Wi Ga = 3.Compression wave of
.!m”k%: b i :Lﬁfm Gl Gravitational waves p[asm a
—_
GW signal

Linde '81, '83, Turner et al. '92-'94; Guth et
al. '80, '81, Caprini et al. '07-'09,
Hindmarsh et al. '13-'17, Ellis et al. '18 ...
many more

Q —p

amplitude

Latent heat

Nucleation speed [3/H*
|

v

frequency
— <opvev> —

Enrico Maria Sessolo IP2 Lyon workshop June 2024 20



Predictions B-L

Our predictions have strong discriminating features... may show up in GW amplitude!

fo | S Tox [ o [wh [9x(Q0P72GeV) [ g (10°7GeV) [ yn (10579 GeV)

BP1 | 0.01 | 0.0005 | 0.10 | —0.55 | 0.12 | 0.29, 0.29, 0.30 | —0.26, —0.27, —0.28 | 0.16, 0.16, 0.16 I Majorana
BP2 | 0.05 | —-0.005 | 0.70 | —1.32 | 0.47 | 0.40, 041,044 | —0.52, —0.56, —0.61 | 0.42,0.44, 0.45

BP3 | 0.02 | —-0.0015 | 0.10 | =0.75 | 0.0 | 0.12,0.12,0.12 | —0.33, —0.35, —0.37 0.0 I Dirac

BP4 | 0.03 | —0.004 | 0.10 | 0.75 0.0 | 0.09, 0.09, 0.09 0.23, 0.25, 0.28 0.0

2
Well known signals if C-W is “conformal” ... Vqw %Jr i)\sqﬁ + 12;7?2 (207% + 9695 — 48yy) ¢* (—%5 +1In %)

(gives nucleation rate, Tn, Tp, a, B/H* ...)
... but supercooling is too efficient for us

C.Marzo, L.Marzola, V.Vaskonen, '18

NO GW SIGNAL HERE! ()

nucleation/percolation temp. below QCD
+

FOPT stop condition not satisfied

4fmz = 10TeV

-

log,o(TIGeV)

0.1 0.2 0.3 0.4 0.5

Enrico Maria Sessolo IP2 Lyon workshop June 2024 21



Classical scale invariance vs. asymptotic safety

iy & D 0 EMST2S
dm? 2 L < —
B ~ ¥ - 0.0
" e m%.* = () irrelevant
~0.1
“ 69 implies predictive As(?
E ~ _f)\AS I 2 + ... P p ( ) N

potential destabilized! -

-0.4

5 10 15 20 25 30

iceversa...
vieev log,,(k/GeV)

20—
00: x>0

0.15; As(t) consistent with C-W

0.10 . . ~
| implies mz = 0 relevant
0.05 .

» tree-level mass is allowed

0.00

| m/ hence
S0.05, T :
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Enrico Maria Sessolo

Gravitational waves

m% < 0 — reduced supercooling, lower barrier

We have observable GW signals!

A. Chikkaballi, K.Kowalska, EMS '23
: BP].:-.JJ'L;;:]G'CV LGO ' :

02

|
o0

s LISA

-10

Lﬂgm(hzﬂew)
| |
™Y

|
=
————i

|
o0

Log ,,(f/[Hz])
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Gravitational waves

Signal with mass is interesting ...

A. Chikkaballi, K.Kowalska, EMS '23
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... but discriminating features are washed out
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To take home...

AS was used to make the neutrino (or other) Yukawa coupling
arbitrarily small dynamically

Mechanism relies on an irrelevant Gaussian fixed point
of the trans-Planckian RG flow of Yukawa coupling

In the SM + QG some tension between the FRG results and
phenomenology, but perhaps not so in gauged B-L

Gravitational wave signatures from FOPTs

Majorana/Dirac discrimination via gravitational waves from
FOPTs not possible in this scenario

Enrico Maria Sessolo IP2 Lyon workshop June 2024 25



Backup



Asymptotically safe gravity

Quantum gravity might feature interactive UV fixed points (functional renormalization group)

Reuter '96, Reuter, Saueressig '01, Litim '04, Codello, Percacci, Rahmede '06, Benedetti, Machado, Saueressig '09, Narain, Percacci '09, Manrique,
Rechenberger, Saueressig '11, Falls, Litim, Nikolakopoulos '13, Dona', Eichhorn, Percacci '13, Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11,
Harst, Reuter '11, Zanusso et al. '09 ... many more

EAA e.g. Einstein-Hilbert action

Reuter, Saueressig, hep-th/0110054

_ 4, /o[
F-“‘: i 167‘TG ,/ d 'I’\/-(}[ R(.(}) + 2A] -

FRG (Wetterich equation)

1 1
k

r'® +R
\/
| L = = —- 1
Beta functions of grav. couplings qﬁ | W
G=Glr dG T “ [
Aeamir oo = [24Gm(GA)| G =0
t=Ink dA - 2 relevant fixed points
= —=2A s 12(G, A =0 ) ) . .
dt G ... fixed points persist under the addition

of gravity and matter interactions
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Predictions from trans-Planckian AS

 FRG calculation of fg, fy has very large uncertainties...
(truncation in number of operators, cut-off scheme dependence, etc.)

Lauscher, Reuter '02, Codello, Percacci, Rahmede '07-'08, Benedetti, Machado, Saueressig '09, Narain, Percacci '09,
Dona', Eichhorn, Percacci '13, Falls, Litim, Schroeder '18 ...

 FRG calculation is not required to get predictions...

Wetterich, Shaposhnikov '09, Eichhorn, Held '18, Reichert, Smirnov '19; Alkofer et al. '20,
Kowalska, EMS, Yamamoto '20, Kowalska, EMS '21, Chikkaballi, Kotlarski, Kowalska, Rizzo, EMS 22 ...

... as the set of irrelevant couplings is overconstrained: 3 (or more) eqs (gV, yt, yx, ...)
2 unknowns (fg, fy)

measured 1-___;9_'%_ e I
in IR E—— Il
e
0.1k l : get fy
| :
predicted | I / Predict Yx
inIR 1071 q X“=———____ﬁ sl arbitrary gauge or Yukawa coupling
I MPlanck .
—— ,_-QMPIa ;';k log p/GeV (in SM or BSM)

AS leads to testable signatures ...

e.g. in flavor anomalies: Kowalska, EMS, Yamamoto, Eur.Phys.J.C 81 (2021) 4, 272
Chikkaballi, Kotlarski, Kowalska, Rizzo, EMS, JHEP 01 (2023) 164 . I
... and neutrinos!

in g-2 and DM: Kowalska, EMS, Phys. Rev. D 103, 115032 (2021) (thiS talk)
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Gravitational wave signal

' pR(T) T, H, P dr |7, ' g g
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Details of BP1 and BP2

BP1 BP2

LM b Latiey i _ﬁ s
gl vt Gev (i BP2 g -
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= ' = =12
j-"* ~ 14} . 1 ]
ah _ 14F
16 ] 3
= |16
. IH 1L
-6 -4 -3 il 2 4

Log ,(f/[Hz]) -
T Log  (f/[Hz])

ms =1GeV :a =109, 3 =498 ms=1GeV :aa =10, 3 =78.9
Tp, = 14.6 GeV T, =8 GeV

ms=1TeV :aa=0.27, § = 185 ms=1TeV :aa=0.88, =187

T, ~10TeV T, ~10TeV
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Details of BP3 and BP4

BP3 BP4

= 3 ——
E’.'h.-.n!_: 6
_gf el G Bt
_gf r=1¥
- “"J.
. .|:]..

Log ,(h* Daw)
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16 r : 1
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ms=1GeV :a=10%, 3 =189 ms =1GeV :a=10%, 8 =201

T, =10.04 GeV Is=11.b GeV

ms=1TeV:a=0.02, 8 =227 ms=1TeV :a =0.01, B =229

T, ~10TeV T,= ~10TeV
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