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* Fixed points and their properties
* Aword on asymptotic safety (AS) in quantum gravity

* Two working examples of AS in particle physics

* Naturalness of Dirac neutrino Yukawa couplings

* A naturally stable GUT dark matter

e Conclusions
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What is naturalness

e.g. N. Craig, arXiv: 2205.05728 (Snowmass 2021)
Dirac naturalness

If \ is a fundamental scale and p is a coefficient of an operator O of a scaling dimension A

Lo>pO —> p=0(1)x A2
For example

2
A = Mpy, : ]\ZS’ < 1 unnatural A=vyg: my=yvyg ~1 natural
oL (hierarchy problem) MDirac = Yo Vg < 1 unnatural

_ (Dirac neutrino)
Technical naturalness (t’Hooft)

Parameters could be small only if a symmetry is restored when p - 0.

ex. fermion masses and chiral symmetry
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What is naturalness

e.g. N. Craig, arXiv: 2205.05728 (Snowmass 2021)
Dirac naturalness

If \ is a fundamental scale and p is a coefficient of an operator O of a scaling dimension A

£LopO —> p=0(1)x A2
For example
1 B e
A = Mpy, : MIQJ <1 unnatural A=vg: my=yvg ~1 natural \
i (hierarchy problem) MDirac = Yo Vg <K 1  unnatural
- (Dirac neutrino)
Technical naturalness (t’'Hooft) —_ et

Parameters could be small only if a symmetry is restored when p - 0.

ex. fermion masses and chiral symmetry

THIS TALK: dynamical suppression of dimensionless couplings
In presence of RGE fixed points
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Fixed points in QFT
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asymptotic safety: UV FP can enforce non-perturbative
renormalizability (Weinberg ‘79)

Kamila Kowalska National Centre for Nuclear Research, Warsaw



Scaling properties

M@'j — 8@;/8@7 |{a;<} (-) eigenvalue (critical exponent): 6 > 0

free
para

M.Yamada, Warsaw 08.10.2019

Relevant couplings are free parameters
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Scaling properties

M@j = 8ﬁqj/a@j |{a;<} (-) eigenvalue (critical exponent): 6 <0

Landau pole

M.Yamada, Warsaw 08.10.2019
Irrelevant couplings provide predictions
* interaction strengths (if =/= 0)
e absent couplings (if = 0) (protected by QSS)
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Scaling properties

M@j = 8ﬁqj/a@j |{a;<} (-) eigenvalue (critical exponent): 6 <0

Landau pole

M.Yamada, Warsaw 08.10.2019

IR attractive fixed point is an attractor (naturalness!)
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FPs in quantum gravity (AS)

M. Reuter, PRD 57, 971 (1998)
Prototype example: Einstein-Hilbert gravity

! /d%\/g(gj\ —R) Trans-Planckian fixed point

SEH LC],W] - 167TGN
M. Reuter, F. Saueressig , PRD 65, 065016 (2002)

Dimensionless couplings:

g=Gnk* A=Ak"?

From the FRG (Wetterich equation):
kOkg = [2+14(9,M)] g

kORA = —2X + gna(g, M)

2 fixed points:

1 L 1 1 1 L 1 L 1 1 1 | | 1 1 1 1 1 L L L ’. A‘

Gaussian: § — —
Interactive: g~ # 0 AT #£0 ™ f
FP persists when adding new interactions Critical surface has finite dimension
[ Litim '04, Codello, Percacci, Rahmede '06, Benedetti, Machado, Saueressig '09, Narain, - - .-
Percacci '09, Manrique, Rechenberger, Saueressig '11, Falls, Litim, Nikolakopoulos '13, (nOn-peI’tU rbatlve I’enOrmahzablhty)
D ', Eichhorn, P i'13,D ,H 'R '09, Folk , Litim, Pawl ki'l1, . . } . L
ngs? Rle%tefffl, gg?ii(t:ignsen, Igilé?horir'sltl Eeiléthef:orn, V(grsteers;er:t'lg, zivrzfsvfé ;t al. '09, [ Denz, Pawlowski, Reichert 16, Falls, Ohta, Percacci 20, Kluth. Litim "20,

Oda, Yamada '15, Eichhorn, Held, Pawlowski '16, Pawlowski et al. '18 ... many more ] Knorr *21]
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AS in the matter sector

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

Wetterich, Reuter, Saueressig, Percacci,

SM gauge COUp"ngS Litim, Pawlowski, Eichhorn ...
= - - Y

dt 1672 6 99

dgs @ 19 universal corrections depend on gravity fixed points

ut " ie2 e 1992 ; B . ol
R 96+ A (235 + 103A" + 561°2)

3 v * o *
dgs __ 95 , _, g3 fo=¢ e BT 3 — 10A* + 8A+2)
g7 16,2 ] dn (1 —2A) 127 (3— 10A* + 8A )

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

SM Yukawa couplings

dy: Yt 9 5,3 9 2 2 94 g 17 4 , .2 2 2 -

gt ~ Ten? \ ¥ oW T3 +3ue— 10 —8g5— ooy T Ve T Y, ?JT-) fy yt
dyy (9 5 3, 5 s 9 g o .. 8 2

gt T2 \g¥h T oY T3 + 3y — 192 —8g5 — Soy T U T Y, T ?JT') —-fy yb

... same for other quarks and leptons
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AS in the matter sector

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

Wetterich, Reuter, Saueressig, Percacci,

SM gauge COUp"ngS Litim, Pawlowski, Eichhorn ...
= —_— — Y =

dt 1672 6 ggy =0

dgs @ 19 universal corrections depend on gravity fixed points

ut " ie2e —1992 =0 ; B . ol
R 96+ A (235 + 103A" + 561°2)

3 v * o *
dgs __ 95 , _, 3 =0 == W b= 3 _ 10A* + 8i2)>
7 162 gg3 = An (1 —2A) 127 (3— 10A +8A-)

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

SM Yukawa couplings

dy: yo (9 o 3 4 2 2 Y 9 g 17T o | 2 2 2 - —

4 = Tenz \ ¥ +ou t 3y + 3y — 192~ 893 — 1997 tYe +y,+ ?JT-) fyyt =0

dyp (9 4 3 5 2 2 9 2_ 9 o9 .2 - B

gt T2 \g¥h T oY T3 + 3y — 192 —8g5 — Soy T U T Y, T ?JT') -fyyb =0
get fixed points

... same for other quarks and leptons for matter

Kamila Kowalska National Centre for Nuclear Research, Warsaw 8



Predictions from AS

FRG calculation is not required to get predictions...

... as the set of irrelevant couplings is overconstrained: 3 (or more) egs (gv, yt, Vx,...)
2 unknowns (fg, fy)

measured ' { Yt : /;
in IR Iy :' :_E T get fy

ol | I

o

| o

I P

pre_ditheedm_; — arbitrary Y/x : _cés P (in SM or BSM)

in "'---.,____ -}

T 3

: . : = : = log p/GeV

AS leads to testable signhatures

eg. b- s anomalies: KK, Sessolo, Yamamoto, Eur.Phys.J.C 81 (2021) 4, 272
Chikkaballi, Kotlarski, KK, Rizzo, Sessolo, JHEP 01 (2023) 164
b c anomalies: KK, Sessolo, Yamamoto, Eur.Phys.J.C 81 (2021) 4, 272
g - 2: KK. Sessolo, Phys. Rev. D 103, 115032 (2021)
gravitational waves: Chikkaballi, KK, Sessolo, JHEP 11 (2023) 224

Kamila Kowalska National Centre for Nuclear Research, Warsaw



Kamila Kowalska

Naturally small
Dirac neutrino Yukawa
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Neutrino masses

1.00
NuFIT5.1 (2021) 2007.14792 L0080 h _
0500 NO g 050 1O S
Amé, = 7421020 x 107°eV?,
) 2 +0.028 -3 yv2 0.100" / 1 0.20
NO: Am3, = 2.51570028 x 1073 eV?, 0 0oL L e
10:  Amj, = —2.49875030 x 1077 eV?, 2 a2 .
0.010;_____1"_2__-—// ‘ | o m
Planck (2021)  1807.06209 .- Y ‘
E m; < 0.12eV 00%% 0001 001 01 1 0% 0001 001 0.1 1
=1,2.3 my(eV) ms (eV)
either Dirac neutrino ... ... Or Majorana neutrino

B e.g. Type 1 see-saw
Lp=—y7vr; (H®)'L; +H.c. 1

ﬁM — ﬁD — EM;?VR,iVR,j + H.c.

YVH
Ty = T
\/5 My = ( 0 mD) m, = ’yg‘b’ﬁ (\/iMN)
mp MN

e 10" Yukawa coupling
* O(1) Yukawa coupling
* Lepton number is violated

* Lepton number is conserved

Kamila Kowalska National Centre for Nuclear Research, Warsaw 11



Neutrino - top system

KK, S.Pramanick, E.Sessolo, JHEP 08 (2022) 262

SM + RHN:

3
dgy _ 9y 41—fggy=0 getfg

dt 1672 6 —
dyt v [9 o 17 :> 9y > Yt 0(1)
dt 1672 51% + Y, - Egy —fyyr=0 getf,
dyl/ yu 5 3 | -
7t 1672 3% + 23!3 - ZQY — JyY» = 0 predict
dy, | |
Py = 7 =V - two IRR solutions for neutrino FP:
2 327T 3 2 6
LW = 5yt (interactive)
2. y:, = (] (Gaussian)
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Neutrino - top system

KK, S.Pramanick, E.Sessolo, JHEP 08 (2022) 262

SM + RHN:
dgy gy 41
R ) 9%,y ~ O(1)
dyy _ Yt g 2 4 o2 17 4 iy
dt ~ 16x2 27 T T 129Y ue
dyl/ yu [ 5 2 3 |
— 302 —— _ y
_ dy, . . _ Mo
By = =0 - two IRR solutions for neutrino FP: WMy
dat 10 10° 104 10% 10
%2 327‘[‘ 3 2 6 10"F
L oy = 5% (interactive) ool
) ; £ 10F
large fine tuning of fy to get small Yukawa
10*F
large Yukawa coupling - Majorana neutrino 100
my _yuvh (IMN) li60 10° 166 1A03 1610 16;2

My (GeV)
AS prediction for the Majorana mass

Kamila Kowalska National Centre for Nuclear Research, Warsaw



Neutrino - top system

KK, S.Pramanick, E.Sessolo, JHEP 08 (2022) 262

SM + RHN:
dgy gy 41
A T 16m2 6 T -
_ - > 9,y ~O(1)
e _ Y (V2,2 172
dt 167T2 _Qyt y!/ 1 gY- yyt
dy, yo | 9 9 9 3 4
- B g e — f
it = 1602 |V + S 19| fyy
dy, . .
B, = =0 - two IRR solutions for neutrino FP:
dt iE Arrows point towards UV
AT LT T T 7] 74 B
* |'L UL ‘ / ‘;X//}i
e Gaussian A NN AN S
2. 1Y, 0 ¢ ) oaf L R3] f | T [14, ,«;//?’f}f
Irrelevant if fy is small enough! \ R /wj}
fy < FEHy =2 0.0008 !
small Yukawa coupling - Dirac neutrino :
Relevant FPs provide a UV completion -

Kamila Kowalska

National Centre for Nuclear Research, Warsaw
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A dynamical mechanism!

KK, S.Pramanick, E.Sessolo, JHEP 08 (2022) 262

Integrated curve in blue :
0.1 irrelevant
foyis) 0 o= LT T "
YlliR) = o (D) 1 5/2 Lo relevant
10~°
K = “distance” in e-folds
1[]—11]'
No fine tuning: :
_ 1071 : Lt
Smallness of the neutrino Yukawa due to the 20000 60000 100000
“distance” of the Planck scale from infinity Loglk/GeV]
Alternative to the see-saw mechanism
Neutrinos can be Dirac naturally
Kamila Kowalska National Centre for Nuclear Research, Warsaw 15



Naturally small couplings
VS
stability of dark matter

Kamila Kowalska National Centre for Nuclear Research, Warsaw
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A model with no DM

A. Chikkaballi, KK, R. Lino dos Santos, E. Sessolo, arXiv: 2505.02803

ex. SU(6)
minimal anomaly free setup: 1

5(F) 6(F) 6(F)
H

SM dark sector ?

SU(6)

15(F)6(F)6(5) 15(F)6(F)6(5)

6565 15

f, D) Y11 15(F)6(1F)6(18) +
+ 911 GSF)GSF)H(S) + Y12 6(1F)6(2F)15(S) + Y22
+ 11 61781721 + 41, 67857215 + 5,
+ v, 15155 155) 4 Hec.

656y 21

15(F)6(F)6(5)

see also::
E. Ma, Phys. Rev. D 103, 051704 (2021)

SU(6) — SU(5) x U(1)x - SU(3) x SU(2) x U(1) x U(1)x

scalar sector:

Extended
675805 apen s @Eakoy TN (5 L) e (12 )
1509 55%) 5 (1,2, 4 -4) + (3,1, -1 —4)
vevs break U(1)x
219 51¥) = (1,1,0;-10) ~  give masses to dark sector
6. 51 = (1,1,0;5) se = (1,1,0;5) s = (1,1,0; —10)

Kamila Kowalska

National Centre for Nuclear Research, Warsaw
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A model with no DM

A. Chikkaballi, KK, R. Lino dos Santos, E. Sessolo, arXiv: 2505.02803
ex. SU(6)

=(F) #A(F

minimal anomaly free setup: 15(F), 6& ),ég )

%/_/ V,—/

SM dark sector ?

SU(6) - SU(5) x U(1)x — SU(3) x SU(2) x U(1) x U(1)x

Lir D 25y uH'Q + yg d1HaQ + ye eHyLy + 1y, L'H 1y
+yp dod’'s6 + yr L' Lose + Yo, V111521 + Y, Vol2So1 + Yy doHaQ + y, eHqLo + vy, L/HCCZTW

+ 4 did'se +yy, L' Lise + 2911 vi HET Ly + 250 vo HET Ly
+ Y12 (VleZTLZ + V2HZTL1) + Y12 112821 + H.c.

5 neutral Majorana fermions:

| Ny, Ny
v )
- - i Ny
/ O O yf[,vs(:, 2?}11% leUfu \ : i
| ! 0 0 Yrvs  Y12Uu  2Y220y DM not stable § e
20110 Y12V YUd Yo Usy  Y12Usy, ”
Ifll

~ ~ f ~
\912% 2UpUu YyVd  Y12Vsy yygvsm)

Kamila Kowalska National Centre for Nuclear Research, Warsaw
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DM stability from FP

£ o yn15P88Y + 41155885 + 4011508576 + 40,1566

same gauge quantum numbers

17 5 17 17
16728 (y11) = y1 ( 9 Y1 + 9 — Via + 9 — Y5 T Yso + o — 167T2fy) Mij = 96i/ 9l {az)
17 17 17 stability matrix
16%25(1)@12) = Y12 ( 5 v + 5 Yy + Ya1 + ?ygz T — 16772fy> ¢
17 17 17 {—0;}
2 (1) _ 2 2o 2 i
1675 (Y21) = Y21 ( 5 Y1 + Yis + 5 Y21 T o Y22 + 167 fy) critical exponents
17 17 17 0, > 0 relevant
1672[3(1)(3;22) = Y22 (931 + 5 —yl, + 5 —y3 + 5 —Ysp o — 16W2fy> '

0; < O irelevant

Y22 = Y11 = Y12 = Y2 symmetric FP

(911 — 912 — 021 — (922

the same scaling behavior

Kamila Kowalska National Centre for Nuclear Research, Warsaw



DM stability from FP

£ > yu1s88 +y1,158(85 + 11

same gauge quantum numbers

17 5 17 17
16728 (y11) = y11 ( S U+ e+ s s+ — 16w fy) M;; = 0B/ 0a|{az)
17 17 17 stability matrix
16?25(1)(912) = Y12 ( 5 v + 5 Yy + Ya1 + 5 — Y5y + 167T2fy> ¢
17 17 17 {—0;}
2 (1) _ 2 2 i
1678 (y21) = yo1 ( 5 Y1 + Yis + 5 Y21 T 5 — Y39 + - — 167 fy) critical exponents
17 17 17 0; > 0 relevant
167250 — (2+ =5, + —Ysy + -+ — 1677 )
5 (922) Y22 | Y11 5 - Y12 9 - Y21 9 - Y22 fy 97; < 0 irrelevant

yékz # 0, yi‘1 :?fo :?51 =0

(911>0

relevant
012,051 <O irrelevant

Kamila Kowalska

1516578, + 42,1576, 6,”

asymmetric FP

different scaling behavior from
FP selection

National Centre for Nuclear Research, Warsaw
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1672 x

DM stability from FP

trans-Planckian FP

Y11 —7 Yv, Y12 — y/L: Y21 — y,’,

Sl

Yn Yo U1 Uas Y11 Yo Y1 Y11 Yo Uso Ui
0.25 | 0.35 | 0.38 | 0.32 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0. 029 011 699 011 019 01 011 612 69 012
—45| =21 —-46 | —3.21 0.62 || —0.31 0 —0.26 | —0.26 | —0.26 | —3.4
irrelevant relevant irrelevant
predictions free parameter “forbidden”
secluded dark sector
[ 0 0 Yivs 200V Gi2vu ) [0 0 0 0 0
0 0 YLUsq gl?vu 2?322@'& 1 1 0 0 YLVsg 0 0
YrUss  YLVss 0 yva oy | — B My=—71| 0 yvs, 0 Y 0
. . . 2 V2
lelvu Y12Uy YvUd Yy Usy  Y12Usy 0 0 YvVd  Yvy Vsyy 0
\ ngUu 2@22@‘“ y:;vd @12’0321 YuaUsgy } \ 0 0 0 0 Yvo Usgy

Kamila Kowalska

two-component DM

DM is stable (actually, metastable)

National Centre for Nuclear Research, Warsaw
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DM stability from FP

trans-Planckian FP

Y, Yao U1 Uso Y11 Y1o Y1 Y11 Yo Usa Y12
0.25 | 0.35 | 0.38 | 0.32 0.0 0.0 0.0 0.0 0.0 0.0 0.0
167> X 0. 629 éll é22 01 019 091 011 612 029 012
—45] 21| —-46| -321062}|—-031| 0 | —0.26 | —0.26 | —0.26 | —3.4

irrelevant relevant irrelevant
predictions free parameter “forbidden”

Chikkaballi, Kowalska, Lino dos Santos, Sessolo, arXiv: 2505.02803

Chikkaballi, Kowalska, Lino dos Santos, Sessolo, arXiv: 2505.02803

f,=0016 fy=0.016
5]1 1 _)A)l 1

""""""""""" = Y22

w Al T .
. P
................ e, 56
0 1010 102 10% 10% 10% 1060 0. 1010 102 10% 10% Tl o
u[GeV] u[GeV]

predictions to a large extent independent on QG

Kamila Kowalska National Centre for Nuclear Research, Warsaw
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Turn on the small couplings

dynamical mechanism at work

l,

0.1 4 — T N,
2 ‘s z

i 10 ek e TS : P it o \\
/

e
-~
S
-

i
1073} B : :
- 1
_________________ e uv : N,

fremsiB=e T ~,_ relevant E
ol - FP Y 11
R R SR f L

200 400 600 800 1000
In p/GeV

“forbidden” couplings now appear

dynamical suppression

 Neutrino mass via (light) see-saw (9/11)

» Controllable decays in dark sector (¥22) — DM can be 1-component

Kamila Kowalska National Centre for Nuclear Research, Warsaw



Predictions for DM

Yukawa and gauge couplings predixted (fixed) by AS

The only free (relevant) parameters are in the scalar potential

Vs = (S6)  Vsy, = (521)

Sihg'&t DM (USB > ’0321) fool 22.1 sa 1) %em? s
45001 b
R — \/5 V. S 4000 ]
DM yyg 521 %3500 1 Mz > 5) TeV
& CMS bound
My =D gx \/Ugﬁ + 4@321 3000} { JHEP 07 (2021) 208
2500 b
5(;00 6(;00 7600 80‘00 9060 10 600
mz. (GeV)
constraints on Mou 11TV
doublet DM (1}86 < ’0321) relevant
p - , 7 parameters 5
W%y AN 3 510
+ \Lo\\‘
£ & 7o excluded by
4 W~ Xt w* L x4 direct detection
AANNNNN N AVAVAVAVAVAVAVAV] " 5000 1x10°  2x10° 5x10%

mz (GeV)
Kamila Kowalska National Centre for Nuclear Research, Warsaw 23



Conclusions

* AS based on quantum gravity offers a predictive UV
completion

* Naturalness of small couplings enforced via IR attractive
Gaussian FPs of RG flow

* AS can be used to make the neutrino (or other) Yukawa
coupling arbitrarily small dynamically

* AS can be used to regulate the decays of DM and
make it stable

Kamila Kowalska National Centre for Nuclear Research, Warsaw
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Backup slides



KK, S.Pramanick, E.Sessolo

JHEP 08 (2022) 262

Dirac or
small Majorana

y,=0 (D)

Is neutrino special?

e

fy must be on
this side of ferit ...

crit
f vtY

only
large Majorana ... and there's an fcrit for each fermion ...
0 {1 dyx  yx 2 2 2
Yy (D i 16m2 [OdeXJrOéZyz—Oéygy} — fyyx
dyz Yz
> T = 163 [0 Yx T oYz — oy o] — fyyz
*2 ! /
crit _ Jy QxQy — Qyax
> fy ZXY T 1612 ax — oy

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

! / crit
Z Ax—y | Qy Z.tY
3

171 —20.0x10~* |TOP BAD

4 Sl 117x 107
3 = 22.3x107* |TOP GOOD
Vi 3 4 8.22x10™* |TOP GOOD
e, [, T 3 L1 -119x 107" |TOP BAD




Is neutrino special?

KK, S.Pramanick, E.Sessolo
JHEP 08 (2022) 262

... running CKM makes fcrit smaller

No CKM: Running CKM:

5 3 5
16720, s ~ 167%f, — 3y;*> + —g3° = 167204, ~ 1672f, — 5 (14 Vi) 3% + ﬁgg“?

12
FP=0
R. Alkofer et al. (2003.08401)

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

! / crit
Z Ax—y | Qy Z.tY
3

171 —20.0x10~* |TOP BAD

u, c
b 4 Sl 117x 107
d, s 3 2 22.3 x 1074
Vi 3 4 8.22x10™* |TOP GOOD
e, [, T 3 L1 -119x 107" |TOP BAD

... perhaps the neutrino is special after all



Does it work in the full SM?

KK, S.Pramanick, E.Sessolo, JHEP 08 (2022) 262
PMNS parametrization 81, — arctan 1/ f_(

f13 = arccosvVX +Y
X Y 1-X-Y

0 arcsin 1-W-Z
23 — ~ ~ o x5
U = |Ui|* = z W 1 — Z—W V X+Y

1—X—Zl—Y—WX+Y+Z+W—1] 6_arCCOS(X+Y)2Z—Y(X+Y+Z+W—1)—X(1—W—Z)(1—X—Y)
2 XY(1-X-Y)(1-Z-W)X+Y +Z+W-1)

PMNS fit X €[0.64 —0.71] Y €[0.26 —0.34] Z € [0.05 —0.26] W € [0.21 — 0.48]

Normal ordering works! (no solution found with 10)

Hierarchical NO Degenerate NO

1.000} 1.000+

0.500F 0.500F

0.100+ 0.100}

0.050} 0.050}

0.010F 0.010+

0.005}F 0.005}

0.001 vy 0.001 b\ L L
130000 135000 140000 145000 130000 135000 140000 145000

Loglk/GeV] Loglk/GeV]



The mechanism is more generic...

In pairs of Yukawa interactions one can use the “large” YL to
drive down the “small” Ys...

LDOYsxr®xr + Yo vrdPyYr + H.c.

Recall that... o SRR ™
dyx Yx 0.1}
= 1672 lax vk + azyy — ay gy ] — fyux
dyz Yz 9 2 2 0.001}
dt = 1672 [O/X yx +azyy — ay QY] — fyyz
107°}
... thus we want ...
: 9*2 oyay — avax ol
%rlj%y — ZY X ,Y > f, (from UV)
’ 1672  ax —dly T | S

200 400 600 800 1000
Loglk/GeV]

... it happens often (but not always) if QJ,, > (), (gauge charge)

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

Kamila Kowalska National Centre for Nuclear Research, Warsaw
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Connections to FRG

A. Chikkaballi, KK, E. Sessolo, 2308.06114

SM + gauged U(1)s.L + QG: extended gauge sector

1 1 €
* - o pwe - v
gy =0... £ > —3BuB® - XuX* - -BuX

+if (d" —igyQyB" — igB—LQB—LX“) T

... but its role played by
gx #0, g: #0

easier to make consistent
fg > (0.0097 with the FRG calculations

Y -1
= * 5,7.9
fq fy 9x g; gx (10>"7 GeV)
0.1 BP1 | 0.01 | 0.0005 | 0.10 | —=0.55 || 0.29. 0.29. 0.30
001l BP2 | 0.05 | —0.005 | 0.70 | —=1.32 || 0.40, 0.41, 0.44
BP3 | 0.02 | —0.0015 | 0.10 | —0.75 || 0.12, 0.12, 0.12
0.001 BP4 | 0.03 | —0.004 | 0.10 | 0.75 0.09. 0.09. 0.09
1074 0 _G’Bbli. sl s RgE ilLGO
7 osignal inGW L o S
lo-s,dynamical | -8f Py , ]
mechanism still E I
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Extra info: FP analysis provides ~16r
predictions for gx, ge ~18" -

Log,,(f/[Hz])
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Predictions for NP - assumptions

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

0.6 : .
e 1-loop matter RGEs My
0.5¢ |
: 8y
* Planck scale set at 10*° GeV 0_4_/5
- Gravity parameters f are constant 03t / =
0.2} 5 |
* Gravity decouples instantaneously o ’
0.1 20
But in FRG:
eg. EH truncation, a=0, =1 g.f O , |
A. Eichhorn, F. Versteegen, JHEP 01 (2018) 030 oo} .=. |
~ 1 L 4]&(_{;) u.us;- :H:
fg (t) — G(t) - 2 n_nzi— H
4r (1 - 2A(1)) i

Let’s drop the assumptions...



How robust are low-scale predictions?

W.Kotlarski, KK, D.Rizzo, E.M.Sessolo
Eur. Phys. J. C, 83 (2023) 644
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The gauge coupling ratios do not depend on f 0. 50—
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@ 0ss "%
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How robust are low-scale predictions?

W.Kotlarski, KK, D.Rizzo, E.M.Sessolo
Eur. Phys. J. C, 83 (2023) 644

assumptions:
0.6/ ;
* 1-loop matter RGEs 055 Me
Bl 1 9y
* Planck scale set at 10*° GeV 04 3
» Gravity parameters f are constant 0.3/ o -
* Gravity decouples instantaneously 0.2 ‘ ___________________________ | iyt
T i 60 80 100
Log,o[1/GeV]
The Yukawa ratios depend on the other FPs I
: shift due to the different fo(t)
y* . 5 fixed f, and f, running £, f, ]
L ~ *2 *2 * %
( y* ) (1 IOOp) ~ A -+ BgY /yt + Cé(yt 7gY)
t . Oy
* * _::: ________
Yo < ¥Y; PREDICTIONS UNSTABLE | 1 e
ys 2y | 0y S 20%
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+ fousing, realistic UV running Log,o[1/GeV]
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