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Asymptotic safety
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Weinberg '79: improve UV behavior of Gn (non-perturbative renormalizability)
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Critical surface and predictivity

Bil{aj}) =0 —» My = 0B8;/0c|(ary — > {0}

stability matrix

critical exponents

A 6; >0 A 6; <0
"""" - Y “?t ti
attractive aftractive
> , >
Relevant couplings are Irrelevant couplings provide
predictions

free parameters of the theory

Theory space

can only deviate from
the FP along the
critical surface

UV critical
surface

span the B
UV critical surface U EfE

* Non-perturbative A
renormalizability:
critical surface is

finite-dimensional

* Max predictivity:
max number
of irrelevant couplings

from Wikipedia
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Phenomenological implications of AS
ﬁi({a;}) =0
A. Enhanced predictivity

RG flow from UV to IR
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Phenomenological implications of AS
ﬁi({a;}) =0
B. Enhanced symmetry

RG flow from UV to IR

_ ., f 7 i ::, see E. Sessolo’s talk
P T 4 /f/;{f”::% this afternoon

e (dark matter)

a2 irrelevant
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Phenomenological implications of AS
ﬁi({a;}) =0

C. Dynamical suppression

0.5 RG flow from UV to IR
THie L NENTEE A s
N | | | | /¥ ,/ Y r/f/ /
oafl| M\ \\W L (v
relevant | 11 ¥\ \ | ’i ;y’?’;? :7 g

v/ /’/’{ff{’f this talk: Dirac neutrino mass

0.4 0.5
irrelevant
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Asymptotic safety in gravity and matter

Trans-Planckian fixed point

Trans-Planckian corrections

for gravity to matter RGEs k > Mp
SEn = - /d‘la:\@(—R(g) + 2A) universal correction
Home SM+NP
P S By = B, + -0
7 dlnk dInk B, — BSMHNP o TP fixed points
Yy Yy Yy - for matter
SM+NP
B = 2 YA I =0
Parametric approach
measured get f,
in IR
The yt | 0
D S | - tf
gy S
0.1} | <
| 5
sty ¥ : - predict yx
B — aroitrary y'x o)
* Fixed point persists w/ more = e — : 5 _—
i : o
interaction terms . . . . : 2 |og p/GeV
A T 11 15 18 23
e Critical surface has finite dimension see E. Sessolo's talk for
proper time derivation of fy and f,
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Neutrino masses

.00
NuFIT5.1 (2021) 2007.14792 L0080 . l _
0500 NO g 050 1O 5
Amé, = TA2T04l % 107° eV, ; =
; 2 __ +0.028 -3 2 0.100¢ / 0.20+
NO: Am3, = 2.51570028 x 1073 eV?, = o5 ” s
10:  Amj, = —2.49875030 x 1077 eV?, 2 a2 .
0.010;_____1"_2__-—// ‘ 1 0da m
DESI (2025) 2507.12401 00051 I o002
Mirigniess < 0-02 €V 0000~ 0001 o001 01 1 104 0001 001 0.1 1
my (eV) ms (eV)
either Dirac neutrino ... ... Or Majorana neutrino
3 ; e.g. Type 1 see-saw
Lp=—yYvr; (H°)'L; + H.c. 1
1) yy R,Z ( ) J EM = ﬁD — EMva?iyR’j + H.c.
———— YV 0 T
v — m
% _ ( ) m, = ¥R/ (VM)
mp My

e 10" Yukawa coupling
* O(1) Yukawa coupling

* Lepton number is conserved o
* Lepton number is violated
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Neutrino - top system

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

SM + RHN:

3 41
dgy _ gy 4l _ f,gv =0  getf,=0.0096

dt 1672 6 |::>
9 , 17,

dy: Yt
= ~y; +yp — Egy — fyye =0 getf,:[-10% 107

dt 1672 2

dyV _ y.'/ 5 2 3 ] -

7 1672 3% -l 2y,, 49Y fy Yv» = Q predict

dy, | |
B, =—7=0 - two IRR solutions for neutrino FP:
327T 3 6
2 x2
Lo = 5yt (interactive)
2. y:, = (] (Gaussian)
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Neutrino - top system

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

SM + RHN:
A |
dgy _ il get £,=0.0096
L = 9 ;+ s 1752 — f. etf,:[-107 107
dt 1672 _21% Yo~ 129Y y Yt getly. :
dy,, y,, 545 3 |
— 32 - _ y
dy, . . y
By = =0 - two IRR solutions for neutrino FP: W(My)
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 E
10*F
large Yukawa coupling - Majorana neutrino 100
my = yuvh (IMN) li60 10° 1J()6 1A03 1610 16;2

My (GeV)
AS prediction for the Majorana mass (heavy)
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Neutrino - top system

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

SM + RHN:
dgy gy 41
TR LAl
dy: Yt 9 2 2 L 2- ) ) )
T 1672 _iyt + Y, — 1—91/_ — fy ut fy: [[107, 107]
dyv Yv [ 9 5 9 3 9
= 3 gt = 2 _ .
7 T6m2 | Yi + 5 49y_ fyy
dy, . .
By = o =0 - two IRR solutions for neutrino FP:
2. y:, = () (Gaussian)

Irrelevant if fy is small enough!

fy < fS4y =~ 0.0008

small Yukawa coupling - Dirac neutrino

Relevant FPs provide a UV completion
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A dynamical mechanism!

Integrated curve in blue :

1672f, \'/?
efv(v=t) 1 5/9

Yyu(ts k) & (

il 1 MUV
R = 11
16 71'2 MPI

No fine tuning

Smallness of the neutrino Yukawa due to the
“distance” of the Planck scale from infinity

Emergent effective scale Myy
(“transplankian seesaw”)

Neutrinos can be Dirac naturally

What about Majorana mass << 10 GeV?

Kamila Kowalska

1078

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

irrelevant

relevant
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Gauged B-L model

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

A. Chikkaballi, KK, E.M.Sessolo, JHEP 11 (2023) 224 | :;;,;;;:;:;:;;;;:;;;;;::;;;:;‘_—_&q

0.1f |
* Dirac neutrino Yukawa y.,* = 0 (irrelevant - feasible

dynamical mechanism) 0.01y
e 0y =0 (relevant-f,free param.) 0.001F
. L 107" v

* New gauge sector g, g: (irrelevant - predictions)

10-5} dynamical

mechanism still
S YOIEL , ; eon s as um s ums

0 2000 4000 6000 8000 10000

New scalar vev breaking U(1)s-L (relevant- free param.)

e N\

?JN 7’5 0 N =0
Majorana neutrino Dirac neutrino
(“light”)
Kamila Kowalska National Centre for Nuclear Research,

Log,[u/Mpy]

New Yukawa coupling y, (irrelevant- predictions) Ly = —y¥ Svr.ivr.; + He.

(Majorana mass term)

Warsaw
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JHEP 11 (2023) 224, (2308.06114)

Predictions for B-L model

A. Chikkaballi, KK, E. M. Sessolo,

15F

10

05

=10

D

(top mass, irrelevant y.)

—-15H " " T " . .
-15 -10 =05 00 05 1.0 15
&x gx
fq fy 9% 9: yn | gx (1077 GeV) ge (10>77 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, 0.41. 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. 012, 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

0.50

0.02
0.01
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Chikkaballi, Kotlarski, Kowalska, Rizzo, Sessolo ‘22
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> large kinetic mixing implies vs >> v,
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Gravitational waves from FOPT

talks by M.Lewicki,

R. Durrer,
B.Swiezewska

Bubbles of broken phase nucleation Collision of bubbles wall
V)
i T=le
f"! e A O\ \@wo )
False / - -
A |
| sl 5 L (®)#0 A
e . . / ‘Gravitational waves
T, U!}!?@f}};ﬁ | T<Tc i{]ﬁ;{t:m (=0 '
. __/' - K. Hashino,
True talk at the YITP, Kyoto, 2021
GW signal
Linde '81, '83, Turner et al. '92-'94; Guth et
al. '80, '81, Caprini et al. '07-'09,
O Hindmarsh et al. '13-'17, Ellis et al. '18 ...
Latent heat o g many more
Nucleation speed B/H* £
| @®
frequency

~ <dvev>

—
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Possible signals in GW

Possible gravitational-wave (GW) signhatures from FOPT?

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

Kamila Kowalska

gx (105.7.9 GeV] YN (105.7.Q GeV)
BP1 | 0.29, 0.29, 0.30 | 0.16, 0.16, 0.16
BP2 | 0.40, 0.41, 0.44 | 0.42, 0.44, 0.45
BP3 | 0.12, 0.12, 0.12 0.0

NO GW SIGNAL
in the conformal limit

Majorana — due to large yw
Majorana
Dirac ... hucleation/percolation T is too low
... FOPT stop-condition not satisfied
National Centre for Nuclear Research, Warsaw 15



Possible signals in GW

Possible gravitational-wave (GW) signhatures from FOPT?

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

NO GW SIGNAL
in the conformal limit
due to large yn

gx (10>79 GeV) | yn (10>72 GeV)
BP1 | 0.29, 0.29, 0.30 | 0.16, 0.16, 0.16 | Majorana

BP2 | 0.40, 041, 0.44 | 0.42, 0.44, 0.45 | Majorana :>
BP3 | 0.12, 0.12, 0.12 0.0 Dirac

... hucleation/percolation T is too low
... FOPT stop-condition not satisfied

What about the scalar potential?

~ 2% irrelevant ~ 2% relevan
mqg = 0 o mgqg = 0 elevant
(conformal limit)
~0.1 | As |
0.10 4
-0.2 Z
0.05 i
-0.3 - “tree-level mass is allowed
v _ - 0.00' g _
... but potential destabilized ! 0.05 ”’/
0% 0 15 20 25 30 %5 10 15 20 25 30
logo(k/GeV) log,o(k/GeV)
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Gravitational waves

Signal is now visible... _ _
A. Chikkaballi, KK, E. Sessolo, 2308.06114
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BP1im <0 R A
_gL vs=10°GeV Ak

[ BP2im 2<0 BN A
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.o oy . . G
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|
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|
[
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T

—14r

Log (h* Qaw)
|
Log,,(h* Qw)
|
o

- 14t
- 16} -16}
~18 : : : : —18t = : : :
-6 -4 =2 0 2 4 ) -6 -4 =2 0 2 4
Log,,(f/[Hz]) Majorana Log ,(f/[Hz])
(a) (b)
66— —— —6———————————— R
BP3im ;<0 - 3 A L BP4im <0 (1 USEO -

—8F vs=1° GeV [ vs=19° GeV

“ LISA % LISA

|
—
=]

Log (h° QGw)
I I
5; o

— 16+ ‘-;:;‘.‘_._:::5: I.
—~18 X . : BBE/- . |
-6 -4 -4 -2 0 2 4
Log, (f/[Hz]) Dirac Log,,(f/[Hz])
(c) (d)

... but determined the relevant parameter
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Majorana vs Dirac in GWs

A. Chikkaballi, KK, E. Sessolo, 2308.06114

Majorana neutrino

BP1;m2<0 Sl iiieo/ s
L S Vo)
_gl vs=19> GeV L

T ]
AN il

Loglo(h 2 'QGW )
S

Log,(f/IHZ])

BP1
mg =1TeV:a=0.27, =185
ms =1GeV :a =10 g=50, T, =15 GeV

P2

mg =1TeV :a =0.88, § =187
mg =1GeV:a=10"1, =179, T, =8;GeV

Reconctruction of
thermodynamical parameters
from measured spectra

—>

Dirac neutrino

BP3;m2<0 S itweo/
. R o7V
_gl vs=10°Gev A £

: v :
 LISA HE il clelrs
: : o

Vi SCE

Log,(h % Qow)
5

Log,o(f/Hz])

BP3

mg =1TeV :a=0.02, 8 =227
mg =1GeV:a=10°, =189, T,

BP4

mg =1TeV:a=0.01, g =229
mg =1GeV:a=10% g=201, T,

Dirac neutrino

C.Gowling, M.Hindmarsh, D. Hooper, J.Torrado,JCAP 04 (2023) 061
M. Kierkla, M. Lewick, P. Schicho, D. Schmitt, B. Swiezewska, arXiv:2607.18233

Kamila Kowalska

National Centre for Nuclear Research, Warsaw

Discrimination Majorana vs

= 10; GeV

= 11; GeV
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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.

* Gravitational waves could provide a way of
discriminating between Dirac and Majorana neutrinos
(in the AS-based setup).

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 MAAREALARRRRE""
dyx Yx 0.1}

7 =1&ﬂhmy§+aﬂé—aYﬁﬂ—ﬁwx

dyz Yz 0.001}

[y v% +azyy — oy g5 ] — fyyz

dt 1672

107°}
... thus we want ...

1077}

*2 / !
: OOy — Oy
of = IV ZXTW T OYAX - f, (from UV)

4,.XY — 16 2 /
T ay — « 1079
X X 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...



How robust are low-scale predictions?

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

assumptions:
0.6/ 3
* 1-loop matter RGEs osl M
l 1 Oy
* Planck scale set at 10 GeV 04l /
- : |
* Gravity parameters f are constant 0.3t o -
* Gravity decouples instantaneously 02 eeeeseeeseeeseess e | 15xs
SRS A
20 40 60 80 100
Log,ol1/GeV]
The gauge coupling ratios do not depend on f 0. 50—
(due to the universality of QG) | different £,(t) (e
0457 N T T
Invariant under the RGE flow o.4o§
@ 0ss "%
o.3o/s
PREDICTIONS VERY STABLE 025 % 5

09 < 0.1%

Log,ol/1/GeV]



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%
20 25 30

+ fousing, realistic UV running Log,o[1/GeV]
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