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Asymptotic behaviour of the couplings
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B UV complete theory: all the couplings approach a fixed point
= The theory can be extrapolated to infinitely large energy scales
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Predictions and free parameters

B Fixed point: where all the couplings stay constant with the changing scale
- Bi({g:}) =0

B Linearized flow equation near the fixed point

~ Stability matrix: M;; = 95 — {6;} Critical exponents

= ng
{97}
( 0; >0 0, <0
IR uv IR - uv
repulsive free attractive attractive iction repulsive
\ parameter
Relevant couplings are free Irrelevant couplings provide
parameters of the theory predictions

B Choosing free-parameters at the UV boundary fixes the flow of all the couplings
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Gravity corrections above the Planck scale

B Gravity correction to beta functions of gauge ({¢}) and Yukawa couplings ({y})

Reuter, Saueressig, hep-th/0110054

By = BTN — fo(G*, A*)g G

A
_ RSM+NP * A //DS/—\\

By—ﬁy _fy(G A%y S
Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11, Harst, Reuter '11, //\(A 7G )

Christiansen, Eichhorn '17, Eichhorn, Versteegen '17

These corrections -3
B are universal: does not distinguish internal Sﬁ?
W

symmetries
B can cure UV divergencies
B can improve predictive power
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(Recalling last year's Kamila Kowalska's talk)

Dynamical mechanism of small
neutrino mass generation from
asymptotic safety
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Dirac mass and Majorana mass

How can we explain the tiny mass of neutrinos?

Dirac mass: mp Urvy, Majorana mass: ms DRl/g
Y DRgbVLSS—B>y Vy VR VL, 0 m d 1
D . )
v <¢>:v¢ v ¢ < ) lagonalize ml m2 ~ m2D
mp My
_ _ (ypve)?
= ™MD = YUy = = T

Unnaturally small g, see-saw mechanism
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Case 1: The Majorana mass and the seesaw scale

K.Kowalska, S.Pramanick, E.M. Sessolo, 2204.00866

B Relevant beta fu nctions: arrow points the flow towards IR
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o 1 0.5 NAN \\\\ w/ ,(»//»/,{/
By = 1oez (397 — 9 + %) — fywn fff//:;%',’/:'?:. A\ \,l///;//'//,'//'{/‘}/
M7 N\
By, = 18 (3u7 + 395 — 39%) — fyuw S 2
yo = Ten2 \PY T 2Yy — 19y Y 2 03] //,/////;, N S
B Fixed-point analysis: T [/ ///"/ 2
i T\
IF £y > fycri QI e
, s —
— |R-attractive fixed-point is at: 01’/‘;;‘2:/5'/;/1:2_{, o
v 70 4 70 “00 :0;1’/’:;2’* ?é ‘fo‘: B o:‘—
0 01 02 03 04 05 06

i.e 6, <0 (aty); #0) 7

(yv Uh)

B Majorana mass: M,
my

Majorana neutrinos, still prediction of the seesaw scale |
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Case 2: Dynamical mechanism of small neutrino Yukawa
B Fixed point analysis:
If £ < fyorit =8 x 1074

= IR attractive fixed-point at y; =0
0.5¢

H *
ie. 0y, <Oaty, =0
K.Kowalska, S.Pramanick, E.M. Sessolo, 2204.00866

0.4r/

8y
0.1F ]
-4 .

0.3 1077

>
~

0.2f 107”7
0.1} 10710} _ i
10-13 . L8 \
0.0 20000 60000

100000
Loglk/GeV]
Abhishek Chikkaballi



B Fixed point analysis:

Case 2: Dynamical mechanism of small neutrino Yukawa

If £ < fyorit =8 x 1074

= IR attractive fixed-point at y; =0

ie. 0y, <Oaty, =0
K.Kowalska, S.Pramanick, E.M. Sessolo, 2204.00866
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Predicts small Dirac mass without fine-tuning
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QG perspective on naturalness of this mechanism in SMRHN

Eichhorn et.al. 1709.07252

B IR attractive fixed-point at y;; = 0 is a crucial T

condition for this mechanism ie. o prodicive ajectory
< 08
Gyu ~ ?29;;2 + %y:2 < O :> g;} % 0 > 06 free trajectories
0.4 == T .~ :\\
fg = 0.0097 02—

RG scale kin GeV/
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QG perspective on naturalness of this mechanism in SMRHN

Eichhorn et.al. 1709.07252

. - . . . 14 ~
B IR attractive fixed-point at 3, = 0 is a crucial 12} W st
condition for this mechanism i.e. o prediiie Fapecory
~ =2 3 Bl
Qyung;‘/2+§yZ‘2<0:> 9;7&0 06 e
0.4
fg = 0.0097 IR
RG scale kin GeV
B Values of f; and f, from asymptotically safe A Kol EM Sessclo 2300 00110
Quantum Gravity (QG) {
h |
A. Eichhorn et. al. 1707.01107, 1604.02041 °
a A SMRHN |

e Ty G (1—4A*
fo G &) = P 3 |

z*Q; (
2 )
S ) A Gy (—56A*3—103A*242358*—96) £=00097 /
fy( N> ) ~ re" X % 2 1F
127 (8A*—10A*+3)
B G} and A* depend on the number of Dirac N, 2
fermions, gauge fields, and scalar fields -8 -6 4 =2 0
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QG perspective on naturalness of this mechanism in SMRHN

B IR attractive fixed-point at y; = 0 is a crucial
condition for this mechanism

~ =2 %2 | 3 %2
Oy, » 379y +3y” <0= gy #0

f, ~ 0.0097

M Values of f; and f, from asymptotically safe

Quantum Gravity (QG)

A. Eichhorn et. al. 1707.01107, 1604.92041
* *

fg( 7\[7 A*) ~ 47.(.(1_2]\*)2

Gy (—56A*3—103A*2+235A%—96)

Yk A K) AU
Ju(Gy, A7) ( 127 (8A* —10A*+3)”

] é}‘v and A* depend on the number of Dirac
fermions, gauge fields, and scalar fields
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Eichhorn et.al. 1709.07252
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QG perspective on naturalness of this mechanism in B — L

B Gauged U(1)p_1 model:

LS -1B,B™ — 1X,, XM — B, X" 9x = 5
1P 1 2 B €
+if (3“ — igyQy B — igB—LQB—LX“) Yuf g =%
B [R-attractive fixed-point at y;; = 0 is possible even
if gy =0i.e. fg #0.0097 [, determines gx and g.
How? If g% #0and g7 #0

0 2000 4000 6000 8000 10000
LOglol,U/ MpL]
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QG perspective on naturalness of this mechanism in B — L

B Gauged U(1)p_1 model:

L5 -1B, B —1X, X _ B, XHW 9x = s
D =B b = g A AT = 5 Dy 1—e
+if (3“ —igyQy B — igB—LQB—LX“) Yl g =%
B [R-attractive fixed-point at y;; = 0 is possible even
if gy =0i.e. fg #0.0097 [, determines gx and g.
How? If g% #0and g7 #0
_ AC, K. Kowalska, E.M. Sessolo 2308.06114
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Fixed points of the gauge-Yukawa system

Conditions on the choice of fixed points:
B Feasible dynamical mechanism: y), = 0 , irrelevant
B g5 =0, relevant = f, > 0.0097

B Matching top-quark mass
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Predictions in the B — L model

B Benchmark points for different f;, and f, such that

— IR-attractive fixed-point at y; =0
— Predictions for the New Physics couplings

(gX7geayN)

Ly = —y%S VR,iVR,; + H.c.

o o * __W
fq fy gx g: yn || ]gx (10777 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|10.40, 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, 0.12, 0.12 | —0.33, —0.35, —0.37 0.0
BP4 | 0.03 | —0.004 |[/0.10 | 0.75 0.0 11]0.09, 0.09, 0.09 0.23, 0.25, 0.28 0.0

B RGE flow ensures yx = 0; not some global symmetry

Dirac (yy = 0) : BP3, BP4 Majorana (yy # 0) : BP1, BP2
) )

B Experimental constrains on kinetic mixing and direct coupling of Z’

vg > 10 TeV >> vy —Je _ ~(0.5—-0.8

€ —
2
\V gy+ge2
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Possible signatures?
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Possible signatures?
Gravitational Waves!
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SSB through Coleman-Weinberg mechanism

V(¢)
B Since vy << vg, H and S effectively decouple T>>Te
from each other T>Te
B S, through Coleman-Weinberg mechanism T=Tg 0
Viot (9) = Vow (8) + Viermat(¢) . & = Re(S) \/
B The Yukawa coupling effect is also included =0 =
1 1
Vew (¢) = 5m%(t)¢2 + Z)\2(t) ¢!
1 2 4 4 4 25 ¢*
+ 952 [20A5(¢) + 96 gx (t) — 48 yn(t)] @ —g-i-lnﬁ
my,(¢) = 4g% ¢°
2 2 — 902 2
V;:hermal(qba T) = % Z n’LJl ( %(2(?)) m;R(¢) yNj 9
m¢(g[>) =3¢ + mg
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Gravitational waves from FOPT
h*Q(f)

Vers — Bubble nucleation(I'(7")) — Thermal parameters(c, T}y, 3) —

CTC Cambridge Website

Bubble nucleation rate O © o

)

depth of potential, barrier between vacua Tnga)m
p p . G\ o
False vacqum

The strength of the signal (h2Q(f))

)

the latent heat, 5, T,

B Qaw(f)

ek (o, B, Trn) 5 P (v, B, Trp)
N h2Q(f) _ h2Qpeak % f‘(f/fpeak)

f(Hz)

Abhishek Chikkaballi


https://www.ctc.cam.ac.uk/outreach/origins/cosmic_structures_one.php

GW signals with scale-invariance (m?%

B If gx <0.25, the percolation temperature

(Tp) is below QCD phase-transition

gx (10>79GeV) | yn (10>79GeV)
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
BP4 | 0.09, 0.09, 0.09 0.0

Abhishek Chikkaballi

log,(T/GeV)

C. Marzo, L.Marzola,

V.Vaskonen; 1811.11169
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GW signals with scale-invariance (m?%

B If gx <0.25, the percolation temperature
(Tp) is below QCD phase-transition

s

gx (10°79GeV) | yy (10°79GeV) | €

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
BP4 | 0.09, 0.09, 0.09 0.0

B Ve is shallower when gy # 0
— Noucleation termination condition is not met

Abhishek Chikkaballi
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GW signals with scale-invariance (m?%

C. Marzo, L.Marzola,

V.Vaskonen; 1811.11169
T - T

B If gx <0.25, the percolation temperature

(Tp) is below QCD phase-transition

s

gx (10°79GeV) | yy (10°79GeV) | €

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
BP4 | 0.09, 0.09, 0.09 0.0

B Ve is shallower when gy # 0
— Noucleation termination condition is not met

No GW signal with m? = 0
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QG perspective on scale-invariance

din2 .
oS~ (=2 - fa)mE

Gravity corrections to (mg, Ag). Similar to gauge and Yukawa . 6
G R —MAs + 5gx

>0 = Ag relevant

*2 H .
fr << =2 = mig =0, irrelevant m% is also relevant
(destabilizes the vacuum ) 0.20.
0.1, = ]
me ; 0.15 ‘\
0.0 3 Ag
] 0.10
-0.1
-0.2 0.05
-0.3 0.00~ :
_0.4 NI/
o5 | 005 0 15 20 25 30
"5 10 15 20 25 30 log,o(k/GeV)

logyo(k/GeV)
Fig from E.M. Sessolo
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QG perspective on scale-invariance

din2 .
oS~ (=2 - fa)mE

Gravity corrections to (mg, Ag). Similar to gauge and Yukawa . 6 e
G R —MAs + 5gx

«2 . fr> 0= \g relevant
Jys<—2 my =0, irrelevant m% is also relevant

(destabilizes the vacuum ) 0.20.

e f 015
mg ! .

0.0
0.10
-0.1
—02 0.05
=0:3 0.00~
-0.4 005 myg
0t ] s 10 15 20 25 30
] 10 15 20 25 30 log,o(k/GeV)
logyo(k/GeV)
J. M. Pawlowski, M. Reichert, C. Wetterich, and M. Yamada; 1811.11706 Fig from E.M. Sessolo

A. Pastor-Gutierrez, J. M. Pawlowski, and M. Reichert; 2207.09817

FRG based calculations suggests f) < 0. However, including higher dimensional operators of
scalar field and curvature terms could alter this conclusion. J
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GW with different vg and m% # 0

We do have observable GW signals!

AC, K.Kowalska, E.M. Sessolo, 2308.06114
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GW signals with m% # 0

AC, K.Kowalska, E.M. Sessolo, 2308.06114

BP1im 2<0
_gl vs=19"GeV

BP2im 2<0
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]
S
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But discriminating features are washed out by the strong dependence on m.S?
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Conclusions

B Asymptotically safe gravity could induce IR-attractive Gaussian fixed point in ¥,
=—> dynamical mechanism to generate arbitrarily small Dirac mass for neutrinos

B Existing FRG estimates implies that small Dirac mass arises more naturally in gauged
B — L compared to SMRHN

B Observable gravitational wave signal in new-generation interferometers. But
discriminating features are obscured due to strong dependence on the mass parameter
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Thank you for your attention!
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