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ﬁ independent indication of a hew physics threshold close to GUT scale
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. d=5 breaks (B-L) by two units

B-L violated, in general, when unifying par"rlcle i
and by quantum gravity)

(B-L) violation welcome in baryogenesis

baryogenesis through out-of-equilibrium, CP a
of heavy v°¢
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LFVU in r, K, 7 decays

[Blennow, Coloma, Fer'nandez-Mar'h-
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. can be produced by
scalar LQ exchange

chiral enhancement:
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S;=@3,1,+1/3) [not automatically p-decay free]
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. can help explaining part of LFUV in B decays
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example: Isospin SU(2) in strong interactions
. flavour symmetries of this type are necessarily broken

- many parameters from symmetry breaking s

- vacuum alignment problem <§0>
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modular transformations

T a complex scalar field, y at+b
Im(T)>0 T —
cT +d

e~ (Ccl Z) € SL(2,Z) infinite discrete group

SL(2,7Z) always broken: non-linearly realized
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very restrictive if the model is SUSY
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y scanning T VEVs the best agreement is obtained for 7 = 0.0111 + 0.9946:

2
innf:;d sin1,, | sin® ¥, | sin’ 3, 5;;
Exp 0.0292 | 0.297 | 0.0215 0.5
lo 0.0008 | 0.017 | 0.0007 0.1
prediction | 00292 | 0295 | 0.0447 | 0.651 |1.55

2-parameter fit to
5 physical quantities

. brought to agreement by a small contribution fro

many models

with predictive

power
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Bottom-up modular invariance approaches to the lepton flavour problem have been ex-
ploited first using the groups
3 ~ Ay (F. Feruglio, 1706.08479; J.C. Criado, F. Feruglio, 1807.01125);

> ~S3 (T. Kobayashi et al., 1803.10391);
M, ~S, (J.T. Penedo, S.T. Petcov, 1806.11040, minimal, no flavons).

After these first studies, the interest in the approach grew significantly and models based
on different groups have been constructed and extensively studied:

F4 =~ S4
(Novichkov:2018ovf,Kobayashi:2019mna,Okada:20191zv,Kobayashi:2019xvz, Gui-
JunDing:2019wap,Wang:20190ovr,Wang:2020dbp, Gehrlein:2020jnr);

F5 ~ A5
(P.P. Novichkov et al., 1812.02158; Ding:2019xna,Gehrlein:2020jnr);

|_3 =~ A4

(Kobayashi:2018scp, Novichkov:2018yse, Nomura:2019jxj, Nomura:2019yft,
Ding:2019zxk, Okada:2019mjf, Nomura:2019Inr, Asaka:2019vev, Gui-JunDing:2019wap,
Zhang:2019ngf, Nomura:2019xsb, Kobayashi:2019gtp, Wang:2019xbo, Abbas:2020vuy,
Okada:2020dmb, Ding:2020yen, Behera:2020sfe, Nomura:2020o0pk, Nomura:2020cog,
Behera:2020Ipd, Asaka:2020tmo, Nagao:2020snm, Hutauruk:2020xtk);

> ~ S3 (Okada:2019xqgk,Mishra:2020gxg);

7~ PSL(2,Z7) (G.-J. Ding et al., 2004.12662).

Similarly, attempts have been made to construct viable models of
quark flavour and of quark-lepton unification (including based on GUTS):

S.T. Petcov, Bethe Forum, University of Bonn, 04/05/2022




theory in d=10 need 6 compact dimensions

Compactification ¢
10D 4D
4 x@*x@*@

simplest compactificat

©- =

tori
parametrizedby M = T_ w_ Im(7) > O
1
lattice left at+b
invariant by /4 ‘ T —=>YT = € SL(2,72)
modular 1 ct+d

’rinsforma‘riiis_:




B con

. Neutrino mass generation:
no evidence but several mechanisms interesting to ex

Learn more at Neutrino 2022 poster session:

Enrique Arrieta-Diaz, Xin Wang, Soumita Pramanick,
Xu Li, Driya Mishra, Papia Panda, Camilo Cortes Pana,
Mitesh Behera, Yuta Hyodo, Manuel Ettemberg, Nicolas Benoit

. Flavour symmetries: a non conventional realization

- relation to string theories:

[Nilles, Ramos-Sanchez, Trautner, Vaudrevange, Chen, Knapp-Perez,
Ramos-Hamud, Ramos-Sanchez, Ratz and Shukla, Kobayasji, Otsuka,...]

- Modular invariance and CP violation
- Modular invariance and fermion mass hierarch
- Modulus stabilization

[Gherardi, Romanino, King, Novichkov, Penedo, Petcov, Titov, Ding, Liu, Tanimoto,...]
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95% CL upper limits
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Figure 2: Exclusion region at 95% CL in the | V_y|? vs. my (left) and |VHN 2 vs. my (right) planes.
The dashed black curve is the expected upper limit, with one and two standard-deviation
bands shown in dark green and light yellow, respectively. The solid black curve is the ob-
served upper limit, while the dotted black curve is the observed limit in the approximation of
prompt N decays. Also shown are the best upper limits at 95% CL from other collider searches
in L3 [41], DELPHI [38], ATLAS [28], and CMS [27].




1tion to

. among all possible 1-particle extensions of the SM a spe
enjoyed by scalar LQ that couples to quarks of BOTH ¢

S:=(@,1,+1/3) R, =(3,2,+7/6)
[not automatically p-decay free]

. contributions to dipole transitions can be chirally enhanc
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. 1-to-1 correlation to (chirally enhanced) deviations
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. many models addressing B-anomalies

include S; or R; in their spectrum

[NC anomaly requires special care:
no contribution to b —» s¢*¢~ from
tree-level S; exchange;

Co=+Cyo from R, exchange]

. if LQ couples mainly to top
and 29 lepton generation

. If LQ couples also to top and
3rd lepton generation
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s Stat. uncertainty
—— Total uncertainty

LEP2 80376 = 33
DO Il 80375+ 23
ATLAS 80370 +19
LHCDb 80354 + 32
CDF 1l 80434 +9

World Avg. (w/o CDF) 80370 =12
World Avg. (w/ CDF) 80411 +8

SM 80361 7
SM electroweak fit 80354 +7
SM + ST fit 80378 + 24
80100 80200 80300 80400 80500
My [MeV]

Cw > Ry is, Maeve Madigan, Ken Mima
, 2204.05260v2] .
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“flavor+electroweak”
m > EW (20 limit)

“Averaged-out oscillations”
Am? Z 0.1 eV? (90% CL)

| Qe
||
|aw|

1.3- 1073 [36]

2.2-10* [36]

2.8-1073 [36]
6.8-107% (2.4-1075) [36]

2.7-1073 [36]

1.2+ 1073 [36]

8.4-1072 [55]

5.0-1073 [15]

6.5- 1072 [56]
9.2-1073
1.4-1072
1.1-1072

Table 1:

from the unitarity of the full & mixing matrix.

[Enrique Fernandez-Martinez, Josu Hernandez-Garcia, and Ja

Current upper bounds on the o parameters. The bounds in the middle column (shown at
20, 1 d.o.f.) apply for Am? > 100 eV? and are taken to a global fit to flavor and electroweak precision
observables from Ref. [36]. The bounds in the right column (shown at 90% CL, for 1 d.o.f.) apply for
Am? Z 0.1 eV? and come from neutrino oscillation searches, when the sterile neutrinos would be in the
averaged-out regime for such a mass scale. The second number quoted in parenthesis for the o, element
includes the ;1 — e~y observable, which can in principle be evaded [28]. The bounds without a reference
are indirectly obtained from constraints on the diagonal parameters via a3 < 2,/Qaaipp, which follows




Figure 1. Results of our fit, projected onto the nee-ny.-plane.
The solid (dashed) curves correspond to the allowed regions
at 95% CL (99% CL), for 2 d.o.f.. The constraints are labelled
as ‘Mw’ for the measurement of the W mass, ‘Universality’
for the lepton flavour universality bounds, and ‘CKM’ for the
bounds coming from beta and kaon decays. In the upper
(lower) panel we take the constraints on My from CDF II [7]
(the global average before CDF II [42]). The black contours
correspond to combinations of different data sets, see text for
details.



