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SM Flavour Puzzle

Most of the richness and complexity of the Standard Model is in the Yukawa sector,
which presents a very peculiar structure:

- hierarchical fermion masses - hierarchical quark mixing matrix
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SM Flavour Puzzle

NMost of the richness and complexity of the Standard Model is in the Yukawa sector,
which presents a very peculiar structure:

- hierarchical fermion masses - hierarchical quark mixing matrix
Uo Coe t 0
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NS puzzle in general doesn't point to a specific New Physics scale for its solutions.
They could be anywhere from near the TeV till up to GUT/Planck.

However, since it must generate this non-trivial flavour structure, 1t Is some
Flavourful New Physics.

- nhon universal

- flavour changing



The Standard Model as an EFT

f we are interested in physics at energies E <€ A we can write the low-energy Lagrangian

4 as a series expanded in powers of 1/A: the Standard Model Effective Field Theory.
| UV theory i i(dgq, > NG 0(4) : ]
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The Standard Model as an EFT

f we are interested in physics at energies E <€ A we can write the low-energy Lagrangian

as a series expanded in powers of 1/A: the Standard Model Effective Field Theory.

UV theory i S et g > @l 0
= +— (/ — -
CMCFT SM 5 W f i /\2 ¢ < LPS"] T 0{ A )
_ d-(’
SME At low energies, the effects from higher-dimension / E « 1
operators are suppressed by powers of A

The SM is just the renormalisable IR remnant of the more fundamental UV theory.
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The Standard Model as an EFT

f we are interested in physics at energies E <€ A we can write the low-energy Lagrangian

as a series expanded in powers of 1/A: the Standard Model Effective Field Theory.

UV TheOW i i (d[ S(f) Z C({) 0(6} -
= +_— (/ — &
SMCFT SHM N, W ' T LFS"] ' 0{ A )
— Ol-(,
SME At low energies, the efiects from higher-dimension / c « 1
operators are suppressed by powers of A
The SM is just the renormalisable IR remnant of the more fundamental UV theory.

The lImited set of operators allowed at d <4 automatically
endows the SM with accidental features & symmetries
(absence of tree-level FCNC and CP-violation, LFU, custodial symmetry, B & L conservation, massless neutrinos, etc. )
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The Standard Model as an EFT
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The Standard Model as an EFT

In general violate all the
/ accidental symmetries and
properties of the SM

d=6)

iSHEFT ) Z ;;\“) d Msu]

We can expect large effects in rare or forbidden processes!
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The Standard Model as an EFT

In general violate all the
| ’6) _—7 accidental symmetries and

(6)
i Z C @ [<p ] properties of the SM
MEET . SH

We can expect Iarge effects In rare or forbidden processes!

Precision tests of forbidden or suppressed processes in the SM
are powerful probes of physics Beyond the Standard Model.

>> Flavour Physics ! <<




The Standard Model as an EFT

In general violate all the
/ accidental symmetries and
properties of the SM

d=6)

Joer =2 & T l4.]

*
UV theory We can expect Iarge effects in rare or forbidden processes!
l Precision tests of forbidden or suppressed processes in the SM
| are powerful probes of physics Beyond the Standard Model.
H >> Flavour Physics ! <<
SME
How BIG or small should A be?

Motivated Reasons for a “low” A
|
| / l \
v Hierarchy problem of WIMP miracle

the EW scale, Experimental signatures for Dark Matter
A ~TeV of BSM physics (@nomalies)
A ~ (it depends on A~0.1- 0(10) TeV

the measurement)



The BSM Flavour Problem

b I Measuring rare flavour transitions puts strong constraints
gs N\ on New Physics with generic flavour structure.
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The BSM Flavour Problem

—

Measuring rare flavour transitions puts strong constraints

on New Physics with generic flavour structure.

TeV

CKM-like suppression of the cil®

10°

1000
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Precision tests push A to be very high

Bounds on A (taking ¢i(® = 1) from various processes:

Expected improv. _

o
e
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[ ESPP2026 Preliminary

Most of the improv. here
comes from improved
CKM determination

Current bound
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(AF=1)quarcs  LFV(u—e) LFV(r—e) EDMs
(G, Isidor's talk @ OpenSymposium ESPPU2026]
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The BSM Flavour Problem

; I Measuring rare flavour transitions puts strong constraints
on New Physics with generic flavour structure.

the BSM Flavour Problem.

> N\
s A . .
Precision tests push A to be very high
Bounds on A (taking ¢i® = 1) from various processes:
. : i E di . |
If New Physics is present at the TeV scale, £SPP2026 Preliminary T
its flavour structure should be constrained 107t Most of the improv. here
| ) | | | ;o comes from improved ¢ - h
by some “protecting” principle (symmetry or dynamics): CKM determination t T 5

[ — 3e

T —r MY

TeV

:—)3/1

d=¢) (6) old | )i
C 0 [ ] 1000 N
i MEFT Z (pS" | . I H

Need: c@)(Flav. Violating) « 1 I

> % >

= (Al'_“=l)quarkS LFV(u—e) LFV(r —¢) EDMs
CKM-like suppression of the ci® (G. Isidori's talk @ Opensymposium ESPPU2020]
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The BSM Flavour Problem

® Solutions to the Hierarchy Problem
et us consider the hypotheticalcase A ~1 =10 TeV ® Reach of present/future colliders
® xpermental anomalies




The BSM Flavour Problem

® Solutions to the Hierarchy Problem
et us consider the hypotheticalcase A ~1 =10 TeV ® Reach of present/future colliders
® xpermental anomalies

With this low scale, flavour-violating operators should be suppressed, €.g. by small CKM elements.

Y Need some Flavour Protection



The BSM Flavour Problem

® Solutions to the Hierarchy Problem
et us consider the hypotheticalcase A ~1 =10 TeV ® Reach of present/future colliders
® xpermental anomalies

With this low scale, flavour-violating operators should be suppressed, €.g. by small CKM elements.

Y Need some Flavour Protection

Typically, a good flavour structure for a quark-current operator O ol (OL( Kr al 3) g
L)
“CKM-like”

X X v S ‘9c

S
C e A EZ Cabibbo angle



The BSM Flavour Problem

® Solutions 1o the

et us consider the hypotheticalcase A ~1 =10 TeV

Reach of preser

—ierarchy Problem
t/future colliders

—xperimental anomalies

With this low scale, flavour-violating operators should be suppressed, €.g. by small CKM elements.

Y Need some Flavour Protection

Typically, a good flavour structure for a quark-current operator O ol (OL( Kr al 3) g

“CKM-like”

X )\ NS ‘9c f“,

S
C e A EZ Cabibbo angle 1

L)

Barbieri et al. ’1

U@) ke £,, €1

1,12

MFV-lke: ¢,, ~ 1

'4,2

D'Ambrosio et al. '02



Probing New Physics with
Rare or Forbidden Processes

W



Consider a rare low-energy FCNC process in the SM
Short-distance low-energy EFT coefficient




Consider a rare low-energy FCNC process in the SM
Short-distance low-energy EFT coefficient

xample:




Consider a rare low-energy FCNC process in the SM
Short-distance low-energy EFT coefficient

xample:

Cop ~ — Vs Ve

Let us add a SMEFT contribution: SC or N




Consider a rare low-energy FCNC process in the SM
Short-distance low-energy EFT coefficient

—

G 2

A
Co ~ ts Vth

xample:

Relative deviation In the short-distance coefficient
> |.e. size of the deviation compared to the SM <

Measuring this precisely puts strong constraints on the EFT combination c/A2,
the better the smallest Asm is.



~or this goal 1t Is crucial to have the smallest possible uncertainty
on the short-distance contributions:

Exp ® \/cry large statistics
¢ S5mall backgrounds and systematics
® Good control over the SM prediction:
- SM inputs (CKM matrix elements)
TH - QCD matrix elements (form factors)
- control over the possible long-distance contributions




R(D*)

f

| R(D(*)) =

B-anomalies in charged current 5

Lepton Flavour Universality

e

Tree-level SM process
with Vep suppression.

B(BY — D®+7p)
B(BY — D&)+gy)’

SM prediction under con

K = = = e —

— C T Vr
; . Vcb/Y/

trol for R(D),

less so for R(DY), related

O .4 1 1 1 1 1 1 1 1 1 1 1 1 1
= m | | 68% CL contours -
— Spring 2025 -
035 _
03F —
025 B Martinell et al ‘23 _
B LHCb Belle II _
0.2 4 HFLAV SM Prediction R(D)=0.347 £ 0.025, —
- R(D) = 0.296 = 0.004 15(_132) 3=90 288 £0.012,,,, -
- R(D*) = 0.254 = 0.005 =-0. -
_ P(y?) = 41% _

] I ] ] ] ] I ] ] ] ] I ] ] X ] ] ] ]
0.2 0.3 04 0.5

~
>

\Vost recent measurement by Belle-|
confirmed the tension: 3 - 40

0 \VCb Incl/excl tension.
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R(D*)

e

Lepton Flavour Universality

|
|

B(BY — D®+rp)

| R(D(*)) =

\_ _ _

B(BY — D&)+(v)

———

) R(‘Y) —

O .4 1 1 1 1 1 1 1 1 1 1
= m | | 68% CL contours -
— Spring 2025 -
035 _
03F —
025 B Martinell et al ‘23 _
B LHCb Belle II _
0.2 4 HFLAV SM Prediction R(D)=0.347 £ 0.025, —
- R(D) = 0.296 = 0.004 15(_132) 3=90 288 £0.012,,,, -
- R(D*) = 0.254 = 0.005 =-0. -
_ P(y?) = 41% _

] I ] ] ] ] I ] ] ] ] I ] ] X ] ] ] ]
0.2 0.3 04 0.5

\Vost recent measurement by Belle-|

confirmed the tension: 3 = 40

~
>

vy
iEFT > C

(y T

B-anomalies in charged current

b—ctVv:
, g Vcb/Y/

Tree-level SM process . T
with Vep suppression.

- SM prediction under control for R(D),
less so for R(D™), related to Vcb incl/excl tension.

Y, uJL) (W'Aq)

Corresponds to a New Physics scale of

We eagerly wait for more ¢

SM predictions will take ac

ata by Bel

e-l and LHCDb.

vantage O

" larger and more precise datasets!
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Neutral-current semileptonic B decays
b—sutu/b—sete: R(KY)

New as of 2024/25
| HCD

1 Alex Marshall @ CKM2025

low g* central g* high q* low q* central g*

Clean SM prediction (Rx= 1), test of LFU between p and e.
u vs. e LFU established at ~5% level.

11



0.6 -

Neutral-current semileptonic B decays
b—sutu/b—sete: R(KY)

New as of 2024/25
| HCDb

Clean SM prediction (Rx= 1), test of LFU between p and e.
u vs. e LFU established at ~5% level.

1 Alex Marshall @ CKM2025

T To which NP scale A are these measurements sensitive t07?

lake this current x current LFUV operator as example

\Oﬂerr3 /C\l’ (};L Xd SL)(/TL Xd/‘{t)

low q* central g° high g* low q? central g*

ifc=1: Apspp = 56 TeV

Lower scales reguire same couplings to electrons and muons.

11



Neutral-current semileptonic B decays

LHCb Run1 + Run2 b— sutu: Ps’and Br's

LHCb84fb'

= JsmmomrLavio®sz20i5 | \fery significant tension (>40) between data and SM prediction in
0.5&..:&, 22 SM from EOS (GRvDV:2022) — | o
e ~+ LiCbs4 ) 1 angular observables and Br's of b—=sutu- transitions.
HH

LHCb 4.7 fb”!
—+ CMS 140 b

12



Neutral-current semileptonic B decays

LHCb Run1 + Run2 b— sutu: Ps’and Br's

LHCb 8.4 fb”! L _ -
JsmiomrLavio@sz2ois) | \fery significant tension (>40) between data and SM prediction in

0.5?.{, 5525 SM from EOS (GRvDV:2022) — | -
e o 1 angular observables and Br's of b—=su+u- transitions.
HH

+— LHCb4.7 b’
—+— CMS 140 b

If it is due to New Physics. it must respect LFU (to give R(K)=1)

¢ - - w ifc=1:

. w W D o o )[[fre) (e
R SR el o G AT R) (28 e)l Apae ~ 40 TeV

N— \




Neutral-current semileptonic B decays

LHCb Run1 + Run2 b— sutu: Ps’and Br's
Sl LHCb84 fo! - s : AN
= %:ﬁ"mg;:‘;;‘;(i%;?;j 1 Very significant tension (>40) between data and SM prediction in
F}'{* . 1 angular observables and Br's of b—=su+u- transitions.
0: — — —+- CMS 140 b -
N -1 Ifitis due to New Physics, it must respect LFU (to give R(K)=1)
., o200 = l: c - - 1 if ¢ = 1:

[ ——— P im)w b, Y, ) (FL k) [68°€)| At ~ 40 TeV

N— \

However, non-perturbative long-distance QCD dynamics could reproduce the same effect.

- . Charm-rescattering. effects not accounted for in the SM predictions above.
NModel estimates based on HHChPT estimate impact at 5% to 20% of short-distance.

Recent progress towards a lattice calculation!

More data will help in clarifying: allows for check of Q2 dependence of the result
and more detalled studies.

12


https://arxiv.org/abs/2508.03655

CFT

Neutral-current semileptonic B decays
b— sutu: Ps’and Br's

ifc=1:
UD )_{ X/{) (QLK g) Apste ~ 40 TeV

——

13



Neutral-current semileptonic B decays
b— sutu: Ps’and Br's

ifc=1:
CFT UJ ) { ?f/{) LQLK gt) Apsie ~ 40 TeV

N— \

An interesting New Physics contribution

Bobeth et al. 1109.1826, Capdevila et al. 1712.01919, Crivellin et al. 1807.02068,
Alguero et al. 1903.09578, Comella et al. 2001.044 70, Aebischer, Isidori, et al. 2210.13422,

SU2)L
(br y« c)(viye tr) <> (b e sp)(TL e Tr)

S—

A 4 1 _ [ Ry log(A2/(1TeV?))
X Cg ~7.9 (l — v RDIZ)SM)(J. -+ 10.5 )
— Related to R(D*)
C x g* — Induce CoY, R(K)=1

Abpstr ~ 0(4) TeV



Neutral-current semileptonic B decays
b— sutu: Ps’and Br's

ifc = 1:
CFT “3 h/ ) ( Xﬂ) (eLK gt) Apsie ~ 40 TeV

N— \

An interesting New Physics contribution
Bobeth et al. 1109.1826, Capdevila et al. 1712.01919, Crivellin et al. 1807.02068, _
Alguero et al. 1903.09578, Comella et al. 2001.044 70, Aebischer, Isidori, et al. 2210.13422, 0.5-
SU2)L |
0.0-
(br y« c)(viye tr) <> (b e sp)(TL e Tr) -
A 3——”3‘:_“.5_
: ¢ S ( L log<A2/<1TeV2))) |

Y 0 V Rpesm 10.5

— Related to R(D™)
< T 0t — Induce CgY, R(K)=1

Abpstr ~ 0(4) TeV

1.0-

Global Fit to b — sf¢

Global Fit Including R{:D:ﬁ”-‘: )

.01 Alguerd et al 2304.07330

R(D™) ,
= (.9
R(D™) ) an
|
[ |
------------------------------- o S
I./ / e N | \\'\,
0' / N \{\ \x
L N\
\ \ '
---------------------------- Aotz b s 12
\\‘-\ l /"
\h—'f{ ]
I
|
|
____________________________________________ 1.4

ABCDMN®23

1.0

91t

Compatible fit between b—s££, R(K), and R(D0)).

'—0)
Voo \Y
Cy, = —Cyi,

00

13



Rare Semileptonic and Leptonic decays

Let us look at the flavour structure: other rare decays into muons
Ci [_. |
>y —— t Mg Y
iGFT AD ?L XA C{A)(ﬂLX/{L)

20 bound on LHCDb ‘23 2210.07221 PDG 2024 hep-ph/0311084 LHCDb ‘20 5011.09478

A R(K) | Bs—pp | Be—pp | Ke—pp | Ks—pp | DOopp

C=1

Anarcnic 1| 56Tev | 33TeV | 18TeV | 74TeV | 10.7TeV | 6.9 TeV

flavour

14



Rare Semileptonic and Leptonic decays

Let us look at the flavour structure: other rare decays into muons
Ci [_. |
>y —— t Mg Y
j’GFT AD ?L Xo\( C{A)(/‘fl.y/‘({)

2210.07221 PDG 2024 hep-ph/0311084 LHCDb ‘20

A R(K) | Bs—pp | Ba—pp | Kr—pp

20 bound on LHCb ‘23 2011.09478

Ks—pp | DO—pp

. C=1
Aﬂgjgﬁ c=1 56TeV | 33TeV | 18TeV | 74TeV | 10.7TeV | 6.9 TeV

CKM-like cckM=|Vss| | ccxm =|Vis cckM =|Vid| | cckM =|VidVis| | cckm=i|VidVis|| cckm=|Veb Vb
VI=VAUIZ C — CCKM B
MRV, U@),..) h 11 TeV | 6.6 TeVI 1.6TeV | 1.4TeV | 0.2TeV | 0.086 TeV
/ &N A \ n new physics scenarios with CKM-like flavour structure,
.~ >\S Ez X

the strongest constraints in the quark-muon couplings
/ come from bspupy observables.

14



Golden-channels of rare decays

b—svv s —>dvv

B—> K"yy Kt — vy, KL—alvvy
BaBar, Belle, Belle Il (JPARC) NAGB2 (CERN) KOTO (JPARC)

15



Golden-channels of rare decays

b—svvy

B— K®vyy

BaBar, Belle, Belle |l (JPARC)

Precise SM predictions possible due to abse
Nneutrinos do not cou

s —>dvy

Kt—atvy, Kip—nlvvy

NAGZ (CERN)

ple 10 the electromagnetic cu

see 1409.4557, 1503.02693, 2109.11032, 2301.06990, ...

KOTO (JPARC)

nce of long-distance QCD effects:

rent.

Main th. uncertainties due to:

- Hadronic form factors (Lattice QCD)

BT — K**tviz|(10.86

The SM rate is suppressed by loop and small CKM factors: high sensitivity to New Physics.

B’ — K*vi | (9.05 +1.25 4+ 0.55) x 107°

BY - Ktvi | (5.06 +£0.14 4+ 0.28) x 10~°

B — Ksvi | (2.05£0.07+0.12) x 10~°

+1.30 = 0.59) x 107°

Becirevic et al. 2301.06990

15



B— K®vyyp

SM Average

0.497 4+ 0.037 1.34+0.4

BR(B* — K*vVv)sm = (0.444 £ 0.030) x 10-

Becirevic et al. 23071.06990

Py Belle II (362 fb!, combined)

2.3 4 0.7 This analysis

Belle II (362 fb!, hadronic)

1.1 4 1.1 This analysis

Belle-lloops: BR(BY — Kt vy) = (2.3 £0.6) x 105

—_——— Belle II (362 fb!, inclusive)
2.7+ 0.7 This analysis

Belle II (63 fb!, inclusive)
1.9+ 1.5 PRLI127. 181802

Belle (711 fb'!, semileptonic)

1.0+0.6 PRDY6, 091101

Combination: BR(B* — K*vv) = (1.3+0.4) x 10-5

® Belle (711 fb™!, hadronic)

29+ 1.6 PRDS7. 111103

BABAR (418 fb!, semileptonic)

0.2+ 0.8 PRDS2, 112002

BABAR (429 fb!, hadronic)

1.5+ 1.3 PRDST7, 112005
| 1 1 1 | 1 1 1 |

0 > 4 6 s 10
10° x Br(BT—K " vp)



B— K®vyyp

SM Average

0.497 4+ 0.037 1.340.4 N

BR(B* — K*vVv)sm = (0.444 £ 0.030) x 10-

Becirevic et al. 23071.06990

Belle II (362 fb!, combined)

2.3 4 0.7 This analysis

Belle II (362 fb!, hadronic)

].l < 1.1 '”li.\ ;lll.’l])'.\i.\

Belle II (362 fb!, inclusive)

2.7+ 0.7 This analysis

Belle II (63 fb !, inclusive)

1.9+ 1.5 PRLI127, 181802

Q

Belle-lloops: BR(BY — Kt vy) = (2.3 £0.6) x 105

O

Belle (711 fb'!, semileptonic)

1.0+£0.6 PRDY6, 091101

Belle (711 fb!, hadronic)

29+ 1.6 PRDST7, 111103

BABAR (418 fb™!, semileptonic)

0.240.8 PRDS2, 112002

BABAR (429 fb!, hadronic)
1.54 1.3 PRDST7, 112005
l 1 1 1 l 1 1 1 l

BR(B? = K*0vv)sm = (9.05+1.4) x 106

Becirevic et al. 2301.06990

©

—

> 4 6 s 10
Bellecor7: BR(B — K*vv) < 2.7 X 10 @90%cCL 105 x Br(Bt—K * vp)



B— K®Ovyy

BR(B* — K*vVv)sm = (0.444 £ 0.030) x 10-

Becirevic et al. 2301.06990

Belle-lloops: BR(BY — K vvy) =

(2.3 £0.6) x 105

BR(B? — K* v¥)sm = (9.05 -

Becirevic et al. 2301.06990

= 1.4) X 10-6

Bellecoi7: BR(B — K*vv) < 2.7 X105 @90%cCL

Q“ _ Re(R-iw)
K Dot o 1S
Re(R - kw)™"

210
2,72 *0,90

10° x Br(B*"—K " vp)

Q . Re (R - k*w)
(g-bl(\/\l)

*

=201 o

* Assuming SM to be the central value, also motivated by a small 20 excess in the K*+ channel.

SM Average
0.497 4+ 0.037 1.3+0.4
- i
. " PA B( lle II (362 fb'!, combined)
. ! 2.3 4+ 0.7 This analysis
: |
: ! Belle 11 (3()) fb-!, hadronic)
: 1.1 4 1.1 This analysis
: O Belle 11 (5()) fb-!, inclusive)
. | 2.7+ 0.7 Thi alysis
: |
: Lo Belle II (63 fb!, 111('111.\‘i\'(*)
: 0+1.5 PRLI27, 181802
: : Belle (711 fb 1, semileptonic)
; ] 1.0+£0.6 PRDY96. 091101
: : ° Belle (711 fb!, hadronic)
: 29+ 1.6 PRDS7, 111103
: ! BABAR (418 fb!, semileptonic)
: : 02408 PRDS2, 112002
| —e BABAR (429 fb!, hadronic)
. ! 1.5+ 1.3 PRDS7, 112005
1 1 l 1 l 1 l l 1 | 1 l 1
0 2 4 O 8 10



Assuming only NP In tau

sbafd _ yshaf shaf3
LV A — L + LL

B— K®Ovyy

iEFT > . K-LLRX 01 ) (vrc?fp‘/ﬂc)

DM, M. Nardecchia, A. Stanzione, C. Toni [2404.06533]

The limits from R(K) and
Bs— U disfavour
interpretations with electron
O MuUON Neutrnnos

Absvv ~ 7 TeV

0.04 (5TeV)

57 ro . L

: v, only -
4 0.02-(7 Tev) -

- - — I Q
3/ L " = 0.00 S

B . 2§ -0.02 (7TeV) ‘

L " _ -0 04 (5 TeV) 95%CL

0 ) 1 | l | ,,1' . ' 1‘- (5 T@V) l(7 Te\/'l) | | | | 68%CL

0 L 2 3 4 5 6 | j_ —0 04 -002 000 0.02

Rk N L7 [TeV~2] (7TeV)

Future Belle |l results (in particular from the K* mode)
will help to clarity the preferred chiral structure.
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Kt—avy, K,—oalvy

NAG2 (CERN) KOTO (JPARC)
BR(K* — 7t v¥)sm = (8.09 + 0.63) x 1011 BR(K, — 70 v V)sm = (2.58 £ 0.30) x 101!
Allwicher et al. [2410.21444] (see also Buras et al. 1503.02693, 2109.11032, etc..) Allwicher et al. [2410.21444]
NABZ2004. KOTO2021:
B(K*T — ntvw) = (13.6 (159)stat (F175)syst) x 1071 BR(K, — 0 vv) < 4.9 x 109 @90%cL
18 - .
| [2410.21444]
- 16 -
s
T I
Lot2p i
Q |
X 10'—
= s —

6[: 1 ! |
0.04 / 0.042 0.044
| Vel

V| = (41.37 £0.81) x 10-3

Derived by combining exclusive and
INclusive determinations. [2310.20324, 2406.10074] 15




NABG2 (CERN)
BR(K* — 7" vP)sm = (8.09 +0.63) x 10-11

Allwicher et al. [2410.21444] (see also Buras et al. 1503.02693, 2109.11032, etc..)

NABZ2004.
B(Kt — ntuvp) =

18 - | 10, .
| [2410.21444] |
16+ |
S E . s 8
+
= 14
N
% 12 . 6
Q9
I "
6 1 : : 5|
0.04 / 0.042 0.044 |
| Vep| |
V| = (41.37 £ 0.81) x 10-3 e

Kr—atvy,

(13.6 (£57)stat (7173 )syst) x 1071

Ki > n0vy

KOTO (JPARC)

BR(KL — 70 v V)sm = (2.58 £0.30) x 101

Allwicher et al. [2410.21444]

KOTO2021:
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Is a picture emerging from data?
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Is a picture emerging from data?
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Is a picture emerging from data?
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Is a picture emerging from data?

Neutral-current Charged-current
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Is a picture emerging from data?
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Conclusions

NMany of the peculiar aspects of the Standard Model are tested in Flavour Physics:
conservation rules, forpidden processes, suppressed rates, ete.
This provides a large number of very powerful probes of New Physics.

New Physics scales of O(100) TeV are tested in rare decays.
This scale goes down to ~O(TeV) if a CKM-like flavour structure (MFV, U(2), ..) Is assumed.

A number of interesting (but mild) deviations from the SM point to a similar NP scale A ~ 1.5 TeV,
for a CKM-like quark flavour structure and coupling mainly to 3rd gen. quarks and leptons.

VWhile all these results are still very fluid and could change In the future, this compatipility Is interesting.

UV models explaining these anomalies could be related to the SM flavor puzzle
and the EW hierarchy problem.

Looking forward to future results!
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U(2)° flavour symmetry

1 2 2
| - 0 00
In first approximation only the N o O
? « @ « 3rd generation couples to the Higgs Y; = | °
U, S/A( z( 0 ka%

In this case the SM enjoys a U(2)> global symmetry
Grp=U2);xU(2) xU(2)y xU(2)g X U(2),

Barbieri et al. [1105.2296, 1203.4218, 1211.5085]

The minimal breaking of this symmetry to reproduce the SM Yukawas is:

B Ay Zin) Vg _ A 2V
Yu(d) = Yt(v) ( 0 1 ’ Ye — Yr 0 1 Tepr are O(1), Ve« 1

This is a very good approximate symmetry: the largest breaking has size ¢ =~ ,|V,,| =~ 0.04
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Qpq = (@' ar) (1 7,01) =

U(2)° flavour symmetry and data

Allwicher et al. [2410.21444]
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