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PLAN OF THE TALK

The lesson from the past
Flavor in the SM

Utfit Analysis, Tensions and
unknown

Flavor Beyond the SM

Future directions, new/old
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PAST of Flavour Physics

1963: Cabibbo Angle _—
1964: CP violation in K decays * =—
1970 GIM Mechanism

1973: CP Violation needs at least
three quark families (CKM) *
1975: discovery of the tau lepton — -
3 lepton family *
1977: discovery of the b quark -
3" quark family

2003/4: CP violation in B meson
decays * Nobel Prize




PRESENT:the Standard Mode/ and
beyond
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The Standard Model

SU(3) x SU(2) x U(1)y Higgs + gauge principle _9

h 43 h

from elegance to caos !!

If we are looking for the suspect that could be hiding
some secret obviously the higgs is the one!




The Weirdness of the Standard Model
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 Three families @W
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, X “who ordered that ?” I. Rabi
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« Fundamental breaking of Parity

“space cannot be asymmetric!” L. Landau

 Predictivity: 3 gauge couplings+ 16 higgs couplings (+ 7 higgs-neutrino) !
+ the coupling © of strong CP violation

j “has too many arbitrary features for [its] predictions
to be taken very seriously” S. Weinberg ’67

3g; + ()\,MH) + 6my, +3my+ 0+ 30k _|_(9QCD =19
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m U S 1 ev lllustration from a G. Isidori talk
Input Lattice/Exp
Q uar k mMS (2 GeV) 2.20(9) MeV
m15(2 GeV) 4.69(2) MeV
M assSeés ﬁ/‘O m mM5(2GeV) 93.14(58) MeV
mMS(3GeV) 993(4) MeV
; mMS (mMS) 1277(5) MeV
Lattice QCD | st L) Mev
mMS(mMS) (GeV) to be updated 163.44(43)

Table 3 Full lattice inputs. The values of the different quantities have been ¢
taking the weighted average of the Ny =2+ 1 and Ny =2+ 1+ 1 FLAG nun



Hints of NP structure: Flavor symmetries of the SM

e Standard Model (SM) gauge sector is i flavor blind and CP conserving

yﬂﬁ look. all the same
Gr(SM) = UQ3) = U@d),xU@d),xU@B);x UB),x UQ), @@ﬁ@

The Higgs introduces the only known non-gauge couplings
Turn on Yukawas ‘ Yl]qﬂLH ‘1’%

Gr(SM) = U(l)p x U(1),

Higgs couplings are not
flavor blind 7}— é— /

k
courtesy of B-A- Stefane




Absence of FCNC at tree level (& GIM suppression
of FENC @/oop level)

Almost no CP violation at tree leve/ . .

)

Tiny CP violation in K and D mesons
aue to small coupling between the 0)
third and the two first generations

Flavour Physics is extremely @
sensitive to New Physics (NP)

@

In competition with
Electroweak Precision
Measurements



The usual mantra

reasons to go
beyond the SM(s):

“Experimental” evidence

1. Neutrino Masses
2. Dark Matter and Dark Energy
3. Matter-Antimatter Asymmetry

“Theoretical” evidence

1. SM instability (hierarchy, naturalness)
2. Flavour Physics (families, Yukawa couplings,

CP violation for both quarks and leptons) | o
3. Unification of forces and quantization of gravity Qj'amtdaﬁﬁ v,
o

hh‘ﬁh » % h’\ﬂ



Why Flavor Physics 1s so important:

It is sensitive to NP scales I\ NP > Eooitider

since FCNC are suppressed in the SM by loops and
small |V,

SM Flavor puzzle:

Why flavor parameters are so small and hierarchical?
(and different from the neutrino sector)

NP Flavor puzzle:
If NP is at the TeV scale, why FCNC
effects are so small that they have not be detected yet?



WHY RARE DECAYS ?

Rare decays are a manifestation of broken (accidental)
symmetries €.g. of physics beyond the Standard Model

baryon and lepton number conservation
lepton flavor number

found ! M

Rare decays allowed in the SM

G —~ q T VV _
S I these decays occur only via loops and are
G = suppressed by CKM because of GIM

G - Qe T Y
THUS THEY ARE SENSITIVE TO
NEW PHYSICS




Flavor Changing Neutral Currents in the SM

In the SM, flavor changing neutral currents (FCNCs)
are absent at the tree level

FCNCs can arise at the loop level
they are suppressed by loop factors
and small CKM elements

S

t -
b b L
‘@ ut 2 P @ @
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w T o<

— measuring low energy flavor observables gives information
on new physics flavor couplings and the new physics mass scale

Wolfgang Altmannshofer The Flavor Puzzle June 26, 2014 29/40
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‘ Standard Model CKM ‘
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Hadronic matrix
~oN clement
ZsY s g In general the mixing mass matrix of the
SQuarks (SMM) is not diagonal in flavour
\ space analogously to the quark case
\ . We may either
. j _ _
qJL Q L Diagonalize the SMM
~n

or Rotate by the same g

Matrices the SUSY partners of i .
the u- and d- like quarks U'L dk Ul
Q) =UiLQy == == L ! _ -




In the latter case the Squark Mass
Matrix is not diagonal




Sensitivity to New Physics from Flavor I

! ;
B Knuu - I D> 2
Bs—uur : > % << Gf ~ %
8 | - Anp w
K-mvvl I =
Kaon mixing I >
D mixing | I
H—eyr I P
u—e conversionr I >
electron EDM} I—__}
neutron EDM} I—._b
MH I 10 10100 165
New Phylsics scale Ayp (TeV) (assuming Cyp = 1)
I

Approximate LHC direct reach




STANDARD MODEL
UNITARITY TRIANGLE ANALYSIS

Tensions and Unknown

1. Provides the best determination of the CKM
parameters,

2. Tests the consistency of the SM (" direct” vs
Vindirect” determinations) @ the quantum
level;

3. Provides predictions for SM observables (in
the past for example sin 2y and Amg )

4. It could lead to new discoveries (CP
violation, Charm, !?)

5. The discovery potential of precision flavor
physics should not be underestimated

It is by now precision

precise lattice
calculations

New UTfit Analysis of the
Unitarity Triangle

in the Cabibbo-Kobayashi-
Maskawa scheme

physics and we need Rend.Lincei Sci.Fis.Nat. 34 (2023) 37-57
arXiv:2212.03894



electromagnetic neutral currents charged currents

gw Z 1%
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N(N-1)/2 angles and (N-1)(N-2)/2  phases

N=3 3 angles +1phase KM
the phase generates complex couplings i.e. CP
violation;

6 masses +3 angles +1 phase = 10 parameters

Vud Vus Vub L‘é’g‘akinr f,/v%(”, W++hc)
Vcd Vcs Vcb gw

) _ x7CKM +
V. V. |V VT A W)
tb ts tb
- s
C12C13 $12€13 S1ge” 1913
_ 1613 1613
= | —8512C23 — C125923513€ C12C23 — 512523513€ 523C13
is is
| 512893 — C12C23513€""1%  —C12893 — S12C23513€"1% Ca3C13




STRONG CP VIOLATION

n

no — —
Le — 9 Guva Gauv Gauv — guvpo Gapc Lg ~ 9 E2- B2

This term violates CP and gives a contribution to
the electric dipole moment of the neutron FIAG2021 Mug

=241+1

FNAL/MILC/TUMQCD 18
—— ETM 14

N¢

FLAG average for Ne.=24+1+1
HH ETM 21A

e, <3 10%°ecm

FLAG average for Ny=2+1

H-l-H ALPHA 19
0 <10 which is quite unnatural !! - M

AR Sl i HPQCD 10
Dark Energy 73% N e RBC/UKQCD 10A
: (Cosmological Constant) & — Blum 10
HET G IRETE - aa A PACS-CS 09
5 i J \ HPQCD 09A
.

u MILC 09A
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Ne=2+1

+ 0

k i HPQCD 05
—O——1 MILC 04, HPQCD/MILC/UKQCD 04

;

Dominguez 09

& Neutrinos CP-PACS/JLQCD 07
Ordinary Matter 4% . 01-2%
(of this only about [ Dark Matter i
10% luminous) 23% .

N; Ty mg My /g R Q T Mev

2+1+1 2.14(8) 4.70(5) 0.465(24) 35.9(1.7) 22.5(0.5)

241 2.27(9) 4.67(9) 0.485(19) 38.1(1.5) 23.3(0.5)




v v Quark masses &
- - * Generation

Vcd ] Vcs Vcb M iX i ng

B-decays e |V, |=0.9735(8)
W < — |V, | =0.2196(23)

down up Vel| v | = 0.224(16)
V.| = 0.970(9)(70)

Neutron Ve | = 0.0406(8)
Proton V,, | = 0.00409(25)

V,, | = 0.99(29)

A updated values later (0-999)



The Unitarity Triangle Analysis

® Flavor-changing Iprocesses and CP violation

32 30, »
in the SM ruled by 4 parameters in the 3x3 ;= _ 1 _AA 2 1_);2 ; . ff/\? " + O
CKM (unitary) matrix AN -p—in) -AN 1
©A,A,p and iy

F=pl-R2h..) G=n(1-2/2+..) |

@ Small value sin of Cabibbo angle (4) makes
the CKM matrix close to diagonal

(p-)

. . VY A7
@ Unitarity implies relations between elements, VoV VoV

that can be represented as a triangle in a
plane

® By determining tf Sth 015 = A

CKM matrix Sin0,3= A )2 613 =V = (/53 :
Sin 0,3 A 23(p-i ) UTflt
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UT constraints

1= Fiut) I 2 A 2
-_EEJ =t [UT5; Amd s "LBdfn,iBnd A 1 =\2 =2
T Vs % — 4 | = s =] [(1-75)*+7]
L A - 1 wyVeS T L Am, Nln,f”" Bn' 1- &
E v ~ 2 i Amy =
0.5 o8k 0_5:_
Vi i
[v -

redundancy is the big strength of the UT analysis
one can remove a subset of inputs and still determine the CKM
one can exclude n=0 using only CP conserving processes




— 0.006[
Vb and Ve E ' UTe
= 0.0055[ fit
Latest inputs from arXiv:2310.03680 - summer24
0.005
|Veo| (excl) = (40.13 + 0.55) 107 :
. _ -3 0.0045
Veo| (incl) = (41.97 + 0.48) 10 nol. v, Tt avera
from arXiv:2310.20324 0004 AN
from arXiv:2202.10285 0.0035 TR =
Vus| (excl) = (3.57 + 0.23) 1073 0.00sfy MR i
Vsl (incl) = (4.13 + 0.26) 10  00ae R N
PDG 2024 TOR \:
from arXiv:2310.03680 0,00z b T
LIVus / Ves| = (8.7 + 0.9) 102 IV

I'LVUb / Veo| (LHCb) = (7.9 £ 0.6) 10 I Np, excluded following FLAG guidelines

Courtesy by M. Bona



— 0006 INNEES N
Ve and Vb EN NV o
= 0.0055F- N fit
Inputs to the global fit - summer24
from 2D a la D’Agostini averages 0.005F
|Veo|utiit = (41.20 + 0.74) 107 0.0045F-
Vusutst = (3.84 + 0.35) 107 ooodE ARSI
\\\\\\\\\\\\ 5\ QN ------
UTfit predictions: 0.0035(= A \\“‘?‘_«“ \\\\\
RN *1glo
| [Veolumst = (42.19 + 0.48) 10°3] o.00sfy NS
SR e ; : >0
|Vu|uTit = (3.72 £ 0.10) 107 0.0025 15 5 3
S N c
EL o N T N L
0.0%¢%03 0.035 0.04 005
Voo|utit = (41.91 + 0.40) 1072 Vv
UTit full fit LIVerluree = ( ) 10°] | cb

[ IVu|uTsie = (3.73 £ 0.09) 1073




New AnalyS 1S (G.M., S.Simula, L.Vittorio 2310.03680)

NEW EXCLUSIVE Vcb= (39.92 + 0.64) 107 from B-> D*

|Veo| (incl) = (41.97 + 0.48) 1073
2.6 o difference
Finauri & Gambino 2310.20324

|Veo| (incl) = (41.69 + 0.63) 1073
2.0 o difference
F. Bernlochner etal. 2205.10274

NEW Vub/Vcb = (8.7 £0.9) 1072
FLAG UNDERESTIMATES OF THE UNCERTAINTY

The larger error reduces the correlation between Vub nd Vcb

Vub= (3.72 £ 0.10) 107

Ves| - 10°
experiment FNAL/MILC HPQCD JLQCD Average
Belle "18 [19] 39.64 (74) 39.11 (81) 39.92 (74) 39.58 (98)
x?/(d.o.f) 3.71 1.14 0.04 0.26
Belle "23 [13] 40.87 (115) 41.03 (125) | 41.38 (134) 41.11 (138)
x2/(d.o.f.) 1.80 0.11 0.31 0.03
Bellell '23 [14] 39.35 (77) 39.98 (102) 40.20 (85) 39.79 (94)
x%/(d.o.f) 0.63 0.09 0.42 0.29
Utfit Prediction Veb= (42.19 +0.48) 107
see also

e-Print: 2409.10492



https://arxiv.org/abs/2409.10492

determination of |V, | from I

determination of |V, f(1)| using the total decay rate I', (B — D*/v,) Martinells, S8, Vittorio arXiv:2410.17974

Angympmp: G
"m0 3(4n)3
where I, , = 21.74 (51) - 107> GeV from PDG ’24, while ﬁ+ +.—_ 00 can be calculated using the reduced FFs

[ - D*y,) — Voo SO P [+ H__+ Hog]

~

g, f, Fl obtained either from the exps+unitarity fit or from LQCD

— T

|Vep £ ()] - 10° GeV™! V| - 10° [Vep F(1D)] - 103 GeV™! (1) GeV™' |Vy| - 10°
Bellel8 222.9 (8.5) 38.1(1.5) ENAL/MILC 253.2 (9.2) 5.951 (91) 42.6 (1.7)
Belle23 234.2 (9.3) 40.1 (1.6) HPQCD 253.4 (11.7) 5.885 (94) 43.1 (2.1)
BellelI23 236.5 (5.6) 40.5 (1 0) JLQCD 231.3 (9.5) 5.776 (90) 40.0 (1.8)
Bellel8 + Belle23 + BellelI23 231.8 (4.6) 39 7 (0 8) LQCD 2432 (5.9) 5.845 (50) 41 6 (1 1)

using f(l) lLQCD 5.845(50) GeV_ \ /
bin-per-bin analysis of the same datasets within DM larger values due to the LQCD versus exp.
|V, | - 10° = 39.92 (64) slope of F;(w)

Martinelli, SS, Vittorio arXiv:2310.03680 UTfFit prediction ArXiv:2212.03894

3 _
Bayesian inference based analysis | Vep| - 107 = 42.19 (48)

3 . .
| V| - 107 =40.42(71) ~ updated inclusive value (Fael et al. arXiv:2212.03894)
Bordone, Jiittner arXiv:2406.10074 | Vcbl - 10° = 42.00 47)



contour plots for light-lepton asymmetries

Martinelli, SS, Vittorio arXiv:2409.10492

s
' Belle18 Belle23 BelleI123 Belle23(Ji) LQCD
App = 0217 + 0.013 App = 0.230 + 0.014 App = 0.200 + 0.012 App = 0.243 + 0.014 App = 0.249 + 0.010
0.56 - Fp = 0.528 + 0.008 Fr = 0.494 + 0.014 Fr = 0.523 + 0.008 Fr, = 0477 + 0.017 Fp = 0475 + 0.015
| p =017 p=1023 p=-025 p=-0.06 p=-0.74
0,54 \\\\\\\\\\\\\

.*2///
/

00000 0 111
/ // Z §§::§o:33:§§:§ iz”’ ’ contour plot at 68% probability
0.52 | / ‘:‘:::::f ’000:0:0 :0:0 \\ \
7. \ \

0.50 -

0.48_— _ \\\ /

046 ( :e/u average/\ ) //; //%///////

— —

044 L L L | L L L | L L L | L L L | L L L | L L L 1 L L L | L L L | L L L | L L L
0.18 0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28

e rclevant differences among the results corresponding to different datasets (cfr. Bellel8, BellelI23 with Belle23)
e the SM LQCD predictions are consistent with the results from the Belle23 (or Belle23(J1)) dataset, while the

largest deviations occur with BellelI23

if Athens cries, Sparta does not laugh (G. Martinelli, talk @CERN ’24)



Tension(s) in b — ¢ decays ? Charged Currents & Tree level

1.

4.5

Veb| (and | Vub|) puzzle

inclusive

2. Lepton Flavor Universality Violation
FLAG Review 2021 [EPJC ‘22 (2111.09849)1

R(D%*)
=

0.35

03

0.25

0.2

A

" 68% CL tontours

R(D)=0298 +0.004
R(D*) =0254 0005

R(D*) =0.285 = O-Olzmml
p=-039
P(x® =29%

- Moriond 2024 -
— LHCb® ]
B 1lell T
o Belle’ < 7
N LHCb®

- World Average -
—  $HFLAV SM Prediction R(D) =0.344 =0.026,,, —

0.2 013

36 38 40 42 44
IVcbl x 103
An important CKM unitarity test is —
the Unitarity Triangle (UT) formed by b 5
o ViaVib :f ViV _ 0 i ) ——
V«.‘d V(*;) Vt‘d Vﬁ) L >°0'0440 i_
Ve plays an important role in UT e 0.0435}-
S & .’l.'chbld <+ ..: 0sf- 0'0430§
. Res ~ 0.0425
and in the prediction of FCNC: M% g
o e N 0.0420
o Vi Vas|2 =~ [V |2 [1 +O(N2 )} o 0.0a15
: : E ‘ AL 0.0410F
where it often dominates the AL < (1 P wea =% 0.04055-
theoretical uncertainty. ” ol ol "% E
Vuu/Veb constrains directly the UT 0:0400
0.0395(—|
0.45

04

0,

R(D) =

smallest 99.7% interval(s)
smallest 95.5% interval(s)
smallest 68.3% interval(s)
global mode
mean and standard deviation

R(D*)

Our ability to determine precisely Ve is crucial for indirect NP searches

BK1

HFLAYV Collaboration, PRD ‘23 [arXiv:2206.07501] (updated plot)

B(B — Drv;,)

B(B —p Dgl/g) ’
B(B — D*rv,

)
B(B — D*fl/g)

N\

VA
3

ul



The tension strongly depends on the method used in the theoretical analysis

BaBar 2012, had. tag
0.332 = 0.024 = 0.018

Belle 2015, had. ta,

0293+0038+001§
Belle 2017, (hadromc tau)

270 +0.035 + 0

Belle 2019, sl. ta%
0.283 +0.018 = 0014

b6 < 0.024

LHCb 2023, (hadromc tau)
0257 +0.012 0.0

Bellell 2023, had., tag

0.267 = 0.040’= 0.031

Average
0284+0012

HFLAV SM Average
0.254 = 0.005

PRD 95 ((%017) 115008
0.257 £ 0.003

JHEP 1712 (2017) 060
0.257 = 0.005

PLB 795 (2019) 386
0.254 +0.007

PRL 123 (2019) 9,091801
0.253 + 0.005

EPIC 80 (2020) 2, 74
0.247 = 0.006

EPJC 82(2022) 12,1141
0.265 +0.013

EPJC 82(2022) 12,1083
0.275 = 0.008

arXiv: 7?()4()?]?7|hcp lat]
0279 =0.(

arXiv: 7?()6 ()ﬁ(w7|
0.252 =0.022

arXiv: 73()5 11855[he
0.258 +0.012

ep-lat]

ep-ph]

R(D*)

045
040}
2035
3 030

T T
joint fit ===
lattice fit zzzz

3
5 020

FNAL/MILC data —0—

Jomt fit ===

3R
3

lattice fit zzzz
FNAL/MILC data 0~ |

11

. %@\\\\\\\\\\\\\\\

>

Fy(w) (GeV?)
=

=

lattice fit zzzz
FNAL/MILC data

AN \\\\\\\\\\\\\\ ]

//////////////

o%»

Joint fit E==9

/////// \\\\

FNAL/MILC dat;
//////\\\\\ / ata —Q—

2
/////////////////// \\\\\\\\\\\\ ]
)

lattice fit zzz

10
1.0 11 12 1.3 1.4 1.5

w

11 15

035

03

025

68% CL contours

— *. M Predictios RMD)=0342 + 0-0269311 -
5 RD)= 038(4) RO = 02545) R(D*)=0287 £+0013,, N
o p=-039 -
- {; RMD)= 0.35(3) R(MD*)=0262(9) I I P(x ) =35% I I -

02 025 03 035 04 045 05 055
R(D)

Figure 9. Measurements of R(D) and R(D*) listed in Table 3 and their two-dimensional average.
Contours correspond to 68% CL for both the bands and the ellipses. The black and blue points with
error bars are two recent SM predictions for R(D*) and R(D). The SM prediction reported is based
on the results summarized in Table 1. This prediction and the experimental average deviate from
each other by about 3.3¢. The SM prediction based only on LQCD calculations is also reported,
where R(D) is taken from FLAG [25], while R(D?*) is taken from Ref. [28]. The deviation from the
experimental average and this prediction is about 2.5¢. The measurements are listed in Table 3.

joint fit:
BGL fit of LQCD points +
Belle + BaBar exp. data

|V,,] - 10° = 38.40 £ 0.74

R(D¥*) = 0.2483 £ 0.001

lattice fit:
quadratic BGL fit of LQCD

1 points only

| b|>|V |_]0mtﬁl 9

R(D¥) = 0.265 £ 0.013

simultaneous fit of the lattice points and experimental data to determine the shape of the FFs and to extract | V|

*#% glope differences between exp’s and theory — bias on |V, [12 it 9 %x%

3

Klaver S & Rotondo M,
doi 10.3390/sym16080964

B(B — D*tv,)

B(B — D*fl/g)
B(B — Drv,)
B(B —~= Dﬁl/e) ’

R(D*)

R(D)



Power corrections to the CP-violation parameter g

ex 3
M. Ciuchini, E.Franco®, V. Lubicz(*?, ese? = 2.228 +0.011) - 10
G.Martinelli*?, L. Silvestrini¥. C. Tarantino(®®

2021: an estimate from the 1/mc ex = 2.00 (15) x ]0-3

expansion of the effective

Hamiltonian + UTfit Computing the long-distance contributions to &

Ziyuan Bai

Columbia University, USA 20 I 5.' a red I

bzyhty@gmail. conl

Norman Chrst" exploratory calculation

Columbia University, USA
E-mail: hhc@phys.columbia.edy no phySical masses, no

RBC and UKQCD Collaborations - oxtragpolation to the continuum

e| = (1.806(41) +0.891(11) +0.209(6) +0.112(13)) x 107 = 3.019(45) x 10~

1t utsp uty p Im(Ap),



B Final result for ¢’

 Combining our new result for Im(A,) and our 2015 result for
Im(A)), and again using expt. for the real parts, we find

g’ jwe'(279) TTmAs,  TmAg
Re| — ) = Re —
£ V2e ReAs ReAg

= 0.00217(26)(62)(50) "~

\ IB + EM
stat SYyS

mmmmmmmm

Consistent with experimental result:
Re(€'/€)exps = 0.00166(23)

RBC/UKQCD: e’/e=16.7 x107%

Probability density

a
o
o
T T

0.001 0.002 0.003

Utfit: e’/ e=15.2(4.7) x107* "

A second group should do this calculation!!
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September 24  [5=0.155 + 0.009 1 =0.352 £0.011

1=

In the L Ui Y w|  a=(91.4 + 1.4)°

ggg:grr'“c'l'he E s“"‘mer2S3M fit e sin2f3 = 0.763 = 0.030

SMCKM | osf y=(65.6% 1.4)°

pattern A : A=0.826 £ 0.011

represents : =Y | A=0.2250 £ 0.0007

the or =1

principal - <

part of the 0_5'_/ o/ &

flavor f ‘ Consi

structure i 0n51stence. on an

and of CP - i over constrained fit

violation L/, . SN of the CKM parameters
-1 -0.5 0 0.5 1

CKM matrix is the dominant source of flavour mixing and CP violation



Unitarity Triangle
update

Unitarity Triangle analysis in the SM:

= 10

1
0.8

0.6

N UTfit

[ summen24 (0] /'Y €k

— SM fit < Am,

i Amg

i Am,

L 0/B ¥/

:.s L4

(1, 1l

-0.2 1.2
D

Marcella

levels @
95% Prob

0 =0.158 + 0.009
n =0.352 = 0.010

A =0.2250 £ 0.0007
A=0.826 = 0.009
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PROGRESS SINCE 1988

Experimental progress so impressive that we can fit
the hadronic matrix elements (in the SM)

= 1 1
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Tension(s) in b — s decays ?
Neutral Currents & Loop level

Reminder:
R=B(B*>K*utu-)/B(B*>K*ete")

Test of lepton universality : Ry ~1 in SM, with negligible
theoretical uncertainties

o LHCb g BaBar 4 Belle

T T T S TR )
< L

|A5:— ] LHCb, PRL 113 151601
: 1 Belle, PRL 103171801

1 I — BaBar, PRD 86 032012
0.5F . ‘3 e

Gol.”5.llllOHHISIq’z[lG:\(;z‘/;] S\",
R, (1<q* <6 GeV?)=0.745" 0 (stat) = 0.036(syst) \d
Compatible with SM at 2.60 0

Experimentally challenging

- lower trigger efficiency for electrons, resolution deteriorated by bremsstrahlung
Other modes swtable for same test

BOSK* 1 17, BOdI L, Ag DAL

53



Excitement

Lepton Flavour Universality (LFU) tests in b — s¢7¢~
LHCb only

|

| [JHEP,2020,40 (2020)] | |
: : R - - 4€[0.1,6] GeV/c! : Ay _>?1KM
4+ Coherent pattern of tension to SM in K b l 47167, 1o
| JHEP08(2017) 055 | : BO %K*Oge
LFU test with b — s£7¢~ transition: R  TEBLOG! e ] 40
K*0 7 42€[0.045,1.1) GeV/e! — o : 3fb7, 550
I
’[PRL 128 (2022) 191802] | |
I BT - K*tw
. ) ) RK*+ - ¢2€[0.045,6.0] GeVc! o I 9 b1 146
+ Ry ratio extremely well predicted in SM : o
I[PRL 128 (2022) 191802] | | . 0
. . . . _4
» Cancellation of hadronic uncertainties at 10 Ry ] renocoe i 13 fb—jl,fgssgﬁ
» O(1%) QED correction |[E“'PhVS'J'C 76 (2016) 8] | |[Nat. Phys. 18, 277-282 (2022)]| :
Lo L. 5 Y 1 BT - Kt
» Statistically limited Ry q ¢cb16Gevse — | 9fb~1,3.16
I
*)Ilustrati
| * |us‘cratlon Ipurposes I ; -—=SM
+ Any departure from unity is a clear 00 02 04 06 08 1.0 12

_ B(b—=sptpu”
~ B(b— sete™)

(*) Measurements from Belle not shown (larger statistical uncertainties)

Renato Quagliani LHC Seminar, CERN 8

sign of New Physics R



A EFT description

A relatively sizable New Physics effect...

b—> s

~30% of the Standard Model contribution (arising at one loop)

...hinting towards a relatively low New Physics scale:

1

- 2~ (5w PLb) (" 1)
generic tree Aﬁp
_1 * (o~ -
MFV tree A2 Vin Vis (87 PLD) (7" 1)
eneric loo LL(E »PLb) (" 1)
> P N2 Tenz o1 LONET B
: e o
MFV loop VioVis (37 PLb) (" )

N 1672

courtesy of Marco Ciuchini

b

/

Anp ~ 35 TeV x (Cy7 )~ '/?

= =

Ap ~7 TeV x (CF ) '/2
Anp ~ 3 TeV x (CYF) /2

Ane ~ 0.6 TeV x (CQ‘P)—UE



Harakiri!

I 0.094

o | B = 0994 768% (stat) *6% ayst),| 14 LHCD Ry low-g? = 099470
Ry~ =0.927 T4 (stat) T35 (syst)  9fpL Ry central-¢> = 0.949+00%8

contraleg? § B¢ = 0949 T35 (stat) S0 (syst), | T Ry-  low-¢* = 09277503
R+ =1.027 To08 (stat) Togar (syst).| —“ Ry~ central-¢> = 1.02713077

+ Most precise and accurate LFU

.

test in b — s£¢ transition

Ri k-
=
o
1 T I 1 T
—o—

0.8
+ Compatible with SM with a £ gﬁta X' =1.6,p=0812,0=02
simple y? test on 4 measurement 0.0 i
at 0.2 o Ry low-¢> Ry central-g> Rg- low-¢> Ry central-¢°

Renato Quagliani LHC Seminar, CERN 49



G. Isidori — Flavor non-universal interactions

» Hints of non-universality in B-physics

Vienna — 23 Jan. 2024

gz { B = 0.091 %522 (stat) 827 (syst),
(1) LFU anomaly in NC & BR(B; — 1y1) | Ri-  — 0.927 Y098 (gtat) +003 (o)
o ) C = 0.049 TOOI2 ((pey +0.023 (o
¢ Clean SM predictions central-¢* {ﬁ" B (1] 32,9_ oo (stat) oo (syst),
(LFU ratios + no long-distance in By — pp ) ke = LO2T Tg 55 (stat) “goz7 (syst).
¢ Wigl i " 022
10° x B(By — pp)
1.4 B LHCD results on the LFU ratios CMS '22 "
- [ latest measurements supersede past ones |
L - n 4 LHCb 22
= 1'2: 2022 - 2022 '
gw i 00 - '[ —— Comb. 21
a .
7% s L, i """"""""" b —a— B CMS 20
0.8 i j_IZOZI
ST 2019 I I . 4| ATLAS'19
L KS
des 2014
0.6F 4™ - SM
[ 2021 2017 2017 1 1 1 1 I 1 1 ‘ 1 | 1 1
Ry low-¢° Ry central-¢> Ry low-¢° R~ central-¢° 2 3 4
- —9

BR(Bs — pp) sy = (3.47

0.14) x 107°

4%




Known unknowns in B — K*up

3 SR 2 R R R
A _ 4Grmp e? PR mp | 2mp eyt 2
o =" e A0 VT [efe L 10

in(e?) = L [t (BTt (o M 0)}B)
B

Non-factorizable power-suppressed contributions of

4-quark operators to the matrix element )

Q1 = (SryTcr)(ecy'T ), C 3 O

- dominated by ) 3
Qs = (8ryucr)(eLyor),

the charm pair can be close to the resonant region

Do we know how to compute them?

|
In general , NO: Courtesy by L. Silvestrini



Look for complementary b — s transitions

By — uuy @ high-g2: mn this range the observables depend on the
same short distance effects as those present in B — K(*) 1I"1” but long

distance contributions are espected to be rather small

VI(2S) E=LQCD + HQET

dB(B)—u*y)/dg? [GeV 4]

107 T Theoretical progresses:
LH: — direct (5.4 fo” . . i
107 L Prelimina = Snglepole First lattice calculation by the
———*ry S Multipole .
Jw (LGSR Rome-Southampton Collaboration
72 LQCD + HQET + VMD

—
_10
10
— B
10—11 \
3
12 e e b e e b e e T2
10777 5 10 15 20 25 30 2
(D]
LHCD Coll., talk by I. Bachiller @ La Thuile 2024 g [GeV* 4 ~

G. Gagliardi et al. (2402.03262)

Re 60:;(9,#)

Guadagnoli, Normand, Simula, Vittorio,
JHEP ‘23 [2308.00034]



Charming Penguins Diagrams
(previously neglected)




Charming Penguins Diagrams:
HLT & R. Frezzotti et al Spectral-function determination of complex

electroweak amplitudes with lattice QCD
Phys. Rev. D 108 (2023) 074510, [arXiv:2306.07228].

B — Ki+0- T-product of two ops

/

:z'{ [ e (5 511 042(0) T 1.0) 1B@C /OojlﬂK(ﬁK)ljgm(t, 1) 0% (0 >|B<6>>}

Bl =k / a4z e (K ()| T[T, 7) O{(0)] |B(@))

®dE pi5(E,q)
HYT(q) = ;
L2 () /E* 21 E —mp — i€

PTA(E. Q) = (K(=7)] J5u (0) (2m)°8(P) (2m)8(H — E) O1,5(0) [B(0)) .



Charming Penguins Diagrams:

T-product of 3 ops
6 time orderings

/

mgE) =i [t [ [t [aty QIT[2) 250.5) O w. )] 1B,(@) ¢ 7.

B — y0te-

w7 dE1 > dEs oY (Ey, Eo, k)
H " (k) :
2m (B2 — mp, —i€) (B2 + ko — mp_ — i€)

W (By, By, k) = (0] JE(0) (2m)*6(P — k) 6(H — Ey) J2. (0) (2m)%6) (P) 6(H — Ey) 0°)(0) | Bs(0))

+ renormalisation of power divergences+ lattice
mixing among operators + matching to the continuum
Wilson coefficients of the effective Hamiltonian +

the numerical calculation

we have a signal



05 : — f(m) = q|l77z — Eﬂ1| ' ' '
= +J/U+ns :Ds— D% 1 U(2S) 4+ a=2—
: 0.4 ' ' ' y
E.\
§ 0.3
~
S
o 02
2 o1}
= F
E of
3.'6 3.I8 i 4;‘2 4I4 4;6 4;8 % 5,I2
1 L] L] 1 [C(\ ]
G o Gag 1ard1 et a . 04 e(m) = ajm — Ey)|
. . E N ' a=2—
= . ' 1B
1n preparation = ciD-Di fwes)en Tl
S : : a=10—
T : a=08—
= : a=05—
W ]
1 : a=03
£ :
i ' = ]
o) — 1
% 0.1
= L
6 8 4 4.2 44 4.6 4.8 2
m [GeV]
FIG. 12: The real (bottom) and imaginary (top) part of the smeared amplitude H; 3+i3subs (7 oy, m), as a function
of m, for some of the simulated values of « in Eq. . The continuous lines correspond to bphne interpolations of
the lattice data.

This approach can be generalized to n-operators

dp; (2m) 35(3) —k
Hp(k1, ko, ky) = (i) (2m)* 6(4) kj—kF—Zk H/ p k(op .P)}Pp(pl:'“ ,Pn—1)

Although it becames quite scaring (see Patella ana’ lantalo)



Anomalies or Theory/Exps Uncertainties ?







e =

0.5

-0.5

The CKM pha
The CKM phase is the dominant source of CP violation at low energy

UTf,‘ ¢

summer23

levels @
h| 95% Prob

e

-1

only shown

the constraints
unaffected

by NP

r ol '

PR T |
nE n nEe 1

se 1s different from zero

No evidence for corrections to CKM

NP contributions to observed FCNC at most comparable (smaller) than the CKM ones
NP contributions very smallin s-=> d, ¢c-> u,b->d,b->s

CKM
parameters
known (even in
presence of NP
effects) with
similar precision
of pre-LHC SM

)




QEXP — Viegus (F|O|I) Constrains on NP from UTfit

QEXP — chM(MW> m;, a'S) <F|OI|1> + cheyond(ﬁzﬁ’ a'S) <F|01'|I>

@ fit simultaneously for the CKM and
the NP parameters (generalized UT
analysis)

sM_2i¢"
Alet

@ parameterize BSM effects in

AF = 2 Hamiltonian in model- AFR T (Am.

independent gk e gl
g Ay =sin2(B+dg)
: : q _ q
@ use all available experimental A% =Im(r%,/A,]
information ge=C.t¢

Al ~sin2 (=B +dg)
ATAm,=Re[T%,/A,)

@ find out NP contributions to AF=2

transitions
@)

v A g




New local four-fermion operators are generated

Q
Qs

- (ELA T d.*) (b_LB'Yu d.®)
Q=
= (br*d. ") (Br®d.?)
Q=
Qs =

(BRA dLA) (BRB dLB)

(br*d*) (B.° d®)
(Br*d.®) (6,° dr™)

+ those obtained by L <> R

SM

Similarly for the s quark
(sr™ di™) (sg”dL”)

(K°|O: ()| K®) =

(R0 K7) = =3

KUIO K(] — l
3

(B°|04(p)| K% = 2

2
K(J|() K(] § (

3 \I i fic Bi(1)
m, (u)ﬂi m f(u))z Mic fi Ba(u)
v-.if—;grnd(u ) MZf2 By(p) |
M (#) + ma(p ) M fi Ba() ,
\’-.:-}irnd(” ) M2 f2 Bs(u) |

e.g.



K system

Ce,=1.0910.10

5 15_
e I = UT;
o f| Co= 100008 ]
Lge, = (182190 |
st
L TN
L )
i @
o Cgq VS (Bg
. '18.-""5""1.'5""2
C,

d

— 20
o C
-—-m,,,15:
: CBS VS q)BS summer23
10F NP fit
s
o +
s
j: Cs, = 1.10 £0.06
5 ¢s, = (-0.1 £ 0.5)°
-15F

C

dark: 68%
light: 95%
SM: red cross

UTg

L




Results of BSM analysis: New Physics parameters

The ratio of NP/SM amplitudes is:
< 25% @68% prob. (35% @95%) in By mixing
< 25% @68% prob. (30% @95%) in B mixing

dark: 68%
light: 95%
SM: red cross

%_a 80
summer23 _e_‘” 60 summer23
NP fit NP fit
dark: 68%
light: 95% B.
B q SM: red cross
N 1 1 1 1 1 1 L 1 " 1
0.4 0.6 0 0.2 0.4 0.6
NP, A SM NP/ A SM ]
ANP/AS AR U Tg¢




Results of BSM analysis: probing New Physics Scale

[ Generic Flavor Structure B NMFV 5 3
AB=2 __ . l?q ~,~ ~1?q
(07| T RelCo mm Re(Co) Cs,  [UThs Mo = 2GR + 2] Cufes
Im(Cy) i Im(Co) Ce, ) ,
Q(lmb = (I?LW’[I(I?L(I“]{}IJA/IL(Iz{’IJ ;
105 szhqj = Q;‘RQ?L(];}R([& )
< w w T 37 = (7}112(15,(7;%(1&’
Li'i 10° —W T Q" = (TfR(II?L(?qu;iz ;
< Q3" = (i?Rqﬂz{’L(ifLQ?R'
10 =
i I Ci(n) =B
I I I I I ® Generic: C(A) = a/A? Fi~1, arbitrary phase
107" C. G, Cs C. C: ® NMFV:  C(A) = a X |Fu/A?  F~|Fs,|, arbitrary phase
-0 ~ aw in case of loop coupling «a. ~ aw in case of loop coupling
.through weak interactions™ .through weak interactions”
A>1.310*TeV A>2.7TeV
Fabio Ferrari CKM workshop 2021 21




1) NP must explain the strong hierarcy of the
Fermion couplings/masses

2) If the scale of NP it 1s not too high 1t must
suppresses FCNC processes at an accettable
level

Y, ~ 1 Y, ~ 1072 Y, ~107°
Y; ~ 1072 Y, ~ 1073 Yy~ 107°
Y, ~107% Y, ~107% Y.~ 107°

‘Vus‘ ~ (.2 ‘Vcb‘ ~ (.04 |Vub| ~ (.004 0~ 1

DL A gla g, gs, A ~1L



FUTURE, BSM: 1t is difficult to make predictions,
especially about the future

b s T4

4t generation extended Higgs extended left-right leptoquarks

sectors techmcolor symmetry

ime 10 ©
g is M n @@ ~@) (o @9
()M
‘l a/\)e y universal extra large extra warped extra gauge-Higgs nggsless
e a Yl« d S dlmensmns dlmensmns dimensions unlflcatlon models
he I
t Bar bleY ! P@

MSSM CMSSM NMSSM VMSSM SUSY GUTs

@@'

unparticles Little Higgs hidden valleys not yet thought of ...




G. Isidori — Flavor non-universal interactions

~Status of high-energy searches

cMs liminary

Overview

3" family
NP

Vienna — 23 Jan. 2024

Universal
NP

16-140 fb~! (13 Tev)

String resonance. » 137 -1
Zyrescnance o 36 b1
Wy resonance o 137f70
Higgs y resonance o 180801257 (1) + 1y} 36 fb~!
Color Octect Scalar, k2 =112 » 191103947 (2} 137~}
Scalar Diquark » 191103947 (2j) 137 -1
Hi+ 4, pseudoscalar (scalar), g2, X BRIg-+21) > =0.03(0.004) o 191104968 (31, 241) 13710
H+ ¢, preudoscatar (scalar), g2, x BRIg-20) > =0.03(0.04) o 191104968 (31, 240) 13777}
quark compositeness (L1}, Msn = Ko 210302708 (20} 140 -1
‘quark compositeness (L1}, Duss = —1 Kom 210302708 (21) 140 o1
Excited Lepton Contact Interaction » 200104521 (20 +2j) 77 o}
Excited Lepton Contact Interaction » 200104521 2+ 25) 77 b1
vector mediator (qd), gy =025, Gon = LM, =1 GeV o oss=ozy 191103761 3) I 18 fb-1
vectormediator (t). g, = 0.1, gow=1.g,=0.0L.m,>1 TeV " 210302708 (2e, 200 140 fo~!
(axalvector mediator (qd). G4 =025, Gome = 1.m, =1 GeV ~ S 0528 191103947 2) 137!
It LSS 210713021 (14 p ) 10111
w 210302708 (26,20 140 o1
[ <020 190101553 (0, 1 + 22j+p7™) 36 fbo~!
» 210713021 {21+ p§'™) I 101 !
210713021 (= 1j4+ p7™) 10171
190101553 0u + 22j+p7™) 36 fb~!
complex sc. med. {dark QCD), Ma. 16 bt
2 mediator (dark QCD, Myu =20 GeV, £, =0.3. 0., » 11211125 2)4 p7™) I 13871
Baryonic Z', g, =025, gue =1.m, =1 GeV. » 190801713 (h +p3"™) 36 fb-!
3 » 190801713 (h +p5"™) 36 b1
1. A ow =01, 800 <Moo < 1500 GeV o PO03=06 181110151 (1p+ 3 +p5) 77 o)
RPV stop to 4 quarks » I oee=0s2N 180803124 (2j; &) 36 fb1
RPV squark to 4 quarks " =g 18060 38 b1
RPV gluino to 4 quarks 'l 180601058 (2j) 38fb-!
RPV gluinos to 3 quarks ~ 181010092 (6j) 361!
ADD () HLZ. o =3 o 180308030 2]} 36 b1
ADD (yy.t0) HIZ. ny = 3 » | 1l 10443 2, 20 36 bt
» 210713021 {21+ p7*™) 101 -1
» 1803 #8030 (2j) 36 b1
» 220506709 (ep) 1371
M 220506709 (et} 1370}
ADD QBH (7). eo =4 I 220506709 (we) 137~}
RS Gosllt). kil = 01 » 210302708 (21) 140m~1
o. || 180900327 2y} 36 b1
] e E=26N 191103947 (2j) 1B7 R}
M 180308030 (2j) 36 b}
nen-rotating BH, My = 4 TeV, neo = 6 » 0506013 ( 27j(t, )} 36 b1
6+~ 998, G =6, G5 =3, £=0 1201 gy 220102140 2j) 137171
SpIR-UED, 22 TeV " 2202060751 4 p3™) 13700
excited ight quark qg), A=m; ¥ 191103947 2]) 137 -1
excied electron, f; ” 181103052y + 2¢) 36 b1
excited muon, f; = f: » *mlumunm) I 360!
MM, [Vl =10, Vyal’=10 o 001-143 180202965, 180610905 (3(p,e); 21j+ 2(p o)} 36 b}
WMSM, VeV oP (Ve + Vi) =10 » 002-16 180610905 (21j+ p+ e} 36 fb~!
i! Wpe-ll seesaw heavy fermions, Flavor-democratic Sle0od 24017430274 20, 37+ 1, I 420,274 1)
Vector like taus, Doublet o 01-104g) 220208676 (31, 244,17 434,274 21, 3v + 1, Ir 424,27+
Vector like taus, Singlet [ M 0125-0.15 22020867631, ;u.xnuzua.n+u.h¢u.houui
scalar LQ (pair prod ), coupling to 1 gen. fermians, = 1 ~ ] T <144 181101197 2e+2))
scalar LQ (pair prod ), coupiing to 1 gen. fermians, = 05 o i €127 181101197 20420 42j4p7™)
scalar LQ (pair prod ), coupiing to 2™ gen. fermions, 8= 1 o i i <153 180805082 (2u+ %))
scalar LQ (pair prod ), coupling to 2 gen. fermions, = 1 » 08-15 181110151 (1u+ 3 +p™)
scalar LQ (pair prod ), couping to 2* gen. fermions, B= 05 ZAip 240 . . .
scalar LQ (pair prod ), coupiing to 3" gen. fermions, § =1 [ o i OMS-PAS-EXO-19-016 (2 +2j)
‘scalar LQ (single prod ). coupling to 1 gen. fermions, §=0,A=1 v s 1-16 210713021 (21j+py™) e 1 S IS 1 e
scalar LQ (single prod.). coupiing to 3 gen. fermions, B= 1. W ] 75' CMS-PAS-EXO-19-016 (27 +b)
2o, narrom rescnance Lu% ToL204776 2 1 0 (y 1 1
2o, narow resenance o 191204776 (2p)
= : [ o level ]
SSMZ'qd) o 191103947 (2j)
Ziqd) wf oo-oms 190510331 .1y
SuperstringZ,, o 210:
LFVZ, BRiey) = 10% ] 220506705 (ek) BT
LFVZ, BRieT) = 10% o 220506709 () 1370}
LFVZ, BRuT) = 10% o e e————— R 17
Leptophobic 2' ] O om0y 1909.0a1142)) 78
SSMWit) » 220206075 (£ +, 137!
SSMWiad) o 191103947 (2j) 137 -}
LRSM Welue), My, = 0.5M, ] 36 fb1
05My, M %6
LRSM Waltha), Mo, =0.5M, » 36 fb!
Axighuon, Coloron, cat6=1 » 1377}
ICHEP 2022

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

mass scale [TeV]

If these i1deas corrects, new non-standard effects should emerge soon both at
low and at high energies ( — very interesting opportunities for run-3...).



absence says more than presence

FRANK HERBERT
(Dune)
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