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THE STANDARD MODEL AND ITS FLAVOUR

the desert — no fermion mass falls here
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LOTS OF THINGS WE DON’T UNDERSTAND IN THE SM LIVES IN FLAVOUR

R. Silva Coutinho



THE STANDARD MODEL AND ITS FLAVOUR

IN THE SM, FERMION MASSES ARE THE RESULTS OF THE YUKAWA INTER ACTION

Ly =— K?Qiigbd{ej — K?Qiieqﬁ*u{gj +h.c.

q L
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Y,
——————— H
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U_R ) t =
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WHILE GAUGE INTERACTION ARE PROTECTED BY —g B dy
— (u_L, Cr, ZL) }/”W;[VCKM Sp |+ h.c
SYMMETRY, YUKAWA COUPLINGS ARE NOT V2 b,

THE SM HAS NOTHING TO SAY ABOUT WHY
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THE STANDARD MODEL AND ITS FLAVOUR

FLAVOUR PHYSICS AS A COMPASS TO THE NP SCALE ... STRONG BOUNDS FROM
CP VIOLATION AND FLAVOUR-CHANGING PROCESSES:

NP BADLY VIOLATES FLAVOUR

generic couplings across generations

v

NP scale must be very high
~103-10° TeV
out of reach of any collider

NO EXPLANATION FOR HIERARCHY
HIGGS FINE-TUNING PROBLEM

R. Silva Coutinho

NP MIMICS SM FLAVOUR

couples preferentially to heavier generations

:

NP scale can be a few TeV

~1-10 TeV
within reach of LHC / HL-LHC

CONSISTENT WITH THE PATTERN OBSERVED
TESTABLE AT CURRENT COLLIDERS

GINO ISIDORI @ ICHEP 26



THE STANDARD MODEL AND ITS FLAVOUR

DIRECT PRODUCTION OF NEW PARTICLES INDIRECT PRODUCTION OF NEW PARTICLES
ON WELL-PREDICTED OBSERVABLES

|[ENERGY FRONTIER ]
[Gargamelle 1973]

[SPS 1983]
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THE STANDARD MODEL AND ITS FLAVOUR

DIRECT PRODUCTION OF NEW PARTICLES INDIRECT PRODUCTION OF NEW PARTICLES

[ENERGY FRONTIER] ON WELL-PREDICTED OBSERVABLES
e.g. initial excess observed at 750 GeV di-photon e.g. flavor anomalies!
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[ATLAS—CONF—2015—081] [Belle, PRL 118 (2017) 11, 111801]
[ATLAS, JHEP 10 (2018) 047]
[CMS, PLB 781 (2018) 517]
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FLAVOUR PHYSICS PROGR AMME T
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FLAVOUR PHYSICS PROGRAMME

Observation of J /¢p Resonances Consistent with Pentaquark Statesin A} — J/YK p
Decays

LHCDb Collaboration - Roel Aaij (CERN) et al. (Jul 13, 2015)
Published in: Phys.Rev.Lett. 115 (2015) 072001 - e-Print: 1507.03414 [hep-ex]

pdf & links ¢¢> DOI [4 cite [ reference search %) 2,203 citations

Test of lepton universality using BT — K T41{~ decays

LHCb Collaboration - Roel Aaij (NIKHEF, Amsterdam) et al. (Jun 25, 2014)
Published in: Phys.Rev.Lett. 113 (2014) 151601 - e-Print: 1406.6482 [hep-ex]

pdf ¢ DOI [4 cite & reference search <) 1,431 citations

Measurement of the ratio of branching fractions B(B° — D**7~,)/B(B° —
H =
D**u~w,)
LHCDb Collaboration « Roel Aaij (CERN) et al. (Jun 29, 2015)
Published in: Phys.Rev.Lett. 115 (2015) 11, 111803, Phys.Rev.Lett. 115 (2015) 15, 159901 (erratum) - e-Print:
1506.08614 [hep-eX]
pdf @ links ¢ DOI [4 cite Fd reference search ) 1,359 citations

Angular analysis of the B® — K*0u* 1~ decay using 3 fb~! of integrated luminosity
LHCb Collaboration « Roel Aaij (CERN) et al. (Dec 14, 2015)
Published in: JHEP 02 (2016) 104 - e-Print: 1512.04442 [hep-ex]

padf & links & DOI [4 cite H datasets @ reference search %) 1,058 citations

Observation of CP Violation in Charm Decays
LHCb Collaboration « Roel Aaij (NIKHEF, Amsterdam) et al. (Mar 20, 2019)
Published in: Phys.Rev.Lett. 122 (2019) 21, 211803 « e-Print: 1903.08726 [hep-ex]

pdf 2 links ¢ DOI [4 cite [Q reference search =) 619 citations



THE UNITARITY TRIANGLE

UT ANGLES, PHASES AND COMPLEMENTARY MEASUREMENTS
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CP VIOLATION IN THE SM pasa

QUARK-MIXING MATRIX [CKM]:  [Asblaavour = Vern [Asbl s

E ( Vud Vus Vub \ = D
q Nvi'/ Vekm = | Vea Ves Vo N .
SoWE \ Ve Vis Va ) . .

DESCRIBED BY 4 INDEPENDENT PARAMETERS, IN PARTICULAR A SINGLE COMPLEX PHASE

kil
( -t A AN (p— i)

Vokm = | =\ [ + A2\ (p+ 11 — %)] 1 — %)\2 — %)\4 (1 + 4A2) AN?

\AN [1— (p+im) (1 —3X2)] —AN2[1+ X2 (p+in—3)] 13422 )
8] 8]

R. Silva Coutinho 11



UNITARITY TRIANGLES

UNITARITY OF CKM MATRIX, LE. V*exuVexm=Vexuy cxm = 1

TRIANGLE OPENNESS INDICATES HOW LARGE CP IS EXPECTED

VudViy + VeaViy + ViV, =0
£ 4 A7 7] 7]

4] Vis tz NP‘Q]

Ves ;1; NP‘Q] 68 ~1

Bc ~ 0.03 VJSVCS N[)\] VJchb N[)\5]

ALL TRIANGLES HAVE SAME SURFACE AREA [representative plots only]

R. Silva Coutinho 12



THE CKM

PICTURE

o(y) ~ 22°
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SIGNIFICANT IMPROVEMENT ON THE DETERMINATION OF THE CKM PARAMETERS

R. Silva Coutinho
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CKM PHASE ¥

y IS THE PHASE BETWEEN V*V, ; AND V*V,, LE. REQUIRE INTERFERENCE:

TEXTBOOK CASE:

S A

INTERFERENCE OCCURS WHEN D AND D_O DECAY TO SAME FINAL STATE

NEGLIGIBLE THEORETICAL UNCERTAINTY, LE. y/y ~ O(10~7), AND CAN PROBE
2 3
EXTREMELY HIGH ENERGY SCALES ~ O(10° — 10) TEV

JHEP 1401 (2014) 051

R. Silva Coutinho
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CKM PHASE ¥

DETERMINATION OF y FROM B — DK DECAYS:

DOK+_ rpeidn Giri, Grossman, Soffer and Zupan (GGSZ)
/ \ deals with self conjugate 3-body final states:
BT FET f =D —Knm and KKK

\Qf / PRD 68 (2003) 054018
DYKT

STRONG PHASE VARIES OVER THE
CP-eigenstates (f = mn, KK): 3-BODY PHASE SPACE
GLW - Gronau, London and Wyler

m? [(GeV/cH)?F
migx. (GeV¥c?)
|Bin number|

PLB 253 (1991) 483; PLB 265 (1991) 172

(]

Quasi-flavour-specific states (f = e.g Kn):  (ADS)

Atwood, Dunietz and Soni

-
o T T

PRL 78 (1997) 3257; PRD 63 (2001) 036005

PRSI T T S B ol
1.2 1.4 1.6 1.8

m?2 [(GeVic)*] M (GeV¥ct)

¥ determination: yields observed in regions of DP

R. Silva Coutinho 15



CKM PHASE ¥

B decay D decay

B* 5 Dhp# D — hEp'F

B* = Dh= D—hthntn™
B — Dh* D — hth—ntn™
B* — Dh* D — KxgFrta~
B — Dh* D — hEWF7#0

B* — Dh* D — K3hth~

B* — Dh* D — K0K*n¥

B* — D*h* D — h*h'F (PR)
B* — D*h* D — K2h*h~ (PR)
Bt - D*h* D - KShth~ (FR)
B* — DK** D — hEW'F

Bf 5 DK** D — hErFata—
B* - DK** D — K3hth~

B — Dh*ntn~ D — hEp'F

B® - DK*0 D — hEp'T

BY — DK*0 D — hErFata
B° - DK*° D — KQhth~

BY — D¥p* Dt > K—ntnt

B° - DFK* DY = hthnt

B? — DFK*ntm™

Df —» hth~n?t

235 OBSERVABLES TO DETERMINE 64 PARAMETERS

R. Silva Coutinho

LHCb-CONF-2025-003

COMBINATION OF Y, CHARM MIXING AND CP-VIOLATION PARAMETERS

D decay Observable(s)
D - hth- AAcp

D’ —» K*K~ Acp(KTK™)
D° - hth™ yer — Yo"

D° - hth- AY

D' —» K*rF (double tag)

D' — K*rF (single tag)
D »K*nFgtq

D 5K*pFnte

D° - KQntm~

D° - KQrtm

D’ - Kir*tm~

R:t’ (.’II’i)Q, y/:i:

RK1ra (A)Kﬂ'v Cgl()wa A(E)(Il()n
r, kY, (% +y°)/4

r;t’ (ny/:i:)i, g2 4 g2t
z,y

Tcp, Yopr, Az, Ay

Zcps Yor, Awa Ay

D — wtp— a0 Ayt
Decay Parameters Source
B* -+ DK** KpE™ LHCb
BY — DK™ KBK LHCb
BY — DFrt 3 HFLAV
BY - DFK*(xm) o, LHCb
D— Ktn~ cosdR™, sindh™, (rkm)?, 2% y CLEO-c
D— Ktn~ Agn, AT B cos 657 rKmgin 65 BESIII
D — hthn° Fr B CLEO-c
D — hth Ft o Fts BESIII
D=t atn Ff CLEO-c+BESIII
D K*K-ntn~  Fiy.. BESIII
D — K*ta—a® ol CLEO-c+LHCb+BESIII
D— K:aFate~ k¥ 08% of% CLEO-c+LHCb+BESIII
D — KOK*n® o B3K7 gESKr  KiKx CLEO-c
D — K3K*n%F  rheskT LHCb
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CKM PHASE Y CBPF

LHCb-CONF-2025-003
MOST PRECISE DETERMINATION OF y = (62 £ 2.6)°

1.0 | | | | I | | I I

q I | 1 I I 1 I I I l I I | I I I
- £ BY Only |
CID - S B° Only L H C b T
' 888 B+ Onl Preliminary |
i y
0.8 I All Modes Autumn 2025 _
I | LIKELY WILL ACHIEVED o(y) < 1°
0.6 7 WITH DATA ALREADY COLLECTED
[ T AT LHCB
0.4 )
(68.370 e I e e ]
| SUB-LEVEL PRECISION ACHIEVABLE
0.2 ) IN THE NEAR FUTURE

40 50 60 70 &0 90
v [°]

COMPATIBLE WITH CKM FITTER y = (66.3J_f‘1):g)° AND UTFIT y = (64.9 = 1.40)°

R. Silva Coutinho 17



ICHEP 2026
NATAL | BRAZIL

CKM PHASE ¥

LHCb, arXiv:2605.03501

Xiv:2604.05701, arXiv:2604.05712
LHCDb RUN 3 DATA! 1ST MEASUREMENT larXiv arXiv ]

USING THE UPGRADED DETECTOR
NEW UNBINNED FOURIER WEIGHT METHODOLOGY

o 0.12 '-.-.' L e e e e e e s e e e e o BRI
Qm i ThlS Measurement LHCb .
= 0.11--LHCb-CONF 2025-003 -
b @ SIMULTANEOUS ANALYSIS OF BOTH % BGS]]I
0.085 , : ” .
Rl = (71.3£5.0)°,
0 560 70 80 80 DK +0.0086
7 [°] = 0.0949 —0.00851
5 =Ty | T A o DK +5
>é:o':z:l0:g'I‘hjsMeasurement LHCb ] (S (121 6 5 ()) )
- I LHCh-CONF-2025-003 ; 1 o 40,0021
140: — O 0064 0 0019’
130 % 53 (311+17) :
120+ ’,""
e BEST SINGLE MEASUREMENT OF y
T O
v[°]

R. Silva Coutinho 18



THE OTHER PHASES

CKM-$ PHASE: PRIME EXAMPLE OF CP
VIOLATION IN INTERFERENCE BETWEEN

MIXING AND DECAY
o 12
e + .,
g
T —
e e A ——
1| U SOV, - S —
0.5F
04— =
i 8§58 8§88 3¢
CMS
ALSO ENTERS THE GAME!

R. Silva Coutinho

CKM-a PHASE: DETERMINATION REQUIRES
DISENTANGLING PENGUIN POLLUTION

FIRST MEASUREMENT OF MIXING-INDUCED
CP ASYMMETRY IN B? — 7979

Candidates per 4.6 ps

Asymmetry

(o))
o

S
o

N
o

Belle Il preliminary (‘D
[Ldt =365 fo? @

B% - n°n® Belle IT
4 B,

+ E?ag

10 15
arXiv:2606.20797
19



MULTI-BODY HADRONIC DECAYS

FROM (EXOTIC) SPECTROSCOPY TO CP VIOLATION

20



FROM TWO TO MANY HADRONS

EXAMPLE: CP VIOLATION IN TWO-BODY DECAYS

. ’Af‘z - ‘Af‘Q B 2|Ar||Ap|sind sin ¢

.ACP— _ _
[Af2+|Af|2  |Ar[2+|Ap|2 + 2|Ar|[Ap| cos cos ¢

0 and ¢ are the CP conserving and CP violating

relative phases between amplitudes

LIMITED INFORMATION AVAILABLE!

OBSERVABLES ARE BRANCHING RATIO, A F;
UNKNOWNS, E.G. Ay, Ap, 5§ AND ¢

MULTI-BODY DECAYS PROVIDE FURTHER INSIGHTS
INTO THE DYNAMICS OF THE SYSTEM

R. Silva Coutinho
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THREE-BODY DECAYS

DIRECT ACCESS TO THE UNDERLYING T oab | | N =
S r DY 5 K 770 3
DYNAMICS OF THE DECAY B o5 A e
= F (pseudoexperiments) 3
2 2, 9 2 NS _ 1
E 1.5:— —: a0
:
AMPLITUDE ANALYSIS: 0sE E
- 'ofs""%""115""2'""215""2:1,"
m3(K ") [GeV</c?]
RELATIVE PHASE BETWEEN STATES - .(. .). _
v\b 25i | | | | | —] 160
SENSITIVITY TO CP VIOLATION EFFECTS % [ B’ —» K ntna’ 5!140
O 20 . .
O, 20F d ts) 30
RESOLVE AMBIGUITIES IN PHASES = F (pseudoexperimen 5)5 sk
IM 15__ __ —100
SPECTROSCOPY T F .
10— —
s | =
ok A =
0

S 10 15 S
m2(K %) [GeV?/ ¢4
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MULTI-BODY DECAYS

WITH INCREASED STATISTICS SIMPLIFIED MODELS MIGHT NO LONGER BE SUFFICIENT

AMPLITUDE IS APPROXIMATED AS A COHERENT SUM OF QUASI-BODY CONTRIBUTIONS

CP Violating Strong dynamics
CP conserving
Al m12, m23 Z cj| £ (m%% mg?,)

j=1

c;: complex coefticients describing the relative magnitude and phase of the difterent isobars

F;: dynamical amplitudes that contain the lineshape and spin-dependence of the hadronic part

F;(L,m3y, m35) = Rj(miy) x| X (P 7)|x| X (q|r)| x| T;(L, 5, 7)

Resonance mass term  Barrier factors - p, g: momenta  Angular probability
(e.g. Breit—Wigner) of bachelor and resonance distribution

R. Silva Coutinho 23



MULTI-BODY DECAYS

ICHEP 2026
NATAL | BRAZIL

Width (GeV)

WITH INCREASED STATISTICS SIMPLIFIED MODELS MIGHT NO LONGER BE SUFFICIENT

LESSONS FROM JOSE PELAEZ, PARADIGM SHIFT:

FOR INSTANCE, COUPLED-CHANNELS ANALYSIS, INTRODUCE THRESHOLD BEHAVIOUR,
ANALYTICITY CONDITIONS (BEYOND BW)

NON-NEGOTIABLES:

e Unitarity: Exact probability conservation across all open channels.
o Analyticity: Causality enforcing physical branch cuts (left- and right-hand cuts), and poles associated

to resonances.
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CONVENTIONAL AND EXOTIC SPECTROSCOPY

CLASSICAL HADRONS: MESONS [QUARK + ANTIQUARK]| OR BARYONS [3 QUARKS]

EXOTIC HADRONS: IN PRINCIPLE ANYTHING ELSE, TETRAQUARK, PENTAQUARK, HEXAQUARK, ...

STUDIED BY DIFFERENT EXPERIMENTS:

LHCDb, BESIII, ATLAS, CMS, Belle, Belle I, BaBar, CDF, D0, ALICE ...

bc ® ccqq b
310 75 new hadrons at LHCb ® 5 i e
. ® bg ® cccc cqq
1054 ® cc ® < B ccq
D] _ - _ 3
® cdqq) ® cqqq B <ccqqq
7.5 -~
- Trzrf(6900)
7.0 @ B.(6750)"
Q,(6350)~ ®:.67001
- Ap(5152)° €,(6340)_ ‘
6.5 :L.(62:7>‘. Asresy W (6227° lizg%;f =,(6095)°
zp 3 J =5 O
6.0 - Ay(5920)° zp(sgss)'. B(5970)7° I_ & B ' =, (6087)°
As(5912)° =1 (5035)~ .81(5840>"° Zp(6097)"  A,(6070)° B, (6114)°
— s 2 %,(6097) B (6063)°
~ 5.
S
o 5.0
2 P.(4450)* ® P:(4457)* @6
v 457 = ® Ipcf(444or _ g3 @430
% P.:(4380)* ® Pa(4312)* & . : _
s 4.0 P @ ® ®® ®.(4000) —
e | . A "
3.0 ,(3000)° @ , T.1(2900)° s g (2933
sty z o & .".'-‘737”' .T.}Y['(29oc)‘ ‘
2.0

~k TANE AT 1A

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Nate af arXiv cithmiscinn

R. Silva Coutinho
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A WORD ON THEIR EXOTIC NATURE

[PRL 122 (2019) 222001, 131 (2023) 031901, 128 (2022) 062001]

0 _ _ _ [Sci.Bull. 66 (2021) 1278-1287]
% N, = JhypK B~ — JlwAp
zgﬁo a0 o Py T S A ———
: = 2 180F LHCh ~paa 3 OBSERVED PENTAQUARK ARE USUALLY
8 F ata 160F 9 fb! — Nominal fit g
I | an e S o | Ny i NARROW STATES CLOSE TO BARYON-
% i —background %/ _ - i :
‘ guop U o MESON THRESHOLDS
g :g 100;— e R, + ~~Background. —;
< eop . HADRONIC MOLECULES? COMPACT
40F r g
200 M PENTAQUAKRS? TRIANGLES?
4800 4250 4300 4350 4400 4450 4500 4550 4600 912 — 4.125 H4l;—ﬂﬂ -: 4.-35 .
Myp MeV] m@I/YA) [GeV] h = D (4%) L N
2, = JIwAK™ A0
: - > 6ol
o o[ LHCb + 1 8% P
s [ 9 2 4o ~ 1
o Py 2
s | { | | R P
S Y S ML B A MORE INPUTS NEEDED! MORE DATA,
I _{jmu ______ 1 6 O . o
R 41 42 43 44~ DIFFERENT PRODUCTIONS, FINAL STATES
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CP VIOLATION HADRONIC 3-BODY DECAYS

LARGE LOCAL ASYMMETRIES OBSERVED IN B* — h*hth™ WITH h = 1, K

(\o)
W

m2(K*7") [GeV?/ ]
o

—_
)

() =
W

o)}

-}

[GeV?/ ]
S

high

m2(seto)
s o

o)}

N
raw

10 15 20

m2(wtr) [GeV?/ 4]

LHCb
59fb!

BT & pE ot

’_‘IIIIIIIIIIIIIIIIIIIIIIIIIIII

o
mX ), [GeV?/ ¢4

R. Silva Coutinho
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CP VIOLATION HADRONIC 3-BODY DECAYS

[Phys. Rev. D 108, 012008 (2023)]
TEXTBOOK OF THE RICH NON-TRIVIAL ANISOTROPY IN THE DALITZ
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CP VIOLATION HADRONIC 3-BODY DECAYS

[Phys. Rev. D 108, 012008 (2023)]
TEXTBOOK OF THE RICH NON-TRIVIAL ANISOTROPY IN THE DALITZ  [Phys Rev. D90, 112004 (2014)]
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CP VIOLATION HADRONIC 3-BODY DECAYS

[Phys. Rev. D 108, 012008 (2023)]

TEXTBOOK OF THE RICH NON-TRIVIAL ANISOTROPY IN THE DALITZ
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CP VIOLATION HADRONIC 3-BODY DECAYS CBPE

[Phys. Rev. D 108, 012008 (2023)]
TEXTBOOK OF THE RICH NON-TRIVIAL ANISOTROPY IN THE DALITZ
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CP VIOLATION HADRONIC 3-BODY DECAYS CBPE

[Phys. Rev. D 108, 012008 (2023)]
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CP VIOLATION IN b-BARYONS HADRONIC DECAYS

Ag — pK ntr”t

LHCDb detector

RICH COMPLEX PHASE SPACE TO BE EXPLORED

R. Silva Coutinho
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CP VIOLATION IN CHARM HADRONIC 3-BODY DECAYS

EXPECTED CPV IN THE SM OF THE ORDER OF 1073- 10, AND SO FAR ONLY SEEN IN
DY - KTK-ANDD? — 7~
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HUGE STATISTICS AVAILABLE IN CHARM MULTI BODY DECAYS, BUT NO CPV SEEN YET
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RAREDECAYS AS A PROBE OF NEW PHYSICS

A FLAVOUR ANOMALIES STORYTELLING
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RARE DECAYS CBPE

FCNC: UNIQUE GLIMPSE TO HIGHER SCALE

|E.G. ENHANCEMENT/SUPPRESSION OF
DECAY RATE, ANGULAR DISTRIBUTIONS
AND NEW SOURCES OF CP]




RARE DECAYS

RARE B DECAYS ARE A MULTI-SCALE PROBLEM: AXp > myy > my, > Aqep

i
i
i
i
i
i

Tree

Gluon penguin
Photon penguin
Electroweak penguin
Higgs (scalar) penguin
Pseudoscalar penguin




THE GOLDEN CHANNEL B? — ptu~ crpr
Clean theoretical predictions 1. Brancuing FracTion

2 Am;, /12 2, 2y /(2

B(BSO _>/’l+/’t_) — (366i014))( 10—9 B oc [Vip Vg™ | (1 — Mé)|CS_CS| +|Cp — Cp| +M—B(Clo—010)|

BB - utu™) = (1.03 +0.05) x 10710
2. Ratio Or BRaNncHING FRACTIONS

[JHEP 10 (2019) 232] | 4mg
R:B<BO_}M+’L&_) _ B /B4 * | Via szd\ "By
BBY —» wtp~) 18, \f5.) |Vic a2

mBS \ 1— m2
Bs
[Nuovo Cim.C 035N1 (2012) 249]
2.0 : ; R

+ box diagram N SiGsie e

10° x BR(Bg — utp™)

10° x BR(Bs — pu*u™)
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THE GOLDEN CHANNEL B? — ptu~

Clean theoretical predictions 1. BrancHING FRACTION
4m> 2m
B o [VigViol? | (1 — —E)|Cs — CL12 +|Cp — CLI12 + =L (C1o — C1 )2
B(BSO N Iu+lu—) — (366 + 014) X 10—9 X | tb tq| ( M% )| S S| +| P P| + MB ( 10 10)|

B(B® = utu~) = (1.03 = 0.05) x 10~
2. Rartio Or BrRancHING FRACTIONS

[JHEP 10 (2019) 232] amz
o BB =) sy (fr.\?| V|t PN,

B(B? = ptp~) 78, \ /B, Vis am

mBS\l_m2B

[Nuovo Cim.C 035N1 (2012) 249]
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THE GOLDEN CHANNEL BY — putu~ capE

Clean theoretical predictions
3. ErrecTive LIFETIME
B(BY - utu")=(3.66+£0.14) x 10~
B =t i _m, 142 Aar+9
BB = utu~) = (1.03 £ 0.05) x 10 b S A2y 1+ gaAar

[JHEP 10 (2019) 232]

[PRL 109 (2012) 041801]
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THE GOLDEN CHANNEL B? — ptu~

[LHCb PRL 128 (2022) 041801, CMS PLB 842 (2023) 1379553, ATLAS JHEP 04 (2019) 098 ]
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THE B - K %u*u~ DECAY MODE
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THE B - K %t~ DECAY MODE
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THE FLAVOUR ANOMALIESIN b — s~
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[Angular distributions|
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b — su™u~ DECAY RATES

[LHCb, JHEP 06 (2014) 133, 11 (2016) 047, 06 (2015) 115, PRL 127 (2021) 151801, CMS, PLB 753 (2016) 424]
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b — su™u~ DECAY RATES
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EXPERIMENT

[LHCb, JHEP 06 (2014) 133, 11 (2016) 047, 06 (2015) 115, PRL 127 (2021) 151801, CMS, PLB 753 (2016) 424]
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b — su"u~ ANGULAR ANALYSES % cnpr

[LHCb, PRL 125 (2020) 011802, CMS, PRB 864 (2025) 139406]
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b — su*j~ ANGULAR ANALYSES

[LHCb-PAPER-2025-041 (in preparation), CMS, PRB 864 (2025) 139406 ]
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b — su™u~ AMPLITUDE ANALYSES

[LHCb, PRL 132 (2024) 131801, PRD 109 (2024) 052009), JHEP 09 (2024) 026]
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b — su™u~ AMPLITUDE ANALYSES

[LHCb, JHEP 09 (2024) 026]
AN “ISOBAR MODEL” APPROACH:
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ON THE THEORETICAL UNCERTAINTIES

LOCAL FORM FACTORS (FFS) CONSTRAINED TO: T ey |
06 T LSSR (Ocl;levD 2018) _
_ + LQCD (HLMW 2015) :
LIGHT-CONE SUM RULES 05 ﬁ ;
[Gubernari, Kokulu, van Dyk; JHEP 01 (2019) 150] %—/ 0.4 }i |

S

<

[Horgan, Liu, meinel, Wingate; _
PRD 89 (2014) 094501 0.2 1
PoS LATTICE2014 (2015) 372] ]

LATTICE QCD } } } }

0.1 Arrmr

—15 —-10 ) q2 ([)Gevg] 10 15
EXPLOIT ANALYTICAL PROPERTIES OF HADRONIC MATRIX, I.E.
ANALYCITY, UNITARITY AND KNOWN RESONANCES ——

This work
B Experimental J/v¢ veto

BOBETH, CHRZASZCZ, VAN DYK, VIRTO; EPJC 78 (2018) 451
GUBERNARI, VAN DYK, VIRTO; JHEP 02 (2021) 088
GUBERNARI, REBOUD, VAN DYK, VIRTO; JHEP 09 (2022) 133
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b - sCT¢~ ANOMALIES INTERPRETATION

ARE WE GOING TO BE ABLE TO CLAIM NEW PHYSICS?

—— ABCDMN
——— AS/GSSS
0.754| —— CFFPSV (PMD)
: T HMMN HADRONIC PHYSICS COMES AGAIN!
] SM
007 CHARM RE-SCATTERING MIGHT NOT BE
0.95 ACCOUNTED IN CURRENT CALCULATIONS
23
D) i
0.00
D
~0.25- R K
1 [\ D
~0.50-
\‘i
| =493
_0.751.7‘5‘ 150 —125 —1.00 —075 —050 —025 0.00 0.25 [Ciuchini, Fedele, Franco, Paul, Silvestrini, Valli, 2212.10516]

Cou
A HIGH LEVEL OF CONSPIRACY SEEMS TO BE REQUIRED TO

TILL REMAINS A PREFERENCE
> K EXPLAIN THE ANOMALIES DUE TO THESE CONTRIBUTIONS

FOR A SHIFT IN Cy*
Isidori, Polonsky, Tinari, 2405.17551, 2507.17824]
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b - sfT¢Y~ ANOMALIES PATHS

NO CLEAR DEPENDENCE OF C)* ON g* OBSERVED

S F
A
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§a
=2
-3k
D e ey
q* [GeV’]

MORE DATA CAN SIMPLY INDICATE IF SUCH
PATTERN REMAINS CLOSE TO
CHARMONIUM CONTRIBUTIONS

R. Silva Coutinho
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IF NP INTRODUCES NEW WEAK PHASE(S),
ANY NONZERO CP VIOLATION WOULD BE A
CLEAR SIGNATURE
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Belle IT

[Belle I, PRL 127 (2021) 18, 181802]

UNIQUE PHYSICS REACH TO STUDY FINAL STATES WITH MISSING ENERGY, E.G. B — Kww
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Exciting physics range to be explored!

Decay lab™' 5ab " 10ab~" 50ab "
BT — K*vy 055 (0.37) 0.28 (0.19) 0.21 (0.14) 0.11 (0.08)
BY — KJup  2.06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40)
Bt — K*tvv 2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38)
B° — K*%p  1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23)
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[PRD 108 (2023) 3, 032002; Nature Physics 19 (2023) 1517; JHEP 05 (2020) 040; PRL 128 (2022) 19, 191802;
JHEP 08 (2017) 055; JHEP 07 (2025) 198; PRL 134 (2025) 19, 181803; PRL 134 (2025) 12, 121803]
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New as of 2024/25
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SUMMARY

" CKM picture remains remarkably consistent

Rich information on hadronic decays requires a

closer synergy between theory—experiment
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SUMMARY

" CKM picture remains remarkably consistent

Rich information on hadronic decays requires a

closer synergy between theory—experiment
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