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Standard parameterisation
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Standard parameterisation
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Standard — Wolfestein parameterisation
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“Blackboard”
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Cabibbo tension
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b—gq7 BY— f Bs— f CKM dependence of A §  Suppression
b—ics  YKs o (VAV.T + (VEV,)PY  loop x A\
b—5s5 ¢Kg ¢ (V;g CS)PC (V5 Vi) PY A2

b—uus 7Kg KVTK™ (ViV. )P+ (VAV, )T  A%/loop {2__,
? — é(ﬂ_ DTD™ ¢yKg (VC";) Cd)T + (V2V, )P loop

b—ssd  om oKg  (ViV )Pt +(ViV.)P¢ <1

b—uud wtn~ wKg (VAV )T+ (ViV, )Pt loop X
b—cis VS b — Cus B* - DYK* vs BT - DYk* X

a+ B+~ =(180.6 +7.2)°



0.7

[ I_ T T T T T T T T | T T T T T | T T | T T T ]
T ! ]
— ® ! Am -
0.6 ;C’\) ' Y Am . € fitter
' .6’ : d K Summer 19 —
>\§ : _
- | © : sol.w/\cos 2B <0 —
— g (excl, at CL > 0.95) ]
04 5 —]
L5 ]
— 3 ! % 3
03 — S =
- : o -
0.2 [ : _:
0.1 -
! B

0.0 1 1 (Ix | 1 1 1 Il I Il Il Il Il Il Il I 1 1 I 1 1

-0.4 -0.2 0.0 0.2 04 0.6 0.8 1.0

Test of unitarity
and of new physics



Anomalously small loop-induced FCNC

@ Expect:
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Flavour tensions / anomalies



“Clean” observables?

- |sospin relations

Koto anomaly: K, — 7'vi, K* — n¥up

. hadronic matrix elements related to K™ — z'ev by isospin

- Lepton flavour universality (LFU)
+ Ry, Rg«, Rp, Ry« anomalies

- uncertainties partially cancel in ratios of observables



KOTO

- Koto - NAG2

- K; = b - KT - o

- 4 events, 0.05 expected - 2 events, 1.5 expected

. BR(K, = n%D)oro = 2172010710+ BR(K* = ntud)ype < 1.85- 10717
. BR(K; = 7vD)gy = 0.34 - 10710 . BR(K" — ntub)gy ~ 0.84 - 10719

- 3.8 o tension

Grossman-Nir bound
BR(K, — n'vp) S 4.3BR(KT — ntwvp) < 8.110719
2.1 tension with BSM
(asumes s — dX origin for both)



Grossman-Nir bound
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Pheno-gym: how to violate the GN bound
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Lepton Flavour Universality (LFU)

+ BR(B - AeTe”) =BR(B - Autu~) =BRB — AtTt7)
- up to U(3) x U(B)er breaking effects

- small when m?2 « g2 and anyway calculable

BR(B — All))
" BR(B — Alfly)

reduces hadronic uncertainties



LFU in CC B-decays
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- tree-level in the SM w+
b ¢
B{q q}D/D
BR(BY — D*etp
( ) = 1.01 £ 0.03

" BR(BY - D*utp)

BR(B" - DUrtp) R % (Roo)
BR(B — DO+p) P07 DTS




LFU in CC B-decays
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LFU in NC B-decays

c b sputuT

* 1-loop in the SM 5

BR(B — KUutu™)
SRGB = KOerer) ko 7 Rkolsw

. Clean: RI[(1’6], R[[<(3,;045’1'1], RI[<1>,;1’6]: each about 2.5 ¢ tension (92/GeV?)

also: B, = p™ ™ 2 o tension

- Further deviations, and constraints, in observables with hadronic uncertainties



LFU in NC B-decays
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New Physics parameterisation in WET

- WET = SU(3)c x U(1)em invariant EFT below EW scale

10(u) + 10(e) independent operators (10 =4S + 4V + 2T)

6(u) + 6(e) from tree-level match with D=6 SMEFT (6 = 4V + 25)

Global fits prefer y, vector, QL (with some flexibility)

Cr® (Sv*bL)(Brvuke) + CF (STv"br) (ERVulR)

needed optional
sufficient

(Subdominant contributions from dr and e possibly welcome)
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New Physics parameterisation in WET

C* (5z7"0r)(Frvukir) + C (S"br) (FRVukR)
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Alguerd, Capdevila, Crivellin, Descotes-Genon,

Masjuan, Matias, Novoa-Brunet, Virto
Addendum 06/2020 of arXiv:1903.09578
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New Physics parameterisation in SMEFT

SMEFT = Ggswm invariant EFT below NP scale

OF = (" djr)(Arvune), OF = (digy"djn) (FRyupur) from

05 = Q" Q;) (L2, L) e .
O = @"0aQs) (Lavuoale) & Cfj Qi ( d )
Ojf = (Qv"Q;) (ERVukR) & Cj
Redundancy
oz +0L -
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A coherent picture?
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Why Beyond?



Some reasons to go beyond the SM

- Experimental “problems” of the SM

- Gravity

« Dark matter

- Baryon asymmetry

* Neutrino masses
- Experimental “hints” of physics beyond the SM

« Quantum number unification
- Theoretical puzzles of the SM

* (H) « Mpy

« Family replication

- Small Yukawa couplings, pattern of masses and mixings

- Gauge group, no anomaly, charge quantization, quantum numbers
- Theoretical problems of the SM

+ Higgs mass naturalness problem

- Cosmological constant problem

« Strong CP problem

- Landau poles



Experimental “problems” of the SM

- Gravity

« Dark matter

- Baryon asymmetry

 Neutrino masses



Experimental “hints” of physics beyond the SM

e Quantum number unification

SU@) SU@) UQ) SO(10)
Li 1 2 -1/2
€Ci 1 1 1
Q 3 2 1/6 » 16
uCi 3 1 -2/3
ds 3 1 1/3
Y

p-decay bounds: M » mny

an accident?



Theoretical puzzles of the SM

* (H) « Mpj

* Family replication

- Small Yukawa couplings, masses and mixings



Theoretical problems of the SM

- Landau poles
- Strong CP problem 0 GWCNJW D=4

- Naturalness problem aQ? H'H D=2

max

» Cosmological constant problem B Qhax Vg D=0



