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In the Standard Model

X Gauge sector entirely fixed by symmetry
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X Flavor sector loose (a bunch of parameters)
|3 of |8 parameters are fermion masses and mixing parameters
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Flavor Physics

X Why three generations?
X Why such hierarchy of masses and mixing!?

X Why so small CPV phase!
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Quark Mixin
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X Fix CKM entries through tree level processes & over-constrain
b)’ Ioop-induced ones [progress through precision!]
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CKM-ology
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X Still open:inclusive v exclusive Vub and Vcb?
Is Vud well controlled? Vus keeps coming back (EM)...
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cf. http://ckmfitter.in2p3.1r



CKM-ology - Small flavor "anomaly’

X Still open:inclusive v exclusive Vub and Vcb?

FLAG2021

X  Belle Il (excl + incl), LHCb (excl)

X  QCD on very fine lattices
B— DandB — D*

cf. updates at http://flag.unibe.ch



Experiment essential...

Phenomenology... bridge b/w theory and experiment

Look for quantities - observables:

X  (Highly) Sensitive to contributions of physics BSM
X Mildly (or not) sensitive to hadronic uncertainties

X  Accessible in current and/or (near) future experiments



Flavor Anomalies
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Lepton Flavor Universality Violation
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LFUV: Experimentally?
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Exp :

SM :

Lepton Flavor Universality Violation
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EFT - exclusive b — clv

Leg = —2V2Gr Ve |(1 4 gv,)(Cryubr) Uy ve) + gv, (€ryubr) (L1 ve)

+ g5, (¢Lbr)(Lrvr) + g5, (¢rbr)(rvL) + 97 (¢ROWbL) (L RO™ VL) | + hec.

e SU(3). x SU(2)L x U(1)y gauge invariance:
= gy, is LFU at dimension 6 (W&¢cgrbpr vertex).

= Four coefficients left: ¢v,, g5,, 95, and gr.




Rp-/Rp:

EFT - exclusive b — clv

Leg = —2V2GpV,, [(1 + gv,) (€LY, bL) Ly ve) + gv, (CrYubr)(Cy!vL)

+ 95, (cLbr)(lrvr) + gs, (rbL)(CrvL) + g7 (ERU,wa)(f_RU“”VL)] + h.c.
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EFT - exclusive b — st/

7 VeV | o Cmoim+ 3 (C:(mO;i + Cl(wO;) | +hee.
2 | 1=1 1=7,8,9,10,P,S,... _

Oy = (579 PL(r)b) (Ly"0) 019 = (37uPL(r)b) (14"7°0)

O(I) (SPr()b)(£0) O(I) (PRr(1)b)(£y5¢)
Ov(7,) — mb(SO'w,PR(L)b)F“V

Exp : B(Bs — pp) = (2.85+0.33) x 107

SM : B(Bg — ) = (3.66 +0.14) x 107




Probing BSM...
Strategy:

fix Vii by tree level processes, then look for NP in FCNC
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Exp : B(Bs — pp) = (2.854+0.33) x 107 SM : B(Bg — ) = (3.66 £0.14) x 10~
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FLA

Flavour Lattice Averaging Group

FLAG2019
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Fit to clean quantities: B(Bs — ppu) and Ry EFT for b — st/
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Concrete Scenarios of Physics BSM

1. Vector singlet

Z' (1,1,0)

2. Scalar Leptoquarks

1

S3(3,3,—1/3)

1

5 (67" Prs) (P, Pr. nl)

Beware: essentially ALL
models contain additional
states when UV-completing!

3. Vector Leptoquarks

4. In the Loop

L1

Z'(1,1,0) , VL fermions

Sl (37 17 _1/3) y R2 (3, 2, 7/3)




Leptoquarks

Color triplet
Scalar / Vector boson

Some good and bad features:

@ Non-resonant Drell-Yan production
@® No 4-quark / 4-lepton effective interactions at tree level

@ Violate SM accidental symmetries!

(SU(3),SU(2),U(1)) | Spin Symbol
(3,3,1/3) 0 Ss3
(3,2,7/6) 0 R,
(3,2,1/6) 0 R,
(3,1,4/3) 0 Si
(3,1,1/3) 0 S1

(3,1,—-2/3) 0 S
(3,3,2/3) 1 Us
3,2,5/6) 1 Vo

(3,2,—1/6) 1 Va
(3,1,5/3) 1 Uy
(3,1,2/3) 1 U,

(3,1.—1/3) 1 U,

@2
} [ [I_
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From dilepton spectra at high pr
Atlas and CMS 2018-2020




What LQ scenario?

Model Rpw | Rx || Bpe & Riceo
—(3,1,1/3) | v X X

Rg ~(3,2,7/6) | v e X

53 —(3,3,1/3) | X v X
—(3,1,2/3) | v / v

U3 —(3,3,2/3) | x / X

N.B. U1 is the only one to accommodate both!
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LFV predictions
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BSM from the lepton side...

» Neutrino masses and mixings — call for New Physics
» Many BSM candidates — motivated by theoretical and observational arguments

Simultaneously address: BAU, DM and neutrino mass generation
» Majorana sterile fermions: appealing New Physics candidates

Potentially “visible” NP portal: imprints from colliders to flavour LE
LE experiments and CPV searches, ...

2 Many possibilities

> Different scales Interest & phenomenological implications

2 Different observables

) eV scale & extra neutrinos suggested by oscillation
anomalies;

J keV scale & warm dark matter candidates & astrophysical
puzzles;

J MeV-TeV scale & exp. tests, high-intensity
expts and colliders (but also BAU, DM, ...);

O Beyond 107 GeV « theoretical appeal: standard seesaw,

BAU, GUTs




Determination
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Flavor physics at IN2P3 Laboratories

IN2P3
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Detailed angular distribution can help...
More Observables

1.0 l—{—i LHCb combined : Run1 + 2016
I - —4}- -+ LHCb Run 1 only

b — sp

|| SM from JHEP 1606 (2016) 092 -

b— cTv Stay tuned (early results from Belle...)

Debate over Hadronic Uncertainties...



