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Flavor phenomenology with
RK=1: quo vadis?

1. the glass is half full
2. go global and 'up’
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b-anomalies 2023
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e’s and mu’s couple alike in b — s FCNCs, universality is back
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b-anomalies 2023

the b’s are still anomalous: several b — sup branching ratios below
SM, angular observables off, global fit > 40

the glass is half full.
The other half were the cleaner observables, but this is were we are:

1. Since Rk ik« ~ 1 and the u’s are off expect similar shift in b — see
observables.

2. Tau’s could be different from e, i, but b — s77 bounds are
presently much weaker.

3. Dineutrinos b — svv give insights on lots: test SM, test lepton
flavor, probe top-FCNCs.
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b-anomalies 2023
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Belle Il (KEK, Japan) is expected to measure the dineutrino BRs
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b-anomalies 2023

Data | K;qquee/ | ee LLLL TT el eT UT
|| 210 210 210 210 210 210
Rare B decaysto | @ | [-197,223] [-197,223] [-197,223] 210 210 210
Dineutrinos |55 35 35 35 32 32 32
gLt [—22,47] [—22, 47] [—22,47] 32 32 32
54t ~ 10 [—4, 4] ~ 2500 ~20 ~280 ~ 200
Rare B decaysto | i ~ 10 [—8, 2] ~ 2500 ~20 ~280 ~ 200
Charged dileptons | %% O(1) 0.2,0.8] ~ 800 ~2 ~50 ~60
Kbt O(1) [—1.6,—1.1] ~ 800 ~2 ~50 ~60
Drell-Yan | K54 583 314 1122 260 800 866
|kt 331 178 637 142 486 529
t+ ¢ KU1 [—196,243]  [—196, 243] — — — —

Rp

Table from 2109.01675, best bounds for 7’s from dineutrinos, also limits for top -FCNC couplings.
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b-anomalies 2023

Framework: NP > EWK; SU (2)-link between left-handed ¢, b, and
v, 0 (ala SMEFT)
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SMEFT is a tool that allows to study flavor globally (multi-sectors,
experiments, observables)

genuinely flavorful: 4-fermion operators Q;v,Q; Liv"L;
More flavor synergies in talk by Lara Nollen 2s0s.12837 rom today
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Cross checking: 5, — nothing

B, — v constrains impact of operators with light right-handead
neutrinos

QY r = (@Lvubr) (TjrY"vir), QEgr = (@rVubr) (ZirY"ViRr),

. . 1
Q?(P) - (‘ijR) (Dj (’75) Vi) ) QZTJ(T5) = E(CYO'MV b) (Dj ot (’)/5) Vi) ,

Presently, B (By — v7)g,, < 2.4 10~°, no limit on B, — nothing.
projections for Belle with 0.12ab™" (Belle Il with 0.5ab™")

B(By = vv) i <9.7(1.1)-107°. (1)

Quantitatively: ng(P) in b — d can reach O(100%) on SM-Brs; improved limit of

B(B° — vv) ~ 5-10~7 would reduce to O(1%).

The projected reach constrains ng(P) effects in b — s to less than O(30%) (Belle with 0.12ab™~ 1), and

O(3%) (Belle Il with 0.5ab~') on SM. Limits important. Also null test.
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b-anomalies 2023

b — d (< ViV, ~ X*) much less explored than b — s (o< Vi Ve ~ A\?)
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2209.04457
lots of room for NP with or without MFV; angular info on b — dup missing to break main ambiguity

App o< C9Cig + ..In Bs — K*¢4,0f B — pll,0or =, — X474, Q — =7 A
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charm mission

Testing the Standard Model with |Ac| = |Au| = 1 FCNCs of mesons
and baryons:

® c— uy Br~10"%—-10"*
® C — UL, Uee Br~ 1077 —-10"°
o c v uvv,a, /', ... Br <107

Probe different physics (dipole couplings, 4-fermion operators, light
NP, ..)

Complementary to kaon and B-physics — charm is unique probe of
flavor in the up-sector

0112235, 1510.00965, 1805.08516 , 2011.0947/8, ...
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TH Progress: New BSM strategies for |Ac| = |Au| =1

SM tests in rare charm decays are null tests based on approximate
symmetries of the SM: GIM, CP, cLFC, LFU, LNC, SU(3)r

Advantages charm (vs beauty):
i) GIM-suppression very efficient: C5M = M =0

i) SU(3)r partner modes - SM-like and NP-sensitive ones related.

Useful as and well-known from state-of-the-art b-physics studies:
angular distributions.
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BSM-sensitive Charm decays

resonant and multi-bodies, mesons and baryons,.. Pios=m K

radiative c > uvy: D - V~, V =p,.., D — P, Py,
D%A’Y,A:Kl,..,D%Plpgpg’y,
Ae = py, 22 — A(= pr)y,....

semileptonic ¢ — wll\"): D — mup, D — pp, D — Py PyY,
Ao — pll, 20 — A(— pr)ld,...

dineutrinos/MET/ALPS ¢ — wwov: D — 7wvv, D — vv, D — P Povp,
Ao — pri, 20 — A(— pr)vp,...
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Very little probed so far

radiative c > uvy: D - V~, V =p,.., D — P, Py,

D — Ay, A=K,,..D — PP,Psyy, Ao = pv, 20 = A(— pr)y,....
B(D" — p’) = (1.77+0.31) - 107" Belle’16, Cabibbo-favored modes:
B(A. — Xv) < 2.6 - 1074, B(Z° — =%) < 1.8 - 10~ Belle 2206.12517
B(A, — Sv) < 4.4- 10~ BESIII 2212.07214

semileptonic ¢ — wll\"): D — wup, D — pp, D — Py PylY,
Ao — pll, 20 — A(— pr)l,... B(D — nrpup) ~9.6-1077 LHCb'18
B(A. — pup) < 7.7-107° LHC'17, [D — 7pp, D — pp upper limits]

dineutrinos/MET/ALPs ¢ — wv: D — wvrv, D — v, D — P, Puv,
Ao — pvo, 22 — A(— pr)vo,... B(DY — nothing) < 9.4 -107°
Belle’16, B(D" — «viv) < 2.1-10~* BESIII 2112.14236
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A Puzzle in hadronic charm CPX

Can AAcp = Agp(D - KTK~) — Acp(D — w7~ ) come mainly from Agp(D — 77w )?

CP and U-Spin puzzle 2207.08539, 2210.16330 - two approx symmetries challenged
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Fig from 2210.16330, LHCb result from 2209.03179;
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A Puzzle in hadronic charm CPX

Is this even explainable?
Single solution known 2210.16330

BSM effects in semileptonic 4-fermion operators ~ tigy,crdry"dg.
Very light Z’, sub 20 GeV (CMS ISR constraints), leptophob (LHCb
A — pp search)

2|
A
2|

Signatures in low mass dijets, J/¥ /U’ decays,
Acp(D — 77%), Acp(D — 7t7Y) ~ Agp(D — 7).
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Summary

universality strikes back — b — sup anomalies remain; imply b — see anomalies
last unknowns in b — s system: 7 and B — K (*)vi7; Looking forward to Belle I
b — d fit just at the beginning (MFV and beyond)

correlations with up-sector: tops and charm for flavor picture -SMEFT application
Very little experimentally explored in rare charm decays — lots of blanks in PDG

BSM effects in |Ac| = |Au| = 1 can be huge.

Plenty of Terra Incognita in flavor phenomenology — explore synergies
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