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Flavor phenomenology with
RK=1: quo vadis?

1. the glass is half full
2. go global and ’up’

Gudrun Hiller, TU Dortmund, Sussex U
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b-anomalies 2023

RK,K∗ ' 1 RH = B(B→Hµµ)
B(B→Hee) , H = K,K∗, .., hep-ph/0310219 [hep-ph]

LHCb 2212.09153

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→ sµµ branching ratios below
SM, angular observables off, global fit > 4σ

the glass is half full.

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

1. Since RK,K∗ ' 1 and the µ’s are off expect similar shift in b→ see

observables.

2. Tau’s could be different from e, µ, but b→ sττ bounds are
presently much weaker.

3. Dineutrinos b→ sνν̄ give insights on lots: test SM, test lepton
flavor, probe top-FCNCs.
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b-anomalies 2023

2109.01675
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Belle II (KEK, Japan) is expected to measure the dineutrino BRs
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b-anomalies 2023

Data |κq1q2``′A | ee µµ ττ eµ eτ µτ

|κbd``′R | 210 210 210 210 210 210

Rare B decays to κtu``
′

L [−197, 223] [−197, 223] [−197, 223] 210 210 210

Dineutrinos |κbs``′R | 35 35 35 32 32 32

κtc``
′

L [−22, 47] [−22, 47] [−22, 47] 32 32 32

κbd``
′

R ∼ 10 [−4, 4] ∼ 2500 ∼ 20 ∼ 280 ∼ 200

Rare B decays to κbd``
′

L ∼ 10 [−8, 2] ∼ 2500 ∼ 20 ∼ 280 ∼ 200

Charged dileptons κbs``
′

R O(1) [0.2, 0.8] ∼ 800 ∼ 2 ∼ 50 ∼ 60

κbs``
′

L O(1) [−1.6,−1.1] ∼ 800 ∼ 2 ∼ 50 ∼ 60

Drell-Yan |κbd``′L,R | 583 314 1122 260 800 866

|κbs``′L,R | 331 178 637 142 486 529

t+ ` κtt``
′

L [−196, 243] [−196, 243] − − − −

Table from 2109.01675, best bounds for τ ’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 t, b, and
ν, ` (a la SMEFT)

2012.10456

SMEFT is a tool that allows to study flavor globally (multi-sectors,
experiments, observables)

genuinely flavorful: 4-fermion operators Q̄iγµQjL̄kγ
µLl

More flavor synergies in talk by Lara Nollen 2304.12837 from today
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Cross checking: B(s) → nothing

Bq → νν̄ constrains impact of operators with light right-handed
neutrinos

Q
ij
LR

= (q̄LγµbL) (ν̄jRγ
µ
νiR) , Q

ij
RR

= (q̄RγµbR) (ν̄jRγ
µ
νiR) ,

Q
ij
S(P )

= (q̄LbR) (ν̄j (γ5) νi) , Q
ij
T (T5)

=
1

2
(q̄ σµν b) (ν̄j σ

µν
(γ5) νi) ,

Presently, B (Bd → νν̄)exp < 2.4 · 10−5, no limit on Bs → nothing.
projections for Belle with 0.12 ab−1 (Belle II with 0.5 ab−1)

B
(
B0
s → νν̄

)
proj < 9.7 (1.1) · 10−5 . (1)

Quantitatively: Qij
S(P )

in b→ d can reach O(100%) on SM-Brs; improved limit of

B(B0 → νν̄) ∼ 5 · 10−7 would reduce to O(1%).

The projected reach constrains Qij
S(P )

effects in b→ s to less than O(30%) (Belle with 0.12 ab−1), and

O(3%) (Belle II with 0.5 ab−1) on SM. Limits important. Also null test.
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b-anomalies 2023

b→ d (∝ VtbV
∗
td ∼ λ3) much less explored than b→ s (∝ VtbV

∗
ts ∼ λ2)

2209.04457
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lots of room for NP with or without MFV; angular info on b→ dµµ missing to break main ambiguity

AFB ∝ C9C10 + .. in Bs → K∗``, of B → ρ``, or Ξb → Σ `+`−, Ω−b → Ξ− `+`−
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charm mission

Testing the Standard Model with |∆c| = |∆u| = 1 FCNCs of mesons
and baryons:

• c→ uγ Br ∼ 10−6 − 10−4

• c→ uµµ, uee Br ∼ 10−7 − 10−6

• c→ uνν̄, a, Z ′, ... Br . 10−5

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 , 2011.09478, ...
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TH Progress: New BSM strategies for |∆c| = |∆u| = 1

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

Advantages charm (vs beauty):
i) GIM-suppression very efficient: CSM

ν = CSM
10 = 0

ii) SU(3)F 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,.. P1,2,3 = π,K

radiative c→ uγ: D → V γ, V = ρ, .., D → P1P2γ,
D → Aγ, A = K1, .., D → P1P2P3γ,
Λc → pγ, Ξ0

c → Λ(→ pπ)γ,....

semileptonic c→ u``(′): D → πµµ, D → µµ, D → P1P2``,
Λc → p``, Ξ0

c → Λ(→ pπ−)``,...

dineutrinos/MET/ALPs c→ uνν̄: D → πνν̄, D → νν̄, D → P1P2νν̄,
Λc → pνν̄, Ξ0

c → Λ(→ pπ−)νν̄,...
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Very little probed so far

radiative c→ uγ: D → V γ, V = ρ, .., D → P1P2γ,
D → Aγ, A = K1, .. D → P1P2P3γ, Λc → pγ, Ξ0

c → Λ(→ pπ)γ,....
B(D0 → ρ0γ) = (1.77± 0.31) · 10−5 Belle’16, Cabibbo-favored modes:
B(Λc → Σγ) < 2.6 · 10−4, B(Ξ0

c → Ξ0γ) < 1.8 · 10−4 Belle 2206.12517
B(Λc → Σγ) < 4.4 · 10−4 BESIII 2212.07214

semileptonic c→ u``(′): D → πµµ, D → µµ, D → P1P2``,
Λc → p``, Ξ0

c → Λ(→ pπ−)``,... B(D → ππµµ) ' 9.6 · 10−7 LHCb’18 ,
B(Λc → pµµ) . 7.7 · 10−8 LHCb’17, [D → πµµ,D → µµ upper limits]

dineutrinos/MET/ALPs c→ uνν̄: D → πνν̄, D → νν̄, D → P1P2νν̄,
Λc → pνν̄, Ξ0

c → Λ(→ pπ−)νν̄,... B(D0 → nothing) < 9.4 · 10−5

Belle’16, B(D0 → π0νν̄) < 2.1 · 10−4 BESIII 2112.14236
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A Puzzle in hadronic charm CPX

Can ∆ACP = ACP (D → K+K−)−ACP (D → π+π−) come mainly from ACP (D → π+π−)?

CP and U-Spin puzzle 2207.08539, 2210.16330 - two approx symmetries challenged
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U -spin limit
<latexit sha1_base64="tm2gjYWrcS4h1rCE6ctb5THsx18=">AAACDHicbVDLSsNAFJ3UV62vaJduBovgxpKIYJcFNy4rmFZoQ5lMp+3QmUmYuRFD6C/4C251707c+g9u/RKnbRbaeuDC4Zx7OZcTJYIb8Lwvp7S2vrG5Vd6u7Ozu7R+4h0dtE6easoDGItb3ETFMcMUC4CDYfaIZkZFgnWhyPfM7D0wbHqs7yBIWSjJSfMgpASv13WrQA/YI+blJuMKCSw7Tvlvz6t4ceJX4BamhAq2++90bxDSVTAEVxJiu7yUQ5kQDp4JNK73UsITQCRmxrqWKSGbCfP78FJ9aZYCHsbajAM/V3xc5kcZkMrKbksDYLHsz8V8vkkvJMGyEOVdJCkzRRfAwFRhiPGsGD7hmFERmCaGa298xHRNNKNj+KrYUf7mCVdK+qPte3b+9rDUbRT1ldIxO0Bny0RVqohvUQgGiKEPP6AW9Ok/Om/PufCxWS05xU0V/4Hz+AKwYm5k=</latexit><latexit sha1_base64="tm2gjYWrcS4h1rCE6ctb5THsx18=">AAACDHicbVDLSsNAFJ3UV62vaJduBovgxpKIYJcFNy4rmFZoQ5lMp+3QmUmYuRFD6C/4C251707c+g9u/RKnbRbaeuDC4Zx7OZcTJYIb8Lwvp7S2vrG5Vd6u7Ozu7R+4h0dtE6easoDGItb3ETFMcMUC4CDYfaIZkZFgnWhyPfM7D0wbHqs7yBIWSjJSfMgpASv13WrQA/YI+blJuMKCSw7Tvlvz6t4ceJX4BamhAq2++90bxDSVTAEVxJiu7yUQ5kQDp4JNK73UsITQCRmxrqWKSGbCfP78FJ9aZYCHsbajAM/V3xc5kcZkMrKbksDYLHsz8V8vkkvJMGyEOVdJCkzRRfAwFRhiPGsGD7hmFERmCaGa298xHRNNKNj+KrYUf7mCVdK+qPte3b+9rDUbRT1ldIxO0Bny0RVqohvUQgGiKEPP6AW9Ok/Om/PufCxWS05xU0V/4Hz+AKwYm5k=</latexit><latexit sha1_base64="tm2gjYWrcS4h1rCE6ctb5THsx18=">AAACDHicbVDLSsNAFJ3UV62vaJduBovgxpKIYJcFNy4rmFZoQ5lMp+3QmUmYuRFD6C/4C251707c+g9u/RKnbRbaeuDC4Zx7OZcTJYIb8Lwvp7S2vrG5Vd6u7Ozu7R+4h0dtE6easoDGItb3ETFMcMUC4CDYfaIZkZFgnWhyPfM7D0wbHqs7yBIWSjJSfMgpASv13WrQA/YI+blJuMKCSw7Tvlvz6t4ceJX4BamhAq2++90bxDSVTAEVxJiu7yUQ5kQDp4JNK73UsITQCRmxrqWKSGbCfP78FJ9aZYCHsbajAM/V3xc5kcZkMrKbksDYLHsz8V8vkkvJMGyEOVdJCkzRRfAwFRhiPGsGD7hmFERmCaGa298xHRNNKNj+KrYUf7mCVdK+qPte3b+9rDUbRT1ldIxO0Bny0RVqohvUQgGiKEPP6AW9Ok/Om/PufCxWS05xU0V/4Hz+AKwYm5k=</latexit><latexit sha1_base64="tm2gjYWrcS4h1rCE6ctb5THsx18=">AAACDHicbVDLSsNAFJ3UV62vaJduBovgxpKIYJcFNy4rmFZoQ5lMp+3QmUmYuRFD6C/4C251707c+g9u/RKnbRbaeuDC4Zx7OZcTJYIb8Lwvp7S2vrG5Vd6u7Ozu7R+4h0dtE6easoDGItb3ETFMcMUC4CDYfaIZkZFgnWhyPfM7D0wbHqs7yBIWSjJSfMgpASv13WrQA/YI+blJuMKCSw7Tvlvz6t4ceJX4BamhAq2++90bxDSVTAEVxJiu7yUQ5kQDp4JNK73UsITQCRmxrqWKSGbCfP78FJ9aZYCHsbajAM/V3xc5kcZkMrKbksDYLHsz8V8vkkvJMGyEOVdJCkzRRfAwFRhiPGsGD7hmFERmCaGa298xHRNNKNj+KrYUf7mCVdK+qPte3b+9rDUbRT1ldIxO0Bny0RVqohvUQgGiKEPP6AW9Ok/Om/PufCxWS05xU0V/4Hz+AKwYm5k=</latexit>

LHCb 2022
<latexit sha1_base64="g6dhnwB9dZVYxHg6xh6QJBi2La0=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIg2GWhmy5cVLAPaEOZTCft0JkkzNwUS+gX+Atude9O3PoVbv0Sp20W2nrgwuGcezmXEySCa3CcL6uwtb2zu1fcLx0cHh2f2KdnbR2nirIWjUWsugHRTPCItYCDYN1EMSIDwTrBpL7wO1OmNI+jB5glzJdkFPGQUwJGGth2H9gjZHeNeoA9x/PmA7vsVJwl8CZxc1JGOZoD+7s/jGkqWQRUEK17rpOAnxEFnAo2L/VTzRJCJ2TEeoZGRDLtZ8vP5/jKKEMcxspMBHip/r7IiNR6JgOzKQmM9bq3EP/1ArmWDGHVz3iUpMAiugoOU4Ehxota8JArRkHMDCFUcfM7pmOiCAVTXsmU4q5XsEnaXsV1Ku79TblWzespogt0ia6Ri25RDTVQE7UQRVP0jF7Qq/VkvVnv1sdqtWDlN+foD6zPH2vImR8=</latexit><latexit sha1_base64="g6dhnwB9dZVYxHg6xh6QJBi2La0=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIg2GWhmy5cVLAPaEOZTCft0JkkzNwUS+gX+Atude9O3PoVbv0Sp20W2nrgwuGcezmXEySCa3CcL6uwtb2zu1fcLx0cHh2f2KdnbR2nirIWjUWsugHRTPCItYCDYN1EMSIDwTrBpL7wO1OmNI+jB5glzJdkFPGQUwJGGth2H9gjZHeNeoA9x/PmA7vsVJwl8CZxc1JGOZoD+7s/jGkqWQRUEK17rpOAnxEFnAo2L/VTzRJCJ2TEeoZGRDLtZ8vP5/jKKEMcxspMBHip/r7IiNR6JgOzKQmM9bq3EP/1ArmWDGHVz3iUpMAiugoOU4Ehxota8JArRkHMDCFUcfM7pmOiCAVTXsmU4q5XsEnaXsV1Ku79TblWzespogt0ia6Ri25RDTVQE7UQRVP0jF7Qq/VkvVnv1sdqtWDlN+foD6zPH2vImR8=</latexit><latexit sha1_base64="g6dhnwB9dZVYxHg6xh6QJBi2La0=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIg2GWhmy5cVLAPaEOZTCft0JkkzNwUS+gX+Atude9O3PoVbv0Sp20W2nrgwuGcezmXEySCa3CcL6uwtb2zu1fcLx0cHh2f2KdnbR2nirIWjUWsugHRTPCItYCDYN1EMSIDwTrBpL7wO1OmNI+jB5glzJdkFPGQUwJGGth2H9gjZHeNeoA9x/PmA7vsVJwl8CZxc1JGOZoD+7s/jGkqWQRUEK17rpOAnxEFnAo2L/VTzRJCJ2TEeoZGRDLtZ8vP5/jKKEMcxspMBHip/r7IiNR6JgOzKQmM9bq3EP/1ArmWDGHVz3iUpMAiugoOU4Ehxota8JArRkHMDCFUcfM7pmOiCAVTXsmU4q5XsEnaXsV1Ku79TblWzespogt0ia6Ri25RDTVQE7UQRVP0jF7Qq/VkvVnv1sdqtWDlN+foD6zPH2vImR8=</latexit><latexit sha1_base64="g6dhnwB9dZVYxHg6xh6QJBi2La0=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIg2GWhmy5cVLAPaEOZTCft0JkkzNwUS+gX+Atude9O3PoVbv0Sp20W2nrgwuGcezmXEySCa3CcL6uwtb2zu1fcLx0cHh2f2KdnbR2nirIWjUWsugHRTPCItYCDYN1EMSIDwTrBpL7wO1OmNI+jB5glzJdkFPGQUwJGGth2H9gjZHeNeoA9x/PmA7vsVJwl8CZxc1JGOZoD+7s/jGkqWQRUEK17rpOAnxEFnAo2L/VTzRJCJ2TEeoZGRDLtZ8vP5/jKKEMcxspMBHip/r7IiNR6JgOzKQmM9bq3EP/1ArmWDGHVz3iUpMAiugoOU4Ehxota8JArRkHMDCFUcfM7pmOiCAVTXsmU4q5XsEnaXsV1Ku79TblWzespogt0ia6Ri25RDTVQE7UQRVP0jF7Qq/VkvVnv1sdqtWDlN+foD6zPH2vImR8=</latexit>

U -spin|±30%
<latexit sha1_base64="BTOniDNh2A64Kh5Wr+i3CGXE+bM=">AAACEnicbVDLSgNBEJz1GeNr1ZN4GQwBL4ZdFcwx4MVjBPOA7BJmJ5NkyMzsMtMrhjX4E/6CV717E6/+gFe/xMnjoIkFDUVVN91dUSK4Ac/7cpaWV1bX1nMb+c2t7Z1dd2+/buJUU1ajsYh1MyKGCa5YDTgI1kw0IzISrBENrsZ+445pw2N1C8OEhZL0FO9ySsBKbfewFgC7h+zUJFyNHtpZkEh87gXFUdsteCVvArxI/BkpoBmqbfc76MQ0lUwBFcSYlu8lEGZEA6eCjfJBalhC6ID0WMtSRSQzYTZ5YYSLVungbqxtKcAT9fdERqQxQxnZTkmgb+a9sfivF8m5zdAthxlXSQpM0enibiowxHicD+5wzSiIoSWEam5vx7RPNKFgU8zbUPz5CBZJ/azkeyX/5qJQKc/iyaEjdIxOkI8uUQVdoyqqIYoe0TN6Qa/Ok/PmvDsf09YlZzZzgP7A+fwBniOdpg==</latexit><latexit sha1_base64="BTOniDNh2A64Kh5Wr+i3CGXE+bM=">AAACEnicbVDLSgNBEJz1GeNr1ZN4GQwBL4ZdFcwx4MVjBPOA7BJmJ5NkyMzsMtMrhjX4E/6CV717E6/+gFe/xMnjoIkFDUVVN91dUSK4Ac/7cpaWV1bX1nMb+c2t7Z1dd2+/buJUU1ajsYh1MyKGCa5YDTgI1kw0IzISrBENrsZ+445pw2N1C8OEhZL0FO9ySsBKbfewFgC7h+zUJFyNHtpZkEh87gXFUdsteCVvArxI/BkpoBmqbfc76MQ0lUwBFcSYlu8lEGZEA6eCjfJBalhC6ID0WMtSRSQzYTZ5YYSLVungbqxtKcAT9fdERqQxQxnZTkmgb+a9sfivF8m5zdAthxlXSQpM0enibiowxHicD+5wzSiIoSWEam5vx7RPNKFgU8zbUPz5CBZJ/azkeyX/5qJQKc/iyaEjdIxOkI8uUQVdoyqqIYoe0TN6Qa/Ok/PmvDsf09YlZzZzgP7A+fwBniOdpg==</latexit><latexit sha1_base64="BTOniDNh2A64Kh5Wr+i3CGXE+bM=">AAACEnicbVDLSgNBEJz1GeNr1ZN4GQwBL4ZdFcwx4MVjBPOA7BJmJ5NkyMzsMtMrhjX4E/6CV717E6/+gFe/xMnjoIkFDUVVN91dUSK4Ac/7cpaWV1bX1nMb+c2t7Z1dd2+/buJUU1ajsYh1MyKGCa5YDTgI1kw0IzISrBENrsZ+445pw2N1C8OEhZL0FO9ySsBKbfewFgC7h+zUJFyNHtpZkEh87gXFUdsteCVvArxI/BkpoBmqbfc76MQ0lUwBFcSYlu8lEGZEA6eCjfJBalhC6ID0WMtSRSQzYTZ5YYSLVungbqxtKcAT9fdERqQxQxnZTkmgb+a9sfivF8m5zdAthxlXSQpM0enibiowxHicD+5wzSiIoSWEam5vx7RPNKFgU8zbUPz5CBZJ/azkeyX/5qJQKc/iyaEjdIxOkI8uUQVdoyqqIYoe0TN6Qa/Ok/PmvDsf09YlZzZzgP7A+fwBniOdpg==</latexit><latexit sha1_base64="BTOniDNh2A64Kh5Wr+i3CGXE+bM=">AAACEnicbVDLSgNBEJz1GeNr1ZN4GQwBL4ZdFcwx4MVjBPOA7BJmJ5NkyMzsMtMrhjX4E/6CV717E6/+gFe/xMnjoIkFDUVVN91dUSK4Ac/7cpaWV1bX1nMb+c2t7Z1dd2+/buJUU1ajsYh1MyKGCa5YDTgI1kw0IzISrBENrsZ+445pw2N1C8OEhZL0FO9ySsBKbfewFgC7h+zUJFyNHtpZkEh87gXFUdsteCVvArxI/BkpoBmqbfc76MQ0lUwBFcSYlu8lEGZEA6eCjfJBalhC6ID0WMtSRSQzYTZ5YYSLVungbqxtKcAT9fdERqQxQxnZTkmgb+a9sfivF8m5zdAthxlXSQpM0enibiowxHicD+5wzSiIoSWEam5vx7RPNKFgU8zbUPz5CBZJ/azkeyX/5qJQKc/iyaEjdIxOkI8uUQVdoyqqIYoe0TN6Qa/Ok/PmvDsf09YlZzZzgP7A+fwBniOdpg==</latexit>

U -spin|modif.
<latexit sha1_base64="5ow058JT5NrWwiHAj5Ic2lQmNxs=">AAACFHicbVA9SwNBEN3zM8avqGWaxSDYGO5EMGXAxjKClwRy4djb7CVLdveO3TkxnCn8E/4FW+3txNbe1l/i5qPQxAcDj/dmmJkXpYIbcN0vZ2V1bX1js7BV3N7Z3dsvHRw2TZJpynyaiES3I2KY4Ir5wEGwdqoZkZFgrWh4NfFbd0wbnqhbGKWsK0lf8ZhTAlYKS2U/AHYP+ZlJuRo/hHmgJZZJj8fVcViquFV3CrxMvDmpoDkaYek76CU0k0wBFcSYjuem0M2JBk4FGxeDzLCU0CHps46likhmuvn0iTE+sUoPx4m2pQBP1d8TOZHGjGRkOyWBgVn0JuK/XiQXNkNc6+ZcpRkwRWeL40xgSPAkIdzjmlEQI0sI1dzejumAaELB5li0oXiLESyT5nnVc6vezUWlXpvHU0BldIxOkYcuUR1dowbyEUWP6Bm9oFfnyXlz3p2PWeuKM585Qn/gfP4AItOfFQ==</latexit><latexit sha1_base64="5ow058JT5NrWwiHAj5Ic2lQmNxs=">AAACFHicbVA9SwNBEN3zM8avqGWaxSDYGO5EMGXAxjKClwRy4djb7CVLdveO3TkxnCn8E/4FW+3txNbe1l/i5qPQxAcDj/dmmJkXpYIbcN0vZ2V1bX1js7BV3N7Z3dsvHRw2TZJpynyaiES3I2KY4Ir5wEGwdqoZkZFgrWh4NfFbd0wbnqhbGKWsK0lf8ZhTAlYKS2U/AHYP+ZlJuRo/hHmgJZZJj8fVcViquFV3CrxMvDmpoDkaYek76CU0k0wBFcSYjuem0M2JBk4FGxeDzLCU0CHps46likhmuvn0iTE+sUoPx4m2pQBP1d8TOZHGjGRkOyWBgVn0JuK/XiQXNkNc6+ZcpRkwRWeL40xgSPAkIdzjmlEQI0sI1dzejumAaELB5li0oXiLESyT5nnVc6vezUWlXpvHU0BldIxOkYcuUR1dowbyEUWP6Bm9oFfnyXlz3p2PWeuKM585Qn/gfP4AItOfFQ==</latexit><latexit sha1_base64="5ow058JT5NrWwiHAj5Ic2lQmNxs=">AAACFHicbVA9SwNBEN3zM8avqGWaxSDYGO5EMGXAxjKClwRy4djb7CVLdveO3TkxnCn8E/4FW+3txNbe1l/i5qPQxAcDj/dmmJkXpYIbcN0vZ2V1bX1js7BV3N7Z3dsvHRw2TZJpynyaiES3I2KY4Ir5wEGwdqoZkZFgrWh4NfFbd0wbnqhbGKWsK0lf8ZhTAlYKS2U/AHYP+ZlJuRo/hHmgJZZJj8fVcViquFV3CrxMvDmpoDkaYek76CU0k0wBFcSYjuem0M2JBk4FGxeDzLCU0CHps46likhmuvn0iTE+sUoPx4m2pQBP1d8TOZHGjGRkOyWBgVn0JuK/XiQXNkNc6+ZcpRkwRWeL40xgSPAkIdzjmlEQI0sI1dzejumAaELB5li0oXiLESyT5nnVc6vezUWlXpvHU0BldIxOkYcuUR1dowbyEUWP6Bm9oFfnyXlz3p2PWeuKM585Qn/gfP4AItOfFQ==</latexit><latexit sha1_base64="5ow058JT5NrWwiHAj5Ic2lQmNxs=">AAACFHicbVA9SwNBEN3zM8avqGWaxSDYGO5EMGXAxjKClwRy4djb7CVLdveO3TkxnCn8E/4FW+3txNbe1l/i5qPQxAcDj/dmmJkXpYIbcN0vZ2V1bX1js7BV3N7Z3dsvHRw2TZJpynyaiES3I2KY4Ir5wEGwdqoZkZFgrWh4NfFbd0wbnqhbGKWsK0lf8ZhTAlYKS2U/AHYP+ZlJuRo/hHmgJZZJj8fVcViquFV3CrxMvDmpoDkaYek76CU0k0wBFcSYjuem0M2JBk4FGxeDzLCU0CHps46likhmuvn0iTE+sUoPx4m2pQBP1d8TOZHGjGRkOyWBgVn0JuK/XiQXNkNc6+ZcpRkwRWeL40xgSPAkIdzjmlEQI0sI1dzejumAaELB5li0oXiLESyT5nnVc6vezUWlXpvHU0BldIxOkYcuUR1dowbyEUWP6Bm9oFfnyXlz3p2PWeuKM585Qn/gfP4AItOfFQ==</latexit>

BM I
<latexit sha1_base64="anxUtQeBIDt+pXwUR+2l0lsFgqM=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAhWYVcEUwZttBAimAdklzA7mSRD5rHMzAphSecv2GpvJ7b+iK1f4iTZQhMPXDiccy/ncuKEM2N9/8tbWV1b39gsbBW3d3b39ksHh02jUk1ogyiudDvGhnImacMyy2k70RSLmNNWPLqe+q1Hqg1T8sGOExoJPJCszwi2TupkoRbo6i5Et5NuqexX/BnQMglyUoYc9W7pO+wpkgoqLeHYmE7gJzbKsLaMcDophqmhCSYjPKAdRyUW1ETZ7OUJOnVKD/WVdiMtmqm/LzIsjBmL2G0KbIdm0ZuK/3qxWEi2/WqUMZmklkoyD+6nHFmFpn2gHtOUWD52BBPN3O+IDLHGxLrWiq6UYLGCZdI8rwR+Jbi/KNeqeT0FOIYTOIMALqEGN1CHBhBQ8Awv8Oo9eW/eu/cxX13x8psj+APv8wenRpcr</latexit><latexit sha1_base64="anxUtQeBIDt+pXwUR+2l0lsFgqM=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAhWYVcEUwZttBAimAdklzA7mSRD5rHMzAphSecv2GpvJ7b+iK1f4iTZQhMPXDiccy/ncuKEM2N9/8tbWV1b39gsbBW3d3b39ksHh02jUk1ogyiudDvGhnImacMyy2k70RSLmNNWPLqe+q1Hqg1T8sGOExoJPJCszwi2TupkoRbo6i5Et5NuqexX/BnQMglyUoYc9W7pO+wpkgoqLeHYmE7gJzbKsLaMcDophqmhCSYjPKAdRyUW1ETZ7OUJOnVKD/WVdiMtmqm/LzIsjBmL2G0KbIdm0ZuK/3qxWEi2/WqUMZmklkoyD+6nHFmFpn2gHtOUWD52BBPN3O+IDLHGxLrWiq6UYLGCZdI8rwR+Jbi/KNeqeT0FOIYTOIMALqEGN1CHBhBQ8Awv8Oo9eW/eu/cxX13x8psj+APv8wenRpcr</latexit><latexit sha1_base64="anxUtQeBIDt+pXwUR+2l0lsFgqM=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAhWYVcEUwZttBAimAdklzA7mSRD5rHMzAphSecv2GpvJ7b+iK1f4iTZQhMPXDiccy/ncuKEM2N9/8tbWV1b39gsbBW3d3b39ksHh02jUk1ogyiudDvGhnImacMyy2k70RSLmNNWPLqe+q1Hqg1T8sGOExoJPJCszwi2TupkoRbo6i5Et5NuqexX/BnQMglyUoYc9W7pO+wpkgoqLeHYmE7gJzbKsLaMcDophqmhCSYjPKAdRyUW1ETZ7OUJOnVKD/WVdiMtmqm/LzIsjBmL2G0KbIdm0ZuK/3qxWEi2/WqUMZmklkoyD+6nHFmFpn2gHtOUWD52BBPN3O+IDLHGxLrWiq6UYLGCZdI8rwR+Jbi/KNeqeT0FOIYTOIMALqEGN1CHBhBQ8Awv8Oo9eW/eu/cxX13x8psj+APv8wenRpcr</latexit><latexit sha1_base64="anxUtQeBIDt+pXwUR+2l0lsFgqM=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAhWYVcEUwZttBAimAdklzA7mSRD5rHMzAphSecv2GpvJ7b+iK1f4iTZQhMPXDiccy/ncuKEM2N9/8tbWV1b39gsbBW3d3b39ksHh02jUk1ogyiudDvGhnImacMyy2k70RSLmNNWPLqe+q1Hqg1T8sGOExoJPJCszwi2TupkoRbo6i5Et5NuqexX/BnQMglyUoYc9W7pO+wpkgoqLeHYmE7gJzbKsLaMcDophqmhCSYjPKAdRyUW1ETZ7OUJOnVKD/WVdiMtmqm/LzIsjBmL2G0KbIdm0ZuK/3qxWEi2/WqUMZmklkoyD+6nHFmFpn2gHtOUWD52BBPN3O+IDLHGxLrWiq6UYLGCZdI8rwR+Jbi/KNeqeT0FOIYTOIMALqEGN1CHBhBQ8Awv8Oo9eW/eu/cxX13x8psj+APv8wenRpcr</latexit>

BM II
<latexit sha1_base64="Jaji2XoDKG2ENX/6mH7ppafX17E=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrsimDJoYwohgnlAdgmzk9lkyMzsMjMrhCWlv2CrvZ3Y+iG2fomTZAtNPHDhcM69nMsJE860cd0vp7C2vrG5Vdwu7ezu7R+UD4/aOk4VoS0S81h1Q6wpZ5K2DDOcdhNFsQg57YTjm5nfeaRKs1g+mElCA4GHkkWMYGMlP/OVQNd3Pmo0pv1yxa26c6BV4uWkAjma/fK3P4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzn6fozCoDFMXKjjRorv6+yLDQeiJCuymwGellbyb+64ViKdlEtSBjMkkNlWQRHKUcmRjNCkEDpigxfGIJJorZ3xEZYYWJsbWVbCnecgWrpH1R9dyqd39ZqdfyeopwAqdwDh5cQR1uoQktIJDAM7zAq/PkvDnvzsditeDkN8fwB87nD0MEl34=</latexit><latexit sha1_base64="Jaji2XoDKG2ENX/6mH7ppafX17E=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrsimDJoYwohgnlAdgmzk9lkyMzsMjMrhCWlv2CrvZ3Y+iG2fomTZAtNPHDhcM69nMsJE860cd0vp7C2vrG5Vdwu7ezu7R+UD4/aOk4VoS0S81h1Q6wpZ5K2DDOcdhNFsQg57YTjm5nfeaRKs1g+mElCA4GHkkWMYGMlP/OVQNd3Pmo0pv1yxa26c6BV4uWkAjma/fK3P4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzn6fozCoDFMXKjjRorv6+yLDQeiJCuymwGellbyb+64ViKdlEtSBjMkkNlWQRHKUcmRjNCkEDpigxfGIJJorZ3xEZYYWJsbWVbCnecgWrpH1R9dyqd39ZqdfyeopwAqdwDh5cQR1uoQktIJDAM7zAq/PkvDnvzsditeDkN8fwB87nD0MEl34=</latexit><latexit sha1_base64="Jaji2XoDKG2ENX/6mH7ppafX17E=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrsimDJoYwohgnlAdgmzk9lkyMzsMjMrhCWlv2CrvZ3Y+iG2fomTZAtNPHDhcM69nMsJE860cd0vp7C2vrG5Vdwu7ezu7R+UD4/aOk4VoS0S81h1Q6wpZ5K2DDOcdhNFsQg57YTjm5nfeaRKs1g+mElCA4GHkkWMYGMlP/OVQNd3Pmo0pv1yxa26c6BV4uWkAjma/fK3P4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzn6fozCoDFMXKjjRorv6+yLDQeiJCuymwGellbyb+64ViKdlEtSBjMkkNlWQRHKUcmRjNCkEDpigxfGIJJorZ3xEZYYWJsbWVbCnecgWrpH1R9dyqd39ZqdfyeopwAqdwDh5cQR1uoQktIJDAM7zAq/PkvDnvzsditeDkN8fwB87nD0MEl34=</latexit><latexit sha1_base64="Jaji2XoDKG2ENX/6mH7ppafX17E=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrsimDJoYwohgnlAdgmzk9lkyMzsMjMrhCWlv2CrvZ3Y+iG2fomTZAtNPHDhcM69nMsJE860cd0vp7C2vrG5Vdwu7ezu7R+UD4/aOk4VoS0S81h1Q6wpZ5K2DDOcdhNFsQg57YTjm5nfeaRKs1g+mElCA4GHkkWMYGMlP/OVQNd3Pmo0pv1yxa26c6BV4uWkAjma/fK3P4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzn6fozCoDFMXKjjRorv6+yLDQeiJCuymwGellbyb+64ViKdlEtSBjMkkNlWQRHKUcmRjNCkEDpigxfGIJJorZ3xEZYYWJsbWVbCnecgWrpH1R9dyqd39ZqdfyeopwAqdwDh5cQR1uoQktIJDAM7zAq/PkvDnvzsditeDkN8fwB87nD0MEl34=</latexit>

BM III, IV
<latexit sha1_base64="vYN0OZzQcaVWzhrRivvrAg3bLqI=">AAACDHicbVDLSsNAFJ34rPUV7dLNYBFclJKIYJdFN2YhVLAPaEKZTCft0JlJmJkIIfQX/AW3uncnbv0Ht36J0zYLbT1w4XDOvZzLCRNGlXacL2ttfWNza7u0U97d2z84tI+OOypOJSZtHLNY9kKkCKOCtDXVjPQSSRAPGemGk5uZ330kUtFYPOgsIQFHI0EjipE20sCu5L7k8PrOh57n1fwa9DrTgV116s4ccJW4BamCAq2B/e0PY5xyIjRmSKm+6yQ6yJHUFDMyLfupIgnCEzQifUMF4kQF+fz5KTwzyhBGsTQjNJyrvy9yxJXKeGg2OdJjtezNxH+9kC8l66gR5FQkqSYCL4KjlEEdw1kzcEglwZplhiAsqfkd4jGSCGvTX9mU4i5XsEo6F3XXqbv3l9Vmo6inBE7AKTgHLrgCTXALWqANMMjAM3gBr9aT9Wa9Wx+L1TWruKmAP7A+fwCccZmx</latexit><latexit sha1_base64="vYN0OZzQcaVWzhrRivvrAg3bLqI=">AAACDHicbVDLSsNAFJ34rPUV7dLNYBFclJKIYJdFN2YhVLAPaEKZTCft0JlJmJkIIfQX/AW3uncnbv0Ht36J0zYLbT1w4XDOvZzLCRNGlXacL2ttfWNza7u0U97d2z84tI+OOypOJSZtHLNY9kKkCKOCtDXVjPQSSRAPGemGk5uZ330kUtFYPOgsIQFHI0EjipE20sCu5L7k8PrOh57n1fwa9DrTgV116s4ccJW4BamCAq2B/e0PY5xyIjRmSKm+6yQ6yJHUFDMyLfupIgnCEzQifUMF4kQF+fz5KTwzyhBGsTQjNJyrvy9yxJXKeGg2OdJjtezNxH+9kC8l66gR5FQkqSYCL4KjlEEdw1kzcEglwZplhiAsqfkd4jGSCGvTX9mU4i5XsEo6F3XXqbv3l9Vmo6inBE7AKTgHLrgCTXALWqANMMjAM3gBr9aT9Wa9Wx+L1TWruKmAP7A+fwCccZmx</latexit><latexit sha1_base64="vYN0OZzQcaVWzhrRivvrAg3bLqI=">AAACDHicbVDLSsNAFJ34rPUV7dLNYBFclJKIYJdFN2YhVLAPaEKZTCft0JlJmJkIIfQX/AW3uncnbv0Ht36J0zYLbT1w4XDOvZzLCRNGlXacL2ttfWNza7u0U97d2z84tI+OOypOJSZtHLNY9kKkCKOCtDXVjPQSSRAPGemGk5uZ330kUtFYPOgsIQFHI0EjipE20sCu5L7k8PrOh57n1fwa9DrTgV116s4ccJW4BamCAq2B/e0PY5xyIjRmSKm+6yQ6yJHUFDMyLfupIgnCEzQifUMF4kQF+fz5KTwzyhBGsTQjNJyrvy9yxJXKeGg2OdJjtezNxH+9kC8l66gR5FQkqSYCL4KjlEEdw1kzcEglwZplhiAsqfkd4jGSCGvTX9mU4i5XsEo6F3XXqbv3l9Vmo6inBE7AKTgHLrgCTXALWqANMMjAM3gBr9aT9Wa9Wx+L1TWruKmAP7A+fwCccZmx</latexit><latexit sha1_base64="vYN0OZzQcaVWzhrRivvrAg3bLqI=">AAACDHicbVDLSsNAFJ34rPUV7dLNYBFclJKIYJdFN2YhVLAPaEKZTCft0JlJmJkIIfQX/AW3uncnbv0Ht36J0zYLbT1w4XDOvZzLCRNGlXacL2ttfWNza7u0U97d2z84tI+OOypOJSZtHLNY9kKkCKOCtDXVjPQSSRAPGemGk5uZ330kUtFYPOgsIQFHI0EjipE20sCu5L7k8PrOh57n1fwa9DrTgV116s4ccJW4BamCAq2B/e0PY5xyIjRmSKm+6yQ6yJHUFDMyLfupIgnCEzQifUMF4kQF+fz5KTwzyhBGsTQjNJyrvy9yxJXKeGg2OdJjtezNxH+9kC8l66gR5FQkqSYCL4KjlEEdw1kzcEglwZplhiAsqfkd4jGSCGvTX9mU4i5XsEo6F3XXqbv3l9Vmo6inBE7AKTgHLrgCTXALWqANMMjAM3gBr9aT9Wa9Wx+L1TWruKmAP7A+fwCccZmx</latexit>

�ALHCb 2019
CP

<latexit sha1_base64="x1LMuuDzaM38zQG3yKb+TaUJeuI=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFcSEmKYN1V6qILFxXsA5oYJtNJO3QmCTMToYTs/Al/wa3u3Ylbl279EqdtFtp64MLhnHu59x4/ZlQqy/oylpZXVtfWCxvFza3tnV1zb78to0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX9Un/idByIkjcI7NY6Jy9EgpAHFSGnJM4+ca8IUglf3qSM4vGnUfeesYtmXmZfWm5lnlqyyNQVcJHZOSiBH0zO/nX6EE05ChRmSsmdbsXJTJBTFjGRFJ5EkRniEBqSnaYg4kW46/SODJ1rpwyASukIFp+rviRRxKcfc150cqaGc9ybiv57P5zaroOqmNIwTRUI8WxwkDKoITkKCfSoIVmysCcKC6tshHiKBsNJRFnUo9nwEi6RdKdtW2b49L9WqeTwFcAiOwSmwwQWogQZoghbA4BE8gxfwajwZb8a78TFrXTLymQPwB8bnDxginkI=</latexit><latexit sha1_base64="x1LMuuDzaM38zQG3yKb+TaUJeuI=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFcSEmKYN1V6qILFxXsA5oYJtNJO3QmCTMToYTs/Al/wa3u3Ylbl279EqdtFtp64MLhnHu59x4/ZlQqy/oylpZXVtfWCxvFza3tnV1zb78to0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX9Un/idByIkjcI7NY6Jy9EgpAHFSGnJM4+ca8IUglf3qSM4vGnUfeesYtmXmZfWm5lnlqyyNQVcJHZOSiBH0zO/nX6EE05ChRmSsmdbsXJTJBTFjGRFJ5EkRniEBqSnaYg4kW46/SODJ1rpwyASukIFp+rviRRxKcfc150cqaGc9ybiv57P5zaroOqmNIwTRUI8WxwkDKoITkKCfSoIVmysCcKC6tshHiKBsNJRFnUo9nwEi6RdKdtW2b49L9WqeTwFcAiOwSmwwQWogQZoghbA4BE8gxfwajwZb8a78TFrXTLymQPwB8bnDxginkI=</latexit><latexit sha1_base64="x1LMuuDzaM38zQG3yKb+TaUJeuI=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFcSEmKYN1V6qILFxXsA5oYJtNJO3QmCTMToYTs/Al/wa3u3Ylbl279EqdtFtp64MLhnHu59x4/ZlQqy/oylpZXVtfWCxvFza3tnV1zb78to0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX9Un/idByIkjcI7NY6Jy9EgpAHFSGnJM4+ca8IUglf3qSM4vGnUfeesYtmXmZfWm5lnlqyyNQVcJHZOSiBH0zO/nX6EE05ChRmSsmdbsXJTJBTFjGRFJ5EkRniEBqSnaYg4kW46/SODJ1rpwyASukIFp+rviRRxKcfc150cqaGc9ybiv57P5zaroOqmNIwTRUI8WxwkDKoITkKCfSoIVmysCcKC6tshHiKBsNJRFnUo9nwEi6RdKdtW2b49L9WqeTwFcAiOwSmwwQWogQZoghbA4BE8gxfwajwZb8a78TFrXTLymQPwB8bnDxginkI=</latexit><latexit sha1_base64="x1LMuuDzaM38zQG3yKb+TaUJeuI=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFcSEmKYN1V6qILFxXsA5oYJtNJO3QmCTMToYTs/Al/wa3u3Ylbl279EqdtFtp64MLhnHu59x4/ZlQqy/oylpZXVtfWCxvFza3tnV1zb78to0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX9Un/idByIkjcI7NY6Jy9EgpAHFSGnJM4+ca8IUglf3qSM4vGnUfeesYtmXmZfWm5lnlqyyNQVcJHZOSiBH0zO/nX6EE05ChRmSsmdbsXJTJBTFjGRFJ5EkRniEBqSnaYg4kW46/SODJ1rpwyASukIFp+rviRRxKcfc150cqaGc9ybiv57P5zaroOqmNIwTRUI8WxwkDKoITkKCfSoIVmysCcKC6tshHiKBsNJRFnUo9nwEi6RdKdtW2b49L9WqeTwFcAiOwSmwwQWogQZoghbA4BE8gxfwajwZb8a78TFrXTLymQPwB8bnDxginkI=</latexit>

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 ∼ ūRγµcRd̄Rγ
µdR.

Very light Z ′, sub 20 GeV (CMS ISR constraints), leptophob (LHCb
A→ µµ search)

c u

u u

d

d
Z ′

D0

π+

π−

Signatures in low mass dijets, J/Ψ/Ψ′ decays,
ACP (D → π0π0), ACP (D → π+π0) ∼ ACP (D → π+π−).
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Summary

• universality strikes back – b→ sµµ anomalies remain; imply b→ see anomalies

• last unknowns in b→ s system: ττ and B → K(∗)νν̄; Looking forward to Belle II

• 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 |∆c| = |∆u| = 1 can be huge.

• Plenty of Terra Incognita in flavor phenomenology — explore synergies
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