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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

O10 = ūLγµcL ¯̀γµγ5` , Oν = ūLγµcL ν̄γ
µ(1− γ5)ν

ii) SU(3)F partner modes - related SM-like and NP-sensitive
4-fermion operators exist.

charm: ucqq (FCNC) vs uscd (SM); not in beauty: second light up-type quark missing.

More pheno-tricks from state-of-the-art b-physics studies come in
handy: 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,...

Gudrun Hiller, Moriond EWK, March 2023 Slide 4



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

Gudrun Hiller, Moriond EWK, March 2023 Slide 5



Photons

c→ uγ
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Photons

c→ uγ probe NP in dipole operators O7, O′7, incl. CP-violation

Need ways to control SM BGD.

Recent data-driven proposals:

A) use charm as test lab for QCD frameworks
e.g. AFB in D → PPγ modes 2009.14212, 2104.08287

B) use plethora of modes available to charm and extract ASM from
SM-like modes; nulltest = correlation

Observables: barnching ratios, CPA’s and those sensitive to the
photon polarization λγ:
Time-dependent CP asymmetries (TDCPAs), up-down asymmetries
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Rare radiative decays of Λc,Ξc,Ωc

theory and observables: 2203.14982 SU(3)-F techniques
Decay U-Spin SU(3)F SU(3)F IRA

Λc → Σ+γ V ∗csVudAΣ V ∗csVudBΣ V ∗csVudD

Ξ0
c → Ξ0γ V ∗csVudA

′
Σ V ∗csVudB

′
Σ V ∗csVudD

′

Λc → pγ −ΣAΣ + ∆A∆ + A7 ΣBΣ −∆B∆ + B7 ΣD −∆b̃4 +D7

Ξ+
c → Σ+γ ΣAΣ + ∆A∆ + A7 −ΣBΣ −∆B∆ + B7 ΣD + ∆b̃4 −D7

Ξ0
c → Λγ −

√
3
2

ΣA′Σ −
1
2

(∆A′∆ + A′7)
√

3
2

ΣB′Σ +
√

3
2

∆B∆ + 1√
6
B7 −

√
3
2

ΣD′ +
√

3
2

∆b̃4 + 1√
6
D7

Ξ0
c → Σ0γ − 1√

2
ΣA′Σ +

√
3

2
(∆A′∆ + A′7) − 1√

2
ΣB′Σ + 3√

2
∆B∆ +

√
1
2
B7

1√
2

ΣD′ + 3√
2

∆b̃4 + 1√
2
D7

Ξ+
c → pγ V ∗cdVusAΣ V ∗cdVusBΣ V ∗cdVusD

Ξ0
c → nγ −V ∗cdVusA

′
Σ V ∗cdVusB

′
Σ −V ∗cdVusD

′

Table 1: Flavor symmetry relations of charmed anti-triplet baryons. A(′)
Σ and A(′)

∆ refer to the U-spin triplet and singlet SM

contributions of the W-exchange diagrams. A(′)
7 = A

(′)
NP +A

(′)
LD denote the c→ uγ short distance and long distance contributions with

intermediate vector resonances. Σ =
V ∗csVus−V

∗
cdVud

2
, ∆ =

V ∗csVus+V ∗cdVud
2

= −
V ∗cbVub

2
. Top: CF, SM-like decays, Middle:

SCS, NP-sensitive, Bottom: DCS, SM-like decays Relations for charm sextett-decays (Ωc → Λ,Σ0,Ξ0) also in 2203.14982.

Extract BΣ from SM-decay Λc → Σ+γ and use to predict SM value of
SCS-decay (Λc → pγ, Ξ+

c → Σ+γ); probe NP in B7 amplitude
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Rare radiative decays of Λc,Ξc,Ωc

Figure 1: NP effects in the branching ratios of the BSM sensitive decay modes as a function of the branching ratios of the SM-like

decay modes, for λCF
γ = −0.5. The black dashed line denotes the SM in the U-spin limit. The gray shaded area shows ±30% U-spin

breaking in ASM
L/R . The blue (green) region illustrates the BSM reach in C7 (C′7). We set C′7 = 0 (C7 = 0) and varied the other

coefficient within−0.3 ≤ C(′)
7 ≤ 0.3. The BSM regions also include the±30% U-spin breaking of the SM amplitudes. Cabibbo-favored

modes: B(Λc → Σγ) < 2.6 · 10−4, Belle 2206.12517, that is B(Λc → pγ) . 10−4,
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Rare radiative decays of Λc,Ξc,Ωc
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Theory 2203.14982 plus Belle exclusion (red areas) 2206.12517:
B(Λc → Σγ) < 2.6 · 10−4 predicts B(Λc → pγ) . 10−4

B(Ξ0
c → Ξ0γ) < 1.8 · 10−4 predicts B(Ξ0

c → Λγ) . 7 · 10−5
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Beyond branching ratios: Rare rad. Λc,Ξc,Ωc decays

Probing photon polarization 2203.14982
PBc: polariation of charm baryon, αB: weak decay parameter of
secondary decays (αB = 0 for strong decays)

The full angular distribution Bc → B1(→ B2π)γ:

d2B
d cos(ϑγ)d cos(ϑB)

∝ [1 + PBcαB cos(ϑγ) cos(ϑB) + αBλγ cos(ϑB) + PBcλγ cos(ϑγ)] . (1)

The polarization asymmetries:

AγFB =
1

B

(∫ 1

0
d cos(ϑγ)

dB
d cos(ϑγ)

−
∫ 0

−1
d cos(ϑγ)

dB
d cos(ϑγ)

)
=
PBcλγ

2
. (2)

ABFB =
1

B

(∫ 1

0
d cos(ϑB)

dB
d cos(ϑB)

−
∫ 0

−1
d cos(ϑB)

dB
d cos(ϑB)

)
=
αBλγ

2
. (3)

extract λSMγ from Cabibbo-favored partner mode
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Beyond branching ratios: Rare rad. Λc,Ξc,Ωc decays

Figure 2: BSM reach of λγ of BSM modes Ξ+
c → Σ+γ (left) and Ξ0

c → Λγ (right) versus photon polarization of SM-like

modes, Λc → Σ+γ and Ξ0
c → Ξ0γ, respectively, for BCF = 5 · 10−4. The black dashed line denotes the SM in the U-spin limit.

The gray shaded area shows ±20% U-spin breaking between rCF
SM and rSCS

SM . The blue (green) region illustrates the BSM reach in C7

(C′7). We set C′7 = 0 (C7 = 0) and varied the other coefficient within −0.3 ≤ C
(′)
7 ≤ 0.3. For the darker shaded area we used the

SM amplitudes in the exakt U-spin limit. For the lighter shaded area we additionally considered ±30% U-spin breaking in FSM
L/R , while

keeping the U-spin breaking of the ratio rSCS
SM limited to±20%.
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Photon polarization in c→ uγ from untagged TDA

Time-dependent analysis (TDA) D0, D̄0 → V γ, V = ρ0,Φ, K̄∗0

(decays to CP eigenstate with CP eigenvalue ξ) 1210.6546 ,1802.02769

Γ(t) = N e−Γt
(
cosh[∆Γt/2] +A∆ sinh[∆Γt/2] + ζC cos[∆mt]− ζS sin[∆mt]

)
A∆(D0 → K̄∗0γ) ' 4 ξK̄∗0| qp | cosϕ(

1+| qp |2
) r0

1+r2
0

Here, r0 is ratio of wrong-chirality

(RH) to LH-photons in SM-like process D0 → K̄∗0γ.

Up to SU(3)-breaking: r(D0 → Φγ) = r0, r(D0 → ργ) = r0;
perturbative r = C ′7/C7, in SUSY, r unconstrained.

Br’s D0 → ρ0γ D0 → ωγ D0 → Φγ D0 → K̄∗0γ (SM-domin.)

Belle 2016 (1.77± 0.31)× 10−5 – (2.76± 0.21)× 10−5 (4.66± 0.30)× 10−4

BaBar 2008 – – (2.81± 0.41)× 10−5 (3.31± 0.34)× 10−4

CLEO 1998 – < 2.4× 10−4 – –

LHCb wip
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Photon polarization in c→ uγ from untagged TDA
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0) , in the cases a) (SM case) C7, C′7 ' 0 (black, dashed

curve), c) C7 ' 0 (green, upper band) and d) C′7 ' 0 (red, lower band). The upper (lower) plots

correspond to R̄ave = 1.6± 0.3 (R̄ = 1.6± 0.45 from 50% inflated uncertainty).

R̄ = 1/f2 |Vcs|2
|Vcd|2

B(D0→ργ)

B(D0→K̄∗0γ)
with leading U-spin breaking removed f = mρfρ/(mK∗0fK∗0 )
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Photon polarization from up-down asymmetry

Method 2: probe the photon polarization with an up-down
asymmetry in D+ → K+

1 (→ Kππ)γ (a la B → K1γ 1812.04679 , and (Gronau, Pirjol,

Grossman, Kou) dΓ
ds13 ds23 d cosϑ

∝ |J |2(1 + cos2 ϑ) + λγ2 Im[n · (J × J∗)] cosϑ , λγ = − 1−r20(K̄1)

1+r20(K̄1)

The corresponding BSM-sensitive mode is Ds → K+
1 (→ Kππ)γ.

Method 2 requires D-tagging but unlike TDA, does not depend on
strong phases between the left- and right-handed amplitude.

grey: SM, red, green: BSM scenarios
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Dineutrinos

c→ uνν̄
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Dineutrinos

c→ uνν̄ transitions: all of them are excellent nulltest of SM due to GIM

D+, Ds →Mνν̄ has BGD from D+, Ds → τ(→Mν)ν̄; reducible via cuts
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d
B(
D
→

P
ν
ν̄
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d
q2
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2
]

×10−5

D0 → π0 ν ν̄

D+ → π+ ν ν̄

D+
s → K+ ν ν̄

Figure 3: Differential branching ratios for D0 → π0νν̄, D+ → π+νν̄ and D+
s → K+νν̄ in red, brown and green,

respectively for the LU (cLFC) limit in solid (dotted) lines. this plot shows BSM distributions The uncertainty bands are due to the form
factors, the vertical dashed lines illustrate the cuts needed to avoid the τ background. from 2010.02225
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Dineutrinos

Upper limits Bmax(hc → Fνν̄) depend on lepton flavor structure (LFV,cLFC,LFU) 2010.02225

hc → F Bmax
LU Bmax

cLFC Bmax Nmax
LU /ηeff Nmax

cLFC/ηeff Nmax/ηeff

[10−7] [10−6] [10−6]

D0 → π0 6.1 3.5 13 47 k (395 k) 270 k (2.3 M) 980 k (8.3 M)

D+ → π+ 25 14 52 77 k (650 k) 440 k (3.7 M) 1.6 M (14 M)

D+
s → K+ 4.6 2.6 9.6 6 k (50 k) 34 k (290 k) 120 k (1.1 M)

D0 → π0π0 1.5 0.8 3.1 11 k (95 k) 64 k (540 k) 230 k (2.0 M)

D0 → π+π− 2.8 1.6 5.9 22 k (180 k) 120 k (1.0 M) 450 k (3.8 M)

D0 → K+K− 0.03 0.02 0.06 0.2 k (1.9 k) 1.3 k (11 k) 4.8 k (40 k)

Λ+
c → p+ 18 11 39 14 k (120 k) 82 k (700 k) 300 k (2.6 M)

Ξ+
c → Σ+ 36 21 76 28 k (240 k) 160 k (1.4 M) 590 k (5.0 M)

to date only a single limit exists: B(D0 → π0νν̄) < 2.1 · 10−4 BESIII 2112.14236
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Cross checking: D → nothing

B(D0 → inv.) < 9.4 · 10−5 , at 90 % CL. (Belle ’16). Consistency
check; constrains operators with light right-handed neutrinos

Q
ij
LR

= (ūLγµcL) (ν̄jRγ
µ
νiR) , Q

ij
RR

= (ūRγµcR) (ν̄jRγ
µ
νiR) ,

Q
ij
S(P )

= (ūLcR) (ν̄j (γ5) νi) , Q
ij
T (T5)

=
1

2
(ū σµν c) (ν̄j σ

µν
(γ5) νi) ,

Qij
S(P ) would have effect less than ∼ 10% of LU upper limits iff

improved limit exists 2010.02225

B(D0 → inv.)hypothetical . 2 · 10−6 . (4)

would reinforce EFT framework ”NP is heavy”.

D → nothing constrains LNV ∆L = 2 interactions O(7)
4a = Lαi L

β
j Q̄

b
α Ū

c
aH

ρ εβρ , de Gouvea

Existing Belle limit on D →nothing probes LNV effects ΛijLNV & 1.5 TeV . 2010.02225
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charged leptons

c→ ull
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Rare electroweak decays of Λc,Ξc,Ωc

theory and observables: 2107.13010, 2202.02331 highlights for
BSM searches: GIM (CSM

10 = 0), angular distributions, CP, cLFV, LFU

The differential angular distribution for unpolarized Λc, (polarized Λc

worked out in 2202.02331) reads:

d2Γ
dq2d cosϑ`

= 3
2

(K1ss sin2 ϑ` + K1cc cos2 ϑ` + K1c cosϑ`)

→ 3 observables: branching ratio (−) , longitudinal pol. fraction FL
(+) , Forward-Backward asymmetry A`FB ∝ K1c ∝ C10. (++)

Λc → p form factors from lattice 1712.05783 – SU(3)F -relations to others 2203.14982

−
√

6h
Ξ0
c→Λ

⊥ =
√

2h
Ξ0
c→Σ0

⊥ = h
Ξ+
c →Σ+

⊥ = hΛc→p
⊥ ; Endpoint relations (at q2 =max): 2107.12993
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Branching ratio: (−)

2107.13010
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Longitudinal polarization: (+)
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Sensitivity to dipole coefficients!
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GIM null tests: AFB (++)
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Figure 4: The forward-backward asymmetry AFB of Λc → pµ+µ− decays for different values of C10 in the full q2-region

(left panel) and for various BSM contributions in the high q2 region (right panel)

AFB ∝ C10 clean null test of SM (GIM); Three more GIM-based null tests in 4-body decays

Ξ+
c → Σ+ (→ pπ0)`+`−, Ξ0

c → Λ0 (→ pπ−)`+`−, Ω0
c → Ξ0 (→ Λ0π0)`+`−, 2202.02331
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A Puzzle in hadronic charm CPX

Can ∆ACP come mainly from ACP (D → π+π−)?
CP and U-Spin puzzle 2207.08539, 2210.16330 - two approx symmetries
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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>
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<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; Talk by Federico Betti
(coupling)2

(mass)2 ∼ 1
(25GeV )2
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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−

(coupling)2

(mass)2 ∼ 1
(25GeV )2

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

• Very little experimentally explored in rare charm decays – lots of blanks in PDG and opportunities

• Theory control by null tests

• Charm is advantageous because SU(3)-related partners exist: measure the SM-like CF-decay
and use symmetry to obtain the SM prediction of the SCS, BSM-sensitive mode. Then measure
the SCS decay and test the SM. Many tests in radiative charm baryons and mesons.

• NP sensitivity from null tests in branching ratios c→ uνν̄ (GIM).
Upper limits on B(Λc → pνν̄) depends lepton flavor.

• Angular distributions CSM10 = 0 kills couplings to axial-vector lepton currents ¯̀γµγ5`, hence
ISM5,6,7 = 0, as well as A` SMFB (Λc → pµµ) = 0. More observables in full distribution.

• BSM effects in |∆c| = |∆u| = 1 can be huge.

• Complementary search to K,B-decays.
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