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The Λc → Λℓ+νℓ weak decay including new physics

▶ NP searches in hadron weak decays:
tension in B decays
Λb → Λc semilep. Penalva’s talk!

▶ Λc → Λℓ+νℓ
▶ Λ+

c = udc, I(JP) = 0(1/2)+
M ≃ 2287 MeV, τ ≃ 200×10−15 s

▶ Λ = uds, I(JP) = 0(1/2)+
m ≃ 1117 MeV

▶ Recent measurements:
▶ Λc → Λe+νe

Bexp = (3.56±0.11stat ±0.07syst)% BESIII [arXiV:2207.14149] more tension with SM
BSM = 3.80(19)LQCD(11)τ % [PRL,118,082001(2017)]

▶ Λc → Λµ+νµ

Bexp = (3.49±0.46stat ±0.27syst)% BESIII [PLB,767, 42 (2017)],
BSM = 3.69(19)LQCD(11)τ % [PRL,118,082001(2017)]

▶ We calculate
d2Γ

dq2d cosθ
= SM+NP and study how the new physics (NP) alters the observables

▶ We are searching for NP at the level of c → s l+νl
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SMEFT

▶ Standard Model Effective Field Theory (SMEFT)
▶ General framework to parametrise NP fingerprints
▶ Hard scale: NP scale, Λ ∼ O(TeV)
▶ EFT region: v ≃ 250 GeV

▶ Soft cale: p, m ≤ v
▶ Symmetry: SM = SU(3)C ×SU(2)L ×U(1)Y (should be contained in any NP symm. group)
▶ Field content: the SM ones
▶ Expansion: mass dimension of the operators

▶ [ψ] = 3
2 , [φ ] = 1, [Dµ ] = 1, [Aµ ] = 1.

▶ LSMEFT = LSM + 1
Λ

∑k C(5)
k Q(5)

k + 1
Λ2 ∑k C(6)

k Q(6)
k +O( 1

Λ3 )

▶ c → s l+νl NP =⇒ dim. 6 Heff (weak boson integrated out) [PRD, 103, 075019 (2021)]:

▶ Heff =
4GF Vcq√

2

[
(1+ εL)(q̄γα PLc) (ν̄ℓPRγα ℓ)+ εR (q̄γα PRc) (ν̄ℓPRγα ℓ)+

εS
2 (q̄c) (ν̄ℓPRℓ)+

εP
2 (q̄γ5c) (ν̄ℓPRℓ)+ εT (q̄σαβ PRc) (ν̄ℓσ

αβ PRℓ)
]

▶ νL only
▶ For Λ = 1 TeV, |ε| ∼ v2

Λ2 ≃ 0.06
|ε(Λ = 10TeV)| ∼ 6×10−4
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QCD input

▶ LQCD (axial)-vector form factors [PRL,118,082001(2017)]

▶ SM prediction for the Λc decay
▶ Ideally: rest of f.f. from LQCD, not calculated yet

▶ HQSS approx. to determine the rest of f.f. [Manohar isbn:

9780521037570]

▶ Expansion in 1/mc
▶ We stay at LO
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SM and new physics contributions

▶ d2B

dq2d cosθ
= c0(q2)+ c1(q2)cosθ + c2(q2)cos2

θ , B = Γ

Γtot

▶ General semilep. framework [PRD,101,113004(2020)]

▶ ci(εX)|εY=0 ≡ cSM
i + εXcX

i , X = L,R,T,S,P

▶ we take ε ∈ R (CP-respecting)(
quadratic corrections in εXcX

i ≡ εXcXl
i + ε2

XcXq
i

)
▶ LQCD+HQSS error bands
▶ cL

i ∼ cSM
i

▶ cL,R,T
i sizeable

▶ cS,P,T
i ∝ ml
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Ratios Ri

▶ Ri =
ci(mµ ,q2 ,εµ )

ci(me,q2 ,εe)
≈ ci(mµ ,q2 ,εµ )

cSM
i (me ,q2)

if εe << εµ , true in many NP scenarios aiming at explaining the

hierarchy of fermion masses
▶ VCKM and most off the SM f.f. uncertainty cancels

▶ RSM
i = 1+O(m2

l )

▶ ∆RSM
i ∼ m2

µ/GeV2 ∼ 10−2 ⇒ sensitivity to ε ∼ 10−4, 100× smaller than in ci

▶ In fact RSM
2 =

cSMµ

2
cSMe

2
=

(
q2−m2

µ

q2−m2
e

)3

=⇒ ∆RSM
2 = 0 indep of the f.f.
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Phenomenological constraints on Ri
▶ We plot the ci and Ri with the εX given by the phenomenological constraints of Bečirević et al [JHEP, 05,

175 (2021)].
▶ Bečirević constraints

▶ leptonic and semileptonic decays of pseudoscalar mesons
▶ εX ranges are compatible with zero

▶ QCD error propagated: LQCD+HQSS
▶ ci(Λc → Λµνµ )
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▶ Ri = cµ

i /ceSM
i cancels SM theoretical uncertainties and also some experimental ones

▶ Very sensitive observable (caveat: no stat. experimental error)
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εL = (1.2±2.0)×10−2

εR = (−0.9±2.0)×10−2

εS = (−1±2)×10−2

εP = (0.7±1.4)×10−3

εT = (1.2±1.8)×10−2



Sensitivity to NP

▶ Sensitivity criterion: SM and SM+NP 1σ bands do not overlap.
▶ εsens

X : minimal |εX | s.t.∣∣Ri(εX)−RSM
i

∣∣> ∆Ri(εX)+∆RSM
i

▶ We include ∆cSMEFT
i (εX) = ε2

X max
{
|cSM

i |, |cXl
i |, |cXq

i |
}

,

with ci(εX)|εY=0 ≡ cSM
i + εXcXl

i + ε2
XcXq

i .
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Sensitivity to NP coupled to the µ: ratios
▶ R2= cµ

2 (ε)/ceSM
2

▶ ∆RSM
2 = 0 =⇒ In principle R2 is sensitive to any arbitrarily small εL, εR, εT !

▶ but difficult to measure
▶ R0 ∼ dΓ/dq2 ratio: excellent sensitivity to εL, εR, εT

▶ Good sensitivity to εS , no sensitivity to εP
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e channel: recent tension with the SM

▶ Tension with SM in Λc → Λeνe BESIII [arXiV:2207.14149]

▶ From a SMEFT LO analysis it follows that it is not a NP current of the characteristics that we study
▶ εL contribution has the same shape as the SM
▶ εR shape does not fit
▶ εS,P,T are negligible due to me suppression
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e channel: recent tension with the SM

▶ Tension with SM in Λc → Λeνe BESIII [arXiV:2207.14149]

▶ From a SMEFT LO analysis it follows that it is not a NP current of the characteristics that we study
▶ εL contribution has the same shape as the SM
▶ εR shape does not fit
▶ εS,P,T are negligible due to me suppression
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Λc → Λℓ+νℓ with NP: Conclusion

▶ µ channel: good sensitivity to all NP currents but the pseudoscalar

▶ In principle sensitivity to veery large energies (even Λ > 10 TeV, left aside exp. error)
▶ q2 shape informs about the NP structure
▶ R2 = cµ

2 /ceSM
2 particularly sensitive

▶ dΓ

dq2 also promising observable

▶ e channel: recent tension with the SM

=⇒ does not seem to be a NP current of the kind analysed here
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Thanks!
Any questions?



ci

▶ ci

dΓ

dq2 = 2(c0 + c2/3),

AFB ≡
(

dΓ

dq2

)−1 [∫ 1

0
d cosθ

d2Γ

dq2d cosθ
−

∫ 0

−1
d cosθ

d2Γ

dq2d cosθ

]
=

c1

2(c0 + c2/3)
,

Aπ/3 ≡
(

dΓ

dq2

)−1 [∫ 1

1/2
d cosθ

d2Γ

dq2d cosθ
−

∫ 1/2

−1/2
d cosθ

d2Γ

dq2d cosθ
+

∫ −1/2

−1
d cosθ

d2Γ

dq2d cosθ

]
=

c2

4(c0 + c2/3)
.
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