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Our favorite decay

Rare decays show deviations from the SM predictions

arXiv:1403.8044v3

B0 → K∗0µ+µ−

arXiv:1512.04442

B0
s → Φµ+µ−

arXiv:1506.08777

Differential branching ratios and angular observables

doi: 10.1393/ncc/i2017-17171-9 arXiv:1705.05802 LHCb Paper 2018 040

Lepton Flavour Universality (LFU) tests

Only few measurements with b-baryon decays

Felicia Volle (IJCLab Orsay) Λb → Λ(1520)µ+µ− April 26th, 2022 2 / 25

https://arxiv.org/pdf/1403.8044.pdf
https://arxiv.org/pdf/1512.04442.pdf
https://arxiv.org/pdf/1506.08777.pdf
https://cds.cern.ch/record/2680819/files/fulltext.pdf
https://arxiv.org/pdf/1705.05802.pdf
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2019-040.html


Our favorite decay

Λb → pK−µ+µ−

Λ(1520) dominates
Λb → pK−µ+µ−

Λb → pK−J/ψ

arXiv:1912.08139v2 (top), arXiv:1507.03414 (bottom)

PDG Live

Λ(1405) and Λ(1600) under Λ(1520) mass peak
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https://arxiv.org/pdf/1912.08139.pdf
https://arxiv.org/pdf/1507.03414.pdf
https://pdglive.lbl.gov/Viewer.action


Fit model

Analysis overview

Mass window : m(pK−) ∈ [1470; 1570] MeV/c2

q2 bins : [0.1, 3], [3, 6], [6, 8], [11, 12.5], [15, 16.8], [1, 6]

Observable predictions through flavio
based on Λb → pK−`+`− phenomenology with lattice QCD or QM form-factors
[arXiv:1903.00448, arXiv.1108.6129, arXiv:2009.09313]
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Fit model

Angular observables

(θ`, θp, φ) in helicity basis

d~Ω = d cos θ`d cos θpdφ

d4Γ

dq2d~Ω
=
∑

i

physicsi × kinematicsi

=
9π
32

∑
i

Li (q2, C, ƒƒ)× fi (~Ω)

C = Wilson Coefficients → short distance
part→ sensitive to NP
ƒƒ = form factors→ long distance part

Observables :

Si =
Li + L̄i

d(Γ + Γ̄)/dq2
,Ai =

Li − L̄i

d(Γ + Γ̄)/dq2
,

A`FB =
3(L1c + 2L2c)

2(L1cc + 2(L1ss + L2cc + 2L2ss + L3ss))
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Fit model

Angular PDF of Λ3/2 (i.e. Λ(1520)) in HQlimit

Simplifications :
1 Heavy quark limit (mb →∞)
2 Normalization ( dΓ

dq2 = 1):
1/2L1cc + L1ss = 1
A`FB,3/2 = 3/4L1c

3 CP-average (Li → Si )

arXiv:1903.00448, arXiv:2005.09602

8π
3

d4Γ

dq2d cos θ`d cos θpdφ
' 1

4

(
1 + 3 cos2 θp

)
(

(
1− 1

2
S1cc

)(
1− cos2 θ`

)
+ S1cc cos2 θ` +

4
3

A`FB,3/2 cos θ`)

Angular PDF is only dependent on cos θ` and cos θp.
φ integration, instead of using the HQlimit, is under investigation.
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Fit model

Angular PDF of Λ1/2 (i.e. Λ(1405), Λ(1600))

Simplifications :
1 Strong decay :
α = 0

2 Normalization:
K1cc + 2K1ss = 1
A`FB,1/2 = 3/2K1c

3 CP-average

arXiv:1410.2115

8π
3

d4Γ

dq2d cos θ`d cos θpdφ
' 1

2
(1− K1cc)

(
1− cos2 θ`

)
+ K1cc cos2 θ`

+
2
3

A`FB,1/2 cos θ`

Angular PDF is only dependent on cos θ`.
K parameter encode information about Λ1/2 resonances in mpK window.
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Fit studies

Modeling the Λ(1520) mass peak

Difficulty to estimate fraction of Λ(1520) events f3/2 from an angular fit only
→ get f3/2 by fitting the m(pK−) spectrum

Λb → Λ(1520)µ+µ− MC underlines need of relativistic Breit-Wigner :

|BWrel(MpK ,MΛ∗ , ΓΛ∗ )|2 =

[(
q(MpK )

q(MΛ∗ )

)LΛb→Λ∗µµ
(

p(MpK )

p(MΛ∗ )

)LΛ∗→pK

× FΛb→Λ∗µµ(q(MpK ), q(MΛ∗ , rΛb ))
FΛ∗→pK (p(MpK ), p(MΛ∗ ), rΛ∗ )

M2
Λ∗ −M2

pK − iMΛ∗Γ(MpK ,MΛ∗ )

]2

Γ(MpK ,MΛ∗ ) = Γ∗Λ

(
p(MpK )

p(MΛ∗ )

)2LΛ∗→pK +1 MΛ∗

MpK
F 2

Λ∗→pK (p(MpK ), p(M∗Λ ))

p, q Λ∗, K− momentum in Λb , Λ∗ restframe
F Blatt-Weißkopf form factors
rΛb , rΛ∗ Interaction radius of the Λb , Λ∗

LΛ∗→pK orbital angular momentum between p and K− in the Λ∗ → pK− decay
LΛb→Λ∗µµ orbital angular momentum between Λ∗ and the dimuon system in the Λb → Λ∗µµ decay
MΛ∗ , ΓΛ∗ pole mass and width of Λ∗
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Fit studies

Fit strategy / physics PDF

1 Fit pK− spectrum with

PDFmass = f3/2|BWrel(MpK ,MΛ(1520), ΓΛ(1520))|2 + (1− f3/2)Polynomialo3(MpK , a1, a2, a3)

by fixing MΛ(1520) and ΓΛ(1520) to their PDG value, LΛb→Λ∗µµ = 1, LΛ∗→pK = 2,

rΛb = 5 GeV−1, rΛ∗ = 3 GeV−1

2 Extract f3/2

3 Fit angles (cos θ`, cos θp) with

PDFang = f3/2PDFang,3/2(A`FB,3/2,S1cc) + (1− f3/2)PDFangular,1/2(A`FB,1/2,K1cc)

Angular acceptance is not included here, but studies are on-going
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Fit studies

Realistic samples

Generator developed by A.Beck, T.Blake and M.Kreps

Full angular distribution without angular acceptance is worked out

Generation of single resonances and combinations of several resonances

Resonances might have global complex phases between them

Only phase differences important

Generate random phase combinations for phase differences ∆ψ1405/1600 :

phase combination ∆ψ1405 ∆ψ1600

0 0.00π 0.00π
1 1.38π 1.93π
2 1.10π 1.61π
3 0.43π 0.62π
4 0.06π 1.38π
5 1.41π 0.70π

Felicia Volle (IJCLab Orsay) Λb → Λ(1520)µ+µ− April 26th, 2022 10 / 25



Fit studies

Fit realistic samples

1 Fit mixture of three individual resonances, namely the Λ(1405), Λ(1520) and
Λ(1600)

X f3/2 is known
X No interference
X Validation of fit model without interferences

2 Fit samples with random phase combinations
× f3/2 is à priori not known
X Interferences of Λ(1405), Λ(1520) and Λ(1600) are included
X Adapt fit model

Color code : distribution of the Λ(1520), Λ(1405) + Λ(1600), total PDF
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Fit studies

The m(pK−) fit
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(b) 3σ away from f true
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(c) 4σ away from f true
3/2

1.48 1.5 1.52 1.54 1.56
]2) [GeV/c-m(pK

5−

0

5

Pu
lls

1.48 1.5 1.52 1.54 1.56

]2) [GeV/c-m(pK

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

)2
N

or
m

al
iz

ed
 e

nt
ri

es
 / 

(0
.0

05
 G

eV
/c 4/c2[1, 6] GeV∈2LHCb unofficial           q

(d) 3σ away from f true
3/2
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(e) 6σ away from f true
3/2
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(f) 5σ away from f true
3/2

Bias via slightly higher f fit
3/2 values→ bias has to be corrected for
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Fit studies

Angular fit of Λ1/2 + Λ3/2 mixture without interferences
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All the fits converge nicely and the cos θp projections look good
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Fit studies

Angular fit of Λ1/2 + Λ3/2 mixture without interferences
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cos θ` projections looks good as well
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Fit realistic samples with interferences

Shape of realistic samples with interference

Phase combination 0 :
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With interferences asymmetry in cos θp, but our PDF symmetric.
Need of asymmetric terms in cos θp.
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Fit realistic samples with interferences

Recall from Anja
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No impact of interferences on m(pK−) and cos θ`, but changes shape of cos θp

even with few Λ1/2 events !
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Fit realistic samples with interferences

Update angular fit model

Adding interference terms proportional to cos θp and cos2 θp to the angular PDF of
the Λ1/2 resonances.

PDFang = f3/2

((
1− 1

2
S1cc

)(
1− cos2 θ`

)
+ S1cc cos2 θ` +

4
3

A`FB,3/2 cos θ`

)

×
(

1
4

+
3
4

cos2 θp

)
+ (1− f3/2)

(1
2

(1− K1cc)
(

1− cos2 θ`
)

+ K1cc cos2 θ` +
2
3

A`FB,1/2 cos θ`
)

×
(

3− i2
3

+ i1 cos θp + i2 cos2 θp

)

Color code : distribution of the Λ(1520), Λ(1405) + Λ(1600),
Λ(1405) + Λ(1600) + interferences of 3 resonances, total PDF

Felicia Volle (IJCLab Orsay) Λb → Λ(1520)µ+µ− April 26th, 2022 17 / 25



Fit realistic samples with interferences

Fit realistic samples with updated angular fit model

Phase combination 0:
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New interference term can catch the asymmetric shape.
Since interference term added to the Λ1/2 PDF, it can get negative.
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Fit realistic samples with interferences

Fit realistic samples

Phase combination 1:
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Only the distribution of cos θp changes, m(pK−) and cos θ` stay the same.
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Fit realistic samples with interferences

Fit realistic samples

Phase combination 2, 3, 4 and 5:
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Fit realistic samples with interferences

Verification of observables stability

[0.1, 3] [3, 6] [6, 8] [1, 6] [11, 12.5] [15, 16.8]

]4/c2 bins [GeV2q
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Observable values from the fit are similar for different phase combinations
Uncertainties are linked to sample size→ not scaled
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Fit realistic samples with interferences

Checking differences in f3/2
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Small deviations of f3/2 found
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Fit realistic samples with interferences

Strength of interference terms
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Interferences are treated as nuisance parameters

Felicia Volle (IJCLab Orsay) Λb → Λ(1520)µ+µ− April 26th, 2022 23 / 25



Fit realistic samples with interferences

Conclusion

X Validation of physics PDF without interference terms

X Set up of physics PDF including interference terms

X Resulting fit values of the observables are the same for all the samples with
different phase combinations

� Estimation of bias on fit fraction from m(pK−) fit

� Scaling the samples to Run 1+2 yields and redo the fit

� Add angular acceptance

� Fit to control mode

� Systematic uncertainties

� ...
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Fit realistic samples with interferences

Thank you for your
attention !
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Blatt-Weißkopf form factors

from LHCb-ANA-2013-053
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K1cc and A`
FB,1/2
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Uncertainties are linked to sample size→ not scaled !
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Minuit output
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