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Small SM amplitude→ excellent place to search for NP!

Lepton Flavour
Universality
B(Hb→Fµ+µ−)
B(Hb→Fe+e−)

(Differential) BFs
dΓ(Hb→F``)

d q2

Angular analyses
P′5, AFB etc

multifarious possibilities

B+, B0, B0s ,
Λb

K+, K0, K∗+, K∗0,
φ, f ′2(1525), pK−,

none
+

e+e−,
µ+µ−,
(τ+τ−)



LHCb results
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[PRL 127 (2021) 15]
[PRL 131 (2023) 05]

[PRL 131 (2023) 15]

[PRL 128 (2022) 04] [PRL 126 (2021) 16]
B+ → K∗+µ+µ−

https://inspirehep.net/literature/1865990
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151801
https://inspirehep.net/literature/1908214
https://inspirehep.net/literature/1838196


Global fit

E.g. fit for CU9 , assuming SM for other WCs:
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Is this all NP?
• Could be due to long-distance
charm-loop:

b s

`

`

c c̄

Ceff
9 = CSM9 + Ccc̄9 + CNP9

• Difficult to calculate

Can we measure the long-distance contribution?
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[EPJC 83 (2023) 648]

https://link.springer.com/article/10.1140/epjc/s10052-023-11824-0


B0 → K∗0µ+µ−

B→ V`+`− - 3 decay angles (Ω), q2 = m2
``, k

2 = m2
Kπ

• Final state of K+π−µ+µ−

• P-wave K∗0 and S-wave K+π− must be accounted for

d4ΓP
dq2dΩ

=
9
32π

[
J1s sin

2 θK + J1c cos
2 θK

+( J2s sin2 θK + J2c cos2 θK) cos 2θ`

+J3 sin
2 θK sin

2 θ` cos 2φ+ J4 sin 2θK sin 2θ` cosφ

+ J5 sin 2θK sin θ` cosφ+ J6s sin
2 θK cos θl

+J7 sin 2θK sin θ` sinφ+ J8 sin 2θK sin 2θ` sinφ
+J9 sin

2 θK sin
2 θ` sin 2φ
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The observables, Ji are constructed from q2 dependent amplitudes. E.g.:
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[PRL 125 (2020) 011802]

https://inspirehep.net/literature/1784890
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[PRL 125 (2020) 011802]

https://inspirehep.net/literature/1784890
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[PRL 125 (2020) 011802]

https://inspirehep.net/literature/1784890


Unbinned amplitudes

AL,R
λ = Nλ

{[(
C9 ± C′9

)
∓
(
C10 ± C′10

)︸ ︷︷ ︸
WCs

] FFs︷ ︸︸ ︷
Fλ(q

2) +
2mbMB

q2
[(
C7 ± C′7

)︸ ︷︷ ︸
WCs

FFs︷ ︸︸ ︷
FT
λ(q

2)− 16π2MB
mb

Hλ(q
2)︸ ︷︷ ︸

non−local

]}

• C9, C
′
9, C10, C

′
10 are fit parameters. C7, C

′
7 fixed to SM.

• Local FFs F(T)λ (q2) constrained to lattice + LCSR determinations
[JHEP 01 (2019) 150], [PoS (LATTICE2014) 372]

• Non-local function follows [JHEP 09 (2022) 133]

Hλ(z) =
1− zzJ/ψ
z − zJ/ψ

1− zzψ(2S)
z − zψ(2S)

Ĥλ(z), Ĥλ(z) = φ−1λ (z)
∑
k

aλ,kz
k

• Option to use theory predictions at q2 < 0 [JHEP 02 (2021) 088]
• Experimental inputs for magnitudes and phases at resonances [PRD 90 (2014) 112009],
[PRD 76 (2007) 031102], [PRD 88 (2013) 074026], [PRD 88 (2016) 052002], [EPJC 72 (2012) 2118]

• Include k2 dependence: AL,R
λ → AL,R

λ × f (k2)
• f (k2) is a relativistic Breit-Wigner for P-wave, LASS for S-wave
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https://link.springer.com/article/10.1007/JHEP01(2019)150
https://pos.sissa.it/214/372
https://link.springer.com/article/10.1007/JHEP09(2022)133
https://link.springer.com/article/10.1007/JHEP02(2021)088
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.76.031102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.074026
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.052002
https://link.springer.com/article/10.1140/epjc/s10052-012-2118-7


Plan
Fit for the non-local contributions in the data:
• 4.7 fb−1 of data: Run 1 + 2016

• Same data as published
binned angular analysis
[PRL 125 (2020) 011802]

• Unbinned fit in q2 for the
amplitude parameters: FFs,
WCs etc

• 6D fit: 3 decay angles, q2, k2

and m(Kπµµ)
• BF relative to B0 → J/ψK+

π
−

for absolute WC magnitude

• Two versions of the fit: with or
without q2 < 0 non-local
predictions

Fit region

• Model dependent analysis
• Maximum sensitivity to non-local effects
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[arXiv:2312.09115]
[arXiv:2312.09102]

https://inspirehep.net/literature/1784890
https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102


Fit projections
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[arXiv:2312.09115]
[arXiv:2312.09102]

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102


Local FFs, F (T)
λ

• Data slightly pulls down the ratios F⊥
F0

and F‖
F0

• Apparent for fits without and with q2 < 0 constraints
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[arXiv:2312.09115]
[arXiv:2312.09102]

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102


Non-local FFs,Hλ

• In general good agreement between fits without and with q2 < 0 constraints
• Slight discrepancy in the imaginary parts
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[arXiv:2312.09115]
[arXiv:2312.09102]

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102


Wilson coefficients
1D profiles:

WC
deviation from SM

q2 > 0 only q2 < 0 constraint
C9 1.9σ 1.8σ
C10 1.5σ 0.9σ
C′9 0.9σ 0.5σ
C′10 1.5σ 1.0σ

For all 4 WCs the best fit point is 1.3
(1.4)σ from the SM without (with)
q2 < 0 constraint
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[arXiv:2312.09115]
[arXiv:2312.09102]

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102


Comparison with binned results

• In general good agreement with binned results
• Minimal difference between fit with or without
q2 < 0 constraint

• Calculate effect of non-local contribution to
observables, i.e. ∆P′b→scc̄

5

• The shifts are small

• Slight discrepancy in P′6 (or S7)
• Driven by the imaginary part of the non-local
Hλ(q

2)

S7 ∼ =[AL
0A

L∗
‖ −AR

0A
R∗
‖ ]

(2020) 011802

GRvDV
ABSZ

q2 > 0 only
q2 < 0 constr.
LHCb PRL 125

GRvDV
DHMV

q2 > 0 only
q2 < 0 constr.
LHCb ’20

[JHEP 09 (2010) 089]
[JHEP 12 (2014) 125]

[JHEP 09 (2022) 133]
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[arXiv:2312.09102]

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102


Conclusion

First unbinned amplitude analysis of B0 → K∗0µ+µ−

• Complementary information to the previous binned analysis
• Determination from data of non-local contribution with and without theory constraint

• Even with freedom of non-local component the data prefers a shift in C9 from the SM

Much data in hand, more analysis possibilities to study B0 → K∗0µ+µ−:

• Binned ‘model-independent’ analysis with full Run 1+2 data [JHEP 12 (2021) 085]
• Unbinned analysis - fit WCs with a model including resonances
[EPJC 80 (2020) 12,1095], [EPJC 78 (2018) 6,453]

• Ansatz analysis - fit the q2-dependent amplitudes [JHEP 06 (2015) 084]

More data to be collected:

• 7 fb−1 in 2024→ double the data set!
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https://inspirehep.net/literature/1881647
https://inspirehep.net/literature/1775559
https://inspirehep.net/literature/1623024
https://link.springer.com/article/10.1007/JHEP06(2015)084


BACKUP



Branching fraction

Angular analysis alone can only tell you the relative sizes of the amplitudes (WCs)→ Fit
the BF to set the scale
• Note: BF is measured relative to B0 → J/ψK+π−,
with 0.795 < mKπ < 0.995GeV, not B0 → J/ψK∗0

• B0 → J/ψK∗0 included significant S-wave and
J/ψπ− exotic contributions

• Estimate fraction of B0 → J/ψK+
π
− in the

100MeV window from Belle analysis
[PRD 90 (2014) 112009]

f±100MeV(B
0 → J/ψK+

π
−) = 0.644± 0.010

The systematic from f±100MeV(B
0 → J/ψK+π−) can be reduced with new measurements

[arXiv:2312.09115]
[arXiv:2312.09102]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112009
https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102


2D profiles [arXiv:2312.09115]
[arXiv:2312.09102]

https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102
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