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Studying semileptonic B0
(s) → D−(s)µ

+νµ decays

? Purpose: test SU(3) symmetry by comparing the form factors
(FFs) for B0

s → D−s and B0 → D−.

Form Factors

◦ FF accounts for the
hadronic part of the decay
(non-perturbative QCD)

SU(3) symmetry in Bs and B0

decays

◦ Same FF is expected → only
difference is the spectator
quark (s/d)

FF useful input for other studies
(fs/fd from hadronic decays).

Fig 1. B0
s → D−s µ

+νµ

Fig 2. B0 → D−µ+νµ
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Measuring FF in semileptonic decays

? The FF is a function of the transfer momentum of the
W-boson q2 and is parametrised as an expansion of the
parameter ρ2 [1].

Challenge:

◦ Cannot reconstruct q2 due
to missing νµ

Alternate approach: variable
P⊥(D)

◦ Correlated with q2

◦ Fully reconstructed, good
resolution P⊥(D) in B meson decay

1
1M. Neubert, Heavy-quark symmetry, Physics Reports 245 (1994)
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P⊥(D) dependence on FF
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Fig 1. Correlation between
P⊥(D) and q2 from MC
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Analysis goal and strategy

Goal:

? Determine the P⊥(D) distribution for B0
s → D−s µ

+νµ and
B0 → D−µ+νµ to compare them for a SU(3) test

Strategy:

◦ Split data sample in bins of the variable P⊥(D)

◦ Perform a fit to the corrected B mass in each bin to obtain
signal yields and thereby the distributions:

* P⊥(D)(B0
s → D−s µ

+νµ)
* P⊥(D)(B0 → D−µ+νµ) .

◦ Finally compute the ratio:
P⊥(D)(B0

s → D−s µ
+νµ)/P⊥(D)(B0 → D−µ+νµ)
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Corrected B mass fit to the data

LHCb data Run 1, selection inherited from B0
s and Ds lifetime

measurement [2].

Corrected B mass variable:

mcorr = p⊥,Dµ +
√

m2
Dµ + p2⊥,Dµ (1)

◦ Compensates for part of the missing momentum

◦ Makes the B mass distribution more narrow

Binned least-squares fit:

? Purpose: discriminate signal from backgrounds and
determine the signal composition

? Mass shapes for signal and backgrounds are obtained from
both MC and control sample of data [2]

2LHCb-ANA-2016-068, March 7, 2017 8



B0→ D−µ+νµ



Corrected mass fit for B0 → D−µ+νµ
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Determine P⊥(D)(B0 → D−µ+νµ)

Data sample is split into
6 bins of P⊥(D):

1) 0-812 MeV

2) 812-1155 MeV

3) 1155-1460 MeV

4) 1460-1795 MeV

5) 1795-2150 MeV

6) 2150-4500 MeV
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Preliminary P⊥(D) distribution for B0 → D−µ+νµ
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◦ χ2= 4.90/5

◦ prob = 0.43

Remarks:
Good agreement between Data
and MC (FF from known world
average values [3]) validates the
method

3Y. Amhis et al.,”Averages of b-hadron, c-hadron, and tau-lepton properties
as of summer 2016”
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B0
s → D−s µ+νµ



Corrected mass fit for B0
s → D−s µ

+νµ
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Preliminary P⊥(D) distribution for B0
s → D−s µ

+νµ
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Remarks

◦ MC is generated
under assumption of
perfect SU(3)

◦ Observe a tension in
two bins (3 and 5)

◦ Need to include
systematic
uncertainties (eg.
fitting assumptions)
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Preliminary comparison of P⊥(D)(B0
s → D−s µ

+νµ) and
P⊥(D)(B0 → D−µ+νµ)
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Remarks:
More work needed for
meaningful comparison.

Yet, first step into the test
of SU(3) symmetry
between B0

s → D−s and
B0 → D− decays.

Next step:

Assess the sensitivity of
the ratio of P⊥(D)
distributions to the FF
parameter ρ2
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Conclusion and outlook

Conclusion:

? We made the first attempt to compare B0
s → D−s µ

+νµ and
B0 → D−µ+νµ decays.

? We have proven that we can extract the P⊥(D) distribution of
B → Dµν decays and validates the method on the known B0

sample.

? Still to finalise the work on the B0
s case to make the test, but

the method looks already promising.

? Next steps: try to extract the FF parameter from the fit of
the ratio of P⊥(D) distributions and to add run 2 data
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Mass fit in each bin for B0
s → Dsµν

Mass fit in each bin
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Fit Result for integrated sample of B0 → Dµνµ
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◦ χ2/ndf = 109.6/88
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Corrected mass fit for B0
s → Dsµν

Mass fit result:
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Stripping
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Offline selection
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Selection in 2dim plane of P⊥(D) vs. mcorr

Distribution of the classes
of simulated events in the
two-dimensional plane.
The region accepted in our
selection is below the
dashed line.[4]

3https://cds.cern.ch/record/2263774/files/Supplementary-LHCb-PAPER-
2017-004.pdf

25



Data Samples

◦ Collected by LHCb in Run1 at
√
s = 7− 8 TeV and L=3 fb−1.

◦ Samples and selection inherited from B0
s and Ds lifetime

measurement. [5]

◦ Same sign data (SS) are D±µ± combinations used to model
combinatorial background.
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Data samples for OS and SS

After selection:

◦ Opposite sign candidates (OS):
NOS(B0 → Kππ) = 2,611,001
NOS(B0

s → KKπ) = 467,951

◦ Same sign candidates (SS):
NSS(B0 → Kππ) = 28,767
NSS(B0

s → KKπ) = 14,228
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Simulated signal and background contribution for B0 and
Bs
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Simulated signal mixture for B0 and Bs
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Simulated signal and background in categories
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Motivation for measuring SU(3) in B0 → D− and
B0
s → D−s
◦ Uncertainties on fs/fd using semileptonic and hadronic

decays:[6]

? Result using hadronic decays: fs/fd = 0.259 ± 0.015.
4https://cds.cern.ch/record/1559262/files/LHCb-CONF-2013-

011.pdf?version=1
31
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