
B decays to charmonia at LHCb
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B2CC specific working group at LHCb.

Precise measurements on CKM sector
⇒ stringent tests for SM.

Mainly focused on CPV measurements,
lifetime measurements, Branching
Ratios...

Today´s menu:

1 Search for B0 → J/ψ(µ+µ−)ϕ(K+K−) .
2 CPV phase measurement in B0

s → J/ψ(e+e−)ϕ(K+K−).
3 τL in B0

s → J/ψ(µ+µ−)η(γγ).



Search for B0 → J/ψ(µ+µ−)ϕ(K+K−)
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[Chin. Phys. C45 (2021) 043001]

b → cc̄d transition → Cabibbo supressed.

ϕ resonance produced by ω − ϕ interference (small mixing angle supressed),
or vacuum excitation (Okubo-Zweig-Iizuka supressed) [Phys. Lett. 5 (1963) 165].

Predicted Branching Ratio: (1.8 ± 0.3)× 10−7 [PLB666(2008)185188]

Previous LHCb (@1 fb−1): BR< 1.9 × 10−7 [Phys.Rev.D.88.072005]

https://iopscience.iop.org/article/10.1088/1674-1137/abdf40
https://www.sciencedirect.com/science/article/abs/pii/S0375960163925489?via%3Dihub
https://arxiv.org/pdf/0806.3584.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.88.072005


Search for B0 → J/ψ(µ+µ−)ϕ(K+K−)

Full Run1+Run2 data. Control channel: B0
s → J/ψϕ.

Correct MC variables to match background substracted data.

BDT (Remove combinatorial background).

Efficiency ratio (B(s) → J/ψKK ):
ϵB0

ϵB0
s

=
ϵacc

B0

ϵacc
B0

s

×
ϵsel

B0

ϵsel
B0

s

×
ϵ

m(KK )

B0
s

ϵ
m(KK )

B0

.

→ found compatible with 1.

Sequential fits in m(J/ψK+K−) and m(K+K−) to determine B0
(s) → J/ψϕ.

Fit m(J/ψK+K−) and estimate yields and bkgs in m(KK ) ∈ [1000, 1050] MeV.
Fit m(KK ) in same region to distinguish ϕ(1020) .

Use Profile Likelihood Scan to set Upper Limit.
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[Chin. Phys. C45 (2021) 043001]

https://iopscience.iop.org/article/10.1088/1674-1137/abdf40


Search for B0 → J/ψ(µ+µ−)ϕ(K+K−)
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[Chin. Phys. C45 (2021) 043001]

m(K+K−) Fit strategy

NB0 = NB0
s
× B(B0→J/ψϕ)

B(B0
s→J/ψϕ)

× ϵB0

ϵ
B0

s

× 1
fs/fd(×fsc)

fs/fd = 0.256 ± 0.020
JHEP04(2013)001

fsc = 1.068 ± 0.046 (13TeV) PRL.
118(2017)191801

B(B0
s → J/ψϕ = (10.50±0.13±0.64±0.82)

Phys.Rev.D87.072004

B(B0 → J/ψϕ)

(6.8 ± 3.0 ± 0.9)× 10−8 [2.3σ].

Upper Limit 1.1 × 10−7.

Compatible with theoretical prediction.

https://iopscience.iop.org/article/10.1088/1674-1137/abdf40
https://link.springer.com/article/10.1007/JHEP04(2013)001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.191801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.191801
https://arxiv.org/pdf/1302.1213.pdf


B0
s → J/ψ(e+e−)ϕ(K+K−)

1CKMfitter, Phys. Rev. D84, 033005 (2011), updated with Summer 2019 results

2[TH:Kristof et al JHEP 1503 (2015) 145], [EXP:JHEP 11 (2015) 082]
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[Eur. Phys. J. C81 (2021) 1026]

ϕmeas.
s = −2βs +∆ϕpeng

s + δNP

−2βs = −37+0.7
−0.8 mrad 1

∆ϕpeng
s : ∼ (1 ± 15) mrad (Run1)2

LHCb 4.9 fb−1

[EUR. PHYS.J. C79 (2019)706]

ϕs = −42 ± 25 mrad
∆Γs = 0.0813 ± 0.0048 ps−1

Γs = 0.6563 ± 0.0021 ps−1

http://ckmfitter.in2p3.fr/www/results/plots_summer19/num/ckmEval_results_summer19.html
https://arxiv.org/abs/1412.6834
http://dx.doi.org/10.1007/JHEP11(2015)082
http://arxiv.org/abs/arXiv:2105.14738
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-019-7159-8


B0
s → J/ψ(e+e−)ϕ(K+K−)
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[Eur. Phys. J. C81 (2021) 1026]

Nsig =
∑3

K=0 NKγ = 12723 ± 541
Ncbkg + Npbkg =

∑3
K=0 NKγ = 49558 ± 1005

Run1 analysis.

First time ϕs is measured with e+e− in
final state.

Flavour tagged time dependent angular
analysis.

P → VV

≈ 10% of dimuon yield.

Resolution of the reconstructed
invariant mass affected by
bremsstrahlung.

http://arxiv.org/abs/arXiv:2105.14738


B0
s → J/ψ(e+e−)ϕ(K+K−)
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[Eur. Phys. J. C81 (2021) 1026]

B0
s → J/ψ(e+e−)ϕ(K+K−)

ϕs = 0.00 ± 0.28 ± 0.07 rad
∆Γs = 0.115 ± 0.045 ± 0.011 ps−1

|λ| = 0.877+0.112
−0.116 ± 0.031

Γs = 0.608 ± 0.018 ± 0.012 ps−1

Consistent with SM.

ϕs consistent with 0.

|λ| consistent with 1.

Statistically limited.

More details on Marcos Romero
Lamas talk! [16:00].

http://arxiv.org/abs/arXiv:2105.14738


τL in B0
s → J/ψ(µ+µ−)η(γγ)

3Fleischer et al.,Eur.Phys.J. C71 (2011) 1789
4Lenz et al. JHEP07(2020)177
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LHCb-PAPER-2022-010, PRELIMINARY!

A sizable ∆Γ = ΓL − ΓH is predicted (L, H mass eigenstates).

ϕs consistent with SM (very small) → CPV in mixing is small.

Mass eigenstates ≈ CP eigenstates.

Measure the effective lifetime on a pure CP even → direct access to
τeff = 1/ΓL.

Advantages: Not needed Angular/tagging analysis

Disadvantages: Small statistics

SM prediction: τL =
τB0

s
1−y2

s

[
1+2∗A∗ys+y2

s
1+A∗ys

]
3

ys = ∆Γs/2Γs, A = +1(−1) CP-odd (even).
τL = (1.42 ± 0.01) ps
TH: τB0

s/τB0
= 1.0006 ± 0.002 and ∆Γs = (0.091 ± 0.013) ps−1 4

EXP: τB0 = 1.519 ± 0.004 [PDG2020]

https://arxiv.org/pdf/1109.5115.pdf
https://link.springer.com/article/10.1007/JHEP07(2020)177
https://pdg.lbl.gov


τL in B0
s → J/ψ(µ+µ−)η(γγ)
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LHCb-PAPER-2022-010, PRELIMINARY!

Selection as lifetime unbiased as possible.

2D (t,m) unbinned likelihood fit.

Mass fits:
1 signal: Double side Crystal Ball.
2 B0 → J/ψη: DSCB.
3 Comb.: 2nd order Chebyshev pol.
4 B0

s → J/ψϕ(ηγ): bifurcated Gaussian.
5 B0

s → Xc1,c2(J/ψγ)(η): erf(x).

Decay Time: Exp(t) ∗ Res(t) ∗ Acc(t).
1 Triple Gaussian Model
2 VELO misaligment found negligible (3.8 fs).



τL in B0
s → J/ψ(µ+µ−)η(γγ)

5PDG2020
6HFLAV
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LHCb-PAPER-2022-010, PRELIMINARY!

τL [ps]

Run2
1.445 ± 0.016(stat)± 0.008(syst)

Comb
1.452± 0.016(stat + uc)± 0.002(syst)

PDG(*tree level average)
1.437 ± 0.0145

SM
1.42 ± 0.01

HFLAV
1.426 ± 0.0086

(*based upon B0
s → J/ψϕ)

https://academic.oup.com/ptep/article/2020/8/083C01/5891211
https://hflav.web.cern.ch


Summary
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1 Update in the Upper limit for the B(B0 → J/ψϕ) < 1.1 × 10−7.

2 First measurement of ϕs in B0
s → J/ψ(e+e−)ϕ(K+K−), compatible with no

CPV, consistent with SM prediction and consistent with
B0

s → J/ψ(µ+µ−)ϕ(K+K−).

3 Update in the lifetime measurement τL, using B0
s → J/ψη to be

τeff = 1.449 ± 0.016 ± 0.001 ps
(
@9 fb−1).

4 Stay tuned for many interesting new results!



B decays to charmonia at LHCb Ramón Ángel Ruiz Fernández 13/12

BACKUP



Fit results of m(J/ψK+K−)
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m(K+K−) fit strategy
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P tot
s/d = Nϕ

s/d ×Sϕ(m)+Nnon
s/d ×Snon(m)+NΛ

s/d ×BΛ(m)+Ncom
s/d ×Bcom(m)+NB0

s
d ×TB0

s
(m)

Sϕ same lineshape for Bs/d → J/ψϕ decays
Snon, f0(980)/a0(980)+nonres. for B0

s/d → J/ψK+K− decays.

BΛ&Bcom shapes of Λb
0 and comb bkg (3th & 2th Chebyshev).

TB0
s
, B0

s tail shape under B0 peak.

NΛ
s/d , Ncom

s/d , NB0
s

d fixed from m(J/ψK+K−) fit.

ϕ: BF * |ABW |2 ⊛ G
BF: Barrier factor, ABW Breit-winger, G gaussian
non-ϕ K+K−: PBPRF 2

B(
PB
mB

)2LB
∣∣AR × eiδ + ANR

∣∣2
AR Flatte model, ANR a constant for nonresonance Phys. Lett. B 63 (1976) 228.
δ constrained based on Bs/d → J/ψK+K− amplitude analysis PhysRevD.87.072004.

https://www.sciencedirect.com/science/article/abs/pii/0370269376906559
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.072004


Syst. in B0 → J/ψϕ
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PLS in B0 → J/ψϕ
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MF in B0
s → J/ψ(e+e−)ϕ(K+K−)

MF for B0
s :

1 Signal: Double CB.
2 Comb: Exponential.
3 B0

s → Ψ(2S)ϕ (part.) double Gaussian.
4 B0

s → χc1(1P)ϕ (part.) Gaussian.

MF for B0 (Control Channel):
1 Signal: Double CB.
2 Comb: Exponential.
3 B0

s → Ψ(2S)K ∗ (part.) double Gaussian.
4 B0

s → χc1(1P)K ∗ (part.) Gaussian.
5 B0

s → J/ψK1(1270) (part.) Double CB.
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MF in B0
s → J/ψ(e+e−)ϕ(K+K−)
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Acceptances in B0
s → J/ψ(e+e−)ϕ(K+K−)
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ϵ
B0

s
data = ϵB0

data × ϵ
B0

s
MC

ϵB0
MC



Syst. B0
s → J/ψ(e+e−)ϕ
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Mass fit in τL measurement

B0
s → J/ψη: Double sided crystal Ball (tail parameters from MC)

B0 → J/ψη: Double sided crystal Ball (it overlaps w/ signal mode, differences of mass
peaks to known value 87.22 ± 0.16MeV/c2).

Combinatorial bkg: 2nd order Chebyshev polinomial.

B0
s → J/ψϕ(ηγ): bifurcated Gaussian function.

B0
s → Xc1,c2(J/ψγ)(η): Error function based on simulation (unknown lifetime left free in

the fit).
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Decay time fit in τL measurement

B decays to charmonia at LHCb Ramón Ángel Ruiz Fernández 23/12

1 All (exc. comb bkg) Exp(t) ⊛ Res(t) ⊛ Acc(t) *Comb bkg =
Sum of two exps.

2 σ in Res(t)=52fs from simulation.

3 Acc(t) = ADLS ∗ AVELO ∗ AIP ∗ AMVA

4 ADLS : Decay Length significance (by trigger requirements).
Modeled using simulation and calibrated on B+ → J/ψK+

data.
5 AIP : Requirements on χ2

IP , modeled using simulated signal
decays.

6 AVELO : Less efficiency when Distance of closest approach
increases. (1/3 respect to Run1). Calibration of order 2 from
simulation (1 − βt − γt2).

7 AMVA: χ2
IP in MVA. Linear acceptance correction.

8 Fit bias with/without A → 18fs.



Fit τL
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Syst in τL measurement
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