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Introduction

B-physics at CMS

In addition to high pT physics (SM, Higgs, searches) CMS can give significant contribution
to beauty and heavy flavour physics

in some field able to compete with a dedicated experiment as LHCb

Key elements:
I large production x-section at LHC
I excellent tracking and muon id performances
I flexible trigger system able to collect data at high luminosity and large pile up

This presentation

I will report some of the (not-so) recent results for the CMS collaboration in Heavy Flavour:
focus on most recent results, not a complete review, personal bias in place.
More complete information about HF-physics results can be found at
CMS public results webpage
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Quarkonia production [arXiv:1710.11002 (sub. to PLB)]

5 (prompt) quarkonia states J/ψ, ψ(2S),Υ(1s, 2s, 3s)
√

s = 13 TeV, L = 2.4(2.7) fb
−1

, |yµµ| < 1.2

d2σ

dpT dy
·B(qq → µµ) =

N(qq )(pT, y)

L∆pT∆y
·
〈

1

(εA)(pT, y)

〉

A =
Ngen

kin (pT, y)

Ngen(pT, y)
from MC simulation

εµµ(pT, y) = εµ(pT1, η1) · εµ(pT2, η2) · ρ(pT, η) · ε2
trk

from tag & probe correlation

for µµ

Tracking

efficiency

N
(qq )
prompt in a 2D bin (pT, y)

from UML fit of Mµµ(and cτ for ψ).
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Cross section results
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Comparison with NLO NRQCD prediction and 7 TeV results
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good agreement

NRQCD
under(over)estimates J/ψ
(ψ(2S)), within uncert.

ratio 13/7 TeV changing
slowly with pT, expected
from evolution of pdf
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Prompt Double Υ observation 8 TeV [JHEP 05 (2017) 013]

Double J/ψ already seen [LHCb: PLB 707 (2012) 5259, ATLAS: EPJ C 77 (2017) 76, CMS: JHEP 09 (2014) 094], double Υ not yet

HLT: 3µ: 1 pair with
8.5 < Mµµ < 11 GeV

pµT > 3.5 GeV, |η| < 2.4

vertexing (on 2µ & 4µ);

fiducial region: |y Υ | < 2.0

Signal extracted with 2D ext-UML of M(1)
µµ and M(2)

µµ

I M(1)
µµ (M(2)

µµ) higher (lower)-mass Υ candidate

F if (Υ(1S) Υ(2S)): Υ(2S) appears in M
(1)
µµ

NΥ(1S)Υ(1S) = 38± 7 (� 5σ)

NΥ(1S)Υ(2S) = 13+6
−5 (∼ 2.6σ)

 [GeV]
(1)
µµM

8.5 9 9.5 10 10.5 11  [GeV]
(2)

µµM8.5
9

9.5
10

10.5
11

C
an

di
da

te
s 

/ (
50

 M
eV

 x
 5

0 
M

eV
) 

0
1
2
3
4
5
6
7

C
an

di
da

te
s 

/ (
50

 M
eV

 x
 5

0 
M

eV
) 

0

1

2

3

4

5

6

7 (8 TeV)-1L = 20.7 fbCMS

 [GeV]
(1)

µµM
8.5 9 9.5 10 10.5 11

C
an

di
da

te
s 

/ 5
0 

M
eV

0

5

10

15

20

25
Data
All components
Signal

(1S)Υ(2S)-Υ
(1S)-combinatorialΥ
(2S)-combinatorialΥ

Combinatorial

 (8 TeV)-1L = 20.7 fbCMS

 [GeV]
(2)

µµM
8.5 9 9.5 10 10.5 11

C
an

di
da

te
s 

/ 5
0 

M
eV

0

5

10

15

20

25

Data
All components
Signal

(1S)Υ(2S)-Υ
(1S)-combinatorialΥ
(2S)-combinatorialΥ

Combinatorial

 (8 TeV)-1L = 20.7 fbCMS

S.Lacaprara (INFN Padova) HF-physics at CMS Cracow 09/01/2018 9 / 31



Fiducial and effective cross section

Fiducial cross section, assuming isotropical decay of both Υ(1S):

σfid =
NΥ(1S)Υ(1S)

LB2(Υ(1S) → µµ)

1

〈Aε〉 = 68.8± 12.7(stat)± 7.4(syst)± 2.8(B) pb

with different extreme polarization σfid =+36%
−38%

Aε on a event-by-event basis, using measured Υ and µ momenta (data embedding into simulation)

Effective cross-section (with additional Double Parton Scattering process)

σeff =
1

2

σ2
Υ(1S)

σDPS

=
1

2

σ2
Υ(1S)

fDPSσfidB2
Υ(1S)→µµ

, σΥ(1S) form
[CMS, PLB 749(2015) 14]

2.2 < σeff < 6.6 mb

I corresponding to fDPS ≈ 10− 30% from residual of SPS prediction
I not enough stats to measure fDPS from ∆yΥ(1S)Υ(1S) .

X heavy quarkonia measurement (2− 8 mb) (mostly from gg)

7 smaller than that from multi-jet studies 12− 20 mb (mostly from qq̄ and qg)

might indicate distance between g’s smaller than that of q ’s or q-g
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Lifetime measurements [arXiv:1710.08949, sub to EPJC]

Motivation:

Precision lifetime measurement play important role in non-perturbative QCD
I description by Heavy Quark Expansion (HQE) model
I perturbative expansion of interaction of single heavy quark with light ones

B+
c weak decay through either b or c decay (shorter τ) or via annihilation (predicted to

contribute 10% of decay width)
I lifetime measurement can be used to test its decay model
I some discrepancies between τ

B
+
c

: LHCb > Tevatron.

CMS measured lifetime of b-hadrons decaying to J/ψ(→ µµ) + X : 8 TeV, 19.7 fb−1

States considered:

B0 B0 → J/ψK∗, B0 → J/ψK0
S

B0
s B0

s → J/ψππ , B0
s → J/ψφ

Λb Λb → J/ψΛ
B+

c B+
c → J/ψπ

I Reference channel B+ → J/ψK+
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Methods: ct proper decay lenght

b-hadron lifetime from proper decay length:

ct =
L

(βγc)
=

Lxy

(βγ)T

= Lxy

M
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UML of ct, σct (per-event), and Mb−had

efficiency distortion corrected from simulation

turn-on region discarded ct > 200µm (100µm B+
c )
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Results: B0 lifetime
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B0 → J/ψK∗ B0 → J/ψK0
S

decay mode CMS results PDG2016

B0 → J/ψK∗ cτ
B

0 = 453.0± 1.6(stat)± 1.5(syst)
455.7± 1.2 µm

B0 → J/ψK0
S cτ

B
0 = 457.8± 2.7(stat)± 2.7(syst)

Good agreement between the two final states and with world average
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Results: B0
s lifetimes
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decay mode CMS results PDG2016

B0
s → J/ψππ τH = 504.3± 10.5(stat)± 3.7(syst) 509± 12 µm

B0
s → J/ψφ τeff = 443.9± 2.0(stat)± 1.2(syst) 443± 2.4 µm

J/ψππ dominated by B0
s → J/ψf (980): CP-odd τH

J/ψφ mixture of CP-odd and even, effective lifetime τeff

I complementary to measurement of weak mixing phase ϕS
[CMS, PLB 757(2016)97]

combination of τH and τeff gives: cτL = 419± 6.4 µm, compatible with WA
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Results: Λb lifetime
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cτ = 442.1± 8.2(stat)± 2.7(syst)µm

good agreement with previous CMS results and
with world average (439.8± 3.0µm)

follow the tendency for longer lifetime
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B+
c lifetime measurement method

for B+
c used ∆Γ (LHCb approach

[PLB 742(2015) 29]
);

I difference of total width B+
c → J/ψπ+ and B+ → J/ψK+

I cτ
B

+ = 490± 0.8(stat)µm PDG2016: 491.4± 1.2µm

large background, smaller lifetime: the ratio method reduces syst uncert, as the resolution cancel
out.
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B+
c lifetime results

∆Γ extracted via a binned χ2-fit to R(t), corrected
for efficiency ratio, with an exponential function.
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= 162.3± 8.2(stat)± 4.7(syst)± 0.1(τ
B

+)µm

In agreement with recent LHCb
results and world average

higher than Tevatron results
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Λb polarization [CMS-PAS-15-002, submitting to PRD]

HQET predicts large fraction of b polarization to
be retained after hadronization [hep-ph/0702191.]

Λb polarization P measured in decay
Λb → J/ψ(→ µµ)Λ(→ pπ−)
I both prompt and non-prompt decay;
I 7(8) TeV with 5.2(19.8) fb−1

I both Λb and Λb decay: from CP P = −P

α1 parity-violating decay asymmetry
α2 longitudinal polarization of Λ
γ0 related to J/ψ polarization
αΛ is the asym parameter of Λ → pπ− decay

(fixed to 0.642± 0.013)

α1, α2, γ0 related to Tij helicity amplitudes of Λ

and J/ψ [Kramer-Sima, NPB 50 (1996) 125]
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ẑ2

ẑ1
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5 angles describe the decay:
Ω = (θΛ, θp, ϕp, θµ, ϕµ)
integrating over ϕµ and ϕp sim-
plify the pdf (imax = 19→ 8)

helicity formalism:

d
5
Γ

dΩ5

(Ω) ≈
8∑

i=1

ui (α1, α2, γ0) vi (P, αΛ) wi (Ω) .
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Λb polarization results

UML fit to 7 and 8 TeV, Λb and Λb

I θΛ,p,µ and MJ/ψΛ

I background from M side bands
I 3D efficiency from simulation
I NΛb

= 984± 41(2114± 57) 7(8) TeV
I NΛb

= 919± 45(2021± 57) 7(8) TeV )[GeV]Λ ψm(J/
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P = 0.00± 0.06 (stat)± 0.06 (syst),

α1 = 0.14± 0.14 (stat)± 0.10 (syst),

α2 = −1.11± 0.04 (stat)± 0.05 (syst),

γ0 = −0.27± 0.08 (stat)± 0.11 (syst),

Good agreement with LHCb[PLB 724 (2013) 27] and ATLAS[PRD 89 (2014) 092009]

P consistent with pQCD prediction 10% [PLB 649 (2007) 152], but disfavour P ∼ 20%[PLB 614 (2005) 165]

α1 predicted 0.78 from HQET [arXiv:hep-ph/0412116] disfavoured, other models ok ∼ [−0.2,−0.1]

α2: positive helicity for Λ suppressed, as predicted[PRD 88 (2013) 114018]
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Outline

1 CMS performance

2 Quarkonia production
Single quarkonium production
Prompt Double Υ observation

3 Properties
Lifetime measurement
Λb polarization

4 Spectroscopy
Search for X +(5568)→ B0

sπ
+

5 Rare decays and angular analysis
B0

s → µµ
b → sµµ

6 Summary
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Search for X+(5568)→ B0
sπ

+

Observation by D0 [PRL 117 (2016) 022003]

with L=10.4 fb−1, ≈ 5.5k B0
s

reported 5.1σ
“first instance of a hadronic state with
valence quarks of four different flavors.”

Not confirmed by LHCb[PRL 117 (2016) 152003]

with 3 fb−1,
(30+14)k B0

s → (J/ψφ + D−s π
+)

Search performed at CMS [CERN-EP-2017-287, sub. to PRL]

based on ∼50k B0
s → J/ψφ decays
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Search for X+(5568): invariant mass scan

Search for structures in the M
B

0
sπ
±

B0
s → J/ψφ

I 2µ, pmu
T > 4 GeV, pµµT > 7 GeV

I 2 tracks (K±), p
K
T > 0.7 GeV, |MKK −Mφ | < 10 MeV

I fit µµKK to common vertex

I p
B

0
s

T > 10 GeV, Dxy/σ > 3, pointing to primary vtx

X (5568)± → B0
sπ
±

I p
π
T > 0.5 GeV, no ∆R(B0

s , π) cut

M∆

B
0
sπ
± = MJ/ψKKπ −MJ/ψKK + M

B
0
s

I strong correlation between MJ/ψKKπ and MJ/ψKK

Comparison M∆

B
0
sπ
± in B0

s signal and side bands

I removing MKK cut, lower/higher SB

I from higher SB: B
(∗)
1,2 → B0

s
(∗)
π , with B0

s → J/ψK+π−
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Search for X+(5568): impact of ∆R cut and results

Cone cut (∆R(B
0
s , π ) =

√
∆η

2
+ ∆φ

2
),

strongly affect M distribution
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Outline

1 CMS performance

2 Quarkonia production
Single quarkonium production
Prompt Double Υ observation

3 Properties
Lifetime measurement
Λb polarization

4 Spectroscopy
Search for X +(5568)→ B0

sπ
+

5 Rare decays and angular analysis
B0

s → µµ
b → sµµ

6 Summary

S.Lacaprara (INFN Padova) HF-physics at CMS Cracow 09/01/2018 23 / 31



B → µµ: CMS results

CMS results for B(Bs,d → µµ)

Run I results [PRL 111 (2013) 101804]

L = (5 + 20) fb−1 @ 7&8 TeV
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[Nature 522(2015)68]
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B → µµ: Projection for Run2

[CMS-FTR-13-002]

[CMS-TDR-15-002]

[CMS-TDR-17-001]

B → µµ new analysis:

improved muon ID

improved pileup studies

effective lifetime
determination

in-situ dimuon
trigger/reconstruction bias
determination

not a ”search analysis” any
more
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B0 → K∗µµ: introduction

B0 → K∗µµ FCNC process

Fully described by: θ`, θK , ϕ and q2 = M2
µµ ;

B0 (B0) identified by K and π charges;

First analysis [PLB 753 (2016) 424] 8 TeV, 20 fb−1:
I measured AFB , FL, and dB/dq2 vs q2.
I Signal Yield ∼ 1400 events

Use same dataset to measure P ′5 and P1 with CMS data
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B0 → K∗µµ: Signal Pdf

Final state K+π−µ+µ− has contribution from P-wave (K∗) and S-wave

in total, PDF has 14 parameters: fold around ϕ = 0 and θ` = π/2 to reduce them

1

dΓ/dq
2

d
4
Γ

dq
2
d cos θld cos θKdφ

=
9

8π

{
2

3

[
(FS + AS cos θK)
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1− cos

2
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)
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5
S

√
1− cos
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]
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2FL cos
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+2P
′
5 cos θK

√
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1− cos

2
θK

√
1− cos

2
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]}

6 parameters left: statistics not enough to perform a fully floating fit

FL, FS , and As fixed from previous CMS measurement

P1 and P ′5 measured, A5
s nuisance parameter
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Full PDF, including mis-tagged events and background

p.d.f.(m, cos θK, cos θl , φ) = Y
C
S ·
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S
R
i (m) · Sa
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Full PDF, including mis-tagged events and background
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Full PDF, including mis-tagged events and background

p.d.f.(m, cos θK, cos θl , φ) = Y
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Mass Shape
(double gauss)
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Full PDF, including mis-tagged events and background
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Signal pdf
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Full PDF, including mis-tagged events and background
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3D Efficiency
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Full PDF, including mis-tagged events and background
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Fit performed for 7 (+2 CR) different q
2

bins

Fit m side bands to determine the background shape;

Fit whole mass spectrum with 5 floating parameters;

used unbinned extended maximum likelihood estimator

I discretize P1,P
′
5 space

I maximize L(YS ,YB ,A
5
s )

I fit L with 2D-gaussian
I find abs max of L inside the physically allowed region

stat uncert using FC construction along the 1D profiled L
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Systematics

Systematic uncertainty P1(10−3) P′5(10−3)

Simulation mismodeling 1–33 10–23
Fit bias 5–78 10–119
MC statistical uncertainty 29–73 31–112
Efficiency 17–100 5–65
Kπ mistagging 8–110 6–66
Background distribution 12–70 10–51
Mass distribution 12 19
Feed-through background 4–12 3–24
FL, FS, AS uncertainty propagation 0–126 0–200
Angular resolution 2–68 0.1–12
Total systematic uncertainty 60–220 70–230

Comparing fit results on MC (high stat) with
input (simulation mismod)

Fit bias with cocktail signal MC + toy
background from data side-bands;

MC stat due to limited statistics in efficiency
shape evaluation

Comparing FL on CR wrt PDG (efficiency)

Kπ mistag evaluated in J/ψ control region and
propagated to all bins;

Propagation of FL, FS , and As uncertainties:

generate pseudo experiments, with x100 events, for each q2 bin;
I Fit with FL,FS ,As free to float and with FL,FS ,As fixed;
I ratio of stat. uncert. on P1 and P ′5 with free and fixed fit used to estimate syst uncertainties.

check bias vs statistics of toy MC and validated on control channels
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Results: fit projection for second bin: 2.0 < q2 < 4.3 GeV2
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Results vs SM prediction and LHCb/Belle measurements
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SM-DHMV is computed using soft form factors in addition with parametrised power corrections and with the

hadronic charm-loop contribution derived from calculations
[JHEP 01 (2013) 048, JHEP 05 (2013) 137 ]

SM-HEPfit uses full QCD computation of the form factors and derives the hadronic contribution from LHCb data
[JHEP 06 (2016) 116, arXiv:1611.04338]

No significant deviation wrt SM prediction, more compatible with SM-DHMV
uncertainties are not small
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Outline

1 CMS performance

2 Quarkonia production
Single quarkonium production
Prompt Double Υ observation

3 Properties
Lifetime measurement
Λb polarization

4 Spectroscopy
Search for X +(5568)→ B0

sπ
+

5 Rare decays and angular analysis
B0

s → µµ
b → sµµ

6 Summary
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Summary

Although designed for high pT physics,
CMS can provide interesting results on flavour physics

results shown:
I single and double quarkonia production
I lifetime measurement for B0, B0

s , B+
c , Λb

I Λb polarization
I search for X (5568)
I B0

s → µµ

I B0 → K∗µµ angular analysis has been extended to measure P1 and P ′5
parameters:

Large dataset at 13 TeV still being analyzed

trigger is performing well also for this low pT physics

expect interesting results and updated in the future.
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Additional stuff

Additional or backup slides
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Yield extraction

Quarkonium yield extracted with a extended-
UML to Mµµ.

Pdf used:
I J/ψ : Crystal ball + Guassian
I ψ(2S): Crystal ball
I Υ (1s,2s,3s): Crystal ball
I Background: exponential

for J/ψ , ψ(2S) non prompt-component from
b-hadrons decay.
I use 2D UML using also decay lenght of

J/ψ ,ψ(2S): pdf
F prompt component: double gaussian

(per-event resolution)
F non-prompt: exponential⊗gaussian
F background: double gaussian
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J/ψ and ψ(2S) fraction from b-hadrons decay
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and for 7 TeV (|y | < 0.9) and 13 TeV (|y | < 0.3)
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B+ production

Phys. Lett. B 771 (2017) 435√
s = 13 TeV, L = 48.1 pb−1 with 50 ns bunch spacings

Decay mode: B+ → J/ψK+ → µ−µ+K+

dσ(pp → B+X)

dxB
=

nsig(xB)

2A(xB) ε(xB)BL∆xB
x = pB

T , y
B

Selection:

L1 2µ |η| < 1.6 or
2µ |η| < 2.4 and 1µ pT > 10 GeV

HLT 2µ |η| < 2.4, pT > 4 GeV,
2.9 < Mµµ < 3.3 GeV, Pµµvtx > 10%

J/ψ pT > 8 GeV

K charged track pT > 1 GeV

factor 2: σ for single charge B+

nsig (pT, |y |) from UML fit

B = B(B+ → J/ψK+) · B(J/ψ → µµ)

∆pT, ∆y = 2∆|y | are bin widths

A, ε from MC, evaluated for each bin
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Signal yield extraction

Signal extracted with extendend UML to M
J/ψK

+

distribution in different bin of pT and y

9 bins in pB
T ∈ [10− 100] GeV

I |yB | < 1.45(2.1) for p
B
T < 17(100) GeV

8 bins in |y B |
I p

B
T ∈ [10− 100] GeV

pdf:
I signal: 3 gaussian
I combinatorial background: exponential
I B+ → J/ψπ+: 3 gaussian
I B → J/ψ + h′s: error function
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B+ cross-section results: 13 and 7 TeV
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13 TeV. Reasonable agreement in shape and normalization
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Cross section ratio: 13/7 TeV
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Double Quarkonia Production: SPS
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Double Quarkonia Production: DPS
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σeff comparison
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Double Quarkonia Production: systematics and polarization

λθ1 +1 +1 +0.5 −0.5 +0.5 −1 +1 −0.5 −0.5 −1
λθ2 +1 +0.5 +0.5 +0.5 −0.5 +1 −1 −0.5 −1 −1

Change (%) +36 +26 +18 −2 −3 −9 −9 −19 −29 −38

Component Uncertainty (%)
Resonance shape 7.9

Simulation 4.9
Efficiency 3.7

Acceptance 2.8
Integrated luminosity 2.6

Total 10.7
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Lifetime: b-hadrons reconstruction
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Lifetime measurement: UML fit
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Lifetime: B0
s effective lifetime
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B0
s system: mixing and decay
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Λb polarization
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Λb polarization systematics
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Λb polarization systematics
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Λb polarization results

i ηi ci fi
1 1 1 1
2 α2 αΛ cos θp
3 −α1 P cos θΛ
4 − (1 + 2γ0) /3 αΛP cos θΛ cos θp
5 γ0/2 1

(
3 cos2 θµ − 1

)
/2

6 (3α1 − α2) /4 αΛ cos θp
(
3 cos2 θµ − 1

)
/2

7 (α1 − 3α2) /4 P cos θΛ
(
3 cos2 θµ − 1

)
/2

8 (γ0 − 4) /6 αΛP cos θΛ cos θp
(
3 cos2 θµ − 1

)
/2
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B0
s → µµ Analysis in a nutshell PRL 111 (2013) 101804

Signal (BDT selection)

a good, isolated µ± pair from displaced vertex

momentum aligned along flight direction;

invariant mass peaking at M(B0
s ,B

0
d )

B(B
0
s → µµ) = Ns ·

B(B
± → J/ψK

±
)

N(B
± → J/ψK

±
)
·
ε(B
±

)

ε(B
0
s )

fu

fs

ε include acceptance, trigger, and selection

fs/fu B-factorization

Background

combinatorial (semileptonic decay): side bands

rare decays

I non peaking B0
s → K−µν , Λb → pµν (MC)

I peaking B0 → KK,Kπ, ππ : absolute yield
evaluated on independent single-µ trigger

µ quality, good sec. vertex, isolation, pointing angle,
and Mµµ resolution: → powerful background
suppression

Normalization channel B± → J/ψK± → µµK±, calibration B0
s → J/ψφ → µµKK

UML symultaneous fit to Bs and Bd

several categories based on event classification (BDT) and region (Barrel-Endcap)
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B0
s → µµ
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B0
s → µµ: overview
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B0
s → µµ: methodology
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B0
s → µµ: systematics
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Dataset selection
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CMS Preliminary  (8 TeV)1−20.5 fb
Trig Dedicated HLT trigger path:

Low pt dimuon, displaced, low invariant mass

h ph
T > 0.8 GeV, |M(Kπ)−MK

∗ | < 90 MeV, MKK > 1.035 (φ

veto), displaced DCA/σ > 2

µ pµT > 3.5 GeV, pµµT > 6.9 GeV, 1 < Mµµ < 4.8 GeV,
displaced L/σ > 3

B0 pt > 8 GeV, |η| < 2.2, displaced (L/σ > 12), cosα > 0.9994,
|M −M

B
0 | < 280 MeV

I Both B0 and B0 considered, if more than one candidate,
take the one with best B0 vtx CL

I anti radiation cut against feed-down of J/ψ/ψ ′

CR signal and control sample J/ψ and ψ ′ treated same way.

CMS has no PID capability to
distinguish K from π
CP state assignment
based on which hypothesis
M(K+π−/K−π+) is closer to
MK
∗(PDG ):

mistag rate 14% (MC)
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Background considered

Partially reconstructed B
0

decay might pollute left M
B

0 side bands

I restrict left s.b. (5.1 < M < 5.6 GeV, default 5 < M < 5.6 GeV)
I redo fit: change in P1 and P ′5 within the systmatics uncertainties.

B
± → K

±
µµ plus and additional random π

∓
:

I distribution ends at M > 5.4 GeV, further reduced by cosα cut, and BR similar to B0 → K∗µµ

Λb → pKJ/ψ(µ
+
µ
−

)

I look at event in the MKπµµ ≈ M
B

0 peak, reconstruct them using p,K mass hypothesis: no peak
seen.

B
0 → DX , with D → hh and h mis-id as µ

I requires two mis-id: PmisId ∼ 1 · 10−3: given BR ∼ 1 · 10−3 negligible.

B
0 → J/ψ(µµ)K

∗
(Kπ), with one h and one µ switched

I PmisId µ · (1− εµ) ∼ 1 · 10−4, Y
B

0→J/ψµµ
∼ 1.6 · 105: few events in bin close to J/ψ

I J/ψ feed contamination in close bin included in the fit model
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Fit validation

extensive fit validation with MC: used as systematics

compare fit results with MC input values (sim
mismodeling)

compare with data-like MC (fit bias)
I signal only correct tag
I signal correct+wrong tag
I signal + background

Data control channel (J/ψ and ψ ′), comparing fit results
with PDG (FL) (efficiency)

compare P1 and P ′5 on J/ψ and ψ ′ w/ and w/o FL fixed:
no bias
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B(B
0 → K

∗
ψ
′
)

B(B
0 → K

∗
J/ψ)

==
Y
ψ
′

ε
ψ
′

εJ/ψ

YJ/ψ

B(J/ψ → µ
+
µ
−

)

B(ψ
′ → µ

+
µ
−

)
= 0.480± 0.008(stat)± 0.055(R

µµ
ψ )

vs PDG 0.484± 0.018(stat)± 0.011(syst)± 0.012(R
ee
ψ )
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Fit Validation (2)
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Fit procedure
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FC stat uncertainties determination
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