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TABLE II: Event fractions (εl), wrong tag fractions (w), wrong tag difference between B0 and B0 (∆w) and effective tagging
efficiency for each flavor tagging quality (r) region, estimated separately for SVD-I and SVD-II data.

l r region εl wl (SVD-I) ∆wl (SVD-I) εeff
l

1 0.100 < r ≤ 0.250 0.168 ± 0.010 0.418 ± 0.007 +0.057 ± 0.009 0.0044 ± 0.0002
2 0.250 < r ≤ 0.500 0.142 ± 0.009 0.330 ± 0.007 +0.013 ± 0.009 0.0164 ± 0.0007
3 0.500 < r ≤ 0.625 0.108 ± 0.008 0.234 ± 0.008 −0.015 ± 0.010 0.0307 ± 0.0017
4 0.625 < r ≤ 0.750 0.135 ± 0.009 0.171 ± 0.007 −0.001 ± 0.009 0.0587 ± 0.0032
5 0.750 < r ≤ 0.875 0.086 ± 0.007 0.100 ± 0.009 +0.009 ± 0.009 0.0550 ± 0.0054
6 0.875 < r ≤ 1.000 0.135 ± 0.009 0.023 ± 0.005 +0.005 ± 0.006 0.1225 ± 0.0079

l r region εl wl (SVD-II) ∆wl (SVD-II) εeff
l

1 0.100 < r ≤ 0.250 0.145 ± 0.004 0.419 ± 0.004 −0.009 ± 0.004 0.0038 ± 0.0001
2 0.250 < r ≤ 0.500 0.177 ± 0.004 0.319 ± 0.003 +0.010 ± 0.004 0.0231 ± 0.0004
3 0.500 < r ≤ 0.625 0.115 ± 0.004 0.223 ± 0.004 −0.011 ± 0.004 0.0354 ± 0.0008
4 0.625 < r ≤ 0.750 0.102 ± 0.003 0.163 ± 0.004 −0.019 ± 0.005 0.0461 ± 0.0014
5 0.750 < r ≤ 0.875 0.087 ± 0.003 0.104 ± 0.004 +0.002 ± 0.004 0.0546 ± 0.0020
6 0.875 < r ≤ 1.000 0.153 ± 0.004 0.025 ± 0.003 −0.004 ± 0.002 0.1377 ± 0.0033
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FIG. 2: cos θB,D∗ℓ distribution. The plot itself is regarded to
be the final. Think additional description.

flavor assignment. The distribution is convolved with the
proper-time interval resolution function Rsig(∆t), which
takes into account the finite vertex resolution [23].

Using the Mbc sideband events, the background PDF
Pbkg(∆t) for each of CP -odd modes is modeled as a
sum of exponential and prompt components, and is con-
volved with Rbkg(∆t) expressed as double Gaussian. In
the J/ψK0

L mode, there are CP violating modes among
B → J/ψX backgrounds and they are treated sepa-
rately from the CP -conserving states. The remaining
B → J/ψX background and other combinatorial back-
ground ∆t PDFs are estimated by the corresponding
large MC sample and Mℓ+ℓ− sideband events, respec-
tively. The construction of these PDFs follows the same
procedure as the previous analyses [7, 9].
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FIG. 3: Mbc distribution for fully-reconstructable control
sample. For some of them, vertical axis label is questioned,
need cehck.

We determine the following likelihood for the i-th
event:

Pi = (1 − fol)
∑

k

fk

∫
[Pk(∆t′)Rk(∆ti − ∆t′)] d(∆t′)

+ folPol(∆ti), (2)

where the index k itemizes each signal or background
component. The fraction fk depends on the r region and
is calculated on an event-by-event basis as a function
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proper-time interval resolution function Rsig(∆t), which
takes into account the finite vertex resolution [23].
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need cehck.

We determine the following likelihood for the i-th
event:

Pi = (1 − fol)
∑

k

fk

∫
[Pk(∆t′)Rk(∆ti − ∆t′)] d(∆t′)

+ folPol(∆ti), (2)

where the index k itemizes each signal or background
component. The fraction fk depends on the r region and
is calculated on an event-by-event basis as a function
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Figure 23: ∆t fit of J/ψK0
S sideband data sample (left). Solid curve shows fit result.

Difference between data and fit curve and (data-fit)/fit are plotted in middle and right.
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Figure 24: ∆t fit of J/ψK0
L sideband data sample (left). Solid curve shows fit result.

Difference between data and fit curve and (data-fit)/fit are plotted in middle and right.

7.1 Vertex resolution function

The vertex resolution function consists of three components, (1) the approximation
that assumes B mesons are at rest in Υ(4S) rest frame (Rk), (2) non-primary tracks’
effect in tag-side (Rnp), and (3) detector resolution effect in both CP (reconstructed;
Rrec

det) and tag (associated; Rasoc
det ) side B mesons as described in [11].

7.1.1 Kinematical assumption (Rk)

The Rk is separately defined for fully reconstructed B decay modes and semileptonic
decays, because the four-momenta of the produced B meson is know precisely enough
for the former (Rfull

k ) while the latter (Rpartial
k ) has one missing neutrino. The Rpartial

k is
modeled by the two asymmetric “lifetime-like” distributions, i.e. core and tail parts, and
fraction of the tail part component is denoted as fk2.

Rpartial
k (t) = {(1 − fk2)Rcore(t) + fk2Rtail(t)}⊗ Gk(t) (14)

where

Rcore(t) =
1

τp
k1

exp(−
t

τp
k1

) for t ≥ 0 and, (15)
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J/ψ K0S sideband

Control sample  
reconstruction

Resolution 
function 
(flavor tagging)

We plan to develop CP fit tools using common control samples.

CP fit



Demonstration of the Scale Error
pt dependencies of 5 helix parameter errors (hadronic MC)

b f / ft th tibefore/after the correction

Before After
correction correction

How to Get the Scale

cosmic:data
HadronB:data HadronB:MC≡ ×

S
S S

S

Pull of helix parameters of hadronic MC sample

HadronB:data HadronB:MC
cosmic:MCS

• Pull of helix parameters of hadronic MC sample

rec. ref.pull
x x−

≡

xrec.: GEANT reconstructed 

xref.:  MC input

( ) ( )22rec. ref.
pull

x xε ε
≡

+
ref p

εrec.: GEANT reconstructed 

εref.:  zero by defintion

• Pull of helix parameters of cosmic sample
– Single cosmic ray track (penetrating the IP) is reconstructed as two tracks.g y (p g )

rec. ref.
2

pull
x x−

≡

xrec.: The first track reconstructed 

xref.:  The second track reconstructed

( ) ( )22rec. ref.
p

x xε ε+ εrec.: Helix error for the first track

εref.:  Helix error for the second track

Introduction to Scale Error

• Scale error = Correction of helix parameter errorsp

• Why scale error? = avoid incorrect weight assignment to events
– In the time‐dependent analysis, each event is assigned to an event‐by‐event 
weight, which is derived from the measured Δt‐uncertainty.

– The Δt‐uncertainty is obtained as a vertex fit output, and is originated from 
the uncertainty of the helix parameters.

• Theory of correctionTheory of correction
– Scale up/down the helix parameter errors so that the pull distribution 
becomes the standard normal Gaussian. 

( ) ( )
rec. ref.

22rec ref
pull

x x−
≡

Gaussian width (σ)

smaller than ideal broader than 1

( ) ( )22rec. ref.
x xε ε+

( ) ( )2rec. ref.
x xε ε+ appropriate 1

larger than ideal narrower than 1

Analysis strategy

Control sample  
reconstruction

Resolution 
function 
(flavor tagging)

CP fit

Scale error 
evaluation

Tracking scale error should be evaluated before resolution function study.



- CP fit using GRID is possible? 
According to Hayasaka-san, multi-core job on GRID is possible 
technically. 
Need to discuss with software and computing group by 
showing specific example of what we want to do.  
→ Advanced common CPfitter for complex fit (Dalitz, φ2,  
    global fit for b→sqq penguin (b→ccs tree) modes) 

- Flavor tagging using MDLH needs study of correlation among  
parameters. Neural-net based one is easy to be implement. 

Issues in discussion



- Control sample mode reconstruction 
Hadronic (B0→D-π+, D*-π+, D*-ρ+, B+→D0π+, J/ψK+) 
Semi-leptonic (B→D*lν) 

- Scale error evaluation 
Cosmic penetrating IP (data/MC fraction) 
Hadronic MC 

- Resolution function 
Δt distribution analysis (materials to discuss model, shape study) 

- (Flavor tagging) 
Neurobayes 
Multi-dimensional Likelihood (if Kakuno-san can help) 

- CP fitter 
Common fitter 
Fitter with multi-core on GRID

Items for tool development
_



  

B2GM Luigi Li Gioi

Mailing list:  physics-tdcpv@belle2.org

If interested, please contact Alessandro and Luigi
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Free analysis


