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Intro

Time dependent CP violation is a powerful tool to both perform precise
measurement of the unitary triangle and to look for new physics beyond
the standard model.

Within B2TIP Work Package 3, several analysis are being developed in
order to:

estimate the sensitivity of the experiments in these analysis

to asses the readiness of the BelleII software and analysis tool, as well
train the analysis facilities (including the physicist), in a full scale
exercise.

I will briefly report on progress done on three of these analysis:

B → J/ψKs as benchmark for TD analysis

two charmless channels:
I B → φK 0 one of the cleanest charmless hadronic channel;
I B → η′K 0 an other charmless channel, possibly more sensitive.
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Time dependent measurements

NB: βγBelle2(Belle) = 0.28(0.425) Asym =
Γ(B

0→XCP−ΓB̄
0→XCP

ΓB
0

+ΓB̄
0 = A cos(∆m∆t) + C sin()

Need to tag flavour of Btag , CP state of Bphys ,

and then fit P(∆t, q) to data to extract Acp and Scp
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Flavour tagging
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B0 → J/ψK 0: Belle status

B0 → J/ψK 0 is a tree level process b → c, A directly related to sin(2φ1)
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B0 → J/ψK 0: Belle systematics
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New vertex detector and reconstruction algorithm
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∆z resolution (signal side)

Comparison of the same (new) vertex algorithm for BelleII (simulation)
and Belle (porting data to B2 format and use B2 reconstruction software)
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Time dependent measurements

∆t resolution depends on tag
and signal side, as well as boost;

Belle : reso=0.92 ps

BelleII : reso=0.79 ps

in spite of lower boost at
BelleII, the ∆t resolution is
better in BelleII
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Charmless decay

TDCPV also in charmless b → s decay. Here only:
I B0 → φK 0

I B0 → η′K 0

in general the BR is much lower than the b → c

S
η
′
K

0 = sin 2φeff
1 tightly related to sin 2φ1

measured in b → css̄ decay

identical if only penguin diagram were present.
Not so: ∆S

η
′
K

0 ≈ ±0.03, 0.05

new physics can enter in the loop,
shifting ∆S

η
′
K

0 more than SM expectation

errors are statistically dominated, so far: fast
improvement with first data;

competition from LHCb in the case of φ, not for
η′, due to the presence of neutrals.

B0

η′

K0

b

d

s

s

s

g

W

u, c, t
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Comparison of the two channels

Common issue (and tools)

vertexing;

background from continuum;

multidimensional likelihood fit
to extract results.

B0 → η′K 0

larger BR ∼ 10x

Complex final states:
η′ → ηππ, η → γγ/ππ or
η′ → ργ

Combinatorics can be tricky,
especially in presence of beam
background (neutrals)

vertexing slightly better thanks
to multiple π

B0 → φK 0

one of the ”Old Superstars”
(A.J.Buras);

Best published results using a
complex Dalitz analysis

A simpler quasi two-body
decay used here

Simple final state φ→ KK or
φ→ 3π (not used at BaBar/Belle)

Good channel for
commissioning: vertexing,
PID, flavour-tagging, . . .

Presence of scalar, non
resonant, KK S-wave
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Helicity angles for B0 → φK 0
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Vertexing improvement B0 → η′(η → γγ)π+π−

1 Fit the B0 vertex from charged tracks; (π± from η′ → ηπ±)
2 add also constraint from reconstructed K 0

S direction; (K0
S → π+π−)

3 add also constraint from B0 boost direction, transverse plane only.
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No efficiency loss
important improvement in ∆t
resolution
1.89→ 1.62→ 0.91 ps
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Background

Continuum: from e+e− → uū, dd̄ , ss̄, cc̄
events. Will be modeled on data from side
bands: now from MC

I Easy to deal with exploiting the differnt
topology between BB̄ events (central) and
continuum (jet-like)

I Several variables, sensitive to the event
topology are combined in a multivariate
discriminator (which can handle the
correlations among the variables);

Peaking: actual B decay containing real η,
η′, φ, or K0. From cocktail MC.
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Likelihood fit

Multi dim. extended maximum likelihood fit to extract S and C.

Pdf is of the form:
P i

j = Tj

(
∆t i , σi

∆t , η
i
CP

)
︸ ︷︷ ︸

time-dep part

∏
k Qk,j (x

i
k )︸ ︷︷ ︸

time integrated

time-dependent part, taking into account mistag rate (ηf = ±1 is CP state):

f (∆t) =
e−|∆t|/τ

4τ

{
1∓∆w ± (1− 2w)

×
[
− ηf Sf sin(∆m∆t)− Cf cos(∆m∆t)

]}
variables (xk ) used, in addition to ∆t

Mbc

∆E

Helicity (for φ)

Cont. Suppr.

Parameters:

effective tagging efficiency:
Q = ε(1− 2w)2 = 0.34

I w = 0.21, ∆w = 0.02

∆t resolution as shown
previously (convoluted)

τ , ∆m from PDG
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ML fit example φ(K±)KS(π±)
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PDF fit results examples
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Toy studies

Estimate the capability to deal with
the NR s-wave φ

No bias, provided enough O(100)
event for each component are
available

Estimate the sensitivity for a given
luminosity scenario η′

Yield estimated for
L = 300 fb−1. Nsig = 390

input CP pars:S=0.7 C=0.0
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Toy results - dtSig_S Entries  1000

Mean   0.00563±  0.696 

Std Dev    0.00398±  0.178 

Toy results - dtSig_S

Par Bias RMS

S (0.7) 0.696± 0.005 0.178
C (0.0) 0.005± 0.004 0.13
nSig 390.7± 0.8 24.7

S.Lacaprara (INFN Padova) Hbb JENNIFER GM 22/09/2016 18 / 19



Conclusions

B2TIP is very useful to develop and test the full chain of an analysis
exercise;

good progress in basic as well advanced reconstruction and analysis
tools;

no show stoppers so far, the resolution and sensitivity is in the right
ball park;

writing of the documentation is in progress as well;

still a long road, but we’ll be ready for the data taking.

thanks for your attention
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Additional stuff

Additional or backup slides
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SuperKEKb
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SuperKEKb
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SuperKEKb
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Golden Mode Proposal
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∆z resolution Tag Side
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Vertexing strategy
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∆t resolution for φK 0
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φK 0

continuum suppression
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continuum Background distribution (φK 0)
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Background distributions
Best candidates, after selections
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