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Outline

Introduction

Time-dependent study of radiative b — sy decays

- B> K*(K2n®)y

Time-dependent study of penguin dominate b — sqq decay
+ BY > KKYK?

Summary




Introduction

- BY — B’ mixing
- B meson flavor changes via a
box diagram and flavor
oscillates with time evolution

In Belle II, B meson pairs are

produced from Y (4S) decay and £ ¥
> . Vi, Vtd

mixing occurs simultaneously

in two B mesons due to

quantum entanglement.

Figl. box diagram




Introduction

» Time-dependent analyses 5 _
are performed by B B°
measuring a decay time ' D= ,
difference of B mesons At. |
Number of Mixed (B — B =—=)-
or B — B%) and Un-mixed B®
(B° — B?) events:

|At| Fig2. Decay time difference of B mesons
———[1—cos(AmAt)] At

® NMOCeTBO

—M[1+cos(AmAt)]
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Time-dependent CP violation (TDCPV)

» Time-dependent CP asymmetry
. . P(EO(At)—)fCP)—P(BO(At)_)fCP) .
Acp(At) = P(BO(At)~fcp)+P(BO(At)~fcp)

SsinAmAt + AcosAmAt
SM: S, A are very small

S: Time-dependent CPV parameter

A(=-C): Direct CPV parameter 5/d
Am: B-B mass difference

At: B-B decay time difference Fig3. Tree with box

diagram.




Vertexing

A
l
e beam *

Fig4. An example of reconstruction of decay
vertices of B mesons, B? —» K¢n'y.

B mesons are produced
through asymmetric
energy collision of ete”
beams, displacement of
decay vertices is measured
Az~ByAt relies on vertexing
of both B mesons (B, and
B..; ). it converts to At as

known as boost effect




Vertexing

Beam spot constraining technique if
no charge track originates at By;,
vertex

Extrapolate K; flight to the beam
spot

Fit Y(4S) - B°B? with kinematical
constraint

Validate using B° - J/y K control

sample
The vertex precision is related to

vertex detector resolution

Fig5. An example of reconstruction
of decay vertices of B mesons if no
charge track originates at By,

vertex, B? - Kqnly.




B - K*(K,n?)y results

Variation of CP asymmetries
along m(Ksn®) expected
small

Check the K*(892) range

| didn’ t find released results in

" Belle Il web page. Who should I
Fig6. B? - Kyny. I talk to?




Summary of the b —» sy mode

Time-dependent analyses of the b - sy mode
have been performed by Belle II

- B > K*(Kn®)y

Measurements compatible with CP

conservation
All measurements limited by statistics




Penguin dominate: B? - KK K

e
P(At) = T (1 + q[Ssin(Am At) + Acos(Am At)])
B

The SM predicts that S = —sin2¢; and A =0 b

+ The deviation of sin2¢; from B? - J/PK? is
predicted to be 0.06 + 0.00

Fig8. Penguin amplitude for the
B? - K¢K¢Kg decays




Penguin dominate: B? - KK K

 Belle experiment using 772 M BB pairs
e §=-0.711+0.23 (stat) + 0.05 (syst)
« A=0.12 +0.16 (stat) + 0.05 (syst)
- BaBar experiment using 468 M BB pairs _
+ §=-0.94+92%% (stat) +0.06 (syst) %
« A=0.17 + 0.18 (stat) + 0.04 (syst) R > d
J

Belle II data in this analysis using 200 M BB s K5

pairs ; f o
e §=-1.86+ 0.83 (stat) + 0.09 (syst) d d

« A=-0.22 £+ 0.29 (stat) = 0.04 (syst) Fig8. Penguin amplitude for the
B? - K¢K¢Kg decays




The M, distributions: B? - KK K.,

L
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Belle II (preliminary) ——data
— fit

I L dt =189.3fb" 2% signal

--=+ background

:— Belle II (preliminary) ——data
- — fit

_[ L dt = 189.3fb™ %% signal

--=+ background
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Systematic uncertainties: BY -
KsKKg

Table 1: Systematic uncertainties

Source 05 0A Dominate systematic
uncertainties is Flavor tagging

Vertex reconstruction 0.025
Flavor tagging 0.079
Resolution function 0.012
Physics parameters 0.008
Fit bias 0.003
Signal fraction 0.011
Background At shape 0.011
Detector misalignment 0.002
Resolution model 0.001
Tag-side interference 0.014
Total 0.087




At Results: B? - K K K,

- Belle II (preliminary g =+, B;z
g

Lo mman A T measurements limited by statistics

Events / 2.0 [ps]

Belle II (preliminary)
J. L dt=189.3b"

Asymmetry




Summary of the b - sqq mode

« Time-dependent analyses of the b — sqq
mode have been performed by Belle II
- B> KK, K,
« Measurements compatible with CP

conservation
Belle II data in this analysis using 200 M BB
pairs
« §=-1.86 1+ 0.83 (stat) + 0.09 (syst)
e« A=-0.22 1+ 0.29 (stat) + 0.04 (syst)
« All measurements limited by statistics
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Introduction

» Time-dependent analyses
are performed by
measuring a decay time ' D= %
difference of B mesons At.

BD

Fig2. Decay time difference of B mesons
At




Time-dependent CP violation (TDCPV)

 Induced by quantum interference with
decay to the CP-eigenstates

pmmm—

» Time-dependent CP asymmetry |
+ Acp(AD)

_ P(B°(Av-fcp)-P(BY(AD-fcp)

~ P(BO(Aat)~fcp)+P(BO(At)~>fcp)

SsinAmAt + AcosAmAt _
SM: S, A are very small 5/0/

+ S: Time-dependent CPV parameter _ ,

. A(=-C): Direct CPV parameter 5}23}3? with box

- Am: B-B mass difference

 At: B-B decay time difference




1Y)y results
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Variation of CP asymmetries
along m(Ksn®) expected
small

Check inside/outside the
K*(892) range

Entries / (0.02 GeV

Belle, Phys. Rev. D74, 111104 (2006)
N(BB) = 535M

§=-0.10£0.31£0.07 “Inclusive” analysis,
A=-020+020+0.06 m(Ksn°) < 1.8 GeV/c
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S =-0. 32+3§§ +0.05 “K*(892)-only” analysis,

0 2 [
A=-0.20+0.24+0.05 0.8 < m{Kr) < 1.0 GeVie 75 -5 250 25 5 75 I

At (ps) ]
: :
can’ t find the new results in Belle .
I1I web page. Who should I talk to? | BELLE2-CONF-PH-2021-014
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Penguin dominate: B? - KK K

e
P(At) = T (1 + q[Ssin(Am At) + Acos(Am At)])
B

o~ 1At /750

P(At) =

(1 + ¢[S sin(Am, At) + A cos(Am, At)])

4T BO

Fig8. Penguin amplitude for the
B? - K¢K¢Kg decays




Performance highlights from Belle II

sl sater | - The observed Cherenkov rings
‘ for pion tracks in data from
K? - n*n~ decays with track

O_

# of photons
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o | /\f\\ momentum of p = 0.74 Ge\//c

p =0.74 GeV/c, - 10.4, log L -log Le_ 25.92
0.6 0 —
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06 edetected —exp.nt —exp.e detected —exp.xt —exp.e (beIOW). The red and blue ringS
osf gaes .- | show the expected rings for the
‘ pion and electron hypotheses

respectively.
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Performance hlghllghts from Belle II

1 e————————— ] Binary (Rg, > 0.5) K /7 separation
o performance as a function of the

. hidans laboratory frame momentum

K ID eff|C|ency (MC) | mOe asur%d Wltrl th+e D™ =

_ _ .................. s S Bé‘llé"II"p‘ré'Iim'ih'a'ry ........ D ”s:D —> K™ m sa.mple._.Up\.Nard
o det 208 fb | pointing triangles: K identification

| efficiency for the dependent MC

¥y 7 mis-ID rate (data) | (empty blue triangles) and data (filled

V T mls ID rate (MC) : ? T . ]

, , , _ red). Downward pointing triangles:

mis-identification probability for MC

(empty blue) and data (filled red).
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Performance highlights from Belle II

Binary (R, > 0.5) K/m separation
performance as a function of the
cos0,,, measured with the D** —
D°nf, DY - K~ sample. Upward
pointing triangles: K identification
efficiency for the dependent MC

R s S (empty blue triangles) and data (filled
; gm:z:ggg Eﬁﬂaéa)ﬂ red). Downward pointing triangles:
e e mis-identification probability for MC
(empty blue) and data (filled red).

1

e
o)

1T T | L [ T 1

AA

AAA

=
2}

©
~

T

Q
©
S

o

@
S
B

=~
=

0
c

Q2

O

LU

)

N

=
)S)

21 '—08 060402 0 02 04 06 08
Cosine of the polar Angle [cos6] #2022 Belle || ICHEP note




Belle II, international collaboration

Member Institutes: (based on B2ZMMS data as on Aug 17th, 2019)
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Accelerator: SuperKEKB
s [ )

Goal

Belle Ii - Operation Links Year Peak luminosity Integral

) x103° ¢cm™2s~!  Luminosity
Workshop Luminosity projection ab!

Review Committee 1
1 0 T T T

— |_peak(Target) I
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Documents
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Useful information

Glossary
Photo Gallery
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Peak Luminosity [x10°°cm s™']
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Detector: Belle-II
~
EM Calorimeter

CsI(Tl), waveform sampling electronics

electrons (7 GeV)

Vertex Detector V 2

2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip
DSSD

Central Drift Chamber

Smaller cell size, long lever arm

-4

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)

Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

p05|tron (4 GeV)

< 4

#2022 Belle Il public webpage 26




