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In Belle |, B meson pairs are produced from Y (4S) decay and
mixing occurs simlutaneously in two B mesons due to qguntum
entanglement.
— Time-dependent analyses are performed by measuring

a decay time difference of B mesons At.

At Numbers of Mixed (B"-B° or B°-BY)
B’ B’ E and Un-mixed ( B°-BY) events:
: ’ = > Nyroc e A0 [1 — cos(AmAt)
BY BY | BO decay Ny o 1At/ 750 :1 n COS(AmAt):
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Introduction B
Time-dependent CP violation (TDCPV)

Induced by quntum interference with decay to the CP-eigenstates.
Asymmery of TDCPV

Acp (At) = P(B°(At) = fep) — P(BY(At) — fop) Tree with box dl.agrram
P(BO(At) = fep) + P(B(At) — fep) — S term contains CKM angles

Belle I

= S SinAmAt + A COSAmAt

c/u
S: Time-dependent CPV parameter b /
A(=-C): Direct CPV parameter | ‘ c/u
Am: B-B mass difference W <
At: B-B decay time difference s/d
[/ud [/us Vub b — ((j)(_:S : ¢1 )
< Ved Ves Vb > N VaVis* ex. B" — J/YK
Via Vis Vi

b — uwud : q52

ex. B = ntn—

1-A12/2 A AA3(p-in)
= -2 1-1%/2  AAZ

AA3(l-p-in) -AAL2 1
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Time-dependent analysis B

Belle II

To measure very small At, B mesons are produced through

asymmeric energy collision of ete™ and displaccement of decay
vertecies Is measured.

— convert to decay time using boost factor.

Tag side B

Signal side B

)u+

Az~-By At

Reconstruction of decay vertex of B meson with good accuracy
IS a key item for time-dependent analysis in B-factory.
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Experimental apparatus and data set

Belle II

Silicon vertex

Full detector including detector (SVD) | =5 Pixel detector
— (PXD)
vertex detectors has I
been In operation Time-Of-
Propergation

from 2019. counter (TOP)
—Time-dependent

analyses are in Electromagnetic ¢

our reach. Calorimeter (ECL)
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Vertex detectors B

Belle II

2-layers pixel (PXD) + 4-layers Double sided S|Ilcon detector (SVD)
Due to problem in module production, we IS}i I\\ Q" L] ﬁ

ran without a part of 2nd PXD layer. = | e o
- Closer inner layer contributes to

Improve vertex resolution.
- More K¢ decays in SVD due to larger volume. j

— |ncrease efficiency of K2 detection and
vertex reconstruction using K¢ direction
In the decays without primary track from
decay vertex:B° — KJn°, B — K*(— Kon)y

~ 0.040 F—————————— ]

I

% W

§ i Belle Ii 2018 (preliminary) »-Q\ rrrrrrrrrrrrrrrr
g "t ® 100 Belle Il SVD
= 0030 f+ CDC+SVD+PXD : = -
% 002 _+ CDC+SVD +++ oo = 12.1 ,um— .g 80 LLLILITTTTTTTPPPPPrreS -
2 0020 | — 9(0). 3 . :
R I
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0.010 — : o ] 40 — E » '
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o corrected for beam offset [pm] 0 o E
do: closest approach of 0 5 10 15 2
track in x-y plane r of Ks vertex (cm)
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D
Performance study of vertex detctors

Measurement of tracking impact

oint of
parameter using Bhabha events. EL?;?;;:Ch Trafk..ﬂ vy do closest approach of
Difference between width of the (POCA) fl track in x-y plane
do distribution and beam profile %
(sz 14.8 um, o, = 15 u m) production vertex
corresponds to the detector resolution. """" L +::()
El S L = ]
do resolution is calculated as difference 52 :J?::;i‘??@:**:
between electron and positron: ? 7t o

[ d() (t—) + d() (t_|_) ]/\/§ E// —-- Beal;apli):ile \\/' /Ldt:?l-lpb’1

D o e e I o

Average: 14.2+0.1 um (Data) R
12.5+0.1 um (Simulation) Soobe = e o e
— Detector resolution is confirmed for small 3 |
Q 5 + Dat )
beam spot in x-y plane, we can move onto ° | Toemeer / ,,,,,
Az (~O(100) um) measurements. ¢o estimate
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Measurement of mixing 5B

Belle I

Mixing rate is measured using flavor information of B mesons.

Semi-leptonic signal characterized with high momentum lepton
and low momentum pion from D** — Dz*decay is

reconstructed partially. B(B° — D* {*uy) = (5.05+£0.14)%

Other B meson is tagged by high momentum lepton.
B(B° — (t1,X) = (10.33+0.28)%

B meson flavor is determined by charge of lepton.

“di-lepton events” Q‘AZ’O

B .' B beam spot
sig tag
At ~ Az/eBy
T

soft
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Reconstruction of signal decay

B° — D*—¢*+y, signal is reconstructed
using high momentum lepton and
low momentum pion from D** — Dx*

decay. beam spot
Kinematic variables of neutrino
Is calculated from lepton and | Belle If 2015, proliminary  °.
pion momentum with © | fraszest’
mption of B at rest g [ e . [Panal
assumption o at rest. O e oy + »~ |contribution
O
9., -combinatorial
Reconstructed signals: o 5000 | ™
2 |
35492+2209 %
|
-15 -10 5 0 5

ME [G_eVZ/c“]
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Tagged analysis

Flavor of B meson is tagged by high
momentum lepton track and other B

meson

Vertex Is reconstructed with beam

spot information for time-dependent
analysis.

D
o

Belle II
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Time-dependent analysis B

Subdivide sample in each |At| region and calculate fraction of
unmixed events.

Oscillation pattern is observed as |At| evolution.

— consistent with MC expectation with Tpoand Amgworld average.

Belle I
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Samples for 7o /Amsmeasurements P

Tpoand Amy Will be measured using large numbers of flavor-
specific samples of B — Dh(h=m,p) and B’ — D* {1y, ({ = e, p).
They have been found in experimental data.

Belle II
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Samples for TDCPV study

—~

Belle I
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CP-eigenstate for sin 2¢; measurement and its control sample
mode are observed using early data.
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Summary B

Belle I

- Time-dependent analysis using B decay vertex information Is
available in Belle Il owing to vertex detectors installed in last year.

- Calibration and Performance check of the vertex detectors are
confirmed using experimental data.

- BY%_BY mixing Is observed as an oscillation of time-dependent
mixing rate distribution.

- Many decays for time-dependent studies are reconstructed
found Iin early data sample.
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Future prospects B

Belle II

We plan to accumulate a few hundred fb-! data until next summer.
Re-observations of time-dependent CP violation in several CP-
eigenstates are expected.

Mixing and lifetime measurement will reach to systematic limit soon.
We have to consider strategy to reduce systematic uncertainty.
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We have just started to go up stairs toward 50 ab-!. Belle I
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We have just started to go up stairs toward 50 ab-!. Belle I

and get elevator at some floor:--

iiiliiillllllll

ohalgs  1/1/2021 1/1/2023 1/1/2025 1/1/282
1/1/2019
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Belle II

At top floor, we expect to view around flavor physics world to find
out new physics! (I hope 1t will be sunny at that time.)
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Belle I

packup
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Time-dependent analysis ¥
Belle I
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