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Introduction W

OGELLE

Time-dependent CP violation is induced by quantum interference between

BO-BO mixing and B° decay to CP eigenstate (fc»r).
P(BY(At) — fcp) — P(B°(At) = fop)

Acp = —— = $SinAmAt + A COSAmA¢
" T P(B(AL) —+ for) + P(BYAL) — for) - -
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S = : Time-dependent CPV parameter, A(=—C)= : Direct CPV parameter
(A [2+1 P P ==0=15172 p
Am: B-B mass difference, A¢: B-B decay time difference
B-B’ mixing box diagram b—ccs tree diagram b—sqgq penguin diagram
B BI—(cc) K “Golden mode” B'—n’ K? “Probe for new physics”
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KEKB accelerator and Belle detector ¥
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Overview of time-dependent CP violation analysis {B

OELLE
- Signal B is reconstructed and selected - Tag side
using kinematic variables (mass, energy) Remaining observables in an event is

- Continuum background is rejected used for flavor determination
using event shape variables from all BO—D*t[- v B0—»D**—-DO0m+ D0— K[ty

observables.

- At 1s measured by vertex positions

Emig cont. bkg %“
S | EE BB bke. 5 —
Zeof || signal o of B and B.
S 5, Tag side B
IV U
200 + BOI 71 a
g.23 524 525 526 527 528 529 -02 -0.15 -0.1 005 0 0.05 01 0.15 02 T (4S) ESignaI Side B
Beam constraint mass:  Eenergy difference: » 0o K°

Moc =w/(Ebeam/2)2 - If)rec2 AE = ErecCM -Ebeam/2

8x3.5GeV@KEKB, o
%100— u
« 350 T—
800 g 300 _ 1/,1 /F\\ \}‘
i <, 250| B’tag /4 '\
i = 200} 3 A N
- | 5 150 B tag //.4;/,,' \\\
0 0.2 0.4 0.6 0.8 1 100 /{ // .il;\.\v\\ \
qq suppression (Likelihood, Neural-net) . so| < .< e,
§ ozl -
. . . . E o0.a e
CP violation parameters are obtained by the fit to At. ¥ o= -
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® 1 measurement in BO— J/u w©
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Cabbibo-suppressed tree penguin contribution?
S=-sin2¢1,4=0 > S+ -sin2¢1,4+0
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(Z. Z Xing, PRD 61 014010 (1999))

If new physics contributes to the
penguin loop, S and 4 shift due to

different weak phase.
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Asymmetry  Events/2.0 ps Events /2.0 ps

Constrain penguin contribution in B R

S = —1.23+0.21(stat) + 0.04(syst)
decays induced by b—ces diagram C = —0.20 £ 0.19(stat) £ 0.03(syst)
without model dependence. Large asymmetry was seen in BABAR

(non-zero with 4.0 o significance)
PRL 101 021801 (2008)
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® 1 measurement in BO

Nsignal = 33222

B(BY - J/yn') =
(1.62 £0.11 £0.06) x 107>

Events / ( 0.0025 GeV/c?)

S =-0.5940.19 £ 0.03
A=-0.1540.141507,

S+0 by 3.00

confidence level.
Consistent with

Standard model (SM)
expectation.

Published:
PRD98 112008 (2018)
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Time-dependent CPV in 3-body B decays ==

BELLE

CP-even eigenstates with K.
< Two-body B decays with K%sare CP-odd eigenstates (J/¥ K%, ¢ KOs, 1’ KO0"**).

— Validation using both eigenstates is important.
J J P sin(2B”") = si <2¢1 ") [T
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Vertex reconstruction of neutral final states{@==

BELLE

BO decay vertex is reconstructed using charged
track path obtained by the vertex detector (SVD).

Electromagnetic calorimeter (ECL) detects photon
hit postion and no path information is obtained.
— We can not reconstruct B decay vertex using

e‘_b\ﬂ\—eJr
Interaction ~ ~ )
point (IP)

Information of photons from w9 decay.

K% decays a point apart from B decay vertex.

— Reconstruct signal side vertex using flight Usual B vertex

direction of Ko% with constraint of ete- ﬁnd‘f_
interaction point. Tube-like interaction
. ] ] point constraint Ks daUghers
Comparing to the 2-body decays, decay point is close
to the B0 decay vertex in B0— m 0w 0K0s and B0— K0sK0sKOs, fS(‘jB vertex é"
: : indin ,
K% modes since momentum is lower than. j — _

— Vertex reconstruction efficiency is better by 20-30%.
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counts /1.5 ps

. 7>
¢ 1T measurement In B0— m 0w 0K0; [Waed

Signal yield with vertex information = 146.7+23.6 events
+Data = Totalfit =~~~ Background

OGELLE
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Deviation from non-CP violationis 1.8 0.
Consistent with sinZ2 ¢ 1 from b—ccs diagram.
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d 16T measurement in B0'— K0gK0¢KO0¢

Signals candidates for CP violation measurement are reconstructed we

D>

</[O

OGELLE

(Nsignal = 329x20). After validation of analysis procedure and systematic
error estimation, CP violation parameters are measured.
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Time-dependent CPV In BO—KOsztr—y

Induced by b—>S)’ diagram W Tor new heavy bosons

In SM, $~0 since contamination by right-handed b gw%
photon is supressed by facor my/my.

Val

If new physics contributes to enhance right-handed
component, S#0.

or new color fermions

7 8

St = 87];+7T_Kg,y + <S’7T+7T_Kg7 = T\ﬁ'\z (Imé& cos 23 — Re€ sin23) a’,
7 8
S = 87{+7T—Kg7 — SWJWT_Kg7 = T]ﬂ? (Re€ cos 283 + Imé sin 23) b

E = ¢’/c. retio of right- to left-handed amplitudes

I denotes a symmetric region of
()
Dalitz plane above (below) the

|
|

bisector of mi13—m23
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(arxiv:1802.09433)
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Time-dependent CPV In BO—KOsztr—y

10 ab-1 Belle II, 50 ab-1 Belle II,
8 fb-1 LHCb 22 fb-1 LHCDb
1'0f ] 1'0f “““““““““““ ]
R 1 /S~ S+ 0.5 0.5
e§2 = —|—cos28 — —sin28) =~ | ~
L+ [¢] 8\ b’ al (53 0.0" (53 0.0
Imé 1 /S~ ST g £
1+ ¢ 8 (bl SIL20 + al 6) -0.5 ~0.5
-1.0i . ? 10 i
-1.0 -05 00 05 1.0 -1.0 -05 00 05 1.0
(arxiv:1802.09433) Re(CriIC) Re(Cr1C)
{St,5,al,b/} = {0.17,0.13,—0.5,—0.15} Limit from B—K*e*e-
{0.13,0.04,-0.3,-0.3} LHCb 8fb-1
{0.13,-0.03, —0.15, —0.5} L HCb 22fb-1

—— Allowed region from B—X; y measurment and theory

S+ and S- from time-dependent analysis on Dalitz space leads to constrain on
Willson coefficients Re(C7’/C7) and Im(C7’/C7).

It can be accessible with statistic in Belle Il but analysis strategy is demonstrated
using Belle full data. — Analysis is on-going.
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Summary

Time-dependent CP violation measurements are on the way
using full data set of the Belle experiment.

We focus on recently published two decay modes.

S =-0.59+0.19 +0.03

BY— J/Y Y PRD98 112008 (2018)
A= -0.1540.141573,

BO— 710 77 0RO, sin 2¢5" = 0.927037 (stat.) 7070 (syst.)

PRD99 011102 (2019)
A =0.28 +0.21 (stat.) 4+0.04 (syst.)

— consitent with SM expectation.

Further studies for other CP-eigenstates is still on-going.
B'—K0sK0sK%s Will be updated in near future.
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