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Introduction

CKM Matrix

vV vV vV e Coupling of flavor-changing weak interaction of
ud us ub quark.
VCKM — Vcd Vcs Vcb * 3 mixing angle + 1 CP-violating (complex) phase.
th Vts th * Kobayashi-Maskawa model successfully described
the flavor structure of the quark using it.
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Belle II experiment

Belle IT experiment Status of Belle I1

« High luminosity e~e*collider experiment at a . -1 _ _q
center of mass energy of 10.58 GeV. Integrated 424 Th™ (Y (45): 363(b™" )

. _ « Achieved Peak luminosity 4.7x10%*cm “%s~*
- Target integral Luminosity : 50 ab™1! - Y
o 35 3 1 World-best, 2x higher than Belle.
« Target peak luminosity : 6x10°°cm™“s
— Belle Il Online luminosity Exp: 7-26 - All runs
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Date

Belle II can measure CKM more precisely and
explore the physics beyond the standard model!

dated on 2022/06/22 18:14 ST



¢, B Measurement
b1, B=arg[—(VeaVip)/VeaVin)]

Time-dependent CPV

B® > J/¥K]
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A coS AmdAt + S sinAmdAt

A =0 (Direct CPV)
S =sin2¢, ( indirect CPV (mixing))

Tag side

B <

+ Signal side

Az: Distance of the decay vertex of two B

At measurement
ICHEP 2022
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BB is boosted (By = 0.28)

« Add Pixel detector to
improve the resolution.
« Prepared resolution function.

Flavor tagging

Eur. Phys. J. C (2022) 82: 283
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Identify the flavor of signal
using tag side decay

*€err= 30.0 = 1.2(stat) = 0.4(syst) %
* Data-MC is consistent.


https://doi.org/10.1140/epjc/s10052-022-10180-9
https://agenda.infn.it/event/28874/contributions/169336/

B? - J/PK? results (ICHEP 2022)
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Golden mode to measure ¢4,

Belle full data
(10.1103/PhysRevLett.108.171802)
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0.720 £+ 0.062(stat) + 0.016(syst) 0.670 £+ 0.029(stat) + 0.013(syst)

Acp 0.09 + 0.044(stat) 2942 (syst) —0.015 + 0.021(stat) 3933 (syst)

Consistent with previous results.

— Resolution function and flavor
tagging is working well.


https://agenda.infn.it/event/28874/contributions/169336/
https://doi.org/10.1103/PhysRevLett.108.171802
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B’ - KYK?K? arXiv:2209.09547

BY - KgKg Kg
S =—sin2¢, + A4S ,4=AA

4 Penguin decay-> sensitive mode to BSM
b
0 Belle 11 189 fb~1 Belle full data
(10.1103/PhysRevD.103.032003)
\d Scp —1.86%991(stat) + 0.09(syst)  0.710 % 0.23(stat) + 0.05(syst)
Acp 0.0941)39(stat) + 0.04(syst) 0.12 + 0.15(stat) £ 0. 05(syst)
16 ;"Belle II (preliminary) I Bfeiedltl iprle;'gmggx ) . . . . . .
1} \ ~q=+LB,, s | Consistent with SM and Belle, statistically limited.
a 5 * J.Ldt=189.3fb ____. ~q=-1, Bmg ey ) . 1 . .
S uf . Wnly\ Analysis with 363 fblis ongoing
5 z ; AX o\o / o\o )/\”)o\
= = q/ £
2 o \
-8 0 0.0 0.5 1.0

most probable point of the fit


https://arxiv.org/abs/2209.09547
https://doi.org/10.1103/PhysRevD.103.032003

¢$,, « Measurement

¢,, a=arg[—VqVi/ViaVis]

r(B°-f)-I'(B°
Tree Penguin W ( f) Chind P

u u
b ]
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Isospin analysis
Isospin relations Granou-London isospin relations
Tree Penguin %A(BO > ntnT) — AB® » n%°7%) = A(B* - n*n?)
ntm™ O O \/%A(BO s> ntn”) —AB° -» %) = A(BT - n*n0)
- W
wt? O X
om0 A O

A(B+ — 7r+7r0), Z(B+ — 7r+7r0)

cosAmdAt +

7 [(BO->f)+T(BO>f)

d 5 A"\:\/\’L d Using b — u tree decays (ex. B -» tm™),
W,
<

SinAmdAt

S is polluted by the interference between tree and
penguin, and direct CPV appears.

Observables to measure ¢,
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B — ntt Results
¥ arXiv:2209.05154

< 160| Belle I (Preliminary)

oo Bl reim |ty = s Fitting: 3D (M,,., AE, continuum suppression (CS))
> 140FB* s>n*n®+c.c. E 80 B+ s+l +c.c EEE Continuum background o . .
G o] Sl enricned 8 | Sional emcnea Systematic uncertainty: comes from the control sample size
S ao] mm Coram mtgruns P Belle 11 189 fb~1 Belle full data
5 S (10.1103/PhysRevD.87.031103)
5 ' } B (6.12+0.53 £ 0.53)x107° (5.86 + 0.26 + 0.38)x107°
E _zz :'AVA“""AV 5>
522 523 524 525 526 527 528 529 %2 A —0.085 + 0.085 + 0.019 0.25 + 0.043 + 0.007
Mp. [GeV/c?] CpP

070 ICHEP 2022
T 1T
. 4OF < 60 [ Belie i Prefiminary) % - yy has a lot of background > developed MVA
Q 3BE T B gt o e . TB D w I . . .
2 30} ’ \ ~ -<Contium o JL‘“‘rg”’ ~conun | Fitting : 3D (M, AE, CS) in 7 flavor tagging bin
o 25 § 40
2 = J, ] _____________ 4 8 zz N o Belle 11 189 fb~1 Belle full data
e - + (10.1103/PhysRevD.96.032007)
w 5 ;_ = 2l e o -...... 8 ............................................

E 1 Lrnmeee®” | ) e E o iaaunens peerzaeenstlTT e : -6 -6

g.26 5265 527 5275 528 5285 52.29 90.3 -0.2 -0.1 0 0.1 0.2 B (1' 2710. 25 +0. 18)X10 (1' 31£0.19+0. 19)X10
M, [GeV/c?] AE [GeV]

I ‘F I ‘F 0.14 + 0.46 + 0.007 0.14+0.36 + 0.01
é%_2;*‘+‘*+*¢‘+‘.¢¢+¢‘.¢. ig%j:#”#“#*éﬁ“‘ﬁ‘”# Acp

Both are consistent with Belle results, it analysis is ready to give a new constraint to ¢,


https://agenda.infn.it/event/28874/contributions/169326/
https://arxiv.org/abs/2209.05154
https://doi.org/10.1103/PhysRevD.87.031103
https://doi.org/10.1103/PhysRevD.96.032007
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¢,, a Measurement by B —» pp channel

Penguin contribution in T and pp Challenge in pp analysis

Polarization of P—>VV decay

Ospt - —
93=287_7§1§-6 %=550.1’Z1(’)7_6 Longitudinal | CP-Even
BO_)pOpO BO—>T[0T[O CP'Even
%=0.96x10"° #=1.6x107° Transverse +
BO—>p+eg BO—=m+ 70 CP-odd
%=24.0x10 #=5.5x10"° Only longitudinal can be used in
¢, measurement
Smaller B of p®p? - Smaller Penguin pollution Measure longitudinal polarization from angular analysis
Smaller A¢g, = Improved precision trererm = (105?00 cos?0- + (1= fi)3sin? 6, sin? 6,
Observables to measure ¢,
pp analysis is more complicated, but has better ~ ,+,- BF, S,A, /,
[ ] [ ] [ ] 0
sensitivity to ¢, PP BF, A, /i

p0p0 BF, A, fL



10 /13

B — pp results
p p arXiv:2206.12362 Fitting: 6D fit (AE, CS, m,, cos 6 )

0 el I ~Data Belle 11 189 b BaBar
o o 2 wsof e (10.1103/PhysRevLett.102.141802)
& o 5 == Signal trans +2.2 —6 -6
- 5 — Self x-feed B (23.273% + 2.7)x10 (23.7+1.4+1.4)x10
o G 200 | I BB bkg
2 oof © 150 — B— X
S o - g_) BTUT ACP —0.069 - 0.068 + 0.060 —0.054 +0.055+0.010

20 —B-an

e S i 0.035
%5 i %2 sFr L Continuamn f1 0.94313933 £ 0.027 0.950 + 0.015 + 0.006
T3 0 sa oF LA D S S
Eg 2f ‘ i — : ‘ o T . . —1 . .
2C 075 01 005 0 005 01 015 2T 1 08 -06 04 02 0 02 04 08 AnalySIS Wlth 363fb 1 IS ongoing
AE [GeV] cosf,
p p ¥ = yy has a lot of background > developed MVA
Belle Il (Preliminary) 120 {Belle I (Preliminary) —— Fit total H H . H

I T __ Longteainasignar Fitting: 6D fit (AE, CS, m,, cos 6 )
8 601 5 g} == Congitudinah Belle 11 189 fb~1 Belle
2 § 60l || === Transverse signal (Phys. Rev. D 94, 099903 (2016))
= 40 g &y, WAL Self crossfeed
g g 0] Lgreerse B (26.7 +2.8+2.8)x107° (28.3+1.5+1.5)x107°
i 20+ BB

0 0 : z e Peaking f 0.956 + 0.035 + 0.033 0.988 +0.012 +0.023
_ 2 5 backgrounds L
2 O ptptetetggtertetopulapty tieg® S 0 ey #lppegty® ¢®w¢¢®¢¢w®¢®¢¢¢w¢¢ oo O Data i i 1 i i i

015 010 —0.05 0.00 005 010 015 _51.0 -0.5 0.0 05 AnalySIS with 363fb + tlme'dependent CPVis ongoing

AE [GeV] Cos6,+

Ready to do first ¢, measurement with pp


https://arxiv.org/abs/2206.12362
https://arxiv.org/abs/2208.03554
https://doi.org/10.1103/PhysRevLett.102.141802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.099903

¢3,y measurement

¢3,v = arg(—VuaVup/VeaV cp)

will appear in CPV parameter of b - ucs and b — cus tree decay
Interrerence.

AB_ — AD + rBei((SB_(pB)AD
AB+ —_ /TD + TBei(63+¢3)AD

g = Cp|VesVup /VusVepl ~ 0.1
0p: strong phase difference
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Bt > D(K?h*h™)h* results(JHEP02(2022)063)

Categorized by D-decay Dalitz plot analysis(model-independent)

Use strong-phase difference parameters by CLEO and BESIII as external inputs.
First Belle+Belle Il analysis

3 8
— ' 120 |- + 0+ — + — 0+ — +
- 7 . Belle BT - D\K;n ™)K 40 F L BT > D(K%n ™)K
N(\') 2.5} i < 10| ILdt=711fb_1 ( ’ ) = 35 J-LdBt="12I£I3fb_1 ( * )
> 6% S w0 2 30F ”
) ol o © N Be e "
(2' ; 5 - @ ol P 20 o
S 5 = 15 E ‘
1. 1.5F c S £ o -
c§w : 4% P SR = 12
= 1} g s '
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Eo5f W TR 3 o PR = .
05 1 15 2 25 31 B E— OE[G o\./cl)s 01 015 S —=7 0 0 005 01 o015
5 (170 i 2, 4 AE [Ge AE [GeV]
me (K- rtt) [GeV</c"]
S

¢$; =(78.4+11.4 (stat.) + 0.5(syst.) + 1.0 (external) )


https://doi.org/10.1007/JHEP02(2022)063

Summary

Belle I1 is in the Bl:qcess of completing the analysis for CKM measurement and
showed the capability of higher precision measurement using

a larger dataset.

Recent results

¢4, B results

+ Time-dependent CPV of B® - J/WK?, K5 K K3 Currentvalue Bellell5ab™! Bellell 50 ab™!

CbZ%a rde,fufllta: s o oo and precision  precision precision
. an of Bon"n’, n°n
* B,Aand f; of Bt - p*p° sin2¢; 0.71+0.09 0.012 0.005
« Band fptp~

JuotpTp &, 85.2+48 20 0.6°
¢,y result g ) )
« Rt —)D(Kbph-l-h_)h-'- ¢3 65.9_3:5 4.7 1.5

arXiv:2203.11349



https://arxiv.org/abs/2203.11349

