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CKM matrix and unitarity triangle (UT)

WV, V.oV, (0 1-2%)2 A AV (pin)
v=\1m, Wl ¥, |= ] 1—1%/2 Av |+0(2Y)
S ¥ \Azﬁ(l—p—in) — AN 1 )

Complex phase cause CP violation

VIV =1 - b row d column = VuZVud +V;Vcd +VtZth =0
A1 A4 14

e Search for NP with different
processes (tree, loop diagrams) by
precise measurement of UT

e Comprehensive test (only Belle Il)

® Measure all sides and angles




Vertex detector (VXD) e
Inner 2 layers: pixel detector (PXD) -
Outer 4 layers: strip sensor (SVD)

e~\

Central Drift Chamber (CDC)
He (50%), C2He (50%), small
cells, long lever arm

ElectroMagnetic Calorimeter (ECL)
Barrel: Csl(Tl) + waveform sampling
Endcap: pure Csl + waveform

sampling

Level-1 trigger system Data acquisition (DAQ) system
CDC+ECL+TOP+KLM Maximum 30 kHz L1 trigger
L1 trigger latency 5 pysec 1MB/event

The Belle |l detector

| icle Identification
- arrel: Time-Of-Propagation counters
g OP)
orward: Aerogel RICH (ARICH)

K./u detector (KLM)
Outer barrel: Resistive Plate Counter
(RPC)
Endcap/inner barrel: Scintillator

Computing system
GRID
Tens of PB / year




This talk focus on:
measurements of |Vcp|, [Vus| and ¢, ¢;

Data-set used for the analyses present
In this talk:

e 34.6 fb-1 (|Veb|, |Vub|, ¢1)
e 62.8fb-1(¢3)

¢, : details in Radek Zlebcik’s talk

“Rediscovery of the decays for the CP
violation measurements at Belle II” on 10 June

¢, - Ching-hua Li ’s talk “Charmless B
decays at Belle lI” on 10 June

Belle |l data taking efficiency = 88.8%
Oct. 19 - Dec. 18, 2020

Belle Il Online luminosity Exp: 7-18 - All runs
Integrated luminosity
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B decay reconstruction at Belle Il

Untag: only reconstruct signal B decay
Tag :reconstruct signal B decay,

also the other side B

Data

x 104

y 46 fp-] 2rXiu:1807.08680
t =346/ arXiv:2008.06096
BELLE2-CONF-PH-2020-005

Belle Il preliminary

L) Al L) ' LS L L L ' L LJ Ll L l L Ll Ll

Candidates / (0.002 GeV/c?)
S
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fﬁ dt=34.6fb~1! [ Baryonic

0
Btag

= /X e
DMpF x -7 o
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I0NRCNE

Reconstruct ~100 hadronic decay
) 530 531 532 channels, ~10000 decay chains
Mi (GeVICT] £=0.47% for B+ @ purity ~30%
0£=0.29% for B% @ purity ~20%

~~~~

Missing energy



BF(B— D*lv) for |Vey)

Belle Il Ppreliminary [rdt = 34.6 fb1 arXiv:2008.10299 = Be"e ,I,l. prellmlnary i .I.L",qtf :.3?'.6.1:?—.1 ]
| = -0 | BELLE2-CONF-PH-2020-009 f S B, e | LAIN:Z008.07190
g ZT Bl Background = - = = o @ Continuum
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BBO—D™Iv) Unfolded w spectrum to compare with
had. tag |(4.51 = 0.41(stat) = 0.27(sys) = 0.45(ns))% BGL parameterization
o Belle Il preliminary [cdt=34.6fb"!

untag (4.60 = 0.05(stat) = 0.17(sys) = 0.45(rts)) % 3 Fopra-s, | —— Bo: Grinsemetar |
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Form factor determination rely heavily on w =1 (zero recoil) — «—— —&—>»D* w=15 g




BF(Bo— rtlv) and BF(B— Xulv) for |Vus|

IVus| determination from exclusive and mcluswe measurements differ by ~20

' Measurement of CB(BO—HT Iv) based on hadronic tag
arXiv:2008.08819
BELLE2-CONF-PH-2020-007
Belle Il Preliminary [cdt=34.6fb!
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Mz2. . in GeV?/c*
B(BO—si+v) = ( 1.58 + 0.43(stat) + 0.07 (sys) ) x 104

B(BO—s-l+v) = ( 1.50 + 0.06) x 104 (PDG)A

eement

Next target: g2 distribution for |V.s| determination

Untagged Inclusive B— Xulv measurement
® lepton momentum endpoint
® less B— X:lv (dominant background)

BELLE2-NOTE-PL-2020-026

Belle II [£dt=34.6fb1

L Preliminary B by
I “ b-c
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Capable of measuring |Vus| with more data




Prospects of |Vus| and |Vep|

The Belle Il Physics Book, PTEP 2019, 123C01

Belle 11 MC
Side Observable Dominant uncertainties i w— 5 ' ,‘,(‘,",‘;'.'[;“;;;' ‘*“
= shatus [ vt 5 ThieD e
Vi Amg: BB mixing  |Lattice QCD (|Vio| now is mainly o sopasd 1 LGOD 6 18 7o
d frequency limited by lattice QCD) o |
Ve Brib—clv) Exclusive: lattice QCD R B e T e -
Inclusive: experiment vs. e —
Vb Br(b—ulv) phenomenology S MRS M——— i A
£ [ell)—lJ
Observables Belle Belle II
(2017) 5 ab~1 50 ab~1
Vep| incl. 42.2-107° - (1 + 1.8%) 1.2% —
V.| excl. 39.0-1073. (1 - 3.0%9,(. - - 1-4%th.) 1.8% 1.4%
V.u| 1ncl. 4.47-107° - (1 + 6.0%ex. 2-5%th.) 3.4% 3.0%
V.| excl. (WA) 3.65-107°. (1 - - 2.5%6)(. - - 3.0%1;}1,) 2.4% 1.2%




Time dependent CPV - Flavor tagging

TDCPV measurement:
® Precise measurement of At
e B flavor tagger

arXiv: 2008.02707
BELLE2-CONF-PH-2020-004 *°°f Belle I
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- 2019 (preliminary) * Data
S 200 - JLdt=8.7 flo"! ~MC
= s |
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| 7))
2 :
S 100 |
'c L
C N
m R
O 50}

o
| T U T
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$& * g s s s o or or o o5
arXiv: 2005.07507 Az | pyc — 9 Fegor
- Flavor non-specific B <« ——
E_ Belle Il 2019, preliminary * Bala _ AZ ~ 130 um CP eigenState
- [La-are f:;:,a' " dilution factor rrepr = 1-2w
: B DOy, -_--.-:Em w: wrong tagging fraction
- h:m, Eerr =Y & (1—2w;)
g e 7p0 = 1.48  0.28 = 0.06 ps °/ Z i 2
3 7p0 = 1.519 + 0.004 ps (PDG) Effective flavor tagging efficiency:
3 % e Belle Il : (33.8 = 3.9)%
et e | e g e Belle :(30.1x0.4)%
5 0 ° Details in Radek Zlebcik’s “talk” on 10 June |e Belle Il MC : ~37% C




Measurement of sin(2¢;)

e h—c : tree diagram dominated golden modes B9—J/PK?°, BO—(2S)KO...
® Theoretically and experimentally precise channel

€_|At|730 b < _ < ¢ J/l[/
P(At,q) = (14 (1 —2w)q|Srsin(AmAL) + Arcos(AmAL)|) RO ;/l/}4<c

4TBO

St : indirect (time dependent) CPV parameter d > fj Ks
Ar . direct CP violating asymmetry assumed zero

60
' Belle Il (Preliminary) BELLE2-NOTE-PL-2020-011

50| [L dt=34.6 fbL
CBO s J/w(t)KA(m ) t B9

¢ B

tag

40

30 |
sin(2¢;) ~ Sr= 0.55 = 0.21 (stat.) = (0.04 (syst.)
sin(2¢;) = 0.699 £ 0.017 (world average)

20 |

10 -

o
e

O
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Asymmetry Candidates / (1 ps)

|
o
U1

Precision aimed at Belle Il for sin(2¢;):
reduce uncertainty by factor ~5 to reach to 5%

¢; : details with more new results in
Radek Zlebcik’s “talk” on 10 June



%‘<SK 5 —> N p
b > > c ‘

¢3 measurement

_ TBe’i(CsB—Qbs)

B DY b—u
7, < 7,
Favored N _
* DOK-
b > —— u o - A > (K1) K-
_ V'/\/,< ¢ arxiv: 2104.03628
B w S
_ K- =
u < u 3 22 EBelle Il (preliminary) B — D°(K'wm)h
E <0 j Ldt=628fb" kaon enhanced
Color suppressed = 18 t=62.8 .| —+ Data
@ 1O L s B — DK’
¢ 4y 1 A e B — D1
m 12g Lt FR ... BB background
s +---- g background
8 k :
K
Ny )
pwo _ (B~ = DK 0 PO e
- (B~ — D®ox-) = F - —— _— ”
I'(B® — D®+K-) -0 ety e
RW+ = i — q T : G
F(BO - D(*)+7T_) 0.1 -0.05 0 0.05 0.1 A([)_=_1(gev)
B~ - DK nt)h~ B = D' (K{rtnm)h~ B’— DTh™

Belle IT R*/9 (x10~2) 7.66 +0.55 *J:1L
LHCb Rt/0 (x1072)  7.77 £0.04 & 0.07

9.22 +0.58 = 0.09
8.224+0.11+0.25

6.32 £ 0.81 T9%;
7.77 £0.04 £+ 0.07

rs : ratio of amplitude
OB : strong phase difference

® Model-independent binned
Dalitz plot approach

® Rely on continuum suppression
tool and particle identification
technique at Belle Il

e Different systematics w.r.t. the
LHCDb results

The Belle Il Physics Book, PTEP 2019, 123C01

Foreseen precision of ¢;

Is expected to be 1.6° with
50 ab-1 dataset

* Interference between b—c and b—u (tree level)
ASUPP™ (B~ — DoK )
Afa/uor.(B— N DOK—)

11



Unitarity Triangle fit extrapolation at Belle |

Current Be"e " 50 ab_1 The Belle Il Physics Book, PTEP 2019, 123C01
0.7:;3 | [ T 1 T ' Sy F I W U 0.7 e S R ¥ _ i . W 2
% am M0 e DR o 5 AT & Am, KM
0.5 f—§ sin 20 —f = g % =
= ez e 05 3 sin 2 =
04 F-5 = = . e S
E é = 0, 3
. = 02 - 4 G
%, v o =
ey ols — ols 1.0 0.1 |7 L=
| .' 9, 3
0.0 = l | M N '
0.45 I I I [ T | | | [ ‘l“ I I ) 0.6 0 8 1.0
Standard model (SM) scenario: 8 "
(SM) : o, oM
the central values are chosen d CrErE—.
such that they satisfy the SM | 040 & a
closed UT S ain Oh
= 035§ . ) : :
Tensions existed on |Vus| and ¢,
_ e UT can not close if keeping the
030 central value for 50 ab-1
0, ® Differences between UT determined by
0.25 TN Y I N R [ R tree (lVUbl, ¢3) and Ioop (¢1, ¢2) Can be
0.05 0.10 0.15 0.20 0.25 - - . .
5 discriminated with 50 ab-1 data-set




® Super B-factory offers good probe for testing SM and
searching for NP at luminosity frontier.

e Belle Il will play a key role for CKM measurements.
» First BF measurements of semileptonic B decays with
had. tagged/untagged techniques for |V¢s| and [Vl
» First sin2¢1 result has agreement with W.A, aim 5%
precision at Belle Il.

» Decay rate ratio of B—+DK/B— Dt was performed for
determination of ¢s.

® Looking forward for more interesting results from Belle |II.

Peak Luminosity [x10°° cm™?s™]

—
o

N

0

2019/1  2021/1 2023/1 2025/1 2027/1 2029/1 2031/1

Summary and prospects

o

o

E N

» —Lpeak Before IR upgrade | =Int, Luminosity
~
RF [f
QCS ,‘":’"
TOP PMT, |
PXD |

Stay tuned !
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Belle Il - LHCDb co

0.03

0.025 -

R(D ) Uncertainty

Belle Il  Projection (Feb 2020)

o s

0.015T ==

001 . 70% data Y(4S),

4S), M3
| 70% data Y(4S), M2
0.005 - —* 70% data Y(4S), M1
~ —e— Belle + Belle Il M1

»- LHCb estimate

0.005 - —e— Belle + Belle Il M1
~ -m- LHCb estimate

02018 2019 2020
Year
£ 0.04 |
& Belle Il Projection (Feb 2020)
$ 0.035
-
-
Cv 0.03
2 0.025,
2V VeYe o -
L 0.02 - :\ ;...
=
<
% 0.015
—e— 70% data Y(4S), M3
0.01 70% data Y(4S), M2
e 70% data Y(4S), M1

2021

- 2022

sin(2¢;)

05018 2019

2020
Year

2021

2022

s |V(ub)| Exclusive [%] Uncertainty

¢ [deg] Uncertainty

(o S e S A | -~ I
g~ Belle Il Projection (Feb 2020)

- —e— 70% data Y(4S), M3
o~ « 70% data Y(4S), M2
- —e— 70% data Y(4S), M1
1- —e— Belle + Belle Il M1
- -m- LHCDb estimate

mparison

Voo

02018 2019 2020 2021

Year

14. @ . S ——————

~ Bellell  Projection (Feb 2028)

8

- -5 1

4 - —e— 70% data Y(4S), M3
-~ 70% data Y(4S), M2

ol o 70% data Y(4S), M1
- —e— Belle + Belle Il M1

~ - m- LHCDb estimate

2022

§
Cr ™

02018 2019 2020

Year

2021

2022
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B— Xclv for |Vep|

Hadronic mass moments of ol 6 Belle a8 1 ¢ Bellel
- - - . | ) @ BaBar (2007) | @ BaBar (2007)
inclusive B—Xc:/v with hadronic tag 2| : Sasl 4 | § pelle (2006)
U e & U ' S
_ L a2 L , SR T
arXiv:2009.04493 g 21001 |5 [] ¢, o LIl s
9 | | O * 9 44 B J J F] lj 0O 1
(103 BELLE2-CONF-PH-2020-011 ', 2.075 | el + L E ¢l o + }
3.5F = _ o o [ 4o T e f \
[ Belle Il (preliminary) B B - X,Lv v 2050 1t |7 *D ¢ % 421 ¢ 617 %:, *D i
| det = 34.6 fb~1 - e 2.025 I\j Toe ' | | T
f? 3-0 T ) 1 B—)D*ZVSI I * _Be"e ] (pre“minary) ’ | 40 Belle Il (pre||m|narY) } |
Lo ¥ w soocIGNAl | e - saen + OF Jra = 3861 ¢
3 23 | e 0.8 1.0 12 1.4 16 1.8 08 1.0 12 14 16 18 20
5 B B XTv
g 5ok i ] Cascade p,* Cut [GeV/c] p,* Cut [GeV/c]
) " | [ HadronFake _
9 | d EEm other BB 11.0 } | é Bellell " ’ ¢ Bellell
. ke [ | ete” >qg | T & BaBar (2007) - [ @ BaBar (2007)
% [ Uncertainty — 10.5 - | - - ¢ Belle (2006)
C 1.0F Data O ; % r &: 24_‘ o 6
s 3 - = 2100Ff ¢ S |
(W) — %, Q i | o Q0 2oL ’ 0 -
0.5 F - e o S ENE o T S = o
: — 95 7 e ® — _ * Trla | e
0.0 - : T 9.0} LA } s | ¢l 'r"§ o *D
U125— — Y 852— ! *D | V18'— *ijiﬂ;j |
g ' EINEE * $ o "~ | Belle Il (preliminary) | *G *‘3 {g | Belle Il (preliminary) $ 1 *El
c 1.00 5— imi 1 i “ ——hq Siry 7‘““*".....;,1. *:Tﬂﬂ** f 8ol [Ldt = 34.6 fb? 16 |- [Ldt = 34.6 fb~ @
(0] 2 . P N R N RN S SR R P E— L - N ) I
O 0.75 2 | ** TR R B S S 0.8 1.0 1.2 1.4 1.6 1.8 0.8 1.0 1.2 1.4 1.6 1.8 2.0
0 1 2 3 4 p* Cut [GeV/c] p* Cut [GeV/c]
My [GeV/c?]
Moments dependence on the lepton momentum cut

* |Veb| calculated based on the parameters extracted from p*/ vs <Mn,> distributions
* A new method proposed in JHEPO2 (2019)177 to extract |Vcb/ from g2 vs <qg"x> distributions
* Targeting a publication this summer
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* b—qgs : QCD penguin dominated contribution, sensitive to New Physics
 Golden mode, e.g. B—+n’K decays
» sin(2¢,;) measured by b—s and b—c processes used to have ~3.80

sin(2¢;) with QCD penguin

tension, however now it was reduced to rather small

* Only rediscovery and BR measurement (CP measurement not done yet)
B*—-n’K* with n’=nn*tn™ or n’—py

BO—n’Ks with n’=nm*m or n’—py

Events / ( 12.5 MeV)

90 ;-B:—m'(—)nwnn)K:

80 F

70
60
50
40
30
20
1 0

Belle Il - Preliminary

- Ls>0.7

J- Ldt=62.8 fb"'

¢ Data
— Fit
~— Signal
---- Continuum
2 Peaking

AE [GeV]

Events / ( 12.5 MeV)

b
B()
d
b
0
Belle Il - Preliminary d
BO——m'(—m_”nn)Ks j Ldt=62.8 fb™'
30 :_LR>O.7
- ¢ Data
25 _ — Fit
" ® .
- =~ Signal
20 - | ---- Continuum
| w2 Peaking

0.0 01 0 04 0.2
AE [GeV]

This analisis
Channel B (x10°)

World average

BT 51K 682 13%(stat) + 3.4(syst)
B’ - K" 63.7 T22(stat) £ 5.8(syst)

70.6 -

66 -

17



¢ measurement (B— )

Constraint for ¢,

“ . |Diagrams B —m=rn° BO—m+n- BO— momn°
W 5" = » » * TDCPV parameter Srand As
b DI 7 Cor  Branch fraction of all B— rrr (rr+rr-, rr=r©, r°rro)
- I
z 010 4 V4 modes
p > p Suppress
. 2 .
W Penguin v v Sp = \/1 — Ar7sin(2¢2 + 2A¢9)
v\, . . \
b — %i 5 penguin pollution Interference between
) 8 i g tree and penguin
R Peng
% 50 |- Belle Il (preliminary) e Data % 50 [~ Belle Il (preliminary) e Data
arXiv:2009.09452 g J‘Ldt=34.6 fo ;‘fta_") L g I L dt=34.61" g‘.’ti' f:_ﬂo
L ¥ osssssssss—— 2090902 18E6 T T
BELLE2-CONF-PH-2020-012 & 0F Boomem®] | L = ! B-—mm0| - B s i
o L | | eeess Background o I
a 307 o 30¢f
7)) (7))
Q B Q ;
g 20 g 20 F
© ©
S 10f + l | S 10f
O _ - O i |
E S :," N + "#‘ _ i < b e + * + ﬁ
oYL PY PP LT L. | TS R TP DT [ P r oL P VTP PEPTT LLT.LL Lihitril MR, L PP UM S S R
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 -0.3 -0.2 -0.1 0 0.1 0.2 0.3
B+— r1+110 B-- 1110 AE [GeV] AE [GeV]
Yield 43 +19_59 24 +13_44  B—rr9 analysis started at Belle |l
Acp -0.268 +0-249 35> + 0.123  8-fold ambiguity of ¢, can be reduced to
Acr(PDG) 0.03 +£0.04 2-fold with TDCPV in BO— 00
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¢, measurement (B—pp)

s | Belle Il preliminary | BE] | E2-CONF-DRAFT-2021-005
E 705‘ — 1] JLdt=62.8fb'1
T 60f - _ -1 The Belle Il Physics Book, PTEP 2019, 123C01
8. 50"\-_|_ "_LT*‘ B+_>p+p0 J‘Ldt—62.8fb )
o - J B O 1?— Current precision mm Belle Il projection
.'8 40 PR * * —o-'l?:ta . ' i Sp0.0 = -0.14
2 30 - It resu -
S { — Signal long = 0-8__ Snn?=0.75
or _— e .« Signal trans -
10f 1 e, 7T e SXF N
T e e b - - BB bkg 0'6~
B A ] - B— fox I
o 3;‘::;::':::f:::*_::q;::t::;:::f::::::}:::}:::t::f:::{::_*:::?:::f::_*_::}:‘ == B— pnn 04+
Eo JE ’f == Continuum -
20 015 -01 -005 0 005 01 015 -
AE[GeV] AE =E% —Ep_ 0.2
B+—p+p° B -
Yeild 104 + 16
85 90 95 100
Br(10-6) 206 +3.2 +3.1 ¢ (o)
PDG 24.0+1.9 2
f 0.936+0.049 4041 £ 0.021
f (PDQ) 0.950 + 0.016 e Ab>~0.6° (current 4.2°) with 50 fb-1 data
= fraction of longitudinally polarized ever e B—rr1, B—pp isospin analysis and B—p(rtr)r
* Compatible with PDG value Dalitz analysis of 3 body decays
 Performance superior to early Belle « LHCb can not measure ¢,
results




VXD position resolution

" . " [ Belle
s ———— 1 Detector resolution : difference | Bellell =t
g —+ . : : - | simulation
5 e 1 between do and beam profile 3 e
=T : e .= i « reifiminar
3 = lox :14.8 pm g4(P d
= I +i -+ X 1T v g
! I ,/’—~\\\ o . #
2 [ Yaetector — /=9 1.oHm 2
~ : ’ / \ ——
Jé 10 / € elc ,/ \\ =
00 4 : i : : ,
= ," S Utlon / N " Zdoo -200 0 200 400
- i y 4+ Data \\ y \\\ b Az residuals [um]
=4 -+ Simulation \ K - - \
5/ ~ ==~ Beam profile \_/ ./Ldt_m'lp \
> B S A A R At A Il A W K
o B e | | o | i e P
Belle Il 2019 (preliminary) |

ST 4+ Data ~
-4 Simulation /L dt=21.1pb~*
0 TP (RIS MR IR TAR W I ST I I T W S
-3 -2 -1 0 : 2 3

¢y estimate

do resolution:
14.2 + 0.1 uym (Data)
12.5 + 0.1 pm (Simulation) S

arXiv:2008.06096 20




