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Belle Il Experiment

 Here at KEK Tsukuba campus
— SuperKEKB accelerator
— Belle Il detector
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SuperKEKB Accelerator

* Highest luminosity collider

- 35 -2¢-1
Liarget = 6X10°> cm™s

E.y=10.58GeV on Y(4S)

Just above the BB threshold to produce B meson
pairs efficiently

Can go higher, Y(5S) upto 11.24GeV

Energy-asymmetric collisions

7.0GeV (e’) x 4.0GeV (e*)
To boost B mesons to measure time dependent CPV

50ab™! will be accumulated around 2035

Containing 1x10'' B mesons, 1.4x10 charm
hadrons, and 0.9x10'' ©

Processes with cross sections of O(1)ab or less are
reachable
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Belle |l Detector

e Significant detector improvements from Belle
— Better and Larger Vertex Detector = Time dependent CPV, especially with long lived Ks.

— Two level trigger system=> dark sector searches etc.
KLong and muon detector:

Resistive Plate Chambers (barrel outer layers)
‘ Scintillator + WLSF + SiPM’s (end-caps, inner 2

===

EM Calorimeter: 3
Csl(Tl), waveform sampling ‘\\\\\\\\\\\\\\
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Luminosity and Dataset

* June 2022 : Runl operation stopped
— World’s highest luminosity of 4.7x10°* cm2s!
— 428fb*' data were accumulated so far

* 362fb! on resonance, 42fb! off-resonance, 19fb! energy scan
» C.f. Belle collected 1040fb!
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Belle Il Cons and Pros (vs. LHCb)

e (Cons.

— Statistics of b hadrons!! (cross section 1nb vs. 144ub)
* We will only have 10! B mesons with 50ab! on Y(4S) and 5x108 B, with 5ab on Y(5S)

— No large samples of b baryons and B,
* Production of these hadrons are not yet established at e*e” collisions around Y(nS).

— Proper time resolution is worse and B meson is not so boosted.
* Background suppression with B vertex displacement is not so easy
¢ Bs mixing (Am_) can not be measured (while AI'; can be measured).

LHCb Detector :
iz EaiR berne Electromagnetic
Height: 10m Calorimeter

ength: 20 m

RICH1

Vertex
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Belle Il Cons and Pros (vs. LHCb)

Pros.

Smaller background cross section (O(1)nb vs. O(10)mb)
* ~3.4nb for ee>qq, ~1.08nb for ee>Y(4S)>BB

Almost 100% trigger efficiency for BB events (11 charged + 5 photons in average ).
* Main triggers
— 3-track | | 2-track with opening angle|| ECL energy sum >1GeV || ECL # of Clusters >=4
* Absolute BF measurement possible.
Two level trigger system for low multiplicity events
*  Many dark sectors signature (X+missing) can be triggered

High hermeticity 4t x 94%
* High reconstruction efficiency of O(1)~0(10)%.
* Full reconstruction of B meson possible (tagging of the other B meson)
— More than one missing neutrino modes = B=>D(*)tv, B>1v, B>K*)vv, B>Ktt, B> Vv
* 4 momentum conservation usable =» dark sector searches
Detection of electron

* Detection efficiency of electron is almost the same as that of muon =» test of LFU
* Easy to recover bremsstrahlung photon

Detection of neutrals

* reconstruction of y, n° and Ks efficiently =» sum-of-exclusive method for B> Xsl*I, B>nn?, B, 2yy

» Better energy resolution of hard y =» B->K*y background to B> py can be suppressed .



Rich Physics Program

Flavor physics

CKM Unitarity Triangle
Rare decays

Lepton Flavor Universality
etc

— Charm

CPV
mixing
Lifetime
etc

Mass
Lifetime
CPV
EDM
etc

QCD

— Bottomonia, charmonia and exotic
hadrons containing heavy quark

— HVP with radiative return for muon g-2
— fragmentation

— etc

EW

— Weak mixing angle

— etc

Light new particle searches

— Dark sector mediators
— eftc

And more



Recent Highlights



CKM Matrix and Unitarity Triangle

e Unitarity condition of CKM Matrix

Product of d and b columns

VudVub + VedVeb + VidVip = 0

V* Vg V* Vg
ub ¥ ue th Vtd
V% Vg F14 V*V., — 0

ch Vecd

* This draws triangle in complex plain

— Three angles (¢, ¢,, d;) = CP violations

called unitarity triangle (UT)

Three sides (| V|, [Vypl, [Vigl) 2
Amplitudes

* Test of UT is one of the most important
missions at Belle Il
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All angles and sides can be measured only at
Belle Il
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New Physics Reach with UT
Search for new physics in B® mixing

— Canreach to O(1000) TeV new physics scale
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New Physics Reach with UT

» Search for new physics in B® mixing . Vib 3
— Canreach to O(1000) TeV new physics scale
— Improve g, by precise measurement of |V, |
« 0(10°%) TeV — b
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UT Angle ¢,

* Time dependent CPV in b—>ccs process Impact parameter resolution

Belle and Belle Il

F(7" = fepit) =T(B? = fepit)

[T fan D FTET = fopy o Sima 0= € reosllma ) R e o
£ 100 s
S =—¢écpsin2¢, ,C=0 R S p—
'tJD 60:. b= 1752 0.2 um GeV/c
40 I“
* Requires proper time difference (At) o
and flavor tagging information L i
. B . . 35 ‘60 1 2 3 4 5 6 7 é
— Vertex resolution improved with pixel ppsin()™ [GeVic]
detector flavor tagging quality
— flavor tagging efficiency improved by 7000 —Belie IT_Simuiation -
18% with Graph Neural Net i — B
A - BO
« (31.68 % 0.45 = 0.41) % (old) o
o
« > (37.40 = 0.43 =+ 0.34) % (GNN) 0
T 3000
©
.'g 2000
© 1000 — e
20231107 L R v
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Preliminary
362fb!

Measurement of sin2¢, in B2>J/y Ks

 Time dependent CPV in B>J/wy Ks
— S=sin2¢, =0.724 = 0.035 £ 0.014

— (=0.035 =%

HFLAV: S = 0.695 + 0.019 C = 0.000 £ 0.020
LHCb: § =0.716 + 0.015C = 0.012 + 0.012

0.026 *=

0.012
e Consistent with current World Average

sin(2§) = sin(2¢,) 2R

PRELIMINARY

BaBar

0.681£0.03£0.01

PRD 79 lgoogj :072009 §

BaBar y_, K- : i 0.69+0.52+0.04+0.07
PRD 80 (2008):112001 i ;

BaBar J/y (hadronic) K : 1,56+ 0.42+0.21
PRD 69 (2004):052001 ~ i ;

Belle : J 0.67 £ 0.02+0.01
PRL 108 (2012; 171802 i :

ALEPH : : 0.84 955+ 0.16
PLB 492,259 (2000) ‘Tt "
OPAL : H i 3.20 180+ 050
EPJ C5, 379 (1998) : o

CDF : H : 0.79 04
PRD 61, 0720055 (2000) & "% o
LHCb : i " : 0.76 +0.03
JHEP 11 (2017) 170 : ;

Belle5S ; : : 0.57 £ 0.58 + 0.06
PRL108 (2012) 171801 &

Average H ; 0.70 £ 0.02
HFLA : :

-2 -1 0 1 2 3

20231107
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Measurement of ¢,

» Utilize an interference between b—>c and b—>u,
such as B*>DYK*
— The amplitude ratio is around 0.1
* DO%and DO interfere when decaying to common
final states
—  D=2K*K, Ksmtrn-, KsK*nF
— Measurement of Direct CPVs and BF ratios
* LHCb gives the best ¢, results with combination
—  ,=(63.8%3.6)deg LHCB-CONF-2022-003
 Combining Belle and Belle Il analyses
$,=(78.6=x7.3)deg
B decay D decay Method Data set
(Belle + Belle II)[ fb~']
Bt - Dht D — th‘h"' BPGGSZ 711 + 128
b bk Caw mam JHEP 02 (2022) 063
B'=Dh' D K'm K'ma®  ADS 71140 JHEP 03 (2023)
g' jg?K' gjgg‘f :* BP%LSSZ Tflit115++382 2308.05048
B = DK+ Zi{fnﬁﬂfg“’!@w GLW 21040
* With a several ab™, Belle Il can give the
competitive result
20231107

Preliminary

K~ CKM factor

W — s
b c
B—ﬂ rr\u DO A}\‘3
\ ) \
Color allowed b—>c
(p+in)A7»3

i ||K_

Color suppressed b>u

1-CL

1.2

0.8

0.6

0.4

0.2

Paper in preparation

L []Prob Belle + Belle Il
[ — Plugin 2023 (preliminary)

0 50 100

$0;=(78.6%7.3)deg



|Vcb|

 Measure with semileptonic decays

— b=>clv
— Two techniques : exclusive and inclusive
 About between exclusive and inclusive measurements

 Thoery ? Experiment ? Lattice QCD?

[r— 4_8 T T T T T T T T T T T T T T T T T T T ]
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o 4.6 Exclusive [V_| AY” = 1.0 contours =
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Preliminary
189fb!

|V, | in Angular analysis of B>D*|v

a‘r
dwd cos 0,d cos Oydy

 Measure 4D differential decay rate //'\\ " %/ /ﬁ

x|V, |2A(W, cos O, cos Oy, y) y

Belle I j1m=1a~;m-BGIB__e|IIII
* Using BGL and CLN parameterizations 2/ T
with Lattice QCD input at zero recoil w=1 . +&fe 0
" B:”E-!Ir-v, ’ Jear-1samt SEeIIelI'I ; e Jeor=109m71
Vslper = (40.57 £ 0.31 £ 0.95 + 0.58) x 107°  5+{” PN .
1" P ARAW e
Veplorn = (40.13 £0.27 £0.93 £0.58) x 107° 23 ™ " N
— Consistent with WA = ) B j
WA values [HFLAV 2021] B E iy T

Inclusive

1Vl = (39.10 % 0.50) x 1073 =y — S

E V_|: global fi
Z : Vv V.- global fit
F [ HELAV Average

b | excl

T (RARERARS]

P i e i e S

. . . . 3.8
— Slightly better agreement with inclusive 36
measurement 3
3E HFLAV E
28F ey
e o o ey by w1 d
20231107 TR 17



Lepton Flavor Universality in B Decays



Lepton Flavor Universality

* SMrespects LFU T
() _
d —e«—«— d
R(X) = B(B— XTv;)
B (B — Xfl/g)
— Deviation from unity for the Ratio only U ——
2] L > =10 contours -
comes from lepton masses = : o =ibemeE 3
035 " -l
. . 03F =
* While new physics such as leptoquark can ol i, g
differ the Ratio from the SM prediction 025 - O g 5
L S—
* Current WA is about 3c to 4c deviated from e e ]
. . 02 0.25 03 0.35 04 045 05 0.55
the SM predictions R(D)

20231107 19



Preliminary
189fb!

First Measurement of R(D*) at Belle Il

S

4]

Candidat

Pull

800 |

700 |

Signal side

— Three D* channels, D**=>D%t*/D*n°, D*9-> D00
— Two leptonic T decays, T2evv, T2 uvv

Tag side
hadronic decays
Results

R(D*) = 0.267
Consistent with both SM and WA

20035 (stat.)

zoomed

0055 (syst.)

15 < Mijss < GO(GEV/CZ)Z

T T T T
Belle Il Preliminary p+—p’r* —e— Data

T
Beﬁe l.l Pre\lmlnary D¥ 4» +Dam

Tagged

(Full Event Interpretation)

Signal

v | Leplonic r decay

|

L
, PNONSs O
T T

100 Bsn‘s n Prsllmmary —a— Dau 25 : AXZ = 1.0 contours ]
JLdt=1803 10" e JLat=189310" - JLat=180.31" o - ]
[ pHiv DDl [ p* t [ i - .
I ol sor B oy 35 .
[B Hadronic B 3 [ Hadronic B 3 B 4
I Fake D 5 el I Fake D T [ Bellell -
[ ] Other BG T [ Other BG B N B
Fit uncertainty ~ J 3 40k + Fituncertainty | 3 03 & Belle ‘\_. —_
20 - LHCH® -
025 — =
0 - E
3 = 3 B 4
_ 2F _ - World Average B
. . 4 & ° € & 02— $HFLAV SM Prediction R(D) = 0357 = 0029, —
. . B 2 E 3 R(D)= 0298 =0.004 R(L) yRECE 0.015", B
L | -4 E L | E L L 1 L L ! L L I~ R(D*) =0.254 + 0.005 b
0 2 3 10 - 2 6 10 02 04 06 08 1 12 14 16 18 - | | | | , fbﬁ 3” | L]
2 0.2 0.25 0.3 0.35 04 0 45 0.5 0.55
[GeV ] [GeVz] E.~ [GeV] e
m|ss mlss ECL
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Preliminary
189fb!

Measurement of R(X)

 First measurement of R(X) at B factory A L

— Complementary to exclusive R(D*)) ‘(DO o+ » \ X

R(X):B(B%XTI/T) T
B(B = Xtv) o e
* Reconstruction s 1M | = o
— Signal t>evv, T2 pvv U S SNy + E(:S;t;s
— Hadronic tagging g al i
* Use missing mass squared and lepton 2 4
momentum to isolate signal from B>Xlv ~ £:8= =
background P TR
— Template fitting performed p® [GeV]
* Result _
SM prediction
R(X)=0.228£0.016(stat.) £=0.036(syst.)
— Consistent with SM prediction et Bellel: ¢
— Major systematics — Belle I1: 4
* MC statistics, PDF shape, BF of B>D**lv . High Energy Phys. 11,7 2022) N Belle II: #

005 010 015 020 025 030
20231107 R(de)



Rare B Decays



20231107

Time Dependent CPV in B>1n’Ks

b—2>sqq process dominated by QCD penguin * o
1%.% —

If measured S is deviated from sin2¢,, it might i Z ;S
be a new physics signal = f A i K0
Reconstruction d < d

— n'2>nlyy)nin

_ nlep(ﬂfrn—),y 400 Belle Il Preliminary [rdt=362 b1

B ;) !T'KSI I I | : Cont‘inuum

Result . D e

250

S= 0.67%0.10+0.04
C =—-0.19 £ 0.08 £ 0.03

Entries per 0.64 ps
5
o

HFLAV: S = 0.63 £ 0.06 C = —0.05 £+ 0.04

— Consistent with sin2¢, and WA

Asymmetry




Preliminary
362fb!

Time Dependent CPV in B> K*y

Photon in b=>sy process is predominantly left-handed
in SM

New physics enchases the right-handed photons

Time dependent CPV in B>K*% is sensitive to the
photon polarization

S~ in SM while Irager value for NP
SR Kooy, = (—2:3 £ 1.6)%

Reconstruction
— B> (KsmO)y
— Vertex is determined from long lived Ks decaying to ' using
beam spot constraint

Result
S =0.001347 + 0.03

¢ =010+ 0.13 £ 0.03
HFLAV: S = —0.16 + 0.22 C = —0.04 £ 0.14

— Consistent with the SM prediction

— Most precise to date!

20231107

Events /1.0 ps

Asymmetry

New Physics

b q’ Sy,
.."* 0""‘ M . . .
A Tmy (Helicity flip)
b > VR

K*%y

| Belle Il (preliminary)
- JLdt=362fb~?
’+ B?ag
40 __-—é-._ E?ag f%
(- BB ¥
qq <

20|




Bt2>K*vv

* FCNC process with no charm loop €< b—2>sl*l

* Precise SM prediction

— B(B*>K*vv) =(5.58£0.37)x10°®
e Sensitive to New physics

— Axion, ALPs, dark scalar, Z’, LQ

* Experimentally challenging
— Only Kaon in the final state>Huge backgrounds

PRD 107, 014511 (2023)
PRD 107, 119903 (2023)

— Analysis performed with 63fb!
— Update with 362fb!

=
N

20231107

25



B*=2>K*vv Analysis Methods

* Hadronic tagging analysis (HTA)
— The other B meson reconstructed with hadronic decays
— BDT to suppress backgrounds
— Efficiency 0.4%
— High purity S/N=7%
* Inclusive tagging analysis (ITA)

— Highest momentum kaon candidate is selected as signal
candidate.

— Charged and neutral particles are collected as rest of
events.

— Two consecutive BDTs are used (BDT,, BDT,) to
suppress backgrounds

— High efficiency of 8%
— Purity S/N=0.8%
* BDT distributions are transformed by flattening
the signal component and then are fitted (with
g2 for ITA) to extract signal

20231107

Hadronic tagging (HTA)

Koo g2,

+ —
£ yas) E
‘—._‘_-_“\‘
Other
by tracks and clusters
G ACH in the event

Inclusive tagging (ITA)

K +
2
\.o

--—--__.\‘
- Rest of event
) (ROE)
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Preliminary

362fb1
B + 9 + \ ) \ 4 15.0
e S u ! Belle II preliminary SM
DN [ Ldt=(362+42) fb! —— HTA
— ITA

—— Combination

* First evidence for B*F2>K*vv

HTA and ITA combined
u =47 = 1.0(stat) = 0.9(syst)
BB+ — Ktvp) = [2.4 = 0.5(stat) )3 (syst)] X 107

- Zlog(L/Lmax )

— 3.60 from null
— 2.80 from SM prediction

— When taking the combination, common events
are removed from ITA sample (~ 2% of the total)

Candidates/0.01

Pull

HTA ITA
— +1.1
p = 2.2 +2.3(stat)T) S(syst) p=15.6% 1.1(stat)" 4(syst)
— ’ _ + +,..7) — =5
BB* - Ktvp) = [L.1H3(stat) T-3(syst)] x 107 BBT - K'vv) =28 % O.ggrt?t) + 0.5(syst) X 10
0.92 0.94 ! 0.96 ’ 0.98 1.0
l Bellc-II prt‘-li.milnarr}:' B B Kt up . [ T T
w 100 I J fdi=362th £ BB e J' Belle IT |ul';]i|1|inu1y
i) [ r’.F_ . f.f;m:muzT 12) fir!
= - ) T g’ g 2000 ; :
— L ata
ERE E
& |
o . : ! 1000
(3) 0
::* 0 e — = ’
Q-. -5 - : : : : : O: _: 1 1 i L 1 i I | i ] 1
2023: 0.4 05 06 0.7 0.8 0.9 1.0 1 4 8214 82514 8 251 4 8 % 27

4(BDTh) e [GeV2/c



Preliminary

20231107

711fb1+362fb?!
B> py L
b d
* FCNC process with b—>d transition o o
— Isospin violation large? B*>p*y B°2>p%
CLU_ — % F(BD — VOf}/) ( o V_rY) (}% ® g_(b) Belle B—>py (preliminary) % :i(c) Belle B’—=p% (preliminary) 1
I %/F(BO — 10 ) + F( - Vf")/) g 20 szdt=7Hfb4 i’l 405 s
— WAA, =(30"16_,)% Belle § ol
1T T T :
- SM ’ F —}— +.I-H T, T T2, ! £ W AL Py
aI (p’}/) p— (5'2 j: 2.8) % 5.2 5.21 522 523 5.24 5.25 5.26 5%{2&6263025)3 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5&:?&;\2,'9'(:5)}3
% * F (e) Belle | B'—>pYy (preliminary) % % ?m Belle Il B®~p% (preliminary)
. i 20 ?del=3621h" = o
* Analysis Belle Il g« | g
— Combination of Belle (711fb!) and Belle g v 2
(362fb1) di
- Boe poy ) B+9p+y 052 521 522 523 524 525 526 5&55&’:\2;?’;2;)3 05.2 5.21 5.22 5.23 5.24 525 5.26 Si'tiﬂ: f&;éﬁl‘cg)ﬁ
— Large B->K*y background is suppressed using
PID and AE
Results BR(p*y) = (12877232 190)x10~7
— A, is consistent with both SM and WA BR _ (7.45+133+1.00Y%10~7
_ : its to d (p%y) = (7.45213755:80) %
Most precise results to date +11.0+89%
Ap = (14.217777571)%
— +15.24+1.3\¢
ACP — ( 8'4'+15.3—1.4 Yo

28



Cham, Tt and Dark Sector



[ ] [ ] .
Charm Hadron Lifetime .|
Belle "'
* Good vertex resolution allows precise b,
measurement of charm hadron lifetime BABGE o ]
N . . 1p
 Measurements of lifetime improve the -
understanding of QCD in charm hadron N
decays _ i
£1070F o J T T
2 D ‘o % AT
r(p) = 2;‘13;_/(277)45“)(1’1;*;0() {X (px)|Hew|D(pD)} % E]OED* 522 ) ‘
- 21 Im(D|T|D) where T =i [d'sT {Hor(x), Hor(0)} h“’”_‘ & B o | S8 J H e
D o o : Gy - (O 1040 2 §~ 200 = g«
. 1“3+F5%+r6%+...+16w2 (rﬁ(—Z+F,—Z+...) g g |z El1=| e &
my; mg m;, ¢ 1030 9] Iz: 190
10205— r
* Except for Q, Belle Il has made the world’s b oF .
best precision R TRT T TEE T 17° ies 5000 5008 5070 5078 3080
— For Q,, Belle Il confirms longer lifetime measured by Year
LHCb g E 0 540 T T 7 T T ':F' " F T T = ]
=T 520f = @ g 2501 -l =1
resf |5 |5 S g S r =2
a2b 12 I8 = = =°F e - =]
4IUE— g :’:\1‘ *é %5007 ) + §+é=:’ 200r E
F ch. 5 8 = E =] A HEN®
408;— g ><u. = D490 5 = 2150._ .
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T MAassS

Fundamental parameter of the SM
Crucial for LFU test in T decays

* Use pseudo-mass technique with t>3nv

Mo = \/ M3, +2(V/5/2  E3,) (B3, — p3,) < m,

e Result

m_=1777.09 =0.08 =0.11 MeV

Most precise to date

Pull

20231107

Beam energy

Dominant uncertainties

Momentum scale

x10

-

Ye

\_

(=)

_\/H

R, =

f(m2jm2)
* f(m2/m2)’
_ B[t = pvvy]
BT — e ey

~

f(x)=1—-8z+ 823 —x* —122°Inx

16 Bellell

-y
]
|

14F _[Ld1:190fb"

t Data
i Background

m, = 1777.09 + 0.08 + 0.11 MeV/c?

— Fit

.
Y N Pt L,

BES (1996)

+0.18 +0.25
1776.96 0.21 -+U.1?

BELLE (2007)
177661+ 013 £ 0.35

KEDR (2007)

+0.25
1776.81 22 10.15

BaBar (2009)
1776.68 + 0.12 + 0.41

BES Ill (2014)

+0.10
1776.91+0.12 110

Belle Il (2023)
1777.09 + 0.08 + 0.11

PDG Average (2022)
1776.86 + 0.12

1.76 1.78 1.8

M, [GeV/c?]

P
1776

Ll
1776.5
m, [MeV/c?]



Dark Sector

* Zinl,L,
— Gauging the difference of p and T numbers
— Might couple to dark sector particles

— Can explain muon g-2 anomaly

» Search for ee>uuzZ’ with Z’->up and invisible decays
— Z'->pp similar limit with Belle and Babar

* Exclude almost all region of M, > 2m  explaining muon g-2

— Fully invisible Z’
* First exclusion explaining muon g-2, 0.8 < M, < 4.5GeV

Belle Il preliminary J-Ld[:178 it PRL 130, 231801 (2023)
10° -

Belle Il, 0.276 fb~!

10te Z'2up 178fb . 10-! o |
] - Preliminary to be submitted to PRD - ' (0-2),£20
o I 7 CL)
8 10—2 IS c;|r\a"““"(g5 o 1072 |
= E e h, Ahg
; 2 Belle CMS (95% CL
10—3 ’ 1073 | Belle 1l IL dt = 79.7 fb~1, 90% CL UL E
= — Iz=0 Expected 1o Expected +20
B —90%CL UL [ Expected UL =1 [ Expected UL = 20 —=-Tz=01Mz
e T R T e R s NN A

, 2
m, [GeVIc? Mz [GeV/c“]



Near Future Prospects

* June 2022 —Jan 2024: Long Shutdown 1 for
SuperKEKB and Belle Il upgrades

— New collimators to reduce beam induced
backgrounds which limit beam current

Int. Lumi (Delivered)

. . . . fb-l
—> can go higher luminosity mgm L —
— Two-layer pixel detector was installed oo | W[ Target |
* > better vertex resolution under higher beam N s B
induced background 3000 [ feuet

— TOP PMT replacement > better Kaon ID 2000 \ /

 Jan 2024 : SuperKEKB operation resumed 1000

— Plan to accumulate more data than Belle in run2 e
20/4/1 21/4/1 22/4/1 23/a/1 24/4/1 25/4/1 26/4/1 [YY/M/D]
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Future Prospects on Physics

Summarized in Physics Book
— https://doi.org/10.1093/ptep/ptz106

One example on UT measurements

* ¢, :Penguin pollution
* (¢, :isospin breaking effect
See deviation?
Current status Around62035
0O T T T e T T R s T T BN A I B U S
- ' = E 8 ' Ami& A S 3
B2 9, AmdAmd&Ams o ™ 3 s Jre Ams % 3
_ N =5 b, E
05 g oy ... = 3 X
3 (excl.atCL>095)  ~] s E (excl.'al CL > 0.95) b
. ¥ 3 b, 0 3
E: ¢2 & E w | 49, E
02 = - = ! : -
= Wl 3 TN | WA, | H
0.1 o | — 0.1 ' \—2]
N o 0 e 0, 3 i/ 4 Y ]
0.0 = 2 1 L - I afis I Al | S| 0.0 L 1 L5 ! 1 1 1 i~
0.4 0.2 0.0 0.2 0.4 06 0.8 1.0 0.4 0.2 0.0 0.2 0.4 0.6 08 L0 1
P p

— Uncertainty of Sides

: ¥1% for |V | and |V, |

Prog. Theor. Exp. Phys. 2019, 123C01 (654 pages)
DOI: 10.1093/ptep/ptz106

PTEP

The Belle IT Physics Book

W. Altmannshofer™, F. Beaujean™’, G. Bell'?f,
F.Bishara'**'%% M. Blanke**'¢ C. Bobeth!"*!"*¥ M. Bona'*>%,
.8

=81, P UrquijotsH,
114§ 1484

, S. Hirose®™,
uber'?*, T. Hurth

— Uncertainty of Angles : 0.2deg, 0.6deg, 1.5deg for ¢,, ¢, and ¢,

Should consider

=]


https://doi.org/10.1093/ptep/ptz106

Summary

Belle Il at SuperKEKB has rich physics program

With a data corresponding to a half of Belle data,
world leading and unique physics results are
presented

SuperKEKB operation will resume in Jan 2024
Belle Il will collect more data than Belle in Run2

Stay tuned
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Comparison of B2>Kvv

Combined
HTA

ITA

~ Privately produced comparison
A

[N

SH Average

0.497 £ 0.037 1

. |
1 I 1 L | L 1 1 | L L 1 | 1 1 1 | 1 1 1

—— Belle II (362 fb!, Combined)

2.440.7 This analysis, preliminary

&
I
I

. |

el o Belle II (362 fb, Hadronic)

. 1.1+ 1.1 This analysis, preliminary '

2.84 0.7 This analysis, preliminary

i
: —_—— Belle II (362 fb!, Inclusive)
i
i

O Belle 1T (63 b, Inclusive)

S

1.9+ 1.5 PRL127, 181802

i
_._L Belle (711 fb!, Semileptonic)(*)
I 1.0+0.6 PRDY96, 091101
!
i
|
—o0—

PY Belle (711 fb"!, Hadronic)(*)

3.04+1.6 PRDS87, 111103

Babar (418 fb"!, Combined)

0.840.6 PRDS87, 112005

Babar (418 fb'!, Semileptonic)

0.240.8 PRDS7, 112005

Babar (429 fb'!, Hadronic)

1.5+ 1.3 PRDS87, 112005

N

o=

0 2 4 6 8 10
10° x Br(BT—K " v)
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