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KEKB & Belle
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SuperKEKB & Belle Il
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Low emittance gun

Positron source
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New positron target /
capture section

Low emittance electrons
to inject

Peak luminosity
v Record: 4.7 X10%cm>2st
v Target: 6.3X10%cm s
® Target data sample: 50 ab?

Resistive Plate Counter (barrel)

KL and muon detector:
_WLSF + MPPC (end-caps)

LEM Calorimeter:

tification
Propagation counter (barrel)
Aerogel RICH (fwd)
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Central Drift Chamber S
Small cells, long lever arm, fd
electronics

positron (4GeV)

LS1: Long shutdown 1,
install another layer of
VXD, replace damaged
sensers, etc 2022/7-

Run2: Belle Il detector with
part of VXD 2018/3 -
2010 2018/7 4/26:First collision 2023/9

Construction started in

2016 § 2019

2010 2018 2022

Run 1: test run, no Belle Il Run 3: Physics Run, fully
detector installed Belle Il detector

2016/2 - 2016/6 2019/3 -



Belle Il Collaboration
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Total integrated Weekly luminosity [fb~1]

Data taking at Belle I

Belle Il Online luminosity Exp: 7-26 - All runs
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First result of scan data at

around

10.75 GeV at Belle |1
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> ~362 ol at Y (4S)

v' Combine with Belle 711 fb! at Y (4S)

> ~42 fb1 60 MeV below Y (4S)
> ~19 fb'l at ~10.75 GeV



Belle 11 physics program

bb 1.1 A
cC 1.3

qq (q=u,d,s) 2.1
T 0.9

B factory, also
tau-charm factory

Physics potential summarized in the Belle II “Physics Book”
PTEP 2019 123C01, arXiv:1808.10567

Measurement of decay

Recent results of charmed

14:40-15:00 (15+5) Z=fPt#  baryons focusing on new baryon 15:50-16:10  ZEHH

asymmetry parameter and CP
violation in charmed baryon
at Belle decays

12H10F 4



X(3872) — " 1 m°

® All known X(3872) decay modes contain open charm or
charmonium mesons.
® X(3872) decays into final states with light hadrons ?
® X(3872) as charmonium, significant branching fraction for
gg — hadrons.
® Triangle logarithmic singularity

v Br(X(3872) — wn* n n’) = 10-3- 104,

v A narrow interval of m(nt) near value of 2mg = 3.73 GeV.
® Belle: (772 + 11) X 106 BB events, B — K X(3872).

PRD 99 (2019) 116023




B—K X(3872) & X(3872) — n* 1 7O

arXiv:2206.08592 PRD accepted
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® \/eto continuum background by MVA

® \/eto no-B background by AE = E, - Eg

® Same final state due to B — Dp, K*(892) p by mass window cut
® Case I: X(3872) — =n* - n° MC by Phase space

® No significant signal is found



B—K X(3872) & X(3872) — n* 1 7O
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® Case II: X(3872) — n* m n® MC with PRD 99 (2019) 116023
v w*r invariant mass peaks close to 2mg = 3.73 GeV
® No significant signal is found
arXiv:2206.08592 PRD accepted 9



B—K X(3872) & X(3872) — n* 1 7O

® 1t*rr Invariant mass in X(3872)
signal region
v" No significant enhancement
near 2mg = 3.73 GeV
® More data @ Belle 11 ?

Events / 3.0 MeV/c?

3.7 3.75
M(r*r) GeVic

channel case I case 11
BT — KTX(3872), X(3872) =777 7" <1.9x107° <1.5x 107"
B’ — KX (3872), X(3872) » ntn 7n” <1.5x107% < 1.8 x 107"
X(3872) - w" <13% <12x107"

arXiv:2206.08592 PRD accepted
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Yield /(500 keV/c?)

Search for tetraguark states X ss

70¢ L B SO S S

i > Comm. 31§ (2027) 3361 11

60 =Y 3 TABLEL Predicted masses and widths for the X .5 resonances
‘30:— in D7D and D;7D7" final states [19].

c Mass Width
40 Mode 1" (MeV/c?) (MeV)
30E X,... — DD} 00" 4902 3.54

- o i X.... — DD 02 4821 5.58
20 * DD+ theehld - 02° 484¢ 10.68

~ ————  D™D* threshold J .0

OE + *{ JUL J( 02" 4775 23.26
10—~

» dﬁ%ﬁiﬁ% A *Hﬂ :

ot PR D 102 (2020) 054023
3.87 Y ™ 3.9
MpOp0 [G(f\-’/c‘}

® EXxotic states with nonzero electric charge

v' LHCD: T_+ in D°D®z* mass spectrum near threshold
® Search for double-heavy tetraquark candidates by D{Dg
and D5TDg" at Belle

v Dg"— yDg

v D¢ — ¢(—K*'K)n* and K*(892)°(—» K™n")K* 11



Search for tetraguark states X ss
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® Best D™ candidate with mass
constrained fit for each D¢ candidate

® No multiple candidates after all selection
® Use Y(19), Y(2S) and data /s = 10.52,

10.58, and 10.867 GeV
® No clear signals are observed,
v Provide 90% CL Upper limits
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Two-photon decay width of x.,(1P)

® T, of a P-wave charmonium, whose description is at

Intersection between perturbative and non- perturbative QCD.
v Theoretical calculation: between 280 eV and 930 MeV

® Two approaches: two-photon decay & two-photon production

® vy — %(1P), X(1P) — y Iy and Iy — I'" (I = e, p)

v worse results by two-photon production

® Belle: 32.6 fb'l! — 971 fb! data

CLEO-c  y%,(1P) — vy
BESIII Yo (1P) — vy
Cleo Il yy — yx(1P)

Belle 1Y — Xeo(1P)

555 + 58 £32 £ 28
586 =+ 16 £13 £ 29
582 = 59 £50 X 15

596 + 58 48 X 16

32.6 fb!



Two-photon decay width of y.,(1P)

=g ® Cross section of R via two-photon process
& a v W: energy of resonance R

'— 0FF,2%F v L..(W): luminosity function
glete” > eTe ™ R) = / o(yy — R;W)L,.(W)dW,

® Total width of R is sufficiently small compared with its mass
v J: spin quantum number
v' Mg: mass of R

Lo (mn H‘)T,{i
oclete™ =5 ete R) = 4n?(2J +1)— A "

2
??EH

® Select quasi-real two photon collisions
v’ Zero-tag mode




Two-photon decay width of y.,(1P)
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® A peaking background from e+e- — y,sgr W(2S)
v Y(2S) = ¥ %2(1P), x(1P) — y Iy and Iy — I*I
v Subtracted by MC simulation

® Belle results is almost same as that of BESIII results

arXiv:2208.04477 JHEP accepted



a(e*e—nd)(nb)

0F

e'e” — ¢n

by ISR

Parameters

with ¢(2170)

without ¢(2170)

—— Belle
—— BaBar
BESIII

\?/ndf
ay
aq
Bo(]ﬁa[})r (1680}({3\()

ne ete

ﬁ . 11—0(]5&0) (MeV /C )
r@{lGSO)C\’ICV)
R0(1650)

ne ete

1 "o,
ﬁ § ROEIT0) (mm(ew
] 1[“')1—0) 1\1(‘" /C )

L'4(2170)(MeV)

16 18 20 22 24 26 28

%[} 32 34 %6 ’58

\ s(GeV)

B5(1680)(°)
02170 (°)

Solution I Solution II Solution IIT Solution IV

77/56
—414+05 50407 —-50+05 —484+0.2
27+£01 264+£01 27+£0.1 26101
12246 219+15 163 +11 203 +12
1683 £ 7
149 +£12
0.18£0.02 0.194£0.04 0.21 £0.02 0.17+£0.04
0.09£0.05 006 £0.02 16.7£1.2 17.0+1.2
2163.5( fized)
31.1( fized)
—890+2 96 +6 —-92 41 —86+7
3714 —-102+11 —-167£6 —155+£5

Solution I Solution IT
85/60
—3.2407 50%£0.1
29+01 26£01
7T5+£10 207416
1696 £ 8
175 £13

0.25+0.12 0.23 = 0.10

—87+15 108 +22

® ¢n mode: isoscalar

v ¢* and o* (OZI suppressed);

v" useful to measure ¢*parameters.
® Study ¢(1680) resonance parameters with Belle 980 fb-! data
® no clear observed ¢(2170) signal, but 90% C.L. is consistent

with that of BESIII.

arXiv:2209.000810 JHEP accepted
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ete" — Xtx~and X2 by ISR
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® Cross section at threshold 30, arxiv:2210.16761
v' Charged: ¢ +# 0; Neutral: ¢ = 0; | ¢ eole
v Gg & G,, form factor. enr - osa
® pQCD-motivated function describe }10:_ il
BESIII results. : I S
® Study with Belle with Belle 980 fb-! data oL - A

24 2.6 2.8 3.0
® All results are consistent within uncertainty (S [GeV]



CKM Unitarity triangle
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® Tests of quark-mixing matrix unitarity
v Precise measurement of unitarity triangle parameters
b1, 020 b3, V|, Vi
v' B/¢,: mixing + b — ccCs, b - ccd
v a/,: mixing + b — uud
v y/¢5: b - ucs, b — cus
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® Target B and A.pasymmetry

B/, @ BY — KgKgKg

® Processviab — sqq

® Sensitive to non-SM effects

® Important for CP asymmetry
v § =-sin2¢, @ SM, mixing induced CPV

v A =0@ SM, direct CPV

v" Deviation from SM, hint of NP !

16 |
14 .

s L dt = 189.3fb,
12 | I e R

10 |-

Events / 2.0 [ps]

I Belle II (preliminary

lQ N &
\BEEEEEEEEEE

+q=+1,Bo.g

e*|At|/TB()

P(AL) = 3 (1 + g[S sin(Am,At) + Acos(Am,At)])

TRO

ol
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3 ﬁ
" al Qo

£

® Belle 11 ~190 fb! data
v’ 53 *+ 8 events
v §=-1.86'031 + 0.09
v A= —0.227339 +0.04
® \World average
v §=-083+0.17

vV A=015+0.12



a/¢2@B—>7t7t&B—>pp

® Measurement of B and Ap B+ - mrtr0
® Process viab — u diagrams

® Interference between tree and penguin dlagrams

® Belle 11 190 fb! data

v Multivariate analysis to suppress continuum

v" 3D signal extraction function

v’ Validation by B* - D(— K*n~n®) w* continuum
® Comparable sensitivity with ¥z of data

BB pairs ~197 M 449 M
B(X106)  6.12 + 0.53 + 0.53 6.5+ 0.4 + 0.4

Acp  -0.085 % 0.085 £ 0.019

Candidates [a.u.]

&

_—510.0 =75 -5.0 =25 0.0 25 5.0 7.5 10.0

# Candidates [a.u.]
N oW os O oo

Pull

u.]

[a.

# Candidates

Pull

B~ SE—Y —_— e . =4

0.1 0.0 0.1
AE [GeV]

Ofp~ — ~ e
523 523 524 525 526 . 528 5.29
My [GeV/c?)



® \ery challenge, neutral final states
® All neutral suitable for Belle 11

a/$p, @ BY — 70 r°

® Belle 11 ~190 fb! data
v" Photons by FastBDT; data driven method for background suppression
v' Belle 11 flavor algorithm; validation by B® - D(-» K*n~n%) ="

_TB - 7’7" -T'B — =)

A pp = ——
T I(B - 2979 + (B — n020)

35 =
P = 35 F getten (Preliminary) 30 F Belle Il (Preliminary)
2 30 8 30f . e . L
B o, .’-Ldt=189.9fb =B xx ~ 25 -J-Ldt=189.9fb --g o
95 = o5k P - Continuum
e 8 % 20
o 20 S 20f 2
S 15F @ 3 15F
= o % 15 _E B
@ aqbl o Lb T e F
£ 10 2 10 8
B 5F |La=1seemt 0 & s5f 5F
| I . 0 0 b ‘il
826 5265 5.27 5.275 528 5.285 5.29 -0.3 -3 3
M, [GeV/c?] T,
3s 4F 35 AF 3s 4E 3 1
£ | T SRR AR RS SO S — £} Y TSRS R SOUPT UY SN S - £ S TP SR SO 2 X UINT R N O DO
se _4E ¢ 3¢ 4 ¢ se 4E ‘

BB pairs

~197 M

B (X109 1.32 + .0.25 + 0.18

Acp

-0.14 + 0.46 = 0.07

7711M

1.31 £ 0.19 £ 0.19

-0.14 + 0.36 = 0.10

® Efficiency 35.5% @ Belle Il
® Efficiency 22% @ Belle

® Comparable sensitivity with
1/4 of data



o/d, @ B® — p*p~

arXiv:2208.03554

® Golden channel for ¢,,

v small contribution from penguin

diagram

® Rely on neutral performance of Belle I
® Target:B and polarization

® Belle 11 ~190 fb! data

v Continuum and peaking background

(similar final states)
v 6D fit for signal yield

Entries / 0.01[GeV]

Belle Il (Preliminary)
[Ldt = 189 fb~?

Entries / 0.05

Belle Il (Preliminary) __
2001 [Ldt = 189 fb~? 2

g

d

Normalize
Residual
|

Normalized
Residual

o -0 OSAE[DGDGeV]U 05

04
Te

1 Ldt = 189 b~

Entries / 0.01[GeV/c?]
S e 5

Belle Il (Preliminary)

Entries / 0.01[GeV/c?]
N oW B @ @

Belle Il (Preliminary)
701 [Ldt = 189 fb~!

Normalized
Residual
|
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Residual

Mp+o[GeV/c?]

0.7 0.8 0.9 1.0
My-olGeV/c?]

121 Belle Il (Preliminary)
[Ldt = 189 fb~?
100

—_

1201 Belle Il (Preliminary)
JLdt = 189 b=t
100

Entries / 0.05

e 1.02
3.0 1 i
1.00

2.8 1
- _L 0.98
1
o ~

2.6 S
~":‘ 0.96 -
[

2.4 0.94 1

&== PDG2022 &= PDG2022
[~ Total - 0.92 4 1T Total
227 @ stat. i ' ®
Belle BaBar This study

/71M 383M 197M

Residual
!

Normalized
Residual




a/dp, @ B* — p*p’

arXiv:2206.12362

® Rely on neutral performance %:;zj ] fof P B
® Target:B,A-pand polarization Eiraat! j
® Belle 11 ~190 fb! data e il

\/ Contl nuum and peaklng baCkg round gé 3%15 '4:,1‘ '4,‘0;’ ré’ : :.;5’ ‘;1, Q:.15 E% éo 5 é‘s‘ 414' "z' ‘E: '; éi’ CRNCIT)
(similar final states)

AE [GeV]

. . . L 1»of i 140 Trimoan)
v" 6D fit for signal yield g0 Jrerrome
® Belle Il results: systematic dominated - W
il _—
%g 2 Z§ g;t:*:.’w::"A.‘,..i;.i: *:?::‘:i.‘;..‘:.::‘.:;ué‘. :A‘.‘.
— +22 -6 °§j5 06 07 08 0§ 1 2535 o.‘e* 0.7' 08 loisl Yi'
Be“e B - (23 2 + 2 7) X 10 “ m(z*n°) [GeV/c? m(r*n) [GeVic)

197M BB fL=0. 943+33§§ +0.027 Sanf

Acp =—0.069 + 0.068 + 0.060
BaBar B=(23.7+1.4+1.4)x107° f
465M BB fL=0.950 +0.015 + 0.006

2F 1 53 F
141 -08 -06 -04 -02 0 02 04 06 5&841 -08-06-04-02 0 0.2 04 0.6 08
Acp = —0.054 + 0.055 + 0.010 : R

23



v/, @ B* — DO (KIhth™) K*

u b Vuh u
@ ®) . n
Vs K" * ¢ D

w*, : W,

b Vcb ” C B+ ‘@ _

o’ s
+ 0 +
B u u D u u K

® Decay rate depends on interference of two amplitudes

v' Sensitive to ¢..
® ¢, with rgX and 8p* manifests itself in the difference of

dalitz distributions between B* and B-

$ 3 o5 3
O L
5 5 ‘%2.5 % 25
Q
my = Mo, .+ O O
o 9 2,15 .15
m- = Mmoo, - I3 e
] 1 . 1
= P=
05 A 05 :
05 1 15 2 25 3 05 1 15 2 25 3

M (Kor*) [GeV/c’] M (Kr) [GeV2/c']

24

Ag+(m?,m2) < Ay(m?,m2) + 1K oi(88" =83) A (m2, m?2)



v/, @ B* — DO (KIhth™) K*
JHEP 02 (2022) 063
® Belle + Belle 11 combined analysis 2 " Belle+ Belle

v" NN-based MVA for K3 0.2 Jrat-rirzn e
v Additional statistics formh=mand K .15
v Improved background rejection

® Yield increase by 40% for Belle and
additional 17% statistics from Belle Il "0 50 10 70

0.1+

® Results @ Belle + Belle 11 ® | HCD 9fb'1¢ij[€]:1ta
3 = (78.44+11.440.54+1.0)°, $; = (68.7i§;§ ©
rBE = 0.129 4+ 0.024 £+ 0.001 + 0.002, rg = 0.0904X3007%
SEK = (1248 £129+£05+1.7)°, 5 = (118.3+55)°

JHEP 02 (2021) 169
® Future Belle I1: 1747 @ 839 fb! ~75 K @ 36 ab!

® Futrre LHCb: 13600 @ 9 fb! — ~75 K @ 50 fb!
® similar-sized event samples



V.| and |V,,| measurement

® Extract |V, | and |V, Type 7
v" Inclusive: sum over all possible hadronic
final states B —» X, lv
v Exclusive: specific final states B - D/D* /rtlv
v Theoretically and experimentally independent | peviation 330 330

® Limitations
v" Inclusive: higher order perturbative and
non-terms in HQE

Inclusive | (42.19 £0.78)x 1073 | (4.19 +£0.17) x 1073

Exclusive [(39.10 £0.50)x 1073 | (3.51 +£0.12) x 10~

v' Exclusive: hadronic form factors Measuring the sides of UT
D, — Iy
® Complementary measurements: . ,_ . —
Important D — zly B — X Ju
Vud Vus Vub
R B — Dlv
VCKM - cd st Vcb B — D*ly
Va Vis Vo B —X.Iv
B(? - Bg‘ B_,'{.] — B?

20



Untagged approach (UT)

Untagged [V & .

® Event reconstruction
v B> D (Ktm n )ty
v BT - DKt )ty

Belle Il Preliminary [cdt=189.2fb!

8000 (| Signal

m D*ev

N True D

— 6000 |y False D
mm Continuum
wx MC all. unc.

BY=D~ptu,
Post-Fit

Signal extraction with cosine
angle distribution between B

and (DI) system

dr/dw [1071° GeV?]

® D recoil momentum g2 calculation

v g° by inferring diamond-frame approach
v Transfer q > w = (m% +m} — q%)/2mgm,
v Split w distribution into 10 bins

Belle Il Belle 1l
i reliminary Preliminary
—— BGLN=3 B~-D%"v. a0l — BGLN=3 BO=D v, |
35F umm 10 x2/ndf: 18.2/14 - R Xx2/ndf: 15.1/14
20 ~ 20
30}
30 %J 30 30
251 § Dat (O] % Dat
wn
20} )
o 20
151 =,
L =
10 D 10f
E =
> S
of ot
0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 0.9 1.0 31 1.2 1.3 1.4 1.5 1.6 1.7
w w

dl'(B — Dlv,)  Gim},
dw 4873

Ngw!Vep| = (3853 +1.15) x 1073

(mp +mp)*(w? — 1) 2w G (w) Ve |?

consistent with exclusive world average
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tagged [V )|

® Event reconstruction [Hadronically agged approach | (HT)
0 *— iion ully reconstructe
v B D'y 6 SR e
v D*~ - D7~ D° - K*naa :
v Challenging: low momentum pion from D*~ \_@
v" FEI using HT algorithm to tag B

Belle Il Preliminary

70 i
[ f 0.008 - e data with stat.+sys. error
60 J Ldt=1.89.3 fo * g'ata , C Belle II(PreIiminary)det=189.3 " best fit
g s B°>D ‘v, and cc. =Bgna A ?B" - D™iv and cc. [ 1o error
= TIMC error & 0-006 3 [ 2o error
2 aof © 0.005 f
[0} i = -
© 8 = 0.004
S 30| 2 :
© : ~ 0.003 E
g 2 % 0.002 :
o .l

10 0.001} p-value=40.1%

0' 0 ........ Lo Ly PV 0 W RN T W WO U NG UM UNY UM O OO U O O
1 1.1 12 1.3 1.4 1.5 1 1051111512125131351414515
w w
dl'(B — Dty Gim3 —
( = ) - D (m + mp)*(w? = ) G @) Vel Ny |Vepl = (382 £2.8) x 1073
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Untagged |V,

BO»mpty,
- Belle Il Preliminary [cdt=189fb?
® Event reconstruction = = e
- 7000 | B Comb Signal  mmm Other BB Data
/ B % nlv (BO q T’:i l+V) e000 L e itV B Continuum

[0,41Gev? | (4.8]1GeV? | (8,12]GeV? | (12,16]GeV? (16,20]GeV? (20, =]GeV?

v' Everything else including the other Biis &

included as rest of events to determinep,  §.
v" Signal yield by M. and AE distribution o}
1000
Belle 1l Preliminary 0
x10-5 Postfit . ]
Hl.z:'—l""l"""""""';"1(']"—: a AE in GeV
L 1o == 20 - dTB =)  GEVel* .
. b i v el A RVACR]
50'62_ M(IT) form factor
ol
gear consistent with exclusive world average
O'O_OII.ISIIIIIIIOIIIIll5ll.12101111215
q? [GeV?]

| Vub |BO_)JF_Z+U|; = (3.54 * O.lzstat * O.ISSyst + O.lf)theo) X 10—3
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Tagged |V

® Event reconstruction

2 2
v B - mev dU'(B — nlv)  Gp|V,|

FANFACRIE

dq> T 243
0 +,—5 +
v B > nte v, Bt - nletv,)
. M torm factor
v' FEI using HT algorithm to tag B :
le—6 Belle Il Preliminary [cdt=189.3fb! 1e|_5 | Belle I: Prelimlinary fltdt=189.l3fb‘1
R R EEEE R TR iR ARERERE EEEEN EEE N RN BRI IR
T 8f 7 v 1.50F e
NU m T | L
) [ % K
% 6L h & 1.25:
2 T oL -
. _51.00:
8 4} - =< -
;?, i . 0.75F
+q, " 7 Im E
2 2_— 7 ITZO.SO:
) - g o C
i | ] @ 0.25F
2. o . = E
5 0.00F
-2 ; | RSN VNN T T S T T ST ST SN SN SN ST ST SN (SN S S N .—- :
0 5 10 15 20 25
g2 [GeVZc™] q? [GeV2c™4]

V| = (3.884+0.45) x 1073 arXiv:2206.08102

consistent with exclusive world average
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Prospects

® The Belle 11 has taken 423 fb! of data, ~ equaling BaBar

sample. Detector works well, many analysis in progress.

® Belle Il results is directly competitive with previous B factories
v Improvements in detector and trigger
v Powerful analysis strategies
v" Fruitful results with early Belle 11 data

10 50
— : d : : : : J Long shutdown #1
i — | peak(Target)
2] Detector upgrades:
o 8 L s |1t L[ab-1] 4 40 ‘
E *  PXD (pixel) detector: complete 29
ayer
o . TOP(pn/JD)dr clor: exchange
3 6 - 430 =1 nal” PMTs fo Ife-extended
% e PMT
— — ® upgrade of back-end readout
X g (COPPER-> PCle40)
= 4 120 > Accelerator upgrades:
2 LS2
8 ¢ shielding of QCS (final focusing)
| i bellows
_E - LS1 10 * additional neutron shielding
E * installation of nonlinear collimator
S * enlarged beampipe for HER injection
| f L | L g ® pulse-by-puise beam control for
%019 2021 2023 2025 2027 2029 2031 2033 203 LiNAC
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X(3872)

- PRL 91 (2003) 262001 -
o 1
3
=
%200— —
(@)

H
@®
D
<1DO— __
M(rtrd/y)-M(J/y)
® Strange X(3872) @

v Narrow, very close to DD* threshold

v No place @ charmonium potential model @D—
® Explanations of the nature D*-D""“molecule”  Diquark-diantiquark
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