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Belle 4! 4

B Belle: asymmetric B meson factory, 1999-2010
B Main physics goal: CP violation = ol =4l-t=4l H|C|

AN oI

Integrated luminosity of B factories
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2001 sin2¢1 paper, with BaBar
led 2008 Nobel prize in physics

% The Nobel Prize in Physics 2008

YoichiroNambu ~ Makoto Kobayashi  Toshihide Maskawa

Japon Japan

Research Organization

b. 1921

More than 500 papers
published and still going on
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Belle (and BaBar) for 10 years
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B Precision physics in the flavor sector: impressive accomplishments
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Physics Highlights



R(D*)

R(D(*)

B Semi-tauonic decay modes are

highly sensitive to new physics
(ex) charged higgs)

B(B — D®r1,)
B(B — D(*)gﬂg)

R(D™) =

BaBar (2012), had. tag
0.440+£0.058 £ 0.042

Belle (2015), had. tag
0.375+0.064 £0.026

Belle (2019), sl. tag
0.307£0.037£0.016

Average
0.340+£0.027 £0.013

SM pred. average
0.299 £0.003

PRD 94 (2016) 094008
0.299 £ 0.003

PRD 95 (2017) 115008
0.299 +0.003

JHEP 1712 (2017) 060
0.299 £0.004

FNAL/MILC (2015)
0.299 £0.011

HPQCD (2015)
0.300£0.008

HFLAV
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BaBar (2012), had. tag
0.332+0.024 £0.018

Belle (2015), had. tag
0.293+£0.038 £0.015

Belle (2017), (had. tau)

0.270+£0.035 £0.0Z7

Belle (2019), sl.tag
0.283+0.018+0.014

LHCb (2015), (muonic tatl)

0.336 +0.027 £ 0.030
LHCb (2018), (had. tau)

—

0.280+0.018 £0.029

Average
0.295+0.011 £0.008

SM pred. average
0.258 £0.005

PRD 95 (2017) 115008
0.257 £0.003

JHEP 1711 (2017) 061
0.260 £0.008

JHEP 1712 (2017) 060
0.257 +0.005

HFLAV
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Tension in| V| & |V

Inclusive measurements of both |Vu,| and |V | vields higher values than
from exclusive measurements
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Belle & Us
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m Silicon sensor, electron ID, time of flight detector &5 %10§

B DST production/DAQ construction £H0]
m 20194 29Xl S HALHIS £5: 299
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Belle Aoy} o=t =

m 500 HO| Wi =20j|A 312 122 k40 ™ HE FAH/@ A2}
B S. Olsen and S. K. Choi: the historic X(3872) paper
B Most sited paper in Belle: S. K. Choi won Hoam Prize in 2017

Observation of a narrow charmonium-like state in exclusive B* — K=n'w J /¢
73 decays
oy Journal: PRL 91, 262001 (2003) hep-ex/0309032 (1657 citations)
BN #654 i i
Authors Contacts: S. L. Olsen, S.-K. Choi
Referees: D. Marlow, P. Chang, R. ltoh
Registered: Thu Aug 14 2003
Deadline: Fri Sep 5 2003 (expired)

Submitted: Mon Sep 8 2003 (+3 days)

B B. R. Ko and E. Won: DO mixing in e+e- for the first time.

week ending

PRL 112, 111801 (2014) PHYSICAL REVIEW LETTERS 21 MARCH 2014

Observation of D°-D° Mixing in e*e~ Collisions

B.R. Ko,27 E. AWon,27 I. Adz‘lchi,12 H. Aih‘ara,61 K. Aripstein,4 D. M Asner,46 V.A{Stlnllchenko,4 T. Al§§hev,21 A. Bala,47

B Leadership: Y. J. Kwon: Spokesperson 2018-2020
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SuperKEKB/Belle Il
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Physics Programs at Belle i

B Look for new physics through various decays

b —> s transitions: expected to be small in SM
Direct CPV in B —> Kmit (b—>s penguin contribute)
B—>tv

|Vub|, |Vcb]|

B—>D(*)tv

New CPV in the quark sector?
-CNC beyond SM?

FV?

Dark sector particle?

XYZ-like particle?
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Belle Il Collaboration

Belle II: 947 researchers 330 graduate students in the collaboration.
from 26 countries. .
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SuperKEKB

B The first new collider since LHC.

B Phase 1: background, Positron ring collision point LBelle 1l detector

optics commissioning ==
(2016) . Electron ring

e

B Phase 2: pilot run,
superconducting final
focus
First collision (0.5 fb-1)
(April-July 2018)

_ | Electron-Positron
L | linear accelerator

B Phase 3: Physics run Positron damping ring
(March-June 2019)
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SuperKEKB/Belle Il Luminosity projection

B KEKB/Belle recorded ~1 ab-1 of data.
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B Target instantaneous luminosity: 8 x 1035 cm-2 s-1, and it will bring 60
ab-1 by 2027.
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Belle Il Detector

Belle IT " KLong and muon detector: )

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

barrel layers) Y,
= '“bz
e = Y2 !

N = .

EM Calorimeter:
Csl(Tl), waveform sampli

\

-
)
.
AV

g )
article Identification
electrons (7 GeVl— ) = )P detector system (barrel)
| x. focusing Aerogel RICH (fwd) )

v;&

-
Beryllium beam pipe
2cm diameter _ ‘

(

Vertex Detector | -_ ' -‘ \
2 layers DEPFET + 4 layers DSSD A e |

.

positrons (4 GeV)

( &
Central Drift Chamber

He(50%):C2Hes(50%), small ceIIS,‘ 'Io'ngl_g s
arm, fast electronics (Core element)
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ith pixel detector

first collision w

2019

P —

-
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2019: first collision with pixel detector
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Total integrated luminosity per Day [fb™!]

Spring 2019: physics run

Belle Il online luminosity Exp: 7-8 - All runs
030 Integrated luminosity [fb~1]
' BN Day per Day
m— Total
0.25 A
Total [ £ dt =6.49 [fb™!] ‘
0.20 A
0.15 -
0.10 -
Linac fire
0.05 - incident
0.00 -
R\ o RS N &> &
o o o o oY o
'19\’ '1«6\’ '1«6\, %Q'\r ,LQ'\ ,LQ\

Plot on 2019/07/01

13

w » g o
Total integrated luminosity [fb~1]

T
N

!
b—

Lpeak ~ 55
x1033/cm?2/s)

Korea Univ. Dept. of Physics, Eunil Won



Events /( 0.02)

700

600

500

400

300

200

100

_|_

ete” — Ty

Photons

— - T | T T T | T T T | T T T T —]
o - _
: il) <8. (&) — Belle Il 2019 Prelimi -
- 1I 00 (ISeV I< p(l‘leCOI:) < 8I 00 IGeVI | . . . % 70000 :_ elle reliminary _£_ Data _:
- | Dat B O - | Ldt=2.62fb" — Fit -
- ata ] oy 60000 — ’ i —
- : oy 60000F _— I Signal :
— Flt - S - (3991.3 +19.9) 10° candidates, Back q n
- : g 50000 p = (132.296 + 0.005 ) MeV/c? — background - 3
- — - ~ o =(5.356 +0.013) MeV/c? N
- 3 ™~ il ]
- Belle Il 2018 (Preliminary) ] g 40000 EA0126Y .
— —_ o) - ]
- I L dt=250pb’ - (1} 30000 — -
-, =0.997 £0.001 . 20000 R
- - 10000 —
- . ot L
e B 2 ma-n iyl I T RN R S 0.1 0.12 0.14 0.16
0.6 0.8 1 1.2 2

- T | T T T | T T T | T T : MY.Y (GeV/C )

?—wm**m*mwmwm**m e ] H-'W*""'*""' . m; c;(: 18000 __| LI B B .1 .| I I L L L |__

= * | *I S S - Belle 1 2019 Preliminary I Data ]

0.6 0.8 1 1.2 8 16000 — - Fit —

E(ECL) / p(recoil) s - J L dt=2.62 fb" 9 Signal ]

g 14000— —— Background

o - N

S 12000 —

S~ ™ -

P 10000 & _|

c - _

Q8000 =

L — (100.8 +46.2) 10° candidates .

60001 _ (542.1 + 1.3) Mev/c? E

77 % f}//y 4000 :— o =(11.9 +2.3) MeV/c? —:

- E >0.40 GeV ]

2000 |— —

: 1 1 1 | l 1 L L l 1 Il L 1 :

82 0.45 05 0.55 0.6 0.65
M,, (GeV/c?)

19

Korea Univ. Dept. of Physics, Eunil Won



D*t 5 Dt

NQ T T T T { T T T T T T T T | T T T T I T T T T T T T T [ T T T T { T IE
> 80 i T
2 jL dt =250 pb”’ “ ] 3
© 70 D ->D(Kn*) * =
2 60 Bellell 2018 i =
LEI 50 Preliminary _i
40 + + =
30 —
20 ' —
10 ++ —
1 1 ﬂ++ +§++ I++| R BRI 1+| it X1 +'.-+ + +-Q'*'.| L e | '.-:
97 1.75 1.8 1.85 1.9 1.95 2 2.05 21
M+ (GeV/c?)
b 300_"J‘I"'N'1"'I""N""I“"I""N""_
> - L dt = 250 pb + "+ - .
2 250 P D™ > D(Kn*n®) m =
N ~  Bellell 2018 ]
_$ 200—  Preliminary ++ + -
= - .
L - ]
150/— +++ . -
100;T " + +++ +++ 1 =
- + + T 4y T
m}_ g T TS
:I 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 l_
9.7 1.75 1.8 1.85 19 1.95 2 2. 05 2.1
My,...o (GEV/C?)
o e L L
S 120 p —
o - JL dt = 250 pb + t e
- 100:_ D ->DKnnnt) ot _:
% - Belle ll 2018 + ]
% 80 __ Preliminary + ]
i i ]
60— ]
40— + + -
20— } t ]
4 f1t
# 1 Iﬂw +f I++l+l#fHJ+l 1 1 | 1 1 1 I+++I“f I++;+ld'+f#l 1 ﬁ | 1 1 | I #+++
9.7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1

My g (GEV/CY)

: 2
Entries / 0.22 MeV/c? Entries / 0.22 MeV/c

Entries / 0.16 MeV/c?

20

Charm mesons
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Beauty mesons
AE Ecm/2 — recon Mbc — \/(Ecm/2)2 o p%econ

> 500 ! AL B L B L L L L =
s - Belle /] BA - D(Kn,Knn', D , K3 ] S 600 8" - pKr, k', k3w Belle Il ]
© [ 2019 (preliminary) N S I [ B D(Kn, K, K3mp 2019 (preliminar ]
o 4001~ Bo D_(D (K, Krm , K3 r'— o 500f B" - D'(D°(Kn, Knn', K3mn'ye (P _)1/) =
" B j Ldt=2.621b" B —D (D(Kx, Knx, K3x)x® | \ [ B° - D (D°(Kn, Knn', K3nm)nt Ldt=2.62fb -
% - B® _ D (Knr* g ) [ B L o (Kot -
§e) 300 B’ — D' (Knmp® — % 400F ° " t |
S n 0 o ] s . B — D'(Knnp .
% B - D(Kmn . = C g° _)D;(Kon)nt 7
© 1 3 % E
c | ]
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1 O 200 =
] 100 ]

D2 015 -01 005 0 005 01 015 02 82 521 522 523 524 5025 526 527 528 529
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B We have 2200 fully reconstructed hadronic B decays!

B Demonstration of Belle II's B physics capabilities: modes with neutrals,
and Ks mesons are efficiently reconstructed along with all-charged final
states containing kaons and pions.
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First physics @ Belle Il

B Dark sector: Z’ recoiling against
di-muons or electron-muon pair.

Counts

10

107

1072

[ Illlll|

[ Illlll|

lllll|

0

Belle Il Preliminary

JLdz: 276 pb’

e*e— pu(y)

e*e— t1(y)
—_— e — ete utr

e*e’— nm(y)
HHiH e*e— e*eee &
et — ete(y)

1 2 3

No excess above 30 seen.
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e 2018 data
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Recoil mass [GeV/c]
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First physics @ Belle li

ete” — uTu~Z', 7" — nothing

’—T- 15 | | IIIIII| | | IIIIIII | | IIIIII| | | |
Lg - Belle Il Preliminary - 2018
o~ N
& oL JLdt - 276 pb’ B
o - e =
c -
© i
—
- 10_2 == LM_LT =
e L,-L.. BF(Z— inv)=1 -
10° —
@-Z)HiZG =
10—4 | | lllllll | | lllllll | | lllllll | | |
107 1072 107" 1

M, [GeV/c?]
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Belle

Il vs LHCb

Observable SM Theory Present Future |Future
prediction error result error |Facility
Vel [K — wév] input 0.5% — 0.1% a1t 0.2246 £ 0.0012 0.1% |K factory
Ves|  [B — X v input 1% (41.54 +0.73) x 10~ 1% Super-B
V|  [B — mlv] input 10% — 5%pare | (3.384£0.36) x 1032 4%  |Super-B
¥ (B -+ DK]| input < 1° (70530)° 3° LHCb
SBy vk sin(253) < 0.01 0.671 £ 0.023 0.01 |LHCb
SB. sué 0.036 < 0.01 0.8179-33 0.01 |LHCb
SBy oK sin(273) < 0.05 0.44 4+ 0.18 0.1 |LHCb
S8, o0 0.036 < 0.05 0.05 |LHCb
SB, ke~ few x 0.01 0.01 —0.16 £ 0.22 0.03 |Super-B
S8, sdn few x 0.01 0.01 0.05 |LHCb
A%, -5 x 107" 101 —(5.8+3.4)x107* | 107* |LHCb
A% 2 x 105 < 107° (1.6 £8.5) x 10~3 10~* |LHCb
Acp(b — s7v) < 0.01 < 0.01 —0.012 4+ 0.028 0.005 |Super-B
B(B — 1v) 1x104 20% — 5%pate | (1.73£0.35) x 1014 5% Super-B
B(B — uv) 4x1077 | 20% — 5%pLatt <13x107° 6% |Super-B
B(B; = putp™) 3x107? | 20% — 5%Latt <5x107® 10% |LHCb
B(Bs — ptp™) 1 x 10710 | 20% — 5%pLatt <1.5x10°8 7] LHCb
App(B = K*pFp™) e 0 0.05 (0.24+0.2) 0.05 |LHCb
B — Kvi 4x107°% | 20% — 10%pate <1.4x107° 20% |Super-B
|¢/P| D—mixing 1 <1073 (0.86701%) 0.03 |Super-B
ép 0 <1073 (9.6753)° 2°  |Super-B
B(K* — ntvi) 8.5x 107 8% (1.73+138) x 10710 10% |K factory
B(Kp — 7"vi) 2.6 x 10~ 10% <26 x 1078 [7]  |K factory
RE/W (K — niv) 2.477 x 10~° 0.04% (2.498 £ 0.014) x 10~°| 0.1% |K factory
B(t — cZ,%) O (1074) O (1074) < 0.6 x 1072 O (10~°) |LHC (100fb~?)
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Belle Il: clean environment:
efficient detection of

neutrals (y,m%,n)

Belle Il: qguantum correlated
BOBO pairs: flavor tagging is
more efficient (34% vs 3%)

Belle Il: full reconstruction:
b—>u transition

LHCb: large X-section
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Belle Il & Us
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21135 462 (w+E5+LHHRE)
22| E2|7] SIEH0] M=
3AHA MSHYUAL HIA EE|7] firmware development

N
(o)
AL
ru

B Belle Il data handling system using AMGA (KISTI)
B Silicon sensor assembly
B DAQ construction

B Data production and Geant4 validation
26
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@ 2 oMz He Y= flet 223 2+ (Maintenance and Operation)

@ M&O Status
- FY2013: 455,050 yen paid.
- FY2014: 2,654,300 yen paiaq.
- FY2015: 1,706,200 yen paid.

Sh-JparcAt®: 2013-2015

- FY2018: 6,300,000 yen paid.
- FY2019
- FY2020
- FY2021

de

CHAEA|AZFEATY: 2019-2021

- FY2016: 4,485,900 yen paid.
- FY2017: 5,059,200 yen paid. } CHA| 222 A 2016-2018

ol

(*) oF-CERN AlY: Z57| A=

.
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Belle Il &1 O[ AR ()

HlgEl= 1 d ol H2 &F FH]
- 7249 (M&O)
- 0§H|: Belle Il shift/Collaboration meeting/Conference
Ct7] 121 200 2HA x 30 2] = 6O
271121 2000 BHH (670E) x 5 Q1 = 1A
- Q14|
ZCHE5A0I2] x4 Ql x 1H =2
CHet 4 1400 OFH x 15Q x 18 =22 1 0
- E2|] g2[o]=: 2 /d

2 89 440t/

() B e E HEAT AHH2 KISTI & S5t B== 3.
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