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1964—2000: understand non-invariance of weak quark-
interactions under particle-antiparticle exchange and
iversion of spatial coordinates (CP violation).

2001: large CP violation observed in transitions of b-quark
from e*e™ colliders at the Y(4S) mass energy (B factories)

— success of standard model (SM) theory.
2001—: Use quark dynamics to probe indirectly beyond
standard model (BSM) dynamics.
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KEKB + Belle, PEP-II + BaBar, dedicated
to searches for CP violation in B mesons,
experimentally  confirmed  Kobayashi
Maskawa mechanism.

First successful move on matter-
antimatter asymmetry (not all accounted

for). 2
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x40 previous B factory.

Nano-beam Scheme:
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Adopting beam squeezing and current

Increase as means to achieve higher luminosity,
the project aims to a peak luminosity of 6 x 102>
cm2s1, 30 times more than KEKB.

On 22 June 2020, SuperKEKB set a new world

record for peak luminosity: 3.1 x 10%*cm~2s .
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Belle 11 detector

Compared with Belle:

Taken over KL and muon detector -
. . from Belle J . —_— Resistive Plate Counter (barrel outer layers)
* Vertexing (decay time) : Super conducting solenoid Scintillator + WLSF + MPPC

. (end-caps , inner 2 barrel layers)
resolution; L —

A\ 1L UTEP— — " A

Particle Identification
Time-of-Propagation counter (barrel) TOP

Prox. focusing Aerogel RICH (forward) ARICH
N Central Drift Chamber

—- - / / & .
— - //{ > & Trigger

iy —- P Hardware < 30kHz
Software < 10kHz

. . EM Calorimeter
e Better momentum reSOIUtlon, Cs|(Tl), waveform sampling electronics

« Slightly higher acceptance; \

* More sophisticated trigger. electrons (7 GeV)

) . Beryllium beam pipe
Compared with hadron colliders: 2cm diameter
» low-background production of 7

. )
huge amounts of B/D/tau particles;
Vertex Detector

£ .
 kinematic constrains from 2 layers i Pixels (DEPFET) + Final focus system Qcs | Positrons (4 GeV)
4 layers Si double sided strip DSSD Set of super conducting

magnets very close to the IP

ete” production offer unique
precision in final states with
Central Drift Chamber

mU.ltlple neutrinos or T[O- Smaller cell size, long lever arm

New for

Belle Il TDR arXiv:1011.0352
Belle Il

4
1100 members, 123 institutions, 26 countries



Belle II physics program
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https://academic.oup.com/ptep/article/2019/12/123C01/5685006

D/D* lifetime et T

oL I\ Bellell | ikt A
: rn 2 Preliminary § % _gﬁt‘_’kirg;r_ld
Motivation: | D™ - Dzt 2
« Test of non-perturbative QCD Belle ™! D"~ Kr g
 Measured for the first time \ 5 5

with sub-percent precision by  BABAR |
FOCUS - 20 years ago [

1.75 1.8 1.85 19 1.95 2

« No measurement from 4 e
Belle/BaBar/LHCb | !‘i4 DK D MO KT
 D* lifetime 1s used as ¢ ps] 0'F petenr bDaa
o [ [Ldt=72fb"" —Fit ]
I’eference (LHCb) ) %’ [ Preliminary : o Background ]
Thanks to the good vertexing = 11
and high purity in the signal ;
Analysis strategy: region. .
o o . O
2D fit of decay time and its
) Our result WA : {bkgi _
uncertainty. All parameters o : L. :
' ©(D*) = (1030.4 + 4.7 +3.1)fs (1040 + 7) fs (K7 [GeV e’

Accepted by PRL,
arXiv: 2108.03216  ©



Via Vi

Time dependent CPV in B decays, B(¢,)

Measurement of CKM phase through the
interference of B mixing amplitude with decay

(0,0) (1,0)

amplitude to a CP eigenstate. . , , 0
(Flagship measurement of the B factories.) Ongoing analysis: B” - J /{(ee/up) Ks
- 60 elle reliminar
EO ¢ 50 -?L Iclit="3(:6lfb‘1 ’ b B

tag b B

BO = J/w()KAm* ™)

T(4S) —»

Asymmetry Candidates / (1 ps)

Az = BrycAt fep
At = tep — ttag ; 77/
<Az>~130 pm at Belle II -
Ay — DBYAN = ) —T(B(A) /) T e
[(BY(At) — f) + T'(BY(At) — f) S/sin 2¢;=0.55 + 0.21(stat.) + 0.04(syst.)
= Sysin(AmpAt) + Ay cos(AmpAt) BELLE2-NOTE-PL-2020-011

Still very important at Belle 1I: ¢; (current precision ~0.7°) is fundamental
inputs of the CKM fit. We expect to improve by a factor of 5.



(1,0)

* Another fundamental input for the
CKM fit, proceeding only through
B~ —» DY K~ tree level transitions;

* On this field, LHCb will have the
upper hand, but Belle II will
contribute in modes with neutrals in
the final state;

* Good K- separation 1s important to
suppress the favored B — D m decays.

Model independent measurement (Dalitz

|Bin number|
m2 (K°K") [GeV?/c?]

-J_J‘L-
W~ OO N ©

05 1 15 2 25 3
m?2 (K‘S’n+) [GeV2/04]

¢3 = (78.4+11.4+£0.5 £ 1.0)°,

K —0.129 + 0.024 & 0.001 + 0.002,
6P = (124.8+12.94+ 0.5+ 1.7)°.

arxXiv:2110.12125

plot analysis) of ¢3by B* > D (K h* h™) h*

using Belle + Belle II data.
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CKM elements

|Veb| Measurements over Time

1 CKMFitter Unitarity é |Vep| Exclusive B D™~ pu*v, BGL
46 — EPS 2019 T PDG CKM Review Phys.Rev.D 101 (2020) 7, 0720047
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1 PDG CKM Review Phys.Rev.D 101 (2020) 7, 0720047
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Tree level nature of semi-leptonic B decays
— SM gauges — key roles for |V, | and |V |.

Inclusive and exclusive determinations offer
independent and complementary results
— persistent tension between two approaches.

«|V,| fromB— Xlv, B—> DOl (I=e,p)
|V, fromB — X Ilv, B— a(p,plv (I=e,p)
Inclusive:
Observed b — ufv, excess in data (> 30).

Exclusive:
B(B® > = ¢tv,)
=[1.58 £ 0.43 £ 0.07]x10™*
Preliminary, arXiv: 2103.02629 °




| V., | cont’d

Br(B —» D™t ;)

R

Lepton flavour universality (LFU) violated?
Rp =0.340 £ 0.027 4+ 0.013

Rp« =0.295 +0.011 £+ 0.008
Rp/Rp+ combined

80

~ Br(B - DML T,) ey,

Belle 1l

Preliminary

+1.40 from SM
+2.50 from SM
+3.080 from SM

[rdt = 34.6 fb!

mm B-D"v
I Background

w72 MC Uncertainty

¢ Data

by oty

Pt

R X

-1.0 -0.5 0.0

1 II

05 1.0 15 2.0 25
m2... [GeV?/c?]

miss

3.0

*A B 1 I 1 ] T T I 1 1 1 1 I I T 1 1 I 1 T ] _
e, [ HFLAV average sz = 1.0 contours ]
R 04 —
[ LHCb! )
C BaBarl2 N
035 T io g
B LHCb18 2 |
03— —
0.25 L2 + "Belle19 Bellel5 -
B Bellel?7 1

02 H— + Average of SM predictions HFLAV
- R(D) =0.299 +0.003 L_Spring 2019 |-
B R(D*)=0.258 1 0.005 P(y?) = 27% T
[ l L L 1 l 1 1 1 1 l 1 L ' ' l L L L ]

0.2 0.3 04 0.5

R(D)

https://hflav-eos.web.cern.ch/hflav-eos/semi/spring19/html/RDsDsstar/RDRDs.html

Full Event Interpretation algorithm exploited,
tagging B using over 100 hadronic decay modes.

B(B’ — D**07p)) = (4.51 £ 0.41,, + 0.27,,, £0.45, ) %
?=¢e

BELLE2-CONF-PH-2020-023
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0,0) (1,0)
Unique Belle II capability to study all the B > nwm,pp  § sof Belel Greimnay *Toa t
partner decays to determine «a. 8 25 J T " Gomtram
BY - 701% very challenging because four y’s. ° 20f ] ] o
Train BDT to suppress background photons. 2
Unique Belle II reach. g
B(B® — 7°2°%) = [0.98+043(stat) = 0.27(syst)] x 10~° oS
arXiv:2107.02373 L Y R E— a— 251 o \(/)]_2
e

B* - p™pY: m-only final state, large background P
because of p mass width. Additional challenge of g rea| Jra-eeen
angular analysis — 6D fit including helicity angles. 8 140
£ (B* - p*p¥) = 0936704 (stat) = 0.021 (syst) : 100

BBt - p*p°) =[20.6 + 3.2(stat) + 4.0(syst)] X 1070
BELLE2-TALK-CONF-2021-013

S &888

20% precision improvement wrt Belle at the same lumai!
Wrt BaBar's best (scaled): better on BF, same on fj.

Normalized
Residuals
HANON S

7 08 06 04 02 0 02 04 06 08
cos6,.



Bt - K*vv Z,R

Flavor changing neutral-current. u, ¢, t
The SM prediction of its Br 1s (4.6 + 0.5)x10-5.
Unobserved, but BSM could potentially

enhance its Br. \
Complementary probe to BSM from b — s 11 ~§j %
Previous analyses: tagged approach with limited
signal efficiency:

- semileptonic tag (0.2% @ Belle, BaBar)

- hadronic tag (0.04% @ BaBar)

Belle II approach: novel inclusive tagging 9
technique - signal efficiency 4.3% S
]

CR1 : Belle II :
LN H[Ldt=(63+9)fb !

- BT =K wvw ]
[ Neutral B |
[ Charged B |
B Continuum _|
¢ Data

B(B" — Kvi) = (1.9713702) x 107°

4.1x107° @90% CL

scaled by 2 ]

Accepted by PRL, arXiv:2104.12624 %05 2.0 24350520 2.43.50.52.0 2.43.50.52.0 2.4 3.5
pr(K") [GeV /(]



Two methods for measuring m_:

 Measurement in the production thresholds
(DELCO, BES, KEDR, BES III).

Pseudo-mass (M,,;,) distribution (ARGUS,
OPAL, Babar, Belle).

mm \/

hadrons

-

Nthrust

T IMass

Events / ( 50 MeV/c?)

Pull

______ ARGUS (1992)

PDG average $:1776.86 = 0.12 MeV/c?

BES Il (2014) 1776 91+ 0.12 = 0.13 MeV/c?
17763 2.4 + 1.4 MeV/c?

Belle (2007) %1 776.61 = 0.13 = 0.35 MeV/c?
L

BaBar (2009) %1776 68 + 0.12 + 0.41 MeV/c?

+ 2(Ebeam E37r)(E37r - P37r) < m;

F(M,P) = (Py+ PiM) -tan *[(M — P,)/Py] + PsM + 1
600 —+ !

- Belle Il (Preliminary)
500 ] f Lot = 8.8 fb”
400 |

[ _ . 2
00 b m, =1777.28 = 0.75 MeV/c

[ ¢ Data
200F  y2/dof = 1.256
tooF News = 8742
LS bopy X Tyt
_35_+ SINEAATS Bttt ety
1.7 1.72 1.74 1.76 1.78 1.8 1.82 1.84
M, [GeV/c?]

arXiv:2008.04665

o o o
IN o o

Stat. Precision [MeV/c?]
o
o

1 "

Belle Il (2020)£x1777.28 + 0.75 + 0.33 MeV/c?
 om—
Illllllllllllllllll llllllllllllllllllll
1773 1774 1775 1776 1777 1778 1779 1780 1781
2
m, [MeV/c7]

Blue: statistical; Green: systematic

® Bellell

: ~~ luminosity projection
#0-75 MeV/c* @ 8.76 [fb]

"~‘q.31 MeV/c2 @ 50 [fb-1]

1,0.22 MeV/c? @ 100 [fb™]

Current luminosity

III | 1 IlllIlI L | Illllll

10 10°
Luminosity [fb]




T lifetime

Important SM parameter. Its precision has
implications in LFU, as (m,), etc.

Previous measurements:

Z-peak: LEP (DELPHI, L3, ALEPH,

OPAL).

Y-peak: CLEO, BaBar, Belle .

OPAL (1996) o

CLEO (1996)

ALEPH (1997) , i

., L3(2000)

—iig——y DELPHI (2003)

Belle (2014)

5

PDG average:
(290.3 £+ 0.5) fs

DG average

llllllllllllll-i"}l‘ - Ll

‘lllll
284 286 285 200 295 294 296 298
T [fs]

1 PRL 112, 031801 (2014), arXiv:1310.8503 [hep-ex]

Vr

3-prong

Strategy at Belle II:
1. Reconstruct vertex for 3-prong z.
Only one 3-prong = higher statistics.
2. Estimate the z momentum ..
Hadronic decays in both sides.
3. Find the production vertex.

Intersection of p’_ with the plane IPy.

/ Proper decay time distribution\
P mr

—_
o
T T T T

Q 000 -500

t g3—prong >
7 |P3-prongle
5: Belle 11 2020 (Simulation) DTHPV)T(*WW)DW
10° F
. qgq=ud,s .qa g=c,b

—~10*
R
o
NSRTRNS
~
%)
T
o 10°F
>
L

0 500 1000 1500 2000 2500 3000
t 3-prong [fs]
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Super rare processes. With huger statistic (50 ab'!), one more step approaching them.

Lepton flavor violation in 1
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Belle Il

- The Belle II Physics Book

arXiv:1808.10567v2
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Dark sector

Search for an axion like particle (ALP) Search for an Invisibly Decaying 7’
Signal: ete™ = Yoo +a (= v Y) Signal: ete™ » u*u~(e*u™) + missing E
(’+ T '
X XV
A/ ZI\ L v
AYAY AV AW LW LW N ‘ . _ _
b7
y e /e
PRL 125, 161806 (2020) PRL 124, 141801 (2020)

No evidence for ALP

Gayy S 1073 (GeV/c2) ™
for 0.2 <m, <1 GeV/c?

No evidence for Z’
9700 < 5%x107%..1formy < 6 GeV/c?

Most restrictive to date for 0.2 < m, < 1 GeV/c2.

More details at Rajesh Mait1’s talk, Dark sector physics at Belle I1.
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Summary

* A new-generation B-factory has set sail to produce billions of B, D, and
tau decays over the next decade. A collaboration of 1100 members from
126 1nstitutions over 26 countries built and operates Belle II, a
dedicated state-of-the-art instrument to explore them.

* A rich program is ahead and early harvesting offers already impactful
results: D lifetimes, Bt - Kt vv, ALP, 7Z’, etc.

* Belle II will soon offer unique precision probes for BSM physics.



Thank you for your attention!
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Data-taking so far
SuperKEKB raises the bar
22 August 2021
Belle Il Online luminosity Exp: 7-18 - All runs
14 .......................................................................................................................................................................
Integrated luminosity
—_ B Recorded Weekly
a —— [ Lrecordeadt =213.49[fb™1] _
= T
:E -Q
2 0 OSSOSO OSSR S— | 8 [ =
= 150 =
- wn
g 2
Z 8 T TRy | | N | R E
~ =
8 o
Q
; 6 e N ... - 100 -*r—u‘ ) X ' ;
© —
9 8 Record breaker The SuperKEKB accelerator at the KEK laboratory in Tsukuba, Japan. Credit: S.
o = Takahashi / KEK
D A =
] ©
£ L 50 E On 22 June, the SuperKEKB accelerator at the KEK laboratory in Tsukuba, Japan set a
g 2 new world record for peak luminosity, reaching 3.1 x 1034 cm™ s in the Belle II
= detector. Until last year, the luminosity record stood at 2.1 x 1034 cm™2 57}, shared by the
former KEKB accelerator and the LHC. In the summer of 2020, however,
0 T -0 SuperKEKB/Belle II surpassed this value with a peak luminosity of 2.4 x 1034 cm™2s™.
D00
VIV
9\9’1‘9”’9&06) Q7 Q¢
e VL) https://cerncourier.com/a/superkekb-raises-the-bar
4200 e i i v v

Updated on 2021/07/05 17:20 JST A new world re Cord!
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Performance overview

docs.belle2.org/record/1558 . docs.belle2.org/record/2012 _ docs.belle2.org/record/2604
‘.7 AAA M%A . E —+- Cosmic % 1.0 - HH“,.,."u-u..u. .............. err)
o | AA@QQA‘ ARRARLA A AADD - -4 Pion S YT
T 04 - EVYYY adbig 3 2:-— e : {’ barrel region only
[a] 4 KD efficiency (data) < r S 05F
@ L A KD efficiency (MC) S 150 > 4 data Belle 11 Prelinjinary
E 061 Belle Il preliminary 2t £ t Mmc Jrat =712
g [Lat=7121" g 2 oo ' ‘
é 0.4F =3 1:_ 1.025
w y 7 mis-ID rate (data) (2D L < +
i C - —-— 2|2 1. = T, *
Sof :"“S"Drate(m“) o e © o5F L . . Slw 1.000 ]”HT++M”+*“'M ST RTINS {HH
L VVVVWW%' "'%VVWWW@W E —-— 0.975 F
" o 1 1 1 1 1 1 1 1 L L 1 ! 1
N N S I RN Y- S Y 0 02 04 06 08 1 12 14 1.6 1.8 2 1 2 3 4 5
05 118 Mozmentﬁﬁ [Ge?//c] 85 448 P (Gev/c) Precoil [GeV/C]
Strong charged particle identification. Good momentum resolution. High y efficiency.
To be submitted to EPJC ICHEP 2020
——
414 BellesvD2 (f£dt = 571 7Y 4 :
124 ¢  BelleIl (f£dt = 62.8 fb™!) [FBDT] ++
10 t BelleIl (f£dt = 62.8 fb™!) [DNN]
S
o 8
] OBaen=0B00x1.3)% ; .
g “t
W4 t ‘
T t
2 st
04 aex A® .
' 400 ' 250 | 500 ' 620 ' 750 | 210 ' 000
0‘000/0 Q,XQO/Q 0,‘250/0 0_500/0 (),6{25/0 0.750/0 9_875/X
r interval

Flavor tagging efficiency comparable to Belle.

Greatly improved time resolution
compared to previous B-factories.
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Belle II luminosity prospect

Peak Luminosity [x10%° cm?s™]

10

—I_peak After IR upgrade

—Lpeak Before IR upgrade | | ——Int. Luminosity
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SM predictions for R,

R(D) R(Di’")
D.Bigi, P.Gambino, Phys.Rev. D94 (2016) no.9, 094008 [arXiv:1606.08030 [hep-ph]] 0.299 £ 0.003
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