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Why SuperKEKB/Belle Il ?
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Properties of the Interactions

The strengths of the interactions (forces) are shown refative to the strength of the electromagnetic force for two u quarks separated by the specified distances.
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Why SuperKEKB/Belle Il ?
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SuperKEKB

* No evidence of New Physics from LHC

s \
« After Higgs particle discovery in 2012 q I
S \:ﬁ“’&‘.‘o LHC
* New Physics beyond the Standard Model = —F
« Direct new particle production : ATLAS/CMS @LHC n w
* Indirect new particle contribution : Belle Il @SuperKEKB ivfwmlat;"flcm;plmg
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Belle Il Physics “Mind

D

D

Bl
Belle I

Map” for Snowmass-2021
Image courtesy of Tom Browder

of mixing and CP

O
Bs physic, O Charm Lifetimes
.S . ra 5
n N\ % Nching )
New hadron states Zb's, b bbar 8lu° UPSI'IO '(\" Gy 8 Fractions, Dalitz analyses
s, Vg BB,
4 J: *@ % s“’"ﬂavo o
New Charp, " _63.. 2 %, r violation
0,07’-0 -y C’Q ® e
%3 B : ™M decays
NeEwik ) Ho 5 ) . peasurements
EW Dottomop,, 5 A o
M-life NG ’ w&
srers-@‘ff‘ NG from penguins
New baryon,
Z b yub) Exclriei
New H & \\| P, p xclusive measurements
e+e- -->ISR, pi+ pi- cross-sections (g2 ] adrohs (\‘e“ O
o i 0 e& j(eun
B > CO 4 U, lept, ; ;
oSS . m o« on universali
) jon PUY & 5 % 2
__Spin Fragmentatic oq"é'b-' Dary ,, s‘lref,, ' cé-‘“‘& a,DEI2, gAMMa
e X G) AD
) (@) - Axion-Lik o, e > L
Linac en® ¥ Ike Pary, %, ls Direct T violation
....... . C ) 5 easurements
. les 4. Time Dependent M ity
visible 7' cs A ‘
SN Belle Il Data Phases in b->s: B->phi Ks, Beta' Ks
ot
- cu
Dark Higgs Da‘,kr,e
Heavy tau neutrinds 7
({‘Oé, : f CPV, isospin sum rules
ape 4 / . i Direct CPV, i50sp
LLPs Lon-\—“"ed é’ g / 4, o-7Kph pi pi DIf
- oS ‘@ ] D e
Manet\f- 5@-5-.' / @e %OE
_—_—— \\’\9 . ’/ o'ec es‘c\‘“L diative penguins, B->K(*) nu nubar
o/ QJ’S R s pamma and radiative penguins,
Tau mag & i‘?’f By righ
s & & & ~LENt-handed currents, triple products
Tau Spectral Fupey: 0,‘,) 3-?'1 QQ\,O
Cl‘lons o 3 {b Y] 96%
12 g’ % L8 . i
Lepton Flavor Violation (L) d/g % 2SI lepron universality, NP
oY .§/ o’(“
D & |
Moﬂ\ec\\?—o & z Ter _armma determinations
Tau Electric Dipo' ?@\/ g s
A s
Neh’i‘h
aMed resonances

we?”

SIN"2 they.
N E\ef-“ -
A_FB (tau, mu, e+, b, ¢) -

\S
improved 2%

From The Belle Il Physics Book, PTEP 2019, 123C01 (2019)



https://confluence.desy.de/display/BI/Snowmass+2021

Belle Il @ SuperKEKB




Belle II @ Super-KEKB

1050 Belle Il collaborators
from 120 mstltutlons In 26 countries




Belle Il @ SuperKEKB

Successor to Belle at KEKB (1.05 ab1)

No enough Belle data for the New Physics beyond the SM
Plan to collect 50 ab! of collisions at and near Y(4S)
SuperKEKB instantaneous luminosity goal is 8 x 10%4/cm?/sec

E(GeV) B, I(A) Peak L
e+/e- et/ e- e+ /e- (cm2s?)
KEKB 35/80| 59/59 |16/1.2 | 2.1 x 10%
SuperKEKB | 4.0/7.0 | 0.27/0.30 | 3.6/2.6 | 80 x 1034

Super

.. | Electron-Positron
™1 | linear accelerator

Beam current: X2 (High RF power)
Beam size: 1/20 (Nano-beam; low emittance,

compact and strong focusing quads; QCS)

First-generation
KEKB

v Beam currents =doubled
v Much smaller 3,

v et SuperKEKB
AN
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The Belle |l detector

Superconducting solenoid (1.5 T)

» Resistive plate chamber (outer barrel)
' + MPPC

er 2 barrel layers, end-caps)

\J2lgators
PEan) counter (barrel)

CH (forward end-cap)
&

Electromagnetic calorimetes
Csl(Tl), waveform sampling |

of small cell, longer lé
with fast readout

L

0

v Improved vertexing/tracking

v Higher event rate :TRG/DA

v Improved Particle-ID (K/n/p)

v’ Better beam background

insensitivity

\_ /

+ 152 layers

* 4 outer layers DSSD

Offline computing:

Readout (TRG & DAQ):

Max. 30kHz Hardware trigger rate

~100% efficient for Y(4S) hadronic events.
1MB(PXD)+100kB(others) per event

- over 30GB/sec to record

Distributed over the world via GRID

~

J

Belle Il Technical Design Report arXiv:1011.0352
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SuperKEKB/Belle Il Operation History

2016 2017 2018 2019 2020 2021
*—o [ *—o *—o -0 0—0
Phase | Belle Il Roll-in Phase Il Phase Il

Phase | (w/o QCS/Belle Il)
* Accelerator tuning w/
single beams

Phase 2 (w/ QCS/Belle Il but w/o
VXD)

* Verification of nano-beam scheme
* Understand beam background

« Collision data w/o VXD

Phase 3 (w/ full detector)

* Production of physics data =
Phase 3 physics run Sl

(2019.3.25~)
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Belle Il operation status

Collected 74 fb1 by last summer 16 B"'I'f’g'td'l:t;vEp”ml;;%q -
World record peak luminosity —.;-4": Tormmtt =783010°1 1 5 o dmy o o
. 2.4 x 10% lem?/sec (June 15th 2020) T B
Data taking continued in 2020 against =1~ [l
COVID-19 pandemic with caution 3
Resumed Belle Il operation in October
Expect to collect 100 fb* by December F

Expect to collect ~ 1 ab! by JFY2021

' KEK campus ~40 Belle Il colleagues on-site  outside KEK
/ Beam background  HV ctrl ~
(SpeakApp)  (Rocketchat)/ Belle Il Exp Hall tSub—system experts -|
QOOQOQAOQON
/Accelerator ctrl room “ﬁnother bldg ¥ ¥ Ctrl room ) Qs‘ﬂewﬁ” L
shift Remote ctri
,:.:.\ ﬁ ———t) M ﬁ S N S room shift
\ IR Eer TR N T A
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Plan for the Long-term Operation
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—Lpeak Before IR upgrade || ——Int. Luminosity
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0 (Tuning) 0

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

Intermediate peak luminosity : (1-2 x103%/cm?/sec, 5 ab)
e High peak luminosity : (6.5 x 103%/cm?/sec, 50 ab!) with a detector upgrade
 Beam polarization upgrade, advanced R&D
2steps . yiyra high luminosity : (4 x 10%6/cm?/sec, 250 ab1), R&D project

2 steps
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Belle Il Physics Results

Many re-discoveries and performance studies on Phase 2 data

2 Dark Sector PRL publications on Phase 2 data in 2020

« Search for an Invisibly Decaying Z’ Boson at Belle Il in efe>u u-(etu) Plus Missing Energy Final States

» Search for Axionlike Particles Produced in ete~ Collisions at Belle i

12 spring/summer conference papers in 2020
Getting ready to produce competitive results in B, charm, tau decays

More information available here

B.G.Cheon

14


https://confluence.desy.de/display/BI/Belle+II+-+Spring+2020+Physics+Results

Dark sector search @ Belle |l

In recent years the possibility that both DM and the particles mediating its interactions to the
Standard Model (SM) have a mass of MeV to GeV—-scale has gained much attraction.

 There is a small number of possible portals
between dark sector and standard model:

1) VECTOR PORTAL (dark photon A', dark Z’, iDM);
2) PSEUDO-SCALAR PORTAL (Axion-Like particle);

3) SCALAR PORTAL (dark scalars, extended higgs model);

4) NEUTRINO PORTAL (sterile neutrino)

o 5
e |/ e KU
A S . T e
et ——N"N\ "7 X1
(.+ _‘_\W\Aé A’ \\\
£e invisible X1~

A

£
£ | Off-shell
7
£ | Predominantly
= invisible
ks
=]
D
=
2m_|======-=

¢ Long-lived

Dark matter mass, m_,,

Belle Il has a perfect environment where to search for dark
matter or mediators :

v' Hermetic 4n-detector and well-known initial conditions;
v" Minimal background from collision pile-up;

v' Excellent PID;

v Dedicated triggers for low multiplicity events

15



Search for Z' = Invisible

W, T,

* =
L, - L, model*:
vu.T* :{

* suggest new light gauge boson Z’ only interacting
with the second and the third generation of leptons;

 would explain (g-2),, anomaly, b — sup anomalies

e, T

* Shuve et al. (2014), arXiv:1403.2727; Altmannshofer et al. (2016), arXiv: 1609.04026 ”
<
JL.T >

Experimental procedure :

e Used only 0.276 fb! of Phase 2 data

* Looking for a peak in the recoil mass
distribution against pu lepton pair E  Bellell 2018

* Nothing else in the rest of the event 10 F jmﬂ?@ ob”

* NoO excess observed; 90% CL upper

10 F

limit on coupling constant g': o f o
first result ever 3 [ e
O F
L = e ! Belle Il 2018 e
PRL124’ 141801 (2020) 10 ;— | _tu—t,.BFljZ:;l:_\-r:]|uh>.|9[]?¢l’_LLIL i
. :-_ -[ Ldf = 276 pb‘1 - L::L:.ﬂl;]::?—)juwhl expected UL
Belle 1l 15t physics paper 102 L
:lIIIl|llll|ll|'|"'=|""|'" NN NN I A A A A A A A |

0 1 2 3 4 5 1 2 3 4 5 6 7 8
Recoil mass [GeV/c?] M, [GeV/c?]
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Search for Axion-Like Particle (ALP)

ALPs are pseudo-scalars particles coupled with SM photons.
Possible dark sector mediator and impact on (g-2), if MeV-GeV range

Used 0.445 fb! of Phase 2 data
Looking for 3-photon final state via ALP-strahlung
Search for a bump in recoil and di-photon mass distribution

ALP-strahlung

T IE PRL 125, 161806 (2020)
A" [Ldt = 445 pp~? = e*e*—:e*:(e\ftv}
&~ ete” — yyly . . .
3 30| © 7% MCstat. ncertainty » No excess observed, set 95% CL upper limit on the ALP-photon coupling
S  Limiton g, assuming BF(a=>yy) = 100% _ o (| _m3)?
% %= s
o
g E 1.6} Expected UL +20 Belle Il (2018) =
T ;4| ™ Expected UL £10 [Ldt = 445 pb~? =
40 60 80 100 1 " | —— Observed UL =
Miecon [GeV?/c?] 1 1.2 F ---- Expected UL 2 Belle Il
700 +U.-| g_
- Belle Il (2018) £ 40 'g' 1.0 |
U S90F Jidt = 445 pb :?30 S 0.8 | @
% soof (b) g e VO
© * 3 £ s \
jﬂ 300 H S 0.4
= 0.2 0.4 0.6 0.8 1.0 -
B 200 M2, TGeV?/c?] S oz
2 . 3 be: Gayz =0
8 100 R S 0.0 10-5 . . .
o 1073 1072 1071 10° 10!
40 60 80 100 m, [GeV/c?] ms [GEV;"CE]

2 21~4
M2, [GeV2/c?]
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Measurement of CKM parameters

@ In Standard model CP violation
arises via a non zero phase of
the CKM matrix

@ Over-constraining unitarity
triangle measuring both sides

and angles is formidable test of

Standard Model . ;D*U} (1,0)
b, B0 - rt~ AE=EB —Epeam 5 BO DK

= 50 F B :
o - Belle I (preliminary) s Data = -
O E [Lat=aasn — Total fit ¢ F  Bellel L Toan
s 40 F v B ' 4 cc E SUE_ 209 (prefiminary) coeeee B — D" signal
o [ e B K+ o 70F |Ldt=5as5m” Hi . B° — DK" signal
@ 30 f -=-=- Background 2 e 000 ¢ F1 0 Background
n o (7] :
@ - § 50
@ 20} T 40
2 _ S a0
= [
1] 10 20k
o - 105 ______________
0 - + R TR LT L SR EEPUEPILT T P P 3 Tl g N
015  -01  -0.05 0 0.05 0.1 0.15 R R - R - & R %
AE [GeV] AE (GeV)
[arXiv:2005.13559] [BELLE2-NOTE-PL-028]
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CPV measurement

[BELLE2-NOTE-PL-2020-011] e
§ 120 [Ldt = 34.6 fb!
ﬁ 100
@ Reconstruct B® — JAp KO with S o0t - S
-+ — + A = 60 T E::grwnd
W — pup,eve i
® use w from previous slide 2 )

E.Zﬂ 521 522 523 524 525 526 5.27 528 529
th[GE"""."‘C”

sin(2dq)sin(AmgAt) (1 — 2w) = R(A¢) =

N(Bog) — N(B) of Tmsaar” )
— (At] 0 ._EU = ikt ) ¥ E?ag
N(BQg) + N(BY,)

sin(2¢1) = 0.55+0.21+ 0.04

Belle Il already able to see first 2.7¢ hint for
time-dependent CPV

Asymmetry Candidates /(1 ps)

B 6 -4 2 0 2z 4 7% B
At [ps]

19



Tau mass measurement

@ Select T — 37rv decays in [axXiv:2008.04665]

+ Data

200F  y2idof = 349 680

. —_— 2 M_._=8&742
Mmin = \/M3?T +2( beam B E;: J(Ey beam ch?r] foof e

]
2

ee” > TrT ot} —
R § jﬁ Belle Il (Preliminary)
o Estimate mass by fitting edge of the ¢ | Jra=san
pSEUdo-maSS g ok m, = 1777.28 £ 0.75 MeV/c?
2
:

*—'_!—“"-t—i-

Pull
=

i1 i+ +H+ 4+* op bt
f i ittt (F et
m. = 1777.28 + 0.75 + 0.33 MeV S SERATELAAE ML AYL A

(PDG 177686 + 012 MEV] M, [GeVic?]

PDG average §§ 1776.86 + 0.12 MeV/c®
Systematic uncertainty MeV/c? %
: _ BES Ill (2014) 5177691 £ 0.12 + 0.13 MeV/c?
Momentum shift due to the B-field map 0.29
Estimator bias 0.12 ARGUS (1992) £1776.3 + 2.4 £ 1.4 MeVic’
Choice of p.d.f. 0.08 Belle (2007) %5 1776.61 £ 013 + 0.35 MeV/c?
. - [ ]
Fit window 0.04
= ! BaBar (2009)231776.68 +0.12 + 0.41 MeV/c?
Beam energy shifts 0.03 a2, e
Mass dependence of bias 0.02 Belle Il fznzcr}%w??.zs +0.75 + 0.33 MeVic®
Trigger efficiency < 0.01 I A TR TS - I T BN
I - l i ; < 1773 1774 1775 1776 1777 1778 1779 1780 1781
nitial parameters < 0.01 m, [MEWCZ]
Background processes < 0.01
Tracking efficiency < 0.01

20



Belle Il Korean Group

21



Belle Il Korean Group

&o: 97l 7|2t 469
DO, B=0H, EH 20, =2 CH,

AN EH,E La* CH,SFFLCH KISTI KB2GM p
Nov/20/2020 |
M 8

ot=Tl& T 0lE : 2~32|/H

Belle Il contribution :

ECL Calorimeter Trigger Construction
CDC Track Trigger Firmware B N - L
SVD Vertex Detector Assembly Workflow of ECL t"gge" system
DAQ Slow Control

Data Production and Geant4 validation
Data Handling System using AMGA

Slow Control

Calibration Data Quality Monitor

FAM/TMM/ETM -
Firmware DAQ

Data Analysis

Trigger Simulation

22
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Summary I

Belle IT

Belle Il aims to find the New Physics with ultimate precision measurement
of heavy flavor decays, and dark matter search as well.

Achieved
* Nano-beam collision successfully
e 74 fb! data collection by summer 2020
e World highest peak luminosity record in June 2020

Promising
« World leading results for dark sector physics
« To surpass Belle/BaBar data size by 2021

Plan to accumulate 50 ab! around 2030

24



S
Fer L C

F

!




Belle Il Physics Results

2 Dark Sector PRL publications on Phase2 data:

»  Search for an Invisibly Decaying Z' Boson at Belle IT in e’e” — p"p"(e*p™) Plus Missing Energy Final States,
PRL 124, 141801 (2020);

»  Search for Axionlike Particles Produced in e'e” Collisions at Belle II, PRL 125, 161806 (2020);

12 conference papers based on up to ~38 fb™ of data:

Spring

»  (Charmless B decay reconstruction, arXiv:2005.13559 [hep-ex];
»  Measurement of the branching fraction B(anti-B° — D*" I v), arXiv:2004.09066 [hep-ex];

*  Measurement of the B lifetime using fully reconstructed hadronic decays, arXiv:2005.07507 [hep-ex];

*  Measurement of the branching ratios of B’ — D" 1" v (untagged analysis), arXiv:2008.07198 [hep-ex];
*  (Calibration of the Belle II hadronic Full Event Interpretation (FEI), arXiv:2008.06096 [hep-ex];
»  Measurement of the hadronic mass moments of B — X, 1" v decays, arXiv:2009.04493 [hep-ex];

*  Measurement of the branching ratios of B — D™ 1"v (using the hadronic FEI), arXiv:2008.10299 [hep-ex];
»  Rediscovery of B" = «'l'v (using the hadronic FEI), arXiv:2008.08819 [hep-ex];
*  (Calibration of the Belle II B FlavorTagger, arXiv:2008.02707 [hep-ex];

> Rediscovery of B - ¢ K decays, and measurement of the longitudinal polarization fraction of B - ¢ K,
arXiv:2008.03873 [hep-ex];

*  Branching ratios and direct CP asymmetries of B - Charmless decays, arXiv:2009.09452 [hep-ex];
*  Measurement of the t lepton mass, arXiv:2008.04665 [hep-ex];

sSummer H
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Dark sector search @ Belle |l

We have a lot of analyses planned b — s inV.

(interpretation of b-physics
ee > U Z{Z —inv. |Z ->U|Z — 4y} golden channel B — K™wv).
ee >peZ;{Z —inv.|Z — it} B— A+inv.
ee > VA {A —inv. |A — £} Y(1S) —» {inv. |y +inv. }

ee—»{yaleea}; a—vyy

ee - WA A—-{

b—-s{h|a}

ee - y+DM; DM —- A+inv.;A — {ee | yu | I }; “Inelastic dark matter”.
Dark QCD final states.

Long lived ( & very ) long lived particles: generic displaced vertices.
ee — eet?; light hadronic form factor

ee — TrTT(y); for (g-2),

ee — eietuxux

ee -

ee — { ye | yt } + missing

DESY. | Dark sector and low multiplicity | S Cunliffe 12.11.2020 Page 5
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Belle Il vs LHCDb

D

O

Belle IT

Ohbservable SM Theory Present Future [Future
prediction error result error |Facility
[Vie| [K — wfv) input 0.5% = 0.1% ot 0.2246 £+ 0.0012 0.1% |K factory
[Vas|  [B — X.iv] input 1% (41.54 £ 0.73) x 107* 1% |Super-B
[Vis|  [B — wfy] input 10% — 5% pawe | (3.38 £0.36) x 102 4%  |Super-B
§ [B — DK input <1° (T0130)° 3°  |LHCb
gy uk sin(25) < 0.01 0.671 4 0.023 0.01 |LHCb
S5 we 0.036 < 0.01 0.81+0-12 0.01 |LHCb
SBusek sin(25) < 0.05 0.44 +0.18 0.1 |LHCb
SR —h 0.036 <0.05 0.05 |LHCb
Shykcen few x 0.01 0.01 —0.16 4 0.22 0.03 |Super-B
Sg. e few x 0.01 0.01 0.05 |LHCb
A —5x 107" 101 —(5.8434)x107* | 107* |LHCb
Az 2 % 1078 <1073 (1.6+8.35) x 1072 10~* |LHCb
Agplb — s7) < 0.01 < 0.01 —0.012 + 0.028 0.005 |Super-B
B(B = 1) 1x 107 | 20% — 5%pLane | (1.73£0.35) x 1071 5%  |Super-B
B(B — uv) 4% 1077 | 20% — 5%Lan <13%x107"° 6%  |Super-B
B(B, = ptp) 3x107% | 20% — 5% pLan <5x10~® 10% |LHCb
B(By — ptp™) Lo 1071 | 20% — 5% Lan <15x107# [7]  |LHCb
App(B — K ptp~) 2 0 0.05 (0.2£0.2) 0.05 |LHCb
B - Kuvip 4x107% | 20% — 10% Lot <14 x107° 20% |Super-B
|9/ D —mixin 1 <107 (0-8615:15) 0.03  [Super-B
b 0 <1073 (9.6753)° 2°  |Super-B
B(KY = i) 85x 1071 8% (1.73F108) = 10710 10% |k factory
B(Kyp — 7"vp) 2.6 % 10~ 10% < 2.6 x 1078 [7] |k factory
REB(K — niv) 2.477 % 10~5 0.04% (2.498 £ 0.014) x 10~5| 0.1% |K factory
Bt —cZ,7) O (1071%) O (10-1%) < 0.6 x 1072 O (10-%) |LHC (100"

Belle Il: clean environment:
efficient detection of neutrals

(v,1°,n)
Belle Il: quantum correlated

BOBO pairs: flavor tagging is
more efficient (34% vs 3%)

Belle II: full reconstruction:
b 2 u transition

LHCb: large X-section

28



Belle Il vs LHCDb

Belle (11)
e'e »Y(4S)»bb
atY(4S): 2 B's (B’ or B*) and
nothing else = clean events
(flavour tagging, B tagging, missing energy
G, ~1nb =1 fb ' produces 10° BB

Oy5/ O ~ 1/4

bb production cross-section at I

B mesons live
mean decay length pyct~ 200 um

data taking period(s)

[1999-2010]=1ab’
[2019-...]= ...

LHCb

pp2>bbX
production of B*, B°, B_, B_, A, ...
but also a lot of other particles in the event
= lower reconstruction efficiencies

o,; much higher than at the Y(4S)

s [GeV]
42 GeV
2TeV
8 TeV
14 Tev

05 [nb]
~30
5000
~3x10°
~6x10°

LHCb ~ 500,000 x BaBar/Belle !!
much lower than at the Y(4S)
= lower trigger efficiencies

O /0
~10®
~103

~5x107
~10?

HERA pA
Tevatron

LHC

Ob5/ Ogotal
relativey long

mean decay length pyct~ 7 mm
(displaced vertices)
[run 1: 2010-2012]=3 fb ',
[run II: 2015-2018]=6 fb™*

(near )l future

[Belle II from 2019]- 50 ab™*

[LHCDb upgrade from 2021 |
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Measurement of sin(2¢,)

@ Golden channel for Belle Il

0 \_N(BO
@ sin(2dq)sin(AmgAt)(1 —2w) * R(A;) = N(Btag ) N(EE_BQEJ
]+N(Bfﬂg]

(At)

N(Bpg

L] & O
Key experimental requirements B : 3
. .} _;I-'
@ Precise At measurement \ *_V

@ Good flavour tagging performance B
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