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Belle II (@ Snowmass 2021

9 Belle II/SuperKEKB LOIs (Letters of Interest) submitted, and posted at
https://confluence.desy.de/display/Bl/Snowmass+2021

Belle II/SuperKEKB upgrades and overview (AFos)

B physics at Belle II (rFo1)

Charm Physics at Belle II (rro1, RF04)

Dark Sector at Belle II (rroe)

Tau Physics and Precision Electroweak Physics with Polarized Beams at
SuperKEKB/Belle II (RF01-03, RF05-06, EF04,AF05)

Hadron Spectroscopy at Belle II (rro7)

Belle II/SuperKEKB capabilities for QCD (EF05-06, RF03)

Belle IT Detector Upgrades (plans for the instrumentation frontier) (1F02-07)
9. Belle II plans for the computing frontier (cFo3, CFo5, CF07)

il

N

Several topical talks

EF06 Kick-off: Summary of proposed Belle |l activities: Charmonium, Bottomonium, and XYZ states, Fulsom
EF06 Topical Group Meeting: Belle Il Overview (Hadron Spectroscopy), Fulsom

Preparatory Joint Sessions on Open Questions and New Ideas: Hadron Spectroscopy (includes Belle Il), Fulsom
RF5 WS CLFV - Tau Decays and Transitions: Tau LFV decays at Belle I, Banerjee

RFO7 WS: Bottomonium (Experimental, includes Belle |l), Pedlar

RF1/5 WS LFV and LUV in meson and baryon decays: LEV+LFU in neutral-current b/c decays at Belle Il, Trabelsi;
LFU in charged-current b decays at Belle Il, Bernlochner

RF Town Hall meeting: CKM measurements and CPV in b decays at Belle |l, Gaz;

Rare b decays at Belle Il, Schwartz; Charm physics at Belle Il, Bennett; Hadron Spectoscopy at Belle Il, Fulsom;
Long-lived particles at Belle II, Westhoff; Dark sector studies at Belle |l, Flood; CLFV in tau decays, Banerjee
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https://confluence.desy.de/display/BI/Snowmass+2021
https://indico.fnal.gov/event/43267/contributions/186919/attachments/128467/155445/Fulsom_BelleII.pdf
https://indico.fnal.gov/event/43796/contributions/189184/attachments/130305/158665/EF06_fulsom_20200624.pdf
https://indico.fnal.gov/event/43959/contributions/190209/attachments/131037/160144/EF06_fulsom_20200708.pdf
https://indico.fnal.gov/event/44457/contributions/191707/
https://indico.fnal.gov/event/45310/contributions/196511/attachments/134940/167153/Pedlar-Bottomonium-Expt-092220.pdf
https://indico.fnal.gov/event/44442/contributions/192453/
https://indico.fnal.gov/event/44442/contributions/193284/
https://indico.fnal.gov/event/45713/contributions/198305/
https://indico.fnal.gov/event/45713/contributions/198314/
https://indico.fnal.gov/event/45713/contributions/198312/
https://indico.fnal.gov/event/45713/contributions/198540/
https://indico.fnal.gov/event/45713/contributions/198677/
https://indico.fnal.gov/event/45713/contributions/198686/
https://indico.fnal.gov/event/45713/contributions/198499/

» Belle Il is a multipurpose experiment at the
SuperKEKB e*e™ collider operating near |
the Y(4S) resonance, and located at KEK Rerer e Acccy
in Tsukuba, Japan '

— SuperKEKB/Belle Il succeeds KEKB/Belle

— Latest in a long series of successful
experiments (ARGUS, CLEO, and B Factories : ‘ =3
BELLE & BABAR), that made many crucial v TN ‘ “ S B g ?
discoveries e ‘ R

Mt. Tstikuba

e BRoscillations

e b — u transition

* radiative and EW B penguin decays
» (P violation in the b sector
* charm mixing

*  Many new conventional and exotic states

(1,X(3872),Y(4260),2°(4430).D,,(2317)....)  The B Factories, Belle and
 Previous generation B factories BELLE & BABAR, discovered large CP
violation in the B system in

BABAR (1999 — 2008/10) have published 5404 compatible with the SM.

together over 1,000 papers These provided the experimental foundation for
(for a comprehensive review see EPJC 74 (2014) 3026) the 2008 Nobel Prize to Kobayashi and Maskawa.

 BELLE Il is expected to be similarly
prolific

... Belle II's focus is shifted
towards New Physics
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The International Belle Il collaboration (geographically)

United States oy 1® ‘urkey ©

SSSSSSS

Kenya

Guinea

Belle Il has grown to ~1000 researchers from 26 countries

Youth and potential: there are ~330 graduate students in the collaboration
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US Belle II:

18 1nstitutes,

120 members N " _United States g %)
" Mexico
F ., o Puerto Rico
= Guatemala

Brookhaven National Laboratory (BNL) University of Florida
Carnegie Mellon University University of Hawai'i
Duke University University of Louisville
Indiana University University of Mississippi
lowa State University University of Pittsburgh
Kennesaw State University University of South Alabama
Luther College University of South Carolina
Pacific Northwest National Laboratory (PNNL) Virginia Tech
University of Cincinnati Wayne State University
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Belle Il Detector

KI.ong and muon detector
Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM’s (end-caps , inner 2 barrel layers)

EM Calorimete;
CsI(Tl), waveform samp \“b\%g\&&

-—
:*5772‘,7,;:A — -

" Particle Identification

"OP detector system (barrel)
'?f{pcusing Aerogel RICH (fwd)

electrons (7 GeV]—

( z B s -y it
Beryllium beam pipe 777 ; — S 4R 4
. 2cm diameter : A%//////’)r ] - = A ~—=% ' =
i Vertex Det S
2 layers pixel DEPFET U4 1ayers D _
N - positrons (4 GeV)

lever arm, fast electronics (Core elemen " Belle Il reuses the structure, solenoid,
Csl(TI) crystals, and part of the barrel

RPCs from the original Belle detector.

—+

g/

)

<45
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SuperKEKB/Belle Il Luminosity Super-KEKB

The KEKB collider provided Belle
with 1 ab~! between 1999 and 2010,
SuperKEKB expected to deliver 50 ab™

«“ ” . . * " 21
nano-beams” are the key; vertical LERMER | LERMER | LERIMER | (wad) | LERMER |
beam Slze |S 50 nm at the IP KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 2.1 x10%
SuperKEKB 4070 €0.27/030) 3.2/25 415 3.6/2.6 | 80 x 10%
factor 20
Beam currents only a factor of 10 ' o 70
) N —Lpeak Before IR upgrade | ——Int. Luminosity

2-3 higher than KEKB (~ PEPII) o o ||, Aflr IR upgrace 60
: . I 150 5
Superconducting Final Focus and 2 =
. : G g
IR (Interaction Region) need to be 3 i 3
upgraded in ~2026 z, IR (QCs*) 130 &
Luminosity profile has £ s 2

been recently updated = ° 0

§
0 (Tuning) 0

201911 20211 2023/1 2025/1 2027/1  2029/1 20311

4 steps: Intermediate luminosity (1 x 103 /cm?/sec, 5 ab™!)
High Luminosity (6 X 103/cm?/sec, 50 ab-!) with a detector upgrade
Polarization Upgrade, Advanced R&D
Ultra high luminosity (4 x 103%/cm?/sec, 250 ab-!), R&D Project
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Early goal: Demonstrate SuperKEKB physics running with acceptable backgrounds, and all the detector,
readout, DAQ and trigger capabilities of Belle II including tracking, electron/muon ID, and hadron PID

1.6 B
Integrated luminosity
14 mm Recorded Daily _
T —— [ Lrecordeadt =74.10[fb™*]
G
a 1.2 P N ld ............. d ...... b .......... thB ......................
= B ew world record, above the
= Lpear= 2.4 x 10%%/ecm?/sec | roctories (twice PEP-II) and LHC
é 10 B R
=
>
g 0.8 I Belle II routinely integrates more than .....................................
- 1 fb-l/day, peak so far 1.3 fb"!/day
£ 0.6 - (c.f PEP-II 0.911 fb''/day, | 11
;5; KEKB 1.5 fb"/day)
et
£ 0.4
2
= 0.2
0.0
5

See also https://cerncourier. com/a/kek-reclaims-luminosity—regord/
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Belle Il Physics Program

https://arxiv.org/abs/1808.10567

Outcome of the B2TIP (Belle Il Theory Interface) Workshops
Emphasis is on New Physics reach KEK Preprint 2018-27
BELLE2-PAPER-2018-001
Strong participation from theory community, lattice QCD FERMILAB-PUB-18-398-T
community and Belle Il experimenters JLAB-THY-18-2780
INT-PUB-18-047
689 pages, published in Prog. Theor. Exp. Phys. (2019) UWThPh 2018-26

The Belle II Physics Book

E. Kou™ %1 P. Urquijo!*3%f, W. Altmannshofer!?3-9, F. Beaujean? 9, G. Bell120:1,
M. Beneke!'29 1. I. Bigi!*6:Y, F. Bishara!®16:9 M. Blanke??°%-9, C. Bobeth!11:112.5,
M. Bona!®®% N. Brambilla!'?9, V. M. Braun**9, J. Brod!1%133.9 A J. Buras'!>Y,
H. Y. Cheng**Y, C. W. Chiang®"Y, M. Ciuchini®®¥, G. Colangelo!?6-Y,

H. Czyz'542%9 A. Datta'**Y F. De Fazio®>9, T. Deppisch®® 1, M. J. Dolan'43,

J. Evans'®Y. S. Fajfer!071399 T Feldmann!?%Y, S. Godfrey™¥, M. Gronau®"¥,

Y. Grossmanl"11 F. K. Guo*t 132” U. Halschl‘tgllq] C. Hanha.rtmﬂ

S. Hashimoto®®: 26“ S. Hirose®®Y, J Hisano®8%Y 1. Hofer!25:9 M. Hoferlchterw“[
W. S. Hou’™Y, T. HuberlQOﬂ S. Jaegerb”[ S. Jahngﬂ[ M. Jamin!'?49,

J. Jones'02.9, M. Jung!!1L9, AL Kagan'?Y F. Kahlhoefer!-Y,

J. F. Kamenik!"" 1391[ T. Kaneko30 269 Y. K1y063q] A. Kokulu!12:138:9.

N. Kosnik!07:139.9 A S Kronfeld?%-Y, Z Ligeti'®Y, H. Logan™9, C. D. Lu411[

V. Lubicz!®L9, F. \Ia,hmoudl14011 K. Maltman!":9, S. Mlshlma301[ M. MlSlakw‘”]
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https://arxiv.org/abs/1808.10567

Big Questions and Belle II’s avenues to address them

Are there new CP-violating phases in the quark sector ? SM CPV
cannot explain baryon-antibaryon asymmetry.

— CPVin B loop decays and charm
Does nature have multiple Higgs bosons ?

— Flavor transitions involving the tau lepton (B —tv & B— D™ tv)

Does nature have a left-right symmetry, and are there flavor changing
neutral currents beyond the SM ?

— CPVinB — KK ')y, B— Kvv, angular variables in b — s,d "l
Are there sources of lepton flavor violation ?
— LFV tdecays

Is there a dark sector of particle physics at the same mass scale as
ordinary matter ?

— Search for MeV — GeV dark matter particles
What is the nature of the strong force in binding hadrons?

— In-depth study of recently discovered new states and search for new ones

Belle II Physics Prospects (S. Prell) Snowmass RF Townhall Meeting
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Belle II, a Super Flavor Factory

o plan to collect at least 50 ab™! of asymmetric energy e*te™ collisions
at (or near) the Y(4S) resonance, which will give us:

— a Super B Factory (~ 1.1 x 10° BB pairs per ab™1)

"on resonance’’ production 0 et Q 2
ete™ - Y(4S) - BY9BY, BB~ B; B =l ras)
c P
o) ;b enerqgy threshold
o |5 $ : — .
Y (4S) ® — OO (28) for BB production
\ _llE 1o F i ‘;‘ ,""" T(3S)
’ T Q ‘II “'\+ : \*‘» 5y l Y(48)
o 2 boosted B's and nothing else ! EO B — _?_) "Ed 7 e T e ke s Yot o

o 2B'screated in L = 1 coherent state a’ D olwr., e D v S

\6/ 9.44 946 10.00 10.02 10.34 10.37 10.54 10.58 10.62

Mass (GeV/cz)
(including BO), from data taking at the Y(SS))

e - c/ adrons
— a Super Charm Factory (~ 1.3 x 10° c€ pairs perab™) . > ="

(but also charmonium, X, Y, Z, pentaquarks, tetraquarks, bottomonium, ...)

— a Super t Factory (~ 0.9 X 10° t¥1~ pairs perab™")

— exploit the clean e*e™ environment to search for exotic
hadrons, dark photons/Higgs, light Dark Matter particles, ALPs, LLPs ...
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CKM Matrix: weak quark couplings

Vel and |V | (A1V ypexpi.| ~ 1% expected) from semi-

leptonic B decays with a variety of methods (excl/incl,
full/partial reconstruction, untagged and had./SL tagged)
—  Measure |V,;,| with B — tv as test of NP
(A V| ~ 3% for each had.+SL tagged measurement) _

o . %k
—  Precision measurements of B— D™ ¢y =

V.| and | V| from BB mixing and radiative and EW

penguin decays

Vel and |V | from leptonic and semileptonic D
decays, or use to test LOCD (Af(D,) ~ 0.3%)

\V | from T decays to strange final states

Belle II Physics Prospects (S. Prell)

Snowmass RF Townhall Meeting

BR(B — V)

Testing CKM matrix unitarity: Belle |l
will provide input on the magnitudes
of 7 out of 9 CKM matrix elements

o-zoxTTT{TTTT‘TTTT‘TTTT{TTTT‘TTTT{TTTT{TTT 1-0
0.9
0.8
0.15 — 1
0.7
0.6
.+_
0.10 — —] 0.5
0.4
0.3
0.05 — —
0.2
- . 0.1
L Bellell50ab™ .
0.00 1111111111111111111111111111111111111 0-0
050 055 060 065 070 075 080 0.85 0.90
sin 2(1)1
05—
- Belle Il Projection .
0.45 [ —— Belle Combination ]
. - —— Babar —
- LHCb ]
r —— World Combination ]
0.4 - SM prediction: PRD92 054410 (2015), PRD85 094025 (2012) —
0.35- -
0.3 -
0.25 - —
r 10 contours ]
0 27 oo b b b by e b by by
) 025 03 035 04 045 05 055 06
R(D)



SM CPV: CKM and Unitarity Triangle

SM is very predictive: single complex
phase in CKM matrix, related to apex of UT

b ud cbed b M b1 = B = arg [~V Vi /VidViy)

The internal angles of this triangle are phase _ . * *
differences that can be measured via various ng @ = arg [ thth/ Vuda “b]

strategies: p ¢z =y = arg [~ VuaVap/VeaVi)
9’z &O%/'
75 Q(//}@ 7 %
@\O’fo @0007,0

B - mtr Inn [ 2°7° 7 6?90/2‘/ %,

B = p'plptpP 1o 78 ey

B 5 pr o

B > a;(pn)* n

B’ > J/y K
B’ > J/vK,
B — D™ p K- B > v’ K
B > Dcp K™ B’ = x. K
B — D(K*n) K- B’ - 1. Ks
B — DO - B > D) ph°
B — D)(K¢n* ) K- B > (¢/1°/7° ) K®
B - D(2°n ) K- V*b Vd B - (KsK{'p/w) Kg
B — D(Ks K*r) K @<

@, (B) and ®3(y) will also be
precisely measured by LHCb
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Overconstraining the Unitarity Triangle

SM CPV too small to explain baryon-antibaryon asymmetry.
Are there new CP violating phases in the quark sector?

= Belle Il will measure all 3 Unitarity Triangle angles ( sinZ2¢4, ®©,, ©3)

0.45 L T T ey /7 0.45 I — | — L B T
0 - - v |
S o :
c/\> ¢3 % f\’ q)3 fitter |
& }Scenarios ] - } el
040 £ - o040 £ -
© - L © _
o o
© - .Es _
o}
: I E
= 035 % - 1= 03513
L 8K L SK
0.30 0.30 —
W, - %y
0.25 [ R B 4 0.25 ATy | Y I S SR R SRR
0.05 0.10 0.15 0.20 0.25 0.05 0.10 0.15 0.20 0.25
P P

In ten years: no-tension SM ... or observation of New Physics ?
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Measurements of ¢, ()

B — J/y K (the “Golden” mode):

— constrains the UT

S/

A =

Cccs

‘/CTJ‘/CST + V:qusP

expected 50 ab™" uncertainty: 5¢, = 0.4°
(less than the current theory error of 1-2°)

B - ¢ K¢, n’Ks,0Ks,2°Ks (“penguin” modes):

qqs

A q = ‘/c:z‘/c:sP + VJqusT,

Belle II Physics Prospects (S. Prell)

—

Use time-dependent CPV measurement techniques

pioneered by Belle & BABAR (boosted L=1 BB system,
vertexing/At with 2x better At resolution than Belle from
pixel detector, and excellent B flavor tagging Q > 30%)

£ 04f" .

2 $ Belle Il I L=50ab" oe*, .

S 1 TN i

= oA .

<UE) 0.2 %i ot ++x |

LT84 a I |

+ S

4
07 ¥ + #&
- ‘f"’:‘ o Jiy K, (S=0.70)
0.4 | o “ ' Ks (ST°-55)
-10 -5 0 5 10
At (ps)
A p = Acos(AMAL) 4+ Ssin(AMAt)
WA (2017) 5 ab~1 50 ab™!

Channel o(S) od(A) o(S) o(A) o(S) o(4)
J/YK®Y 0.022 0.021 0.012 0.011 0.0052 0.0090
¢K° 0.12 0.14 0.048 0.035 0.020 0.011
n' K° 0.06 0.04 0.032 0.020 0.015 0.008
wk? 021 0.14 0.08 0.06 0.024 0.020
Km0 0.20 0.12 0.10 0.07 0.031 0.021
K32r0 0.17 0.10 0.09 0.06 0.028 0.018

Tree and penguin modes have same SM weak phase,
but NP contributions in loop could contribute additional
phases (improve from 10-20% precision to 2-3%)

Snowmass RF Townhall Meeting
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Measurements of ¢, (a) and ¢; (¥)

Measurement of ¢, in B — 1, 31, pp Value 0.8 ab~! 50 ab~!

fLpto- 0.988 +0.012 £0.023 [725] +0.002 £ 0.003
¢, is determined from CP asymmetries and fL oo 0.21 +0.20 & 0.15 [729] 40.03 + 0.02
BFsof B —mm, B —~3m andB — ppdecays g, .6 283 £1.5 + 1.5 [725] +0.19 +0.4

with an isospin decomposition of B* and BY

. . . . 0 Bop 1o 1.02 +0.30 &+ 0.15 [729] +0.04 £+ 0.02
decays involving final states with s e

At p- 0.00 +0.10 & 0.06 [725] +0.01 £0.01
« Belle Il has good 1 efficiency Sp+p- —0.13 +0.15 + 0.05 [725] +0.02 £+ 0.01
« Expt. errors reduced by.2>< - 10% Value 0.08 ab~! 50 ab™!
depending on systematic error source fLpt 0 0.95  +0.11+0.02 [716] +0.004 + 0.003
* Improved measurement of A(B— ) Byip po® 317 £7.1 £ 5.3 [716] £0.3£0.5
will reduce discrete ambiguities - — - —~

- Expect error in ¢, with 50/ab to be 0.6° Value 0.5 ab 50 ab
(now 4.2°) Ao —0.2 +0.8+0.3 [715]  +0.08 + 0.01
S g0 0 0.3 +0.7+0.2[715]  £0.07 +0.01

Precision measurement of ¢; in B — DOK()

* Reconstruct D decays to CP eigenstates, Cabibbo-favored and singly and doubly Cabibbo-suppressed
decays and self-conjugate modes
* Expect ¢; error from GGSZ with 50/ab and strong phase measurement from BESIII to be 1.5° (WA 5°)

Type of D decay Method name D final states studied

C P-eigenstates GLW CP-even: K*K—, mtn~; CP-odd K%n%, K27

CF and DCS ADS K*n¥, K*n%7°, (K*n¥ntn™)

Self-conjugate GGSZ Kirtn—, (K2KtK™), (rtm %), (KTK-nY),
(mta—ata™)

SCs GLS (KOK*7¥)
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Rare radiative and EW Penguin B Decays

* Sensitive to NP contributing in the loop ! !

» Belle Il is uniquely sensitive to f /

— inclusive final states B — X,y and B — X, 41" [~

. . w. W
— final states with photons, neutrinos, or taus b & I s
— ... and has nearly equal u and e efficiency for LFU tests v
* *
B,,, reconstruction (FEI) improved X2 wrt Belle w ;H
g P b =~ S
. : :
Measure BF, Acp, Apg, AAcp, Ay,, and afgftlar variables in Vo Ve
incl. and excl. B — X, ;v and B — X, ;[T I” final states ) u, c, t\'\_\‘\z
*
*  Determine Ry and Ry« with 3-4 % precision o _ Br (B K “”)
) =
e Expect Belle II to observe B — KMy k() 7 gy (B - K(*)ee)
SM prediction very robust: Rg(SM) =
g/ 16 :—éiel(e 2019 [up to tiny QED and lepton mass effects]
o - Preliminary
1aF - Observables Belle Belle 11
r (2017) 5ab~! 50 ab~!
1.2 B . ¢ " B(B — I{*_fl/l_/) < 40 x 10_6 25(%1 9(7(.
- | B(B — K*vw) <19 x 107 0% 1%
o - A Acp(B = Xgiqy) [1072] 2.2+4.0+0.8 1.5 0.5
- S— S(B — K%7%) —0.10£0.31£0.07 011  0.035
0.8 ! L= S(B = py) —0.83+0.65+018 023 007
gl +E—— —— Belle 2019 App(B — X £707) (1 < ¢®> < 3.5 GeV2/ch) 26% 10% 3%
06— == HCH 2017 Br(B— K utpu~)/Br(B— KTete) 28% 11% 4%
- T —— BaBar 2012 (1 <q® <6 GeV?/ch)
0.4 ==SM JHEP 01,093 @otey Br(B — K*"(892)u"pn")/Br(B — 24% 9% 3%
0 — 5 — l<|0 — 15 20 K—‘+(892)6+€_) (1 <q2<6GeV2/c“)
P (GeVZ/c ) B(Bs — v7) <87x10°0 23% -
B(Bs — 771) [1073] - <08 —
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New Physics in Charm Physics

10" D decays in low-background
environment

Belle Il will reduce errors of D mixing
parameters x and y by factors >2 and
> 3 resp., with D — K¢n™ = Dalitz
analysis

— Errors are then systematics dominated

Search for indirect CPV via q/p benefits
from improved decay time resolution
due to pixel detector

— Aarg(q/p) expected 4° (now 11°)

Belle Il will search for direct CPV in

final states with neutrals

— dCPV recently observed by LHC in
all-charged final states KK and nr

Study of rare radiative and EW penguin
decays D — Xy and D — X" [~

Belle II Physics Prospects (S. Prell)

Channel Observable Belle/BaBar Measurement Scaled
Rare and Radiative Decays
DY — p0 Acp +0.056 £0.152+£0.006  +0.07  +0.02
D% = ¢4 Acp 0.943 —0.094 +0.066 +0.001  +0.03  +0.01
DY 5 K*0y Acp —0.003+£0.020£0.000 +0.01  +0.003
Mixing and Indirect (time-dependent) C P Violation
DY 5 Ktn™ 2% (%) 0.076 0.009 + 0.022 +0.0075  +0.0023
(no CPV) v (%) ' 0.46 + 0.34 4011 +0.035
(CPV sllowed) lg/p| World Avg. [230] 0.89 +0-08 +0.20  +0.05
é(°) with LHCb -12.90+29 +16° 5.7
DO s Kt na® z: .y 2.61 fﬁ)ggri 0.39 +0.080
y —0.06 7023 £0.34 - +0.070
z (%) 0.56 £0.19 F0 03 H0-0¢  +0.16  +0.11
DO s KOrta- y (%) 0.021 0.30 + (())_]165 fg;gg o 010 +0.05
lq/pl 0.90 +0-16+0.09+0.06 1012 +0.07
#(°) —6+11+3+ 48 +4
Direct (time-integrated) C P Violation in %
DY KtK~ Acp 0.976 —0.32+0.21 +0.09 +0.10  +0.03
DY = xta— Acp 0.976 +0.55 + 0.36 +0.09 +0.16  +0.05
DY — =070 Acp 0.966 —0.03 % 0.64 £+ 0.10 +0.28  +0.09
D% - K2+° Acp 0.966 —0.21 +0.16 +0.07 +0.08  +0.02
D° - K2 KY Acp 0.921 —0.02+1.53+0.17 +0.66  +0.23
D+ K%q Acp 0.791 +0.54 £ 0.51 +£0.16 4021  +0.07
D% K2v Acp 0.791 +0.98 +0.67 +0.14 +0.27  +0.09
DO zHz—x0 Acp 0.532 +0.43+1.30 +0.42  +0.13
DY+ Ktr—x° Acp 0.281 —0.60 + 5.30 +1.26  +0.40
DY s Ktnata Acp 0.281 —1.80 + 4.40 +1.04  +0.33
Dt — ¢xt Acp 0.955 +0.51 +0.28 +0.05 +0.12  +0.04
Dt = xtxl Acp 0.921 +2.31+1.24+0.23 +0.54  +0.17
Dt 5 prt Acp 0.791 +1.74+1.13+0.19 +0.46  +0.14
Dt 'zt Acp 0.791 —0.12+1.12+0.17 +0.45  +0.14
Dt 5 K=+ Acp 0.977 —0.36 = 0.09 +0.07 +0.05  +0.02
Dt 5 KYK+ Acp 0.977 —0.25+0.28+0.14 +0.14  +0.04
D¥ — K=+ Acp 0.673 +5.45 4+ 2.50 +0.33 +0.93  +0.29
D 5 KYK+ Acp 0.673 +0.12+0.36 £ 0.22 +0.15  +0.05
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Dark Sector Searches

» DS searches at Belle Il benefit from large data sample, clean e*e™ environment,
and special high-efficiency triggers for low-multiplicity final states

Many DS benchmark models will be studied, e.g. Search for ALP in e*e™ — a(yy)y
arXiv:2007.13071, accepted by PRL

— Vector mediator (dark photon, Z°) .
o . ©
— Scalar mediator (dark Higgs) 102 g
=
. . . ]
— Neutrino-like mediator " = S| gelte n c
Q. amm
. . . < >
—  Axion-like mediator N < invisible @ 10 ﬂ g
— Long-lived particles > \I
©
o 10~4 3
Search for invisible Z’ in ete~ — Z’ u*u~ / e*u* _
PRL 124, 141801 (2020) o N Gayz=0
1073 1072 1071 10° 10!
10° i Bellell 2018 e Data m, [GeV/c?]
J‘l,dl =276 pb.1 . o Belle Il Simulation Expected 90% CLs UL? Median
Bkg dominated by f 'f“ 7
10 ete DT+ 1- ¥ {
Q - ee— Wy
e'e— TTry)
8 1F — e e W { { I
@) ’r- O 1072
10_1 B n ’I’ ﬂlnﬂﬂ_ i
dlf Lo-: --- [Ldt=9fb"! — [Ldt=50fb"?
T S A A A Y A e At det = 50 fb~* (more inclusive trigger)
102 k [ mmm Belle Il PRL124, 141801, [Ldt = 0.276 fb~?
-SAAAA;JALIéJllléJL 41'1...5.;.;é11 7;.1.5 10—40 :ll é é 11‘ 5| é ; é 5

. Mo G2
Recoil mass [GeV/c?] z [GeV/c?]
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New Physics Searches

with t leptons

Many extensions of the SM include cLFV

Model Reference TNy T MMM
SM+ v oscillations EPJ C8 (1999) 513 1040 10-14
SM+ heavy Maj vr PRD 66 (2002) 034008 108 10-10
Non-universal Z' PLB 547 (2002) 252 109 108
SUSY SO(10) PRD 68 (2003) 033012 108 10-10
mSUGRA+seesaw PRD 66 (2002) 115013 107 109
SUSY Higgs PLB 566 (2003) 217 10-10 107

% by T Ve T Ihh Ah ]

8 10‘5 E_ =t L . "anm o " a _E

© F L] . - ™ - B E

= L - N L ] L R | -

E 10°g = e E

:0: 7— s v YY ¥ M " v oy Vo i

o 100 E_ N r ' E

E : B X X ; 1 I . v " E

- sl ’ _| = CLEO
o 107F 3 v BaBar
& o 3 . Belle

3 ~ . . 1 - LHCb
10, ) Ut e ) > CRNCIRE « Belle !l
o e® o LI N . e o ° . oo ~ e ;

10 e Ry S

O3 =P 30y 0He's 'y p'=® *”*00411wrrrr!!eryWZmzozr’xx

020200 Ly o'y
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Belle Il is sensitive to charged LFV in t
decays at BFs of 1079 to a few 10710

— NP models predict cLFV at 1077-10710

Search for NP contributions to isospin-
suppressed 2" class currents

Limit t electric and magnetic moments
through precise measurements of
Michel parameters in leptonic and
radiative decays several orders of
magnitude below current bounds

Search for new CP-violating couplings
in T decays

Sensitivities could be improved with
beam polarization upgrade
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Hadron Sl?ect roscopy - Plethora of new exotic Charmonium
'So ‘ S | Py |3P0 [ Py ] P, | 'D, | Dy ‘ *D; ‘ Dy | JP no J’Te+e_ states
50 _ — — Many new states discovered by Belle and
.o CC X(4700) (a55¢ other experiments (X(3872), Y(4260),
Oy KD 2, (4430), ..
‘“§ 4.2l (4160) iﬁg — Several do not fit into the conventional
a0k " s wep framework
a 3 85(3940) (2P) X(3872)
SO0 g(es) . O TYY ——  tT
3.6/7.(25) b X2 DD threshold .
i e Discovered before 1980 ®  Belle [T will also study new
Neutral charmoniumlike states .
3.2 J/ Charged charmoniumlike sEaEes — bOttOmOI/llum States (SuCh as
3.0=" +
0_+\1__|1+_ |0++\1++\2++|2_+|1__\2__\3__ (lhargec‘i Zb (]06]0/50) at the Y(5S))
— open-charm excited states
JPC=0-+, s Ro—c==
ol . o — charm baryons
.G‘ ;ﬁ — exotic light quark states (e.g. glueballs)
=
B decays . Initial state radiation  Double cc C=+1
* Understand how QCD forms these
bb-exotic exotic states
Y(mS) i
g »5’" *‘b* ' Heavy quarkonium — At Belle Il states are produced in a wide
- e Y8 production variety of processes (B decays, ISR, yy,
. . ogxrgw  ChangeCM "1 " mechanisms )
vy collisions =57 gy at Belle Il double-charmonium events, ...)
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Precision Neutral Current Electroweak Program
with SuperKEKB Upgraded to have Polarized e Beams

At 10.58 GeV, e polarization enables e B _
" A, =00 4| G 858l {Pol)
A r measurements sensitive to Z-y AN ya o 0, A2\ 4maQ, 10
interference; /2 N\ « T/ -20,sin’6,
S
e f

20 ab-1 and 70% polarization at IP

: . 0.245 RGE Running
g IVES. s Particle Threshold ;
« World’s most precise sin20,y e :
. . == Proposed Experiments d
(6 singew ~ 0.00016) and probe of its O i ISL“C'E158 l"““" i
running j l-—~ j
- Qweak e- Polarized
* Unprecedented and clean NC 3; j A Q\\Supemsxs j
universality studies for e, u,t,bandc & °®5 - :
since beam polarization error cancels @ _ %EN
(e.g. < 0.05% relative error for b-to-c, - Tevatron N§sic  fHHC
cf 4% now) P e 4
0 Moller 2 .
* sin20y, with light quarks at 10.58 GeV . Mainz-p2 soD |
« Sensitivity to Z’' > TeV scale and dark T N R R S R ST RN
. - - , 107 10° 102 10 1 10 10 10° 10
sector parity-violating Z'p below M W [GeV]

Beyond EW e- polarization at SuperKEKB: More information at arxiv.org/abs/1907.03503

* enables more precise t EDM and (g-2).,
* reduces backgrounds in T — uy and Tt — ey searches and distinguishes Left & Right-handed New Physics currents

» can be used to probe dynamical mass generation in QCD via polarized A

Planning for implementation ~2026 with upgrade proposal to be included in KEK Roadmap for MEXT to be submitted 2021
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Conclusions

* Belle Il is an active and important Super Flavor
Factory with a large US contribution
— covers a broad physics spectrum with many crucial and
unique measurements

o CPV and rare decays of charm and bottom, exotic states, Dark
Sector, LFV, ...

— already produces world class results on Dark Sector
searches with < 1% of expected data set

o Expected to record 50 ab™!(50x the Belle data set)
over the next decade

» Upgrades to the detector and accelerator are
necessary to reach full potential
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How to get 50x integrated luminosity?

Beam-Beam parameter
Lorentz factor

Beam current
Geometrical
)

reduction factors

o |/ R (crossi le,

p= Yo |1y O |feore Ry meree
2er, o, | B,. R (0.8-1.0)

|

Vertical beta function at IP
Beam aspect ratio at IP

(0.01-0.02)

Super-KEKB

beam size:
100 um(H) x 2 um(V)
— 10 um(H) x 59 nm(V)

Belle-Il Goal:
40 x Belle = 8 x 10%°

E (GeV) B*, (mm) B*x (cm) ® 1 (A) L (cm?s?)
LER/HER LER/HER LER/HER (mrad) LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 2.1 x 10%
SuperKEKB 4,0/7.0 €_0.27/0.30 3.2/25 41.5 3.6/2.6 80 x 10%
factor 20 factor 2-3
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FAQ: How do Belle II and LHCb capabilities compare ?

Figure credit:
G. Ciezarak et al,
Nature
546, 227 (2017)

+ Belle Il can
do the Dark
Sector

1. LHCB has a large b bbar cross-section 2. Belle Il has a simple event

(hundreds of microbarns versus environment with B-anti B pairs
nanobarns) and good sensitivity, signal to produced in a coherent QM state with
background, for modes with dimuons, no additional particles.

and all charged final states using 3. Belle Il can measure inclusive processes

vertexing. Triggering and flavor tagging

offs. are much lower than in e*e-. 4. Belle Il can measure electrons as well as

muons. (important for lepton universality checks).

Rule of thumb for statistics in this case: 5. Belle Il can measure final states with
1 fb-1 at LHCb is 1 ab-! at Belle II. gamma’s, Kshorts and missing neutrinos well.

(— Need good SuperKEKB performance)
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