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Belle Il Experiment in a Nutshell

« HEP experiments have seen huge accomplishments during the last decades.
— CPV/CKM, discovery of XYZ/tetra/penta particles, discovery of Higgs, etc.
— Next major theme: New Physics, requiring more precision and larger samples.
« Belle Il/SuperKEKB is the upgrade of Belle/KEK.
« Upsilon(4S) decays into B B meson pairs, coherently with no additional fragments.
— Full event reconstruction tagging possible
« Direct detection of neutrals such as vy, n°, K.
A hermetic detector:
— Detection of neutrinos or invisibles as missing energy/momentum.
« Large continuum charm and t samples in addition to B samples.
— Detect both e and p with similar performance.
—  For example, search for LFV t decays at 0(10~°) possible.

Doris Yangsoo Kim @
PASCOS 2022, July 27, 2022



Belle Il Physics Prospects

cP
mixing and
2"

B 3
S Physics O Charm Lifetimes

5 Branchi
[ J New hadron states Zb's, b bbar BUCT Up;,-/ ‘\*‘3\ 'R D¢hing Fractions, Dalitz analyses
o’)‘f\%‘ \i A

<, °’o'/

- L
A % Pton f15
New O?a”'”o, 6:9 (@ w/% ] Vor violation
. . L] Y, <, © Drerry, deca
< ays
° Next precision CKM matrix \ % ssurements
New bottomony, G > osiie M=
N-like Ch Ry
RN yd/ts from penguins
New bar ‘ —
— mil pt nicBd B
emiieptonic ecays o —acusve measu
N @ measurements
ew H, & ——asurements
c (22) 3
y e+e- ->ISR, pi+ pi- cross-section® (& ZO adr, \\%
£ Pcp QU ny, g

UOY‘{’\ <PXon universality
S o —
Spin Fragmer\\amn Fun &

m,
I '8‘7.9[,
& s,
nes

amma
o, 0et2: B2TRE
@l \QOS-
Linac en®

(CKM elements)
I . e t)ependsents f prectIvowin
- H ad ro n IC B d e(:ays P2k p, Belle Il Data 77:1 — E&w@@i@iwgci\ﬁﬂ%s B->eta' Ks

Axion-Like p. &
Articy,
Ss

(angles and CPV)

Dark Higgs park SQ(,(.O‘

— Time dependent CP violation e oo

r SOS| rules

Direct CPV, isospin sum ru

K E\-E}‘P_\/r-r e —
2 <?B*/,,,

0 .
\ 98 /S
LLPs (Long:LVEE—23C -

O
C o L>K(* b
Qs \ﬂ?‘{.jwy!‘.‘“fﬁ-‘ld rad\atwveﬂgngg,_\ggg ->K(*) nu nubar

. SR y s N
Magnetic 2 Tau r Y (3 { B.
- £L —=Mgs, S N2V V: rig
L4 T p h yS I CS Gazelle \W,‘?." 3 3 > 4 ,\’? y é‘/’;\.”éﬂiaﬂd_eyfﬂf@lﬁmp!e products
ca L e = TauSwectmlFuncg/o i/’); v_v: Iy L *'{ZO S
N\ 2 & N ke,
\ 3y e
o L Flavor Violation (LEN) ] %, LUins: by I+ fe
adaron spectrosco — Lepton Fiavor Volaton L3 ¢ N, 23 et lpton unversaly,
oy S W% n - -
P NS
N\Gmﬁr\\\ ‘}C’ d&'c M’m’[ﬂqu_@ﬂguog
- Rare decays, FCNC o ' S
) sinA2 the, ea\&Q i~ :
2
ALR . o© “harmeg reson
_LR(tau, mu, e+, p, 0 e ——cdresonances

e
NC (Neutral Current) U \Q;A

 New physics
— Lepton flavor violation

— Dark sector, Long lived particles iy, //confluence.desy.de/display/Bl/Snowmass+2021

Paul Feichtinger, July 26, Session A
Dark sector results from Belle Il Belle Il Physics Book, PTEP 2019, 123C01 3
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The Belle |l Detector -
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SuperKEKB Luminosity: Current Status

« After the commission phases, physics
runs started spring 2019.

 Reclaimed the luminosity record June
2020! (Previously held by LHC.)

«  Spring/summer 2022 run ended June.

— Peak luminosity at L,.qx = 4.7 X

103*4cm—2s71, the current world
record on June 22nd.

— Current integrated luminosity at
fLrecordeddt = 424 fb_l-
(~ Babar, ~ 72 Belle)
« Long shutdown 1 (LS1) just started for

upgrades (beam pipe, pixel, TOP MPT).

Doris Yangsoo Kim @
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Charm Particle Lifetime

 Charm particles @ low-energy QCD calculation (non-perturbative and high order
correction). The effective models do have uncertainties.

« Measurements of charm lifetimes can test the models.

At SuperKEKB, o, ~ ;5. Large charm

3 | d = .
10 ‘ Belle Il, 10 v _ sample from continuum.
i fl: e e% e collision gives clean environment.
D" —D’n’ Less bias.

D’ s Kx1 ¢ Smallinteraction region and the new Belle II
vertex detector give strong constraints and
better resolutions.

A great opportunity to measure the world
best charm lifetimes.

t [ps] Phys. Rev. Lett. 127 (2021), 211801 6
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Why CKM Matrix?

« Unitary triangle constraints are powerful test of the SM.
— Precision on a and y angles are much less than (3.
« Predicting rare decays involves V,,,. Needed for NP searches.

— Use semi-leptonic, leptonic decays of mesons.
To be published,
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Full Event Interpretation
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Hierachial reconstruction is performed
to obtain B (tag) meson exclusively.
Then use the Upsilon(4S) constraint
to get the B (sig) meson.

Doris Yangsoo Kim @
PASCOS 2022, July 27, 2022
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tag-side

signal-side

Traditionally, at Upsilon(4s), one B (tag) is
reconstructed first. The rest of the event is
considered as a signal B.

arXiv.org: 2008.02707

An improved tool (FEI) is developed based on
Boosted Decision Tree.
T. Keck et al., Comput. Softw. Big Sci. 3, 6 (2019)

MVA based. O(10%) decay channels.
Max. tag side efficiency: ¢4~ 0.5% and g5 = 2%



https://arxiv.org/abs/2008.02707
https://doi.org/10.1007/s41781-019-0021-8

The CKM Matrix elements

« The ~ 3o tension between inclusive and exclusive measurements in |V |, |V, | is still

going on.

Preliminary Belle Il results, based on 190 fb~! samples.

Matrix Signal B Other B Meas. Ref.
elem.
B - Dlv,(l=e,u) Untagged | (38.53 + 1.15 (stat. +sys.+theo.)) x 1073 ICHEP 2022
Vool B% = D*lv, (l=-e,u) Hadronic (38.2 + 2.8 (stat. +sys. +theo.)) x 1073 Moriond 2022
BY > nlv, (I =e, ) Untagged (3.54 £ 0.12 4+ 0.15 + 0.16) x 1073 ICHEP 2022
Vs B — mev hadronic (3.88 + 0.45(stat. +sys.+theo.)) x 1073 Moriond 2022

Doris Yangsoo Kim @
PASCOS 2022, July 27, 2022
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Events/(0.2)

Signal Selection of SL modes.
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Time Dependent CPV and Mixing
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Next, Measure sin 2f3

« Apply the strategy to the golden mode: B° - sin2f3 results from B” — J/y Ky
J/¥ Kg. This tree mode should be precisely 250
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Rare B decays: Overview

« FCNC b — s transitions are suppressed in the SM. A good place to look for NP.

— The 10 to 30% uncertainty in the SM BR (10 to 10-7) can be supplemented by
ratios, asymmetries, and angular distributions.

A decay channel involving leptons is an excellent place to test LFU or LFV.
— Belle Il have similar detector performances between electron and muon.

« The results from the initial physics sample are shown here.

Doris Yangsoo Kim @
PASCOS 2022, July 27, 2022
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Ry measurements have a 2-3 o discrepancies between

e and p.

« The first Belle Il report on 190 fb~! sample.
« Background suppressed by BDT, and veto on J/hy, y(2S)

mass.
« 2D fitto M. and AE.

Modes Belle |l WA
B ->K*utu~ | (1.1940313%)x 107 | (1.06 +0.09) x 107°
B »K*ete™ | (1.42+0.4840.09)x107° |(1.19+0.20) x 10~°
B - K*ITl~ (1.25 4+ 0.30%3%) x 107° (1.05 4 0.10) x 107

Doris Yangsoo Kim @
PASCOS 2022, July 27, 2022

arXiv: 2206.05946
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B* —» K*vv with Inclusive Tagging
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FIG. 1: Lowest-order quark-level diagrams for the b — svo

transition in the SM.

® BaBar hadronic
Belle hadronic

A BaBar semileptonic

(\I_ b ‘}jk 5

(b) Box diagram

== SM prediction
Belle semileptonic

2000
Belle 11
[cdt=63m"
1500 |- -
+
E
=]
1000 | i
.?_5 00 02 04 06 08 1.0
BDT,(BDT, >0.9)
300 /OB K J /4, ,- MC & BT K™ J/y,,+,.-Datal o
DBA}KJ/‘L') yar MC +B4)KJ/‘U ey Data
B"—=K" v MC &
o = I ! L . =
0.0 0.2 0.4 0.6 0.8 1.0

Boosted Decision Tree Outputs

Events

0.93<BDT,<0.95 10.95<BDT,<0.97§0.97<BDT,<0.99} 0.99:BDT, ]

:Belle IT

100 S [cdt=

(63+9)'fb‘1

- B K" vu ]

400 [ Neutral B |

=3 Charged B |

200 B Continuum |
¢ Data

100 i scaled by 2 ]

0
0.5 2.0 2.43.5/0.52.0 2.43.5/0.52.0 2.43.5/0.52.0 2.4 3.5
pr(K")[GeV/c|

- (2017)

o TN LSS I P R B « The Belle Il measurement at 63 fb~! is comparable to the
= 18] = ® @ s previous Babar/Belle measurements.
s . «  Next step: 424 fb~! sample, hadronic/semileptonic
. Bl Sl R taggings, more channels (K*, Kq)
= |- |pny R D96 091101 R
ys. Rev Mo1R) Babar |< 1.6 x 1075 (90% C.L.) | Phys. Rev. D87,112005 (2013)

Ktvo Klvo K ‘yuKDyu rtuve v v ptup

Belle
B decay channel

1076

<1.9x107°(90% C.L.)

Phys. Rev. D96,091101(R) (2017)

<4.1x%x107°(90% C.L.)

Phys. Rev. Lett. 127, 181802 (2021) =

Doris Yangsoo Kim @
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Summary

»  SuperKEKB has achieved L,q = 4.7 x 10°*cm™2s™1, the world
record on June 22", 2022.

— It is a super B factory now.

« Belle Il has started producing new results, including a world leading
results in charm lifetime.

— More updates are coming with the 424 fb~! sample!

- Belle |l started producing results on many interesting B physics.
— Only a few selected topics are shown here.
— Further reports at ICHEP 2022, Moriond 2022.

This is a very exciting time to do flavor physics, looking for physics
beyond the Standard Model.

Doris Yangsoo Kim @ docs.belle2.org
PASCOS 2022, July 27, 2022
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As of July 2022, approximately

1,100 members, 120 institutes,
27 countries
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Belle Il and LHCDb

« Belle Il and LHCb have different systematics
— Two experiments are required to establish NP.

— LHCDb: large bb cross-section (LHCb 1 fb-1 ~ Belle Il 1 ab ' ). Good sensitivity
and S/N with di-muon modes and charged tracks with a vertex.

LHCDb Event Display

13.9. 2012 1:485:03

|Run 128262 Event 100499354 bld 1886

Doris Yangsoo Kim @
PASCOS 2022, July 27, 2022
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KEKB to SuperKEKB: Accomplished

 Nano beam scheme + Crab waist optics
« Target: vertical beta function g}, 5.9 mm (KEKB) to 0.3 mm (SuperKEKB)
* Increase beam currents /., positrons

* Increase beam-beam interaction ¢, Positron ring | (4G€V) colision point

Belle II detector

electrons

KEKB beams SuperKEKB 3B T T e . (7GeV)
nanobeams Electron ring ‘A
o 4
4
4 -

.. | Electron-Positron

Beam crossing Beam crossing (L | linear accelerator
angle 22mrad angle 83mrad
*
I Vet 14— Lo 'fy,e+ R,
- * * Positron damping ring
2er, o b, R.
Doris Yangsoo Kim @ 21
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