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* Motivation for the ete™ B factory
* The SuperKEKB collider
* The Belle Il detector

* The Prospects of rare B decays at Belle |l
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The 1st-generation B factories

“B factory”: High-luminosity, asymmetric-energy e e~ collider operating at
Vs = 10.59 GeV to produceete™ - Y(4S) —» BB

m/K,_ detector

https://www2.kek.jp/proffice/archives/feature/2010/BelleBaBarBook.html

Belle in Japan BaBar in the US
1999-2010 1999-2008
~1000 fb~1=1ab? ~500 fb~1=0.5ab~?!

Initial goal: test the CP-violation mechanism of the SM
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https://www2.kek.jp/proffice/archives/feature/2010/BelleBaBarBook.html

The 2"d-generation B factories: Belle Il and LHCb

opp(nb) ~150,000 ~1
j Ldt (fb~1) by 2027 2 ">0,000
Background level High Low
Typical efficiency Low High
0, K efficiency Low High
Initial state Not well known Well known
Decay-time resolution Excellent Good
Collision spot size Large Tiny
Heavy bottom hadrons B, B, b-baryons Partly B
T physics capability Limited Excellent
B-flavor tagging efficiency 3.5-6% 36%

Reference: Abi Soffer, Intensity Frontier in Particle Physics, October 2019, Taipei
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SuperKEKB collider

Interaction 8
Region elle Il detector
__ i

YV g—

electron ring

electron / positron
linear injector

positron damping ring

The electron and positron rings are about 3-km-long. The tunnel used for SuperKEKB is the same as KEKB.
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Belle |l detector

Pixel Detector (PXD)

e 7GeV
Silicon Vertex Detector (SVD)

Central Drift Chamber (CDC)

TOP counter (TOP)

et 4 GeV
Aerogel RICH counter (ARICH)

Electromagnetic Carolimeter (ECL)

K.,/ Muon Detector (KLM)

B © Rey.Hori/KEK

PXD, TOP and ARICH are new designs; SVD, CDC, ECL and KLM are upgraded from original designs in Belle.
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Start-up schedule, phase 3 for physucs data

Year 2016 2017 2018 2019
Japan FY 2016 2017 2018 2019
Summer Summer [ Summer Summer
shutdown shutdown shutdown shutdown
Phase 1 JBelle |l PhaseIZ ‘Phase 3
— nsertion [ | - - -
Main Ring (MR) C,ﬁﬁ,;g VXD Ph)*sics data
commissioning MR commissioning for phase 2 | installation
1 HER(e) :
| circulating During phase 3, Belle |l
Damping Ring (DR) Installation and commissioning DR commissioning activity pf 9 month/year

have peen assumedJ

2020/2/14

. g .

Collected ~ 5 fb~1

o 0.5% of Belle

o 25% of KEKB

Reached L ~ 1.2x103% cm?2s™

o With high background
o Ongoing work on background
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Mostly at L ~ 0.5%103* cm?s~1
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Detector performance and rediscovery of

known physics

e Current integrated luminosity, ~5fb~1 is similar to that of CLEO in
mid-90’s

* Used mostly for validating detector performance and commissioning

e Please check the talks:

* Belle Il Status and prospects, Speaker: Tadeas Bilka
* First results on DM searches at Belle Il, Speaker: Michael de Nuccio
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Expected Luminosity in the Near Term

Until 2020/7/1

Until 2021/3/31

Int. L L, oo B, Int. L L, .. B,
[fo-"] [E34] [A] [mm] [fo-'] [E34] [A] [mm]
Base (conservative) plan | 100 2.2 0.8 1
Possible (expected) plan 150 3.5 0.9 1
ST . 150 | 35 | 09 | 1 | 500 | 95 | 1.1 | 05
6.5 months operation
Case N2: 150 | 35 | 0.9 1 320 | 8.1 1 0.5

5.4 months operation

Reference: Y. Suetsugu, B2GM, 2020.Feb.03

The Int. L will be 100 - 150 fb~* until 2020/7/1 (10%~15% of Belle), and 320 — 500 fb~! until 2021/3/31 (32%~50% of Belle).




Expected Luminosity in the Middle Term

Until 2022/3/1

Until 2023/3/31

PXD exc. 2022

Int. L L, . B, Int. L L, o B,
[ab-1] [E34] [A] [mm] [ab] [E34] [A] [mm]
Case M1:
FY2020 6.5 months 1.5 19 1.3 0.3 3.4 26 1.7 0.3
PXD exc. 2022
Case M2:
FY2020 5.4 months 0.6 16 1.1 0.3 3.4 25 1.6 0.3
PXD exc. 2021
Case M3:
FY2020 5.4 months 1.2 17 1.2 0.3 2.7 24 1.6 0.3

Reference: Y. Suetsugu, B2GM, 2020.Feb.03

The Int. L will be 0.6 — 1.5 ab~! until 2022/3/1 (60%~150% of Belle), and 2.7 — 3.4 ab~! until 2023/3/31 (270%~340% of Belle).




The Belle 11 Physics Book

The “Belle II Physics Book” has been

KEK Preprint 2018-27

arXiv: 1808.10567 BELLE2-PAPER-2018-001
DOI: 10. 1093/pte p/ptz 106 FERMILAB-PUB-18-398-T

JLAB-THY-18-2780
INT-PUB-18-047

200+ citations UWThPh 2018-26
The Belle II Physics Book

E. Kou™ %1, P. Urquijo!*3&f, W. Altmannshofer!3*9, F. Beaujean™ 9, G. Bell!20.Y,
M. Beneke!'29, I. I. Bigi!*®, F. Bishara!#$16:9 M. Blanke****Y C. Bobeth!!1112:5,
M. Bona'®®9, N. Brambilla!*>, V. M. Braun**9, J. Brod!'%!339 A J. Buras!!®1,
H. Y. C‘hong“". C. W. Chianggm. M. Ciuchini®®*¥, G. Colangolo'%‘[.

H. Czyz'"*?%9, A. Datta'*Y F. De Fazio®®9, T. Deppisch®Y, M. J. Dolan'**9,

J. Evans!339 s, Fajferw""mg*q, T. Feldmann'2-Y, s, Godfrey7~1. M. Gronau®!¥,

Y. Grossman'®Y, F. K. Guo®:1329 U. Haisch!%!1.Y C. Hanhart?"9,

S. Hashimoto®»?6:9, S. Hirose®®Y, J. Hisano®5%1, L. Hofer'?>Y, M. Hoferichter'%6-Y,
W. S. Hou®™Y, T. Huber!20:9, s, J;wgerl"‘—""l. S. .13111182'1[, M. Jamin!249,

J. Jones!92Y M. Jung”"’, A. L. Kagan"'“‘q, F. Kahlhoefer!Y,

J. F. Kamenik 9139 T, Kaneko®?%Y, Y. Kiyo%9, A. Kokulu!!>138:5,

N. Kosnik!971399 A S. Kronfeld?®Y, Z. Ligeti!*¥, H. Logan™¥, C. D. Lu!Y,

V. Lubicz!®Y, F. Mahmoudi'#®:Y, K. Maltman!7"9, S. Mishima3%-9, M. Misiak!64.9,

AN\
@
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3 -co\m
)
3 " N \Y N0 S
CQ%’? ‘QXNA ‘Qi\j s \0\\ \)Qs(’\ C\\& ‘\\\1\\ N
Qs ov® NS & ® ey S \«Q
B — J/$K2 o1 * ok * 5-10 *k *ok * *
B — 01\'_2 01 *k >50 *k * k% * * * Kk
B — K¢ o1 Hok >50 Hok * Kk * * % X
B — p%p° 02 * * x >50 * * * Kk - -
B — J/ym® o3 * K K >50 * * % Kk - =
B — 7070 o2 *ok >50 * Kk K * * K *ok >k
B—nd [\'_9—, Scp H*x >50 * k * * % k Kk ok

[ ]
recently accepted for publication by
PTEPD;

e This is the results of several years of
collaboration between Belle IT and the
Theory Community;

e Sensititivity estimates on the golden
(and silver) channels are given.

\\’\\
PN
. occ%f" 0\‘%\\\-\*\‘\ > 'ﬁ\\CO\. o P : \A\\L\\ i \,)\‘\\C N\O\\\l\\\, Q
B — wlyg |Vas| * * K 10-20 * % * * * K *ok *
B — X, fvg |Vas| *x 2-10 * % * *k * * % *
B —Tv Br. *k ok >50(2) **xx * ok Kk * * %k
B — uv Br. * ok ok >50(5) H*xx * ok * n * * K
B — D™y, |Ves| * ok k 1-10 * kK *ok e -
B — X Ly [Ves| * Kk 1-5 * Kk o Hok *k
B - D®ry.  R(D™) * x k 5-10 *k * % * * * % * K %
B — D™y, P * ok ok 15-20 * ok ok * % K e * K Kk
B — D**{yy Br. * *k * % % *k
2020/2/14
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B-factory jargon

Two variables are extremely useful to discriminate against background for fully
reconstructed final states:

= 1000 © " B" - D(Kn, Knr', K3n)©™
2 Belle Il B’ DK Krx’, K3n) s ] 2008 e i S Fy [0S Belle Il
s (2] e. ' B* — D(Kx, K, K3n)p [ [ B" - D(Kr, K, K3n)p 2019 limi
g 2019 (preliminary) B —» DD, Ke® K E T " - D(0(Kx, K, K3y (preliminary)
= B® - D (D%(K: L K®, K3n)rd)es = [~ B - D (D°(Kx, Knnt', K3m)n ) A1
@ _[ Ldt=5.15fb" intdhe il o [ &' ke Ldt=5.151fb
% B’ b 800~ B° — D'(Kxn)
2 B 3 E ®
© Qo L
3 3 600F
O g E
O 400f
200

0.15 0.2 82 521 522 523 524 525 526 527 528 5.29
AE (GeV) M, (GeV/c?)

Q2 015 0.1 005 0 005 0.1

For many final states, the dominant
source of background is the

< . ) . .

continuum’, which is suppressed based
on the different topology with respect
to BB events:

Spherical BB events Jet-like qq events
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Rediscovery of B’ = JAp K

B°— JAK°,K° = ' B°— JAp K*°, K*° = K1’

Belle Il 2019 Preliminary J' Ldt-262f" !

Do

; T T T T — o’ o' T T S T MR L B B B | ] s F AN AR RRLRE LR

2 Belle Il 2019 (?3 . & ML gelen 1 & oust Bellen 3
o Preliminary ; 0.1 i g 12 ‘2[019 preliminary 3 w . 15_ }019 preliminary, 3
z 70 Al a f o o e Ldt=263m" E F|La=263m7. E
z, 10+ L dt = 2.62 fb— L o a g 10 E 0.05° . . -
c I 7 - o g 8 - E o asie E
i ] OF "Rt 3

§ I 6 H - _005:_ :‘?E“ 3
olmOo n - E . . o 3

1 r o¢ 4 - o 3
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iy W | 827515 01 005 0 005 01 015 02 6.2 5.21 5.22 5.23 5.24 5.25 5.26 5.2 528 529 5.3

. :’ ) B a . AE [GeV] M, [GeV/c?]

clll..l, AP S sl A B A VN Ao .. .1, .,198 98 77887 .1 . - N —

-0.1 0 0.1 52 522 524 526 528 53 | S 25:_ Belle Il 3

A E[GeV] M, [GeV/c?] 8 = 2019 preliminary .

g 20}ij=2.&3&>" —:

.5 N .= 48.6 + 7.0 2 sk 3

“\ ) T T T I T T I T T I T T T | T T T : Slg g : :

§ + Belle ll 2019 1 1 w 10 =

2 [ Preliminary 1 3 3

& b |Ldt=262f0" 1 SE E

® 10— - H g: ]

_ § r 2 5.21 522 5.23 5.24 5.25 5.26 5.21 528 5.29 5.3

N .- 26.9 i 5.2 8 M, [GeVicT]

S1g
Not useful for measuring CP
violation, but very useful to study

2 s eaem 5 s i vertexing resolution (comparing the
c ' .
JAp and the K* vertices)
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Rediscovery of B = h*h”

: : S 16|
e First milestone for the measurement 2 [ %%  Betes 2019 preliminary)
. o 14— =B’ >hh
of ¢ : rediscovery of the charmless T [ iBagoung | Lat=sisw’
2 o B
B — h'h’ decays; 5 1o
 Continuum background is suppressed S
. . eqe o 6 5 .
using a BDT classifier utilizing } \ ‘ } ‘ \

. o . 4 ; S
variables sensitive to the event k! l i SERARE l
topology; ZA IS A

. 5.25 5.255 5.26 5.265 5.27 5.275 5.28 5.285 52.29
e Only very loose PID requirements on S el
the final state particles; 3 2T B
o 29[~ Belle Il 2019 (preliminary) ¢ Data
. _ . & 18— e e e B — K'n*
e A clear signal (~25 events) is observed s A
for the K'nt" mode; AR ARE A O (R " Background
e More statistics will be needed to "
observe the more elusive 7t'st” signal. o
e . ".
L N
:T T ; T'I. I | "1 1 }l \9"""1.'1:-'.’! »; [ [
0 4 Lad 3zl Al R tol B W S8 0 S HLTTRN Y|

-0.08 -0.06 —b.04 -0.02 0 0.02 0.04 0.06 0.08 0.1
AE [GeV]

&
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Rediscovery of B - DK at Belle 11

e Major milestone: rediscover the i T b
. . = g St —— Total fit
B"— D°K’ signal, next to the higher =l E T‘”g s U ST B > D signal
. . + + © 70 |Ldt=5.15tb° p3§ - B" — DK signal
branching fraction mode B*— D°rt’; N Background
e Multivariate discriminator suppresses g % D° _ Kn
. 40k 0
. = 5 - Knn
continuum background; a2 g
e Tight PID criteria for the D°— K, = S ;
Krurt®, K3t modes: s A% 0 Rt SRS A s W e
B5 "1 005 0 005 07 015
AE (GeV)
pionID (bachelor hadron) < 0.4 g
15 100:_ Belle Il B’ - DK wm)w*
(s3 £ 9 B = DK signal events) S ol e O
@ :J. Ldt=5.15fb" el B" — D’ signal
= i SR B" — DK™ componen
% 60_— ------ Background ’ :
« Also the golden mode for the GGSZ g
E
analysis (D°— K 7t'7) is starting to il +
: 20 bl
show up (new since Lepton Photon!). ARl S bty
AE (GeV)
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Summary

* Belle Il began taking physics data in 2019

* Integrated luminosity ~5 fb~1used for commissioning and some
unigue measurements

* Will reach Belle’s integrated luminosity in 2022

* Belle Il will be competitive/complementary to LHCb on many other
areas soon

* The experiment is on its way to groundbreaking measurements
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Backup
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The new record of the peak luminosity

n Belle Il Collaboration Q

Welcome to follow Belle Il Collaboration
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Belle Il i - P
Collaboration - AKX A

@belle2collab
The photograph indicates the peak luminosity of Belle II experiment reached 105.43x 1032 /cm? /sec

in the evening of December 3, 2019. Credit: KEK Outreach Committee.
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