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A super B-factory®@

= B factories
» BaBar (PEPII) & Belle (KEKB) stopped in 2008/2010 after accumulation of 1000 fb-!
- Modest energy Vs = 10.58 GeV

* Confirmed the CKM picture in Standard Model with very successful anet+sis technigques

= New inputs " Assefs

* ATLAS / CMS — Higgs but no non-SM particles * Clean environment (few particles / event)

* LHCb intriguing tensions in flavour physics » Known initial state - kinematic constraints
* Neutral particle reconstruction -> 10, n, y

= Motivations for a super B-factory

 Complementary search for New Physics / LHC A
= indirect
* Precision test of Standard Model > Luminosity frontier
» Direct search for new light particles
* Hadronic physics W,
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— First results

—Prospects

— Next expected results
— SuperKEKB & Belle Il in the next 10 years




SuperKEKB collider
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SuperKEKB / Belle Il Luminosity status <o

Belle Il Online luminosity

=  Machine progress

74 Integrated luminosity
B Recorded Weekly

Total integrated Weekly luminosity [fb~!]

| — Jnecorseadt =74200071 g [

Exp: 7-8-10-12 - All runs

-ﬂ SuperKEKB

HT Energy (GeV) LER/HER 3.5/8 7
- 60 &2
>  Current (A) LER/HER 1.6/1.2 0.7/06 3.6/2.6
50 8 » o %
£ Beam size” B, * (mm) 5.9 0.8 0.3
40 < Instant. Lumi. (cm2.s7)  2.1x10% < 2.4x10%  ~6x10%
......... 20 a% J
= First collisions April 2018 I
203 Final goal 50 ab-’
10 ® Data taken
, * On-resonance 74 fo
® © - Analysis ready in Summer 2020 exploit ~35 flo-!

- Analysis ready in Winter 2019-20 exploit < 10 fb!
* Off-resonance 6 fo'! ( My 45, -60MeV)

Plot on 2020/07/31 11:36 |ST

J.Baudot - The Belle Il Experiment: status and prospects - [ICNFP 2020 5



D

Belle Il detector <>

KLong and muon detector: )
Planned for better performonces / Belle Resistive Plate Chambers (barrel outer
even with: [ higher beam background layers)
higher trigger rate (30 kHz) , Scintillator + WLSF + SiPM'’s (end-caps
er 2 blayers) Yy,
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Special data taking conditions in 2020 i

Belle I
Belle [1dnli~2 luminasity Exg: LZ - Allruns
= Non-stop operation with COVID-12 pandemic B st
I e L (e -l [

» Strong developments for close to or fully remote sub-system operation

 Huge commitment from Japanese colleagues & residents in Japan
- Only 40 people on site from March to July

meneae il = B3 EAIM: 4

[l |I_ . u
=3 =1 E=1 =
Toaba ! irkey abad lurminuesty L7

Tekal Inbeqrated Wk @ uminesiy [ L

T
=
=

F
=

KEK-campus

Beam background  HV ctrl N =
L e (RocketCha( Belle Il Exp Hall ) | Sub-system experts

v

e & I I! 'l. _VI'I ‘I‘ J‘l fl) ‘l'l ‘l. j'l ‘I‘ J‘l "I. ’ll 'l\ ’l 'I‘ jI‘l "'\ f
/Accelerator ctrl room ‘ Another bldg & Ctrl room\ el S fe‘ty | ; :

\KCG (SuperKEKB CG) BCG (Belle Il Commissioning Group) )
Cartoon by Matsuoka-san
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Belle Il operation

= Data taking efficiency 84% = Beam Background

* Mitigation measures with additional
collimators

" Main issues
« TOP MCP-PMT QE decrease with total charge * Data - MC agree
VXD (PXD-SVD) occupancy
* Synchrotron radiations

nt O(1) !
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Tracking performance @

Belle I

. . BELLE2-NOTE-PL-2020-014
" tag & probe technique with et+e- —>1+1-

* Lepton-ID tags the event
+ 3 prongs provide probe 4 charged tracks expected

Nevyts (4tracks)

_ 2-prong
i3 Nevyts(4tracks) + Neyts(3tracks)

-IT-I-

2) tight pion efficiency & =

(hadronic tag track)

- [ Belle Il (Preliminary) |rat=sam'  #Data +MC

. 1) loose pion
= (probe track)
3) tag muon

4) tag electron

e X A (acceptance)

(leptonic track) Y .l i i i lAAi it
1-prong N
L

0" [%]

; €data
0" =1——"F R R e e e e e
EMC 0.5 1 15 2 25 3 3.5 4 4.5
track P, [GeV/c]
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Vertexing performances

DO lifetime

* Measured with

3 channels: K", K174, K11

* Estimated position resolution ~40 um

BELLE2-NOTE-PH-2019-017

BO lifetime

BELLE2-NOTE-PL-2020-008

D" s Knn®

E e Data

L — Fit

[=]
T2
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Candidates per 60 fs

—_
(=1
T T

JLdr=9.6m7" 7

Belle II (preliminary) |

T=(4133+2.9)fs |

stat. only

I I
Belle IT (preliminary)
|Ldr=96m"

Lifetime [f5]
.I:
=
||||I||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

SR A NN gy

Smaller Y(4S) boost: 0.42 (Belle) — 0.28 (Belle 1)
Average distance between B-mesons 200pm — 120 um

Hadronic channels B — D) rr+/p*
Estimated resolutions

- Time: At~ 1ps <« At~80 um

- Dominated by “tag”-side

Candidates / (0.5 ps )

J. Baudot -

The Belle Il Experiment: status and prospects

ICNFP 2020

.....

400 ¢ Measurements (stat. only)
—— Average 7=(4123+2.0) fs
395 -
A — World average 7 =(410.1+£1.5)fs
390 ' '
4 K Krnrn® Krmmn
200
180 | Belle It 2019, preliminary * Data
a 1 =Total fit
160 JLdt=8.? for - sgn
140 - = bb
120 :_ =+ cont
100
80
60 - .
40 -
20 - h
0 5

10



Particle identification: leptons

= Using fully reconstructed channels Liepton
lepton—ID =
Lo+ Ly+Lp+Lg+L,
0.82 <6< 2.13 rad, muonID > 0.9 0.56 =06 < 2.23 rad, electronIiD > 0.9

> 1.2 7 > 127

% | Belle Il (Preliminary), [Ldt= 34.6 fb~} =  Belle Il (Preliminary), JLdt= 34.6 b~
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Particle identification: hadrons

= Using fully reconstructed channels Ly /m
£ D" - DOk T A= e+ L

0.8

A K ID efﬁmency (data)
A K ID efﬂmency (MC)

Be!le II prellmlnary
det 370fb1 '

________________________________________________________________________________________________________________________________________

Y n mis- ID rate (data)
v n mis- ID rate (IVIC)

e e e e s e
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Full Event Interpretation

= B-reconstruction in tag-side
> 104 channels

Displaced Neutral
Vertices Clusters

Belle 1l Preliminary J‘cdt 34sfb1

- B-J'D l!'l-l'

80 B Background
wggt MC Uncertai nty
§ Data

11 I 1
iil it I[ Illlll ]IIII|
—l[) 05 DD [)5 l[) 15 2.0 25 3.0

m2. __[GeVZ/c?]

miss
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Dark sector

= Early Belle |l publications

e 7'toinvisible
* APLS to photon

Slides not even drafted
beyond this point
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Time-dependent analysis for B-physics

= Remind lifetime
" |nfroduce Mixing
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Semileptonic B-decays

J. Baudot - The Belle Il Experiment: status and prospects - |ICNFP 2020 16



Charmonia
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Prospects for SuperKEKB schedule overview

Update plan (Roadmap 2020)

Peak luminosity 6E35 cm?s' in ~2028
* Integrated luminosity 40 ab-' in ~2029

v ——L__Before IR upgrade || ——Int. Luminosit & (ARSI 520
- | : y s ° PXD exchange in 2021~2022
L | \iter IR upgrad * IR (QCS and its beam pipes etc.)
£ 53 upgrade in 2026
o - *_ * Partial RF-power upgrade (2 stations) in
S 6 B 4§ 2026
x [partial] | i 5+ f,=0.3 mmin 2026 after IR upgrade,
2 IR (QCS)| | 3@ and~0.5 mm before that
'g 4 ¥ : < . » Max. beam currents: LER 2.8 A, HER
£ | x®  2.0A(1761 bunches)in 2027
g 9 | ©. + Basically, 8 moths’ operation per year.
e : [ [Investment in equipment]
o - | » QCS and its beam pipes etc.
a o0 78 L 0 + Partial RF-power upgrade (2 stations)

N

* Linac upgrade
* Belle |l upgrade
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Prospects for Belle |

= 2022 = Shor term
* On-going DAQ board replacement * March 2021 :140-240 fo-!
« Complete PXD e July 2022: 1 ab!

* TOF replacement
* Detail expected analysis

= 2026

* SuperKEKB (see previous slides) infroduce long
shutdown

* Detector upgrades
- VXD
- PID

- KIM
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Summary
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SUPPLEMENTARY SLIDES
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Beam-induced backgrounds

Life without ... ... and with beam-background
Belle Belle |
e 2%y ﬁ" 3. Gl syt
F“s .;3 RI""% Foalog . A ﬁ
LH; | . . " . i *.r.'_.-:. e _._:d T L@
I 1- X "'& I .::'," ;'h:-‘:?;?&';.-‘-. -:" -I:I-'& %
I ??’ :-Lﬁ-'-rﬁh':: :-1: -.-.
| a N | Y R el
W G IR
- E"x. T A A
Ty BTN

= Single beam effects
* Touschek
* Beam-gaz
* Synchrotron radiation

m Beam-beam effects
* Radiative Bhabha
* QED pairs

Responsible for:
* ~50% of ECL energy
« >99% innermost layer hits
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The collider

J o
final focusing quads near the IP
New IR Colliding

; _tunches ="
e 7GeV 2.6 A, SuperKEKB "5 N
&~ Target: L = 8x10%/cm?/s
4 .

<r*‘ - - |

" 4GeV 3.6 Al S A

o

Replace short dipoles
with longer ones (LER)

HHHA

L

:‘lj ‘ . L ™ = . Positron source
¥ A B : _ SN ¥ e~ New positron target /

=
; % capture section

Add / modify RF systems
for higher beam current

Redesign the lattices of HER & LER Damping ring %
to squeeze the emittance _—

8
TiN-coated beam pipe with antechambers @1.1GeV Y e

. To inject low emittance positrons :
Cu for wigglers and Al alloy for the rest J P S

[NEG Pump] .
Low emittance gun

To inject low emittance electrons

[SR Channel]

[Beam Channel]

Ve o Ry a
L=-""1+— 25723 23
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Belle I




Tracking fake

Events

Data / MC

B Nevyts (5tracks)
"fake =y evts (5tracks) + Ngyts (4tracks)

70

Belle Il (Preliminary) —4 Data S5 MC total
60 Ldt=88f" :| 1t (signal) - 1 (background)
50
40
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