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What we have achieved at Belle/KEKB

Belle: highest luminosity, intensity frontier

targeted CP-violation using a huge number of B meson pairs
operated from 1999 to 2010
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B-factory:
Belle (> 1 ab'1) and BaBar (~550 fb-!)
Fruitful works with 1.25 x 10° BB

What if we have ~50 ab! data

Super B-factory



Results available by summer 2001:
CP violation on the B system is established

following the first measurements of the
CKM parameter sin23 by BaBar and Belle
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Why do we need Belle II/ Super KEKB

<
ZE,_- 10} SuperKEKB
Search for new physics | Y
* One approach is the precision/intensity frontier ¢ %
. i KEKB
 The mass reach for new particle/process effects |
. . . m‘-““ LHC
can be as high as ~100 TeV if the couplings i e T
are enhanced e Tevatron
* Suppressed flavor physics reactions il %]
. . [ [ 1.5 T T “Illl“‘lllll‘l 0 0
deviation from SM predictions ] - I e
* CKM, precisely o
* QCD exotics (XYZ)
: PRD 89,033016
* Dark matter searched--- = ool by
All of them need more datal ook 18@ETL
a0y /\
oo
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What i is Belle II/SuperKEKB

Bellell  t1wo separate focusing
New In Quads/each 2 beams
closer to IP;
Superconducting /
permanent magnets

More RF/modify RF
systems.
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Low emittance positrons

shorter ones in HER

Low emittance gun

Redesign the HER arcs to New positror.| target /
srcrredugce the emittance  KEKB — SuperkitKB capture section

\ Replace long dipoles with
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Nano-beam scheme to increase luminosity
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SuperKEKB A
,',(,E.K%HC CM boost _ ,
f PEPIL [ half crossing angle 11 415 mrad
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SuperKEKB commissioning detector

Beam Exorcism for A Stable ExperimenT II
(BEAST II)

measure and characterize beam backgrounds
independent detectors

Expected Beam background: 40 times than Belle 160
Beam-gas interactions (current, vacuum level)
Synchrotron radiation

Touschek effect (current,inverse beam size)
Fake hit

radiative Bhabha scattering (luminosity)
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BEAST background in the LER vs time
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shows the backgrounds decreasing 20
as vacuum scrubbing proceeds

Works well!
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Belle II Detector

K; and u detector:
Resistive Plate Counter (barrel)

(

EM Calorimeter: E— Scin’;illator + WLSF + MPPC (end-
CsI(T1), waveform samplin caps
Pure CsI + waveform

\Caps) \\\\ ‘ \ \

( Particle Identification: )
‘ Time-of-Propagation counter
(barrel)

Prox. focusing Aerogel RICH
(forward endcap) )

electron
(7GeV)

Beryllium beam pipe
2cm diameter,
QCSR andQCSL

[Vertex Detector:; /

2 layers DEPFET 44
DSSD

positron
(4GeV)

Central Drift Chamber:
He(50%):C2He6(50%), Small cells;
long lever arm, fast electronics

HFCPV-2016



Important improvements in detector
performance from Belle to Belle II

Smaller beam pipe radius
 Innermost PXD layer sit closer to IP (r=1.4 cm)
« Significantly improve the resolution along Z direction
Larger tracker SVD and CDC
* Increase K efficiency, excellent momentum resolution, dE/dx---
 Better flavor tagging
TOP and ARICH
 Better K/m separation covering whole range momentum in Barrel and Endcap region
ECL and KLM
« Improvement in ECL and KLM to compensate larger beam background
Improved trigger and DAQ
« 30kHz,>1 M/event

HFCPV-2016 Shanghai 10



PXD:

2 layers of DEPFET pixels

Vertex dctector

|
P 0.4 | + G0 Tracks with PXD clusters
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Very thin (50um) pixel sensor

Inner layer close to IP
Excellent resolution

HFCPV-2016

Sh@

4 layer of DSSD detectors
Excellent timing resolution (2-3 ns)
Large outer radius (6.05 -> 14 cm)

Pixel detector (PXD) and
silicon vertex detector (SVD)
Precise measurement of the
primary and secondary
vertices of short lived
particles

p+ source

overs full Bellell angular acceptance

amplifier

gate p+ drain

S5 deep n-doping
internal gate'

deep p-wel|
depleteq
N-Si bulk

P* back contact

11



C

Central drift chamber (CDC)

ompared to Belle

Extended outer radius
Smaller drift cell

better momentum reconstruction

better dE/dx measurement

3D trigger information

Wire Configuration

230 mm ——

—
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Just installed in Oct. 2016

Belle Belle 11
Radius of inner boundary (mm) 88 168
Radius of outer boundary (mm) 863 1111
Number of layers 50 56
Number of total sense wires 8400 14336
Gas He-C H_ He-C H_
Diameter of sense wire (um) 30 30
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Cosmic ray test
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Particle ID (barrel)

Time of Propagation (TOP)

Cherenkov detector, quartz radiator
Cherenkov ring imaging with precision

time measurement.

Installation completed on May 11, 2016.

Cherenkov photons emitted in quartz radiator,
total internal reflection, focused by a mirror,

detected by a fast position sensitive PMT

expansion prism /6 spherical mirror

K [ ™ quartz bar

Quartz bar

K /m different 0., different path,
different time of propagation

Array of

fast PMT'’s




Particle ID (forward End-cap)

« Aerogel proximity focusing RICH (ARICH)

* In the front-end endcap region

« Measure the angle 6,

* Good separation (>40) for K/m in (-0.5-4.0 GeV)
* One sector has been instrumented.

First ring

T 03[ for n = 1.045
from cosmic Bosst "
I‘ay. o.2f— ///
Aug 10. 1ot /
0.1:— /
E |’ T
0.05— l K
T I R N E AN R TR S Y
Momentum [GeV]
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EM calorimeter (ECL)

Belle IT and Belle ECL trigger
efficiency (simulation)
Physics trigger: E_ > 1 GeV

Reuse barrel crystals from Belle (new electronics)
refurbished endcap crystals (CsI(TI)-> CslI)

Ephys

€

signal bkg
(total)
« Detect photon with precision measurement Belle |9942% | 88.70%| 10.72%
» Identify electrons Belle Il |99.90% | 99.12%/| 0.78 %

Help detect K; together with KLM

Used to trigger

ASAAAL

dd (Ll )
<94 ‘.-!,4,\1\1«{.!.\,

Barrel ECL already installed.
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K, and u detector (KLM)

Alternating layers of iron plates and detector components
Iron plates:

 K; shower hadronically
 Flux return for magnet
replaced endcap and inner-most barrel RPCs with scintillators

Barrel (endcap) installed in 2013 (2014).

HFCPV-20 Shanghai
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Physics prospects

Expected uncertainties on several selected flavor observables
with an integrated luminosity of 5 ab-! and 50 ab!

Rich physics:

Observables Belle Belle 11 o
(2014) Sab!  S0ab! precision CKM,
UT angles sin2p 0.667 = 0.023 0012 [36] 0012 0.008 ) )
o Sal b 2 ? new source of CP violation
rl® * i
Gluonic penguins ~ S(B — ¢K°) 0.90°2% [19] 0053 0018 Lepton flavor vioiation
S(B — K% 0.68 £ 0.07 £0.03 [57) 0.028 0.011
S(B — K2K2K?) 030 £ 0.32 £ 0.08 [17) 0.100 0033 Dark s ector,
AB — K% ~0.05 + 0.14 £ 0,05 [58] 0.07 0.04 )
UT sides Vel incl. 416-10°(1 + 1.8%) [8] 1.2% Bottomonium and charmonium spectroscopy
|V, excl. 37.5- 10731 £3.0%,, +27%,)[10] 1.8% 1.4% .
Vsl incl. 447 10731 £ 6.0%,, £25%y) (5] 34% 3.0% Q CD exotics
Vil excl. (had. tag.) 3.52-10°%(1 £9.5%) [7] 44%  23%
Missing Edecays ~ 5(B — v) [10%) 96(1 + 27%) (26) 10% % Charm Rarc BD, = ) 531-10°(1 2 53% 2 38%) [4] 29% 09%
;’f: - Z’T’v;“’ I s llefi] — e B(D, — 1v) 570-10(1 £3.7% + 54%) [44]  35%  3.6%
R(B — Dr'rv)f 0.332(1 £ 9.0%) [29]" 29%  21% Ll e i ) - i
BB — K*v) [109)] <55 [31] <21 30% Acp(DP — 7°2%) llO’zz] ~0.03 £ 0.64 £ 0.10 [62] 0.29 0.09
Rad. & EW penguins  B(B — X,y) 34510741 £ 4.3% + 11.6%) % 6% AcuDP — K3a") [107%] 0212016 £ 0.09 [62) 0.08 0.03
Acp(B = X, 0y)[10%]  22+40+08[60] 1 05 Charm Mixing x(DP — K§x*x ) [1072] 056 +0.19 + ‘ég 150] 0.14 0.11
S(B — K2xy) ~0.10 £ 0.31 £ 0.07[20] 0.11 0.035 WP — Kix*x ) [10%]  030£0.15+ o [50] 0.08 0.05
S(B— py) -0.83 £ 0.65 £ 0.18 [21] 0.23 0.07 lg/ PHD® — Kox*x) 0.90 + 1% = oo [50] 0.10 0.07
C’gc" - ’f;;? *7;’;" 'j)" (')°3‘* "~ HDP = Kon*x) [°]) -6+ 11+ [50] " 4
ool ol gl e P T TSy [107] <BE] AT <37
’ - ey [10°9) <120 [63] <39 <12
T — gy [10°7] <21.0(64] <30 <03

P. Urquijo / Nuclear and Particle Physics Proceedings 263-264 (2015) 15-23

HFCPV-2016 Shanghai 17



Belle Il advantages

« Very clean sample of BB pairs

— » ’ /// S N
n X
. \

« High reconstruction efficiency B> Tv, Tl
charged tracks Bug~> Dr, QIR -
neutrals (7°7--) y / s

- High flavor-tagging efficiency ,’ / o

Belle I ~34% vs. LHCb ~3% | )‘f
« Measure K5 and K; , important to most time dependent A {
CPV measurements A / N7 {

« Full reconstruction one B to tag the flavor of the other B, / h—t \

determine momentum--- 9 \

* Clean and excellent useful for analyses with missing particle.
* Also large sample of T

rare decays

LFV search

HFCPV-2016 Shanghai



Search for new CP violation sources

NP from rare or precise measurements.

Most theories involving NP include additional CP violation sources
maybe large deviation from SM predictions for B meson decays

Search for new sources by comparing mixing-induced CP asymmetries in penguin transitions

with tree-dominated modes

. . 0,70
time dependent CPV in b — s decays, B - ¢K",n'K"------ o N
705 4
D 0.4 = e SO
ok (6 K ]
Observables Belle Belle 11 LHCb 02t i \ S(rl K‘) )
(2015) 50 ab~! 50 Run-1 22 ! : ° sin 2p

T0%0Y(45), ab '@GY(4S) '
improved Kg 0.1t | —
(n-xnh (7“.‘) ‘”lllurnl\'n, (nn!.\h ”n\'-) (”ll.'ll'nl\l) (”-lnh”-\'-) : g .‘ b \ :
sin(2¢,) in B — J/vKs|(0.023, 0.011) (0.003, 0.007) (0.007) (0,035, 0.020) (0,012, 0.007£) - \\ .
sin(2¢,) in B — ¢Ks |(0.14) (0.018) (0.015) (0.30)# (0.06) _ \f
sin(2¢y) in B — lp'l\'s (0.07, 0.03) (0,008, 0.008) (0.000) "

5“‘11(,; — ®*'%") (0,08, 0.03) (0,013, 0,015) (0.018) (0.13, (Hl‘.?)I (0,018, ().l)ll))i L
1 b 0.02} =

Cep(B = =%s7) (0.06, 0.03) (0.010, 0.015) (0.016) (0.15, 0.02)1 (0,021, 0,010)t
1!
0.01 -
i Belle Il Projection :
oms s lLlllll A ' Lllllll A ' 1
1 10

HFCPV-2016 Shanghai Integrated Luminosity [ab™]
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0.018
0.011

0.008
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Direct CPV in Charm

BELLE Belle
S 0 o
measurement projection A D — f)—T'(D — f)
0 —
L I LI I L I L | LI I Ll vP So— —
o C ooms. D(D° — f) + (D" - 7)
- 0.0 . - . . . . . .
4 Darx ; °]  Belle II contribution will be in channels with neutrals final state
- 1 - . . .
. ] Most measurements will be dominated by sysmetatics
7 D% Kga? + 0.03%- Y sy
- ] -
= 1 - =T 0 R =1
- o . o/ - mode L (™) Acp (%) Belle Il at 50 ab
o DK i 0.07%- DS KK 076 —0.32 £0.21 £ 0.00 20.03
- ' . D - xtx- 976 +0.55 4+ 0.36 + 0.09 +0.05
s D°— K’ ' —— 0.09%- D° — %0 076 ~ +0.60 +0.08
" ' ) D° - K2x° 791 ~0.28 +£0.19 4+ 0.10 +0.03
o ' : D° — K2y 701 +0.54 +0.51 £ 0.16 +0.07
a- D° > n*rr® —— 0.12%- D° — K% 791  +0.98 +0.67 +0.14 +0.09
X : - D° - ntx~x° 532 +0.43+1.30 +0.13
- - D% 5 Kta—=° 281 —0.60 + 5.30 +0.40
—B = - 0490 e
3 - o . D° — K*r—n'nm 281 —~1.80 + 4.40 +0.33
. ' i DY = on' 955  +0.51 +0.28 +0.05 £0.04
- D' nx* ' —86 149, D* — n=t 791 +1.74 £1.13+0.19 +0.14
- ' ; D* - ozt 791 0.12+1.124+0.17 +0.14
S . ' ’ D* — KOx+ 077  —0.36 +0.09 + 0.07 +0.03
- D'=n'x —4— 0.14%+ D* — K)K* 977  —0.25+0.28 +0.14 +0.05
- ' - DF = Kox? 673 1545+ 2,50 = 0.33 £0.20
dfFGPV-Z.OlI6 TR BT I T BT s @Eangh’S?K* 673 +0.12 + 0.36 + 0.22 +0.05 20
6 -4 2 0 2 4 (table by Marko Staric)



90% C.L. upper limits for LFV 1t decays
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Lepton flavor violation

Belle II improves over 100 times than Belle
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Phase I:

Phase II:;

preparing

HFCPV-2016

Schedule and plans

Calendar year 2016 2017 2018 2019 .

Japan FY JFY2016 JFY2017 JFY2018 JFY2019

\Feb.f2016 |summer shutdown Summer shutdown| Summer.:sh_utdown
I (power saving) {power saving) {power saving)
wif QCS
/ - w/ Belle Il (no VXD) w/ full Belle 1 \
phase 1 /e phase 2 phase 3

I S - - -

DR installation & startup

successfully completed —

DR commissioning

MR renovation for phase 2, including e
MR startup installation of QCS and Belle Il LER start VXD installation
I ]

Feb. —Jun. 2016

Jul. 2016 ~

Nowv. 2017 ~

JFY2018 ~

1 |

Phase 1 commissioning (without Belle 1)

Renovation for phase 2

Installation of QCS and startup works, Belle 1 roll-in
More collimators, more mitigation for electron cloud, etc.
Completion of DR and startup works
Improvements for Linac

phase 2 commissioning with Belle Il {w/o VXD)

Low B,* tuning, collision tuning, luminosity tuning
Low emittance beam injection with DR and improved Linac

phase 3 operation with full Belle Il

K. AKAI, SuperKEKB schedulé"fér'phase 2, Oct. 17, 2016 @B2GM 22



HFCPV-2016

Detectors, almost installed
KLM,ECL, TOP,ARICH,CDC

— - { ”’

Shanghai
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Chinese group

s e -1 R L |
|DATCON" 3 reduction ™ --.—DE_:] Contr].butlons (up tO nOW).
~0.5M chan. ~~ ~300 COPPERSs (Feed back to — .
“20 mio pes Belle2link (IHEP)

= R/O
PC

» J9pling JUyRA3

Tl 1
1/3 rate
- ?gg’;{g/ev ruF:t.ion IWH TSF [T r-#D) Track [

i

Computing (Beihang U.)
Trigger (IHEP)

—_— - Back-to-back
- HL'F farms RAID _ }@ = E -~
PC ~O(10) units of R e e a
I ~400 cores/unit ECL Trigger € Cluster_| S S
) Cluster Count 3 -%
RO » ."“h. N - T Ty < S
PC Low Threshold “3 S
= Bhabha g @ L1 trigger
ear detector E-hut DAQ server room - @ S
m | . 5 3
Members (up to Oct. 26) == g |3
IHEP (10) e g 3 3
. KLM |—| whit || Forward | > N
Beihang U. (9) [ ] °
" Barrel
USTC (4) (T
wrepv o0 Peking U. (3) Shanghai 24



Summary

 The phase I is successful completed.
« Now moving to phase II, testing all the detectors.
 Commissioning without Vertex detector in Nov. 2017

* Full Belle IT operation: 2018 70¢
* Physics studies -:::-- 60f-

I Accelerator commissioning
BEAST and partial Belle Il commissioning
Full Belle 1l detector

Goal of Belle Il
Everything goes smoothly up to now. g wf-

30f-
Rich physics topics. L | A—— -
Now MC simulations, tools developments. "% B 20 days/month
3
: £ F
Thanks for your attention. s 4
::'. f.l: 2016 Eﬂ:‘ll : 2ulzu 20'22 20l24

Welcome comments and suggestions!
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