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Belle Detector

Central Drift Chamber

small cell +He/C2H .

Si vertex detector

CsI(T1) EM calorimeter

SC solenoid 1.5T

TOF counter
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‘ erogel Cherenkov counter
g n=1.015~1.030
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- charged particle tracking
- momentum measurement

- particle identification

- ey energy measurement

- K; cluster detection
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We have achieved many results

any remarkable measurements on C
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- Direct CP violation in B—Kmr
- D’-D° mixing

- New resonance X(3872), Y(3940), z(4430)...

- New physics searches

b—sqq | b—sll/sy gluonic- / electroweak- penguin,

B—D*rv, B—1v, t lepton flavor violation ...and more.

~300 journal papers has published.
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D Belle results lead to Nobel Prize for
BELLE Kobayashi & Maskawa

| B#EE (Japanese) |

The 2008 Physics Nobel Prize was awarded to Kobayashi, Maskawa and Nambu for their work on the
breaking of symmetries.

Kobayashi and Maskawa's explanation of the origin of CP symmetry violation predicted that large CP
asymmetries could be observed in the decays of particles containing b-quarks. Verification of their
hypothesis was one of the primary goals of the B-factory experiments, Belle at KEKB and BaBar at
PEP-II. As indicated in the press release from the Nobel foundation the experimental results
confirmed that Kobayashi and Maskawa's brillant and bold hypothesis that all CP violation is due to a
single complex number was indeed correct.

See also: Nobel prize Physics 2008 page , KEK Press Release , Nature , Science

Belle results:
The first observation of CP violation in the Neutral B Meson System

[PRL 87, 091802 (2001)](access is limited)
[hep-ex/0107061 |

The latest CP violation results from B -> J/psi K0

8 400b(d) B = JK®  <-g=+1
5400 vK' R E

© 300 ¢

Asymmetry

75 5 25 0 25 5 75 INobellPrize.00SEENKEKInow/and/more

-CAt(ps
SA(ps) fgfh Emery Acseleratur Ressardlh Orsanzatien

http://belle.kek.jp/belle/km_nobel/index.html
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Hints of new phySICS

- B’-B’ mixing

0.6 ¢3 : Am, Amd&Ams %
M. Bona et al. (UTfit Collaboration), ; i
"Model-independent constraints on § :
Delta F=2 operators and the scale = i % B global fit withc
of New Physics" o ~
arXiv: hep-ph/0707.0636 2 E - L
i i 1 i |Vl
contribution from non-SM'ghgse? © /[ o ;
_ 00—04l eff o 0.I2 — 0!4I | IO!GI I IO.IB —
- b—sqq sin(2B"") = sin(20] )IﬂE P
PRELIMINARY
Extra CP phase in bocos World Average | | oe7so002
gluonlc pengUIn Ioop? ¢K°Average ,,,,,,,,,, ,,,,,,,,, O44+81—
" |InwK®  Average ] 1} : 0.59+0.07 -

vvvvvvvvv NN NG MO Sonstreo B - | 0 V4 b—css
arXiv:hep-ph/0409245 K Ks Ks Avérage P 074047 é1( s) #
arXiv:hep-ph/0411178 vK Average G THEosTzoar sin2®1(b—sqq)?
arXiv:hep-ph/0411151 P°Ks Aygragg 7777777777 @ i osall
arXiV'hep-ph/0502076 oK Average —h— © 0.45+0.24

""""""""""""""""" R A e I 5 -

bk Average L 22=nl¢ 1 Arg> 0?: NP contribution?

- Angular analysis of B"eK(*)ll

Forward-backward asymmetry Az
s R 1
AFB(B — K*[-*_[—) — —Cl(;)(f,((]“) [R(’((u)Fl + ?(7F2]
2

Ali, Mannel, Morozumi, PLB273, 505 (1991) 0 0 2 4 6 8 10 12 1a 16 18 20

Ne\{yy'physics: change coefficients or additional term. ¢(GeV)
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Hints of new physics

- B—lv
o 2\ 2
BB~ ) = L (1= 2 ) fh IVl
=(0.92+319)x 10 XCKMfitter global fit Higgs contributes to enlarge BF.

Mode PDG2008 Avg. BABAR
ety < 0.8 <1.9 < 1.0

CLEO CDF D@ New Avg.
g <10

ptv < 1.7 < 1.0 < 1.7 < 21 < 1.0
T VY 140 = 40 120 +40+36 1657357532 < 840 (I43 ~ - 32) (Summaries in HFAG, x107)
o » " : : :
-6
Ty, =1, T—lh 510 @ 5
Lepton flavor violation: — : P ® ki ‘
. . A - | T
forbidden in SM 701 S - ol i
¢ - mSUGRA+seesaw ®
Enhanced in several scheme p & SUSY+SO(10) oine onnay & ™ |
. - /0\ e, .' -
of new physics L SM+seesaw Q ........ L ~
- . & '... ]
- 7—ly, un, lo: large background from y P USYHHiggs Super B factory | ‘
BF o 1/~(Luminosity) *
B + () - i i i
t—[ll, un(m*rnr’) . background suppressed 702 70 2 702 : 20
BF o 1/(Luminosity) Luminosity (ab™)

. ... and many In other B,D,tr decay modes.
T o explore these hints, we need more statistics.
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Upgrade of KEKB

beam current beam-beam parameter
1.7 /1.4 A (et/e KEKB achieved) 0.09 (KEKB achieved)
3.6 /2.6 A (et/e- SKEKB design) 0.09 (SKEKB design)

Lorentz \

factor N +

y+ / Gy\(ligy\(RL\
L=—"|1+
%

N
classical electron

287’6\ O’i/\ ﬁy )\ng)

radius Beam aspect ratio at IP Geometrical reduction factors

0.5 ~ 1 % (flat beam) (crossing angle, hourglass effect)

0.8 ~ 1 (short bunch)
Luminosity . :
2.1 x 1034 cm= s2 (KEKB achieved) vertical By function at IP
D - : 6.5/ 5.9 mm (KEKB achieved)
8.0 x 10%° cm s2 (SKEKB design
( gn) | x 40 0.27 / 0.41 mm (SKEKB design)

To get higher luminosity
- Higher beam current

- Smaller beam size at interaction point (low 8)
We have decided to upgrade as “nano-beam” option.
Higher luminosity with low beam current.

Many technical issue. (hardware development, parameter tuning)

“Super KEKB and Belle I’ Lake Louise Winter Institute 2010, 17 Feb 2010

8



Upgrade of KEKB

o Low emittance ;*\
Redesign of arc optics. /;L‘/

. Reduce B at interaction point.

Belle Il

>

Modification of final focusing syste

— Touschek lifetime
- Achromaticity around interaction point
- Augmentation of injection beam PP
RF electron gun: low emittance, charge*4 Qs g0

Focusing system in downstream of e+ target

e+ damping ring

S
e Hardware update 66 3(
- Vacuum system: Ante-chamber, pumps 6&\)
- RF modification \‘\(\G \
o P o9
(‘ - Beam monitor system \§
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Integrate luminosity
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Upgrade of KEKB

Projection of luminosity

SR R T A R IR
10 2012 2(}\14 2016 20]8 2020 2022
Y Y Year
Shutdown Learning
for Upgrade Curve
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Upgrade of Belle detector

- Higher beam background
Non-physics process hit reduction
Radiation hardness

- Higher event rate
High speed DAQ and computing
More intelligent trigger

- Performance improvement

- More precise vertex reconstruction
and particle identification with new
technology.

(systematic error of CP measurements,
decay modes in which K/ in final
states)

Belle-ll detector

Central Drift Chamber
small cell +He/C 2H 6

D

</[O

Belle II

Time Of Propagation detector
N + Aerogel RICH

1\
5

2 DEPFET pixel layers —

+4 layers DSSD

u/KLd

tection
Iron strugture +
15 layers RPC (barrel)
14 layers scintillator+SiPM

CsI(T1) EM calorimeter

(Pure CslI for endcap)

(endcap)
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Belle II
- Vertex detectors

Innermost

DSSD (Double-Sided

Silicon Detector) layer is replaced
to DEPFET (DEpleted P-channel

FET) pixel detector.

Upgrade of Belle detector

120

. 60

=~ Q0
~ \‘

1ov
L) 1
.

‘8‘600_
2 I New readout chip ¢
© 500 — —
E ' for higher event rate - 1
2 a0l ‘o, ...2Nhd outermost]
x . VATTA | ___location of _ ]
§ 3001 current DSSD ]
ﬂN 200—— R
.o . Current|Belle .
100— SVD level :
: ! ] l - IE L) 1;1 | 1 I L1 1 l - 1
% S | R T S —T 25 i S
Beam BG level (current level =1) S © © © © O
S ® © ¥ 8
- BO9—J/y¥ KOs reconstruction efficiency
- o Ju0130D4 L : .
C_entral_ Drlft Chamber _ (%)uonovid in high background simulation
Wire configurations of Central Drift Chamber bkg level |eff. (%)| eff. ratio- 1 | eff. ratio -1 |
e O l wrt 1 x bkg (%) wrt Belle (%)
% R E 1x bkg 58.7 =0 +11.3
Teltne it n
\‘g-"f'-""-':'~'--~-'-’~':'-:‘1'-1"-'-"-"-:-""""-‘3‘5::-:3'*‘:: T 5x bkg 57.7 —1.7 +9.4
........................ 20x bkg 53.6 _8.8 + 1.5
1200 mm
v 1x bkg (Belle)| 52.7 - =0
New CDC Small cell é Dead time reduction by new electronics, small cell and
i enthaneiinaiiiiiaininainiiniiiiilinniing o software updates.
R e .'-..'-".".'-"-:..".'-"."..'- i3 SEERE IR . . . . .
h“ 1333311300 iiriiiiiiiiiiiiainiy | — Keep efficiency in higher background environment.
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Belle II
- Particle identification detectors

Barrel PID: Time Of Propagation counter

|dentify particles by measuring propagation time of

Cherenkov light in quartz bar.

quartz radiator f /

Cherenkov angle Oc¢

P
/ photon detectors
charged particle
Beam test

Endcap PID: Aerogel RICH

|[dentify particles by detecting Cherenkov
ring photon from aerogel radiator.

nln2 n3

charged
particle

aerogel radiator
nl<n2 <n3

photon detector
3 (HAPD)

2GeVe @10Hz

MWPC BW

X

PMT

Upgrade of Belle detector

Focus mirror (sphere, r=5m)

Quartz radiator

|

mm
Forward

MCP-PMT

0

z= 1070mm

A

3 z= -780mm

TOP performance from simulation p =4 GeV/c
\t'.:' 6 (a) éi ) 3\&\‘\‘ (b)
o 3
= o Y8 . -

& s Ht\\‘\% g " AL ‘_z//a
g \.\\ "" E 9% ‘\B,,
= 4 A - A3
g ~a---B P30 e 70 %090
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2 » ©

2 g /,A,\

= KT
1| A Focusing TOP y 2 o .
A Flat TOP E 1 M
V=330 =50

70 80 90
polar angle (deg.)

e o

N

incident angle = O°

o\

in

MWPC FW

X

Kaon identification efficiency
S o o o o ©

N

40 K/m separation

70 80 _ 90
polar angle (deg.)

A-RICH performance from simulation
1 == ——ETT

Detector configuration

A focusing

O single layer

1.5 2 2.5

3 35 4 4.5 5
momentum p(GeV/ic)
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Timing information is useful to reduce fake clusters. 59}

- Higher background in endcap part
Csl(Tl) + pin dinodes — Pure Csl + photopentonodes

Upgrade of Belle detector

- Electromagnetic Calorimeter

- New readout electronics
Pipeline readout with wave form analysis.

Better time resolution: BG—1/30

- KL/Muon detector
- Higher background in endcap part

t end electronic boards

.-_“

L 1in=600

300

&

30

2005

3208

1243

150

3076

1253

20

Polyethylene Shield
for neutron background

RPC — Scintillator strip + WLS + SiPM from upper stream of

accelerator.

00 -
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100 ¢

-0.5 0

signal E=25 Me\

background
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D
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1

trig (us)
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Many prospects of physics analysis

CKM g
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Super KEKB Physics Working
Group, arXiv:hep-ex/0406071
|

5 10 15 20

25
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Prospects of physics analysis
and competition with Hadron collider

_SuperKEKB at § ab” _SuperKEKB at 50 ab™_ __LHCb (0,002 ab™")
AS(¢Ks) i AS(¢Ks) b AS(¢Ks) ——ip
AS(K'K'Ks) = AS(K'K'Ks) 1 AS(K'K'Ks) :
AS(M’Ks) - AS(M’Ks) ol AS(M’Ks) :
AS(KsKsKs) —_— AS(KsKsKs) - AS(KsKsKs) H
AS(x’Ks) iy AS(n’Ks) ) AS(n°Ks) ;
sin2y(Bs — J/\y(b) H sin2y(Bs — J%(b) , sin2y(Bs — J/\%(b) .
S(K ) R —— S(K ') HH S(K ) -
BI(B—7\S{) 4 Br(B — Xsvy) - Br(B — Xsvy) ¢
lB—;Xs{) 8 Ac (B—,XS/) ' Ac 1]3—».\5/) :
C\\/-\mil\ll) } : 4 C\\/Aml]\ll) —— C\\/—\ 1]\11) H
Co W ~\n31]\ll) ; H y | CroW/ -\m(]\ll) [ — CoW —\m(]\ll) H
Br(Bs — [ H Br(Bs — ['1) i BuBs — uw) ! : i
Br(B* — K*vv) H Br(B* — K'vv) T — Br(B" - K'vv) H
Br(B* — D1v) : Br(B* — D1v) : Br(B* — D1v) H
Br(B’ — Dv) | H_' : Br(B’ = D1v) ,_T_, Br(B’ — D1v) H
sin2¢, H sin2¢, H sin2¢, B
¢, (7 isospin) —— ¢, (7 isospin) Il ¢,(7r Isospin) =
¢,(pm) - ¢,(e7c)) " dh(qn)) ‘
¢,(DK”) =] ¢,(DK"”) B ¢5(DK") ——y
¢4(Bs — KK) , ¢,(Bs — KK) : ¢4(Bs — KK) i
¢;(Bs — DsK) H ¢5(Bs — DsK) + ¢;(Bs — DsK) I ' i
V! SO | S | "H I R (N V! | N ) "H [ O V! e [ e
05 03 -0.1 01 03 0.5 05 03 -0.1 01 03 0.: 05 03 -01 01 03 05

Super B-factory is competitive to LHC and also complementary.
- Advantage on many flavor analysis to LHCb.
- [dentify nature of new physics observed at ATLAS/CMS

e (Higgs: B—tv, SUSY: b—sqq penguin, T LFV, etc.)

“ “Super KEKB and Belle I’ Lake Louise Winter Institute 2010, 17 Feb 2010
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Summary

- CKM picture of (P violation confirmed by

b-factories.

- Hints of discrepancies with SM exist, contributions
of NP are expected in many decay modes.

(nhot only B but also D and t decays)

= More data and more sensitive measurements
would shed light on the situation

- High luminosity B-facto
to energy frontier expe

riments (LHC).

- R&D Is carried out for both SuperKEK
and upgrade will start in near future.

“Super KEKB and Belle I’ Lake Louise Winter Institute 2010, 17 Feb 2010
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This is my second visit to beautiful snow resort.

- Lake Louise Winter Institute 2007

‘Measurement of ¢ 1 In b—ccs and sqq decays from Belle”
- Lake Louise Winter Institute 2010

‘Belle Il / SuperKEKB”

“Super KEKB and Belle 11 Lake Louise Winter Institute 2010, 17 Feb 2010
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This is my second visit to beautiful snow resort.

- Lake Louise Winter Institute 2007

‘Measurement of ¢ 1 In b—ccs and sqq decays from Belle”
- Lake Louise Winter Institute 2010

‘Belle Il / SuperKEKB”

And in third(?) time...

- Lake Louise Winter Institute 2017
"‘Measurement of ¢ 1 in b—cecs and sqqg decays and evidence of

new physics contributions in B’-B? box and b—sqq penguin

diagrams from Belle II”

“Super KEKB and Belle 11 Lake Louise Winter Institute 2010, 17 Feb 2010
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5th Open Meeting of the Belle Il collaboration
will be on March 31-April 2 at KEK, Japan:

http://belle2.kek.jp/B2GM/5th/index.html

g Please come and join us!

“Super KEKB and Belle I’ Lake Louise Winter Institute 2010, 17 Feb 2010
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Detalls
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Upgrade of KEKB — toward 1035 cm-2s-1

Upgrade for injector

components current upgrade target
Energy 3.5/ 8 GeV 3.5/ 8 GeV
Electric charge 1/1nC /3 nC
Normalized emittance* x 2X103/3X10% m / 7.8X10% m
(10) y 2X103/3%X104 m /3.1X10° m
Energy width (10) 0.15/0.15% 0.15/0.15%
Bunch width (10) 4.2 / 8.5 ps 4.2 / 8.5 ps

simultaneous injection  simultaneous injection

operation mode (except for AR) (Both ring)

Modification of RF system:
Input power will be twice (400 — 800 kW)

Ante-chamber for
electron cloud suppression

NEG strip

i E /IR

ARES Cavmcs

BT RYRIL
n]ﬁ @ BMTFRYRIL

KEKB SuperKEKB
1:2 1:1

KAGEYAMA, T,




Upgrade of KEKB — toward 1035 cm-2s-1

LER arc design L =089m— 4m HER arc design: more cells
KEKB |:> SuperKEKB KEKB r; SuperKEKB

ex= 8.8 nm o, = 3.3x104 ex=2 Nm o, = 4.4x10-4 24 nm 1.7 nm

8 ' ‘ ' - '/ N / 3 L B B T 6 | I L B
I I o n A N
= 6F > = 6F \ s E / \ / 5E \ f \ 4
s o ~/. £ NN & \ VAN 3 \ / Ar
T P e paN = 5 , [\ " ' & g Vo \
%4— SN ‘/ / ™ o \/,- N \/// \/\/— %{.4\ pa \ / / \ X & < \ / A \ / r\ /\\ A / / \\ Vi s 2y /\ / \ A\ - A /\ - 3
D S N N e AT 8 oF /\ 2 o 4_\ / ‘/ XN/ )/ \ &/ SN/ (3 o \, J / / N J Vo ) \ AV A
= E P 3 A A LA\ N X .3 oS Al 7\
= | | | | | | | < | | | 635—/ NS S\ \ >‘ /\J \ V [N N / \\T < N/ / \\ \ Y \ r"\/ f/ \\)/ \
8 T L T 8 T | T \ | | i o | SNy Y \ / N/ - AV YN q
800F e s = _ 800F Sk ./ N\ 3 82 v A A
E 600} N /N 1 E 600F /TN AT = 3 E @b / E
> 400 X /- E 2400 / / d | | | | | | | | |
/ \ / X\ N I N A\ N T oM \ \ \ \ \ 0 | | —— |
& 200 o N e & 200 N % AN 2 N\ 8 1000 ]
0.08 e e e e ] O = N // \ // A £ 1
T ] T E . \ N R
_0.02F | ( . 002k / \ 2T \ / NIPAN E 500} .
/ \ . > 2 -
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Final focusing system e+ QC2 QCl QCZ e-

QC1

beam run through center of magnets

937.7 1372.9

| \

| II =T ||| NEG/BRM I[ | —
NEG/BPN = ; ———_
1 = 3 ISBSS Ee—e—t L

. - NEG/BPM
= NEG/BPM [ — ‘
Iy 1457.2 910.3 ||| i

2899.9 1936 \
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Detector BG
| Highcurrentoption |  Nano-beam option

SR (upstream)

Much higher
Large beam size at Q
Very high current

SR (back-scatter) Higher

Strong QCS B-field

Radiative-BhaBha Higher

Touschek

Beam-gas

QC

Larger crossing angle
Strong QCS B-field

Higher?
Small beam size

Higher
Very high current

s High-current

Lower? Higher?
Small beam size at Q
But large bending magnet

Much lower
No QCS bending

Much lower
Large crossing angle,

Much higher?
Very small beam size
Higher?

High current

Nano-beam
QCS
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Observable Belle 2006 SuperKEKB TLHCb
(~0.5 ab™1) (5ab?) (30ab~') (2% (10f1)

Hadronic b —» s transitions

AS,ko 0.22 0.073 0.029 0.14

AS, ko 0.11 0.038 0.020

ASke ko ko 0.33 0.105 0.037 - -

AAogs 0.15 0.072 0.042 - -

Agoxcr 0.17 0.05 0.014
Radiative/electroweak b —» s transitions

Skonoy 0.32 0.10 0.03 - ;

R 0.07 0.02 0.043

B(B — Xv) 13% % 6% - -

Acp(B — X,7) 0.058 0.01 0.005 - -

Cy from Apn(B — K*£7(7) - 11% 4%

Cio from App(B — K*£7¢7) . 13% 4%

C:/Cs from Apn(B — K*£187) - 5% ™%

B(B* — K wv) < 3 Baw 30% - -

B(B® — K*vir "' < 40 Bswm 35% - -
Radiative/electroweak b — d transitions

Spvy - 0.3 0.1

B(B — X47) - 24% - -
Leptonic/semileptonic B decays

B(B* — t7v) 3.50 10% 3% - -

B(B* — putv) M« 24Bsy 4.3 ab™! for 5¢ discovery - -

B(B* — Drv) - 7.9% 2.5% - -

B(B° - Drv) - 28.5% 9.0% - -
LFV in 7 decays

B(r — py) [1077] < 45 < 30 <8 - -

B(r — un) [1079] < 65 < 20 <4 - -

B(r — ppp) 1077 < 209 < 10 <1 - -
Unitarity triangle parameters

sin 2¢5, 0.026 0.016 0.012 ~0.02 ~0.01

&y () 11° 10° 3° - .

&2 (pm) 68° < ¢y < 95° 3° 1.5° 10° 4.5°

%2 (pp) 62° < &; < 107° 3° 1.5° - -

&, (combined) 2° <10 10° 4.5°

63 (D" K(*)) (Dalitz) 20° 7 2.5° 8

3 (DK™} (ADS+GLW) - 16° 5 5-15°

é3 (D™=) - 18° 6°

o3 (combined) 6° 2¢ 4.2° 2.4°

V| (inclusive) 6% 5% 3% - -

Vis| (exclusive) 15% 12% (LQCD) 5% (LQCD) - -

ARF 20.0% 3.4%

g 15.7% 1.7%

“Physics at Super B Factory”
http://belle2 .kek.jp/physics.html
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Observable Belle Belle/SuperKEKB LHCL'
@2®1) (0B
B physics (25 b~ 1) ( 5ab™!)
B(B; — vv) <87 x10°° 0.25 x 107° - -
ATSP T, (Br(B, — DD 3% 1% (model dependency) - -
Al./T, (B, = fcp t-dependent) - 1.2% - -
o4 (with B, — J/yo ete.) - - - 0.02 0.01
B(B, = u"p") - 6 ! for 5c discovery
&3 (B, — KK) - 7-10°
63 (By — D.K) - 13°
T decays (3mY) (5001
B(T(1S) — invisible) <25x107% <2x10°

Charm physics
D mixing parameters

(~0.5 ab™")*

(5ab~') (50 ab™')

T 0.25% 0.10% 0.07% 0.25%"
v 0.18% 0.08% 0.05% 0.05%""
Oxx 11° 6° 4°

lg/p| 0.16 0.07 0.05

@ 0.13 rad 0.07 rad 0.04 rad

Ap 2.4% 1% 0.3%

New particles®™
vy — Z(3930) — DD* > 30

B — KX(3872)(— D"D*?)
B - KX(3872)(— J/ymtx")

400 events
1250 events

B« KZ*(4430)(— ¢'77) 1000 events
eTe” — ysrY (4260)(— J/yntaT) 3000 events
Electroweak parameters (~10 ab™ ")
sin” Oy - 3x107*

“Physics at Super B Factory”
http://belle2 kek.jp/physics.html



