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Executive Summary

Integrated Luminosity[fb-1]

¢ Belle @ KEKB and Babar @ PEP-II: | Belle recorded /JJJ
— Successful B-factory experiments, . /J
running until 2010 and 2008 //
— Highest e*e" - luminosities seen to date . /
— Rich Physics Legacy. Established KM |
mechanism as valid deSCI"iption of CP 1998 2000 2002 2004 2006 2008 2010 2012

violation in Standard Model

{f% The Nobel Prize in Physics 2008

® Be”e ” @ SuperKEKB: NeXt 4 Yoichiro Nambu, Makoto Kobayashi, Toshihide Maskawa
generation B-factory The Nobel Prize in Physics

— Goal: Record 50 x larger integrated
Luminosity than Belle

— Approved and under construction

— First physics run expected in 2016

— Rich physics program, complimentary to

\-’oiéh_i};o Nambu Ma-l-(-ot_o Ko-bcllyashi Tb-shih}dé Méskawa

LH C, enabled by Iarger data Set The Nobel Prize in Physics 2008 was divided, one half awarded to Yoichiro

Nambu “for the discovery of the mechanism of spontaneous broken

symmetry in subatomic physics', the other half jointly to Makoto Kobayashi
and Toshihide Maskawa "for the discovery of the origin of the broken
symmetry which predicts the existence of at least three families of quarks in
nature’.
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B factories: a success story

Measurements of CKM matrix elements and angles of the unitarity
triangle

Observation of direct CP violation in B decays
Measurements of rare decay modes (e.g., B>tv, Dtv)

b—>s transitions: probe for new sources of CPV and constraints from the
b—>sy branching fraction

Forward-backward asymmetry (Ag) in b—2>sl*l- has become a powerful
tool to search for physics beyond SM.

Observation of D mixing
Searches for rare t decays

Observation of new hadrons

Possible also because of unique capabilities of B factories: detection of
neutrals, neutrinos, clean event environment. 3
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Belle & Belle Il talks
at this Conference

Leptonic and semileptonic decays at Belle 2013-08-16 17:05:00
Measurements of Electroweak Penguins at Belle 2013-08-16 16:25:00

Belle 1l (construction, commissioning and prospects) 2013-08-16 16:18:00
Results on New Particles from Belle 2013-08-16 09:10:00

Results from Belle's Upsilon(5S) data sample 2013-08-16 08:50:00

CP Violation results from Belle 2013-08-15 17:00:00

Hadronic B Decays from Belle 2013-08-15 16:00:00

Charm mixing and CP Violation at Belle 2013-08-15 14:50:00

Particle identification with the ITOP detector at Belle-11 2013-08-15 10:55:00



Belle physics output (compiled by Simon Eidelman)

50-99 | 100-199 | 200-299 | 300-399 | 400-499 | >500 | Total

# papers »| 64 37 10 2 - 2 115
N | Title Year | Cites :
1 | X(3872) 2003 | 739 | <@ growing at =100/year :
2 | Large CPV 2001 | 618 .
3 | B— X,y 2001 | 381
4 | CPin B°B° 2002 | 326
5 | DO mixing 2007 | 292
6 | Y (3945) 2005 | 290
7 | B— TV 2006 | 277
8 | 2cc 2002 | 272
9 | b— sy 2004 | 265 375 papers published
10 |D*(2317), D,;(2460) 2003 | 258 plus =30/year
11 | D** 2004 | 249
12 | Z(4430) 2008 | 235
13 | Dy 2006 | 221
14 | X(3940) in 2cc 2007 | 204




Searching for New Physics with Belle I

Indirect searches for New Physics complement direct searches at LHC

Flavor changing neutral currents Precision test of CKM unitarity

(virtual contributions of new, heavy (search for new CP-violating phases)
particles in loops)

W b, 8 s \
EJ.\ l"'
. \
g gy — _—
5 . 8 5 . . 3

New Physics
~ 7?77 ,,,«
R-_“"-'-—-_._______________,_,_._-—-'-""Ff;
Search for New Physics | Search for lepton flavor violation
in B decays with t leptons in B and 7 decays

(charged Higgs, ...)

For sensitive New Physics searches, need O(102) times more data
Belle / KEKB = Belle Il / SuperKEKB



Precision Tests of CKM

>Much more improved measurements
=>Qverconstrain Unitarity Triangle

> Discrepancy between measurements — new physics?
2012: ~1500 fb-1, Belle + BaBar ' Expected constraints at 50 ab-!
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Belle |l physics prospects: B decays

CP violation in s-Penguins B decays with t leptons

b - ccCs € b — sss g

b W T
B>

eB > 1v and B — DMty

AS = S(b—qgs) - S(b—cTs) = -0.04 £ 0.04 » Sensitive to charged Higgs
(HFAG, Summer 2012)

1000 ——————————————
'E 05 .. B factory upper limits " Belle Il (50 ab?)
04 f Y I H
= ;.t/ New Physics 800~ 5O dlSCOUﬁrV
T . 'l_ [ SUSY GUT, Warped Extra Dimension, I
8 I : String-inspired MSSM, ..} rg‘ i
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Belle |l physics prospects: Tau and charm

Lepton flavor violation in T decays

CP violation in D mixing

» strongly suppressed in SM:
BF ~ 103-104°

 Possible enhancements in NP models
up to BF ~ 109-107

e Direct and indirect CPV in
DO-DP mixing

Constraints on indirect CPV parameters

E Belle Il 50 ab™
- OT—> 1Y s " CPVin D%D° mixing |
10° @ AT— LLLLLL g 0| for DU—*KJ’K', s, Ko KSTTTT
x O7r- un 20/
1071 L 0
| . | 2 No-CPV
Belle, BaBar A -40 Bis
108} -60 :::
Bellell 50::'i_b'1 B 4o
, ” 02 04 06 08 1 12 14 16 1.8
10—9J_ Belle I . | a'pl
J Current WA Belle Il (50 ab?)
R | Ao ‘ A i & & aaa PR ..1. a
1073 102 101 g | 10 .E[Eb'l] 5|q/p| =0.17 5|q/p| =0.05

5= 9° 5 = 3°



Complementary to LHCb

—->Need both LHCb and
super B factories to cover
all aspects of precision
flavour physics

dapted from G. Isidori et al.,
nn. Rev. Nucl. Part. Sci. 60, 355 (2010)

Observable Expected th. | Expected exp. Facility
ACCUTACY uncertainty

[ CKM matrix
\Vis| [K — mlv) e 0.1% K -factory
V| [B — Xcfv| - 1% Belle I1
Vsl [Bg — wly * 4% Belle I1
sin(2¢, ) [e2K2 A 8-1073 Belle 11/LHCh
P2 1.5" Belle 11
i B 3° LHCb
CPv
S(B, — vd) o 0.01 LHCbH
S(B, —+ &) * 0.05 LHChb
S(Bi — oK) s 0.05 Belle 11/LHCb
S(B; =+ q'K) san 0.02 Belle 11
S(By = K*(— K22")9)) 53 0.03 Belle I1
S(B, —+ ¢7)) e 0.05 LHCb
S(Bg —= pv)) 0.15 Belle 11
A, s 0.001 LHCh
AL, o 0.001 LHCh
Acp(By — #7) * 0.005 Belle 11
rare decays
B(E — Tv) . 3% Belle I1
B(B — Drv) 3% Belle 11
B(By - pv) *x 6% Belle 11
B(B, — pp) 5% 10% LHCb
zero of App(B — K uu) ** 0.05 LHCb
B(B — K" B 30% Belle 11
B(B — sv) 4% Belle 11
B(B, = ¥7) 0.25-10~% | Belle IT (with 5 ab~!)
B(K — mv) = 10% K -factory
B(K — emv)/B(K — pmv) e 0.1% K -factory
charm and 7
B(r — py) s 3-1077 Belle I
q/plp Bax 0.03 Belle I1
arg(q/p)p =y 1.5° Belle I1

B. Golob, KEK FF Workshop,
Feb. 2012 10




Power of ete-, example;
Full Reconstruction Method

e Fully reconstruct one of the B mesons to
— Tag B flavor/charge
— Determine B momentum
— Exclude decay products of one B from further analysis

Decays of interest
B->X, | v,
B2>Kvv

B-2>Dtv, tv
B—2>vv

| full reconstruction
.<:' <:| B->Dn etc. (0.1~0.3%) |

- Offline B meson beam!

Powerful tool for B decays with neutrinos
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Search for New Physics at Belle i

v Precision CKM unitarity tests

v NP effects in B decays with missing energy, such as
B —1v, B— DYty B— Kuv, ...

v experiments,

v LFVIn B LHC. ILC g,-2, p>ey, etc.
and 7 decays
y Mass spm /vmass and mixing,
] _ interactions CPV, and LFV
v FCNC (via virtual ‘g
heavy particles in loops) A unified and
yp P _ unbiased attack
Quark sector oNn Hew physics"
¢ Charm studies - Tom Browder
(including exotica) t LRV, TFlavor mixing,
t CPV | CPV phases
Super B factory,

v Dark-sector particles

LHCDb, K experiments...

12



SuperKEKB is the intensit

40x higher instantaneous
luminosity than KEKB
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Strategies for Increasing Luminosity
FITINSEN (without crab)

=22 mrad 100“"" f“"”"

crossmngle _f::

'\—\_k_v_(/

83 mrad
crossing angle

Nano-beams and a factor of two larger beam currents



KEKB to SuperKEKB @

KeKB
— € Belle II Colliding bunches
- = -

New superconducting
/permanent final focusing
quads near the IP

" New beam pipe

Replace short dipoles
with longer ones (LER)

bbby
i e

Redesign the lattices of HER & Damping ring ” T~

LER to squeeze the emittance ' :

TiN-coated beam pipe Low emittance gun
with antechambers Low emittance

electrons to inject

Add / modify RF systems
for higher beam current

Positron source

New positron target /
capture section

[NEG Pump]

[SR Channel]
[Beam Charnrel]

To obtain x40 higher luminosity

15



Entirely new LER beam pipe with
ante-chamber and Ti-N coating

| |
-

Jt ¥ e —
—ill -
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T e e

| Fabrication of the LER arc beam pipe section is completed




Alanté-chamber before coating

After TiN coating
before baking




| All 100 4 m long dipole
magnets have been
. successfully installed in
\' L the low energy ring
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Three magnets per day !

Installing the 4 m long LER
dipole over the 6 m long
HER dipole (remains in
place).
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JKexs

© Magnet installation

o l;::ij?-.mﬁ gfﬁ

field measurement move into tunnel

Installation of 100 new LER
bending magnets done carry on an air-pallet

carry over existing
HER dipole

19




(E) Upgrade of RF system to cope with twice
beam currents and 2.5 times beam power

. !l
-p
P ’i' |
el "I-
- Six ARES cavities in D5
moved from HER to LER.
HER wiggler magnets were

installed close to the ARES.

Superconductmg camtnes
SuperKEKB Status, 7th BPAC, Mar. 11, 2013, K. Akai — | 20



DR under construction on 18/Dec/2012

Positron Damping Ring (new)

Inside DR tunnel

SuperKEKB Status, 7th BPAC, Mar. 11, 2013, K. Akai

Tunnel construction under way
in 2012-13; half year delay due
to budget suspend caused by
the earthquake.

Construction of buildings for
DR will start in April this year.

Fabrication of accelerator
components ongoing.
Installation starts in 2014.

DR commissioning will start in
2015.




Super

<= |R magnets overview

Magnet-cryostat in the left Magnet-cryostat in the right
QCSL QCSR
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Experimental Challenges at High Luminosity

=>High background (10-20 times higher
than at Belle)

= Fake hits, pile up, radiation damage
=>Higher trigger rate

= Typical Levell trigger rate: 20kHz
= High performance DAQ

> |mportant improvements

= Hermeticity for full reconstruction analyses
= |P and secondary vertex resolution

= K, and Tt identification efficiency

= Improve Kaon/pion separation
=>Detalls In TDR arXiv:1011.0352

EspNC 2 Eqp 23

Ehar 0O Dar 350 16
BELLE &5t s
Fiobich) 40 Elal{gm) 04

b

"
BELLE [ 7=

r 1 lagn 3
£ Chabigm) DO S0 b GO 2id-d D

350 [ioks TDST1120 Tire 2022
e g0 EFeld 1,50 Capier 7500
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Belle Il detector

Higher backgrounds (x 20) = higher occupancy, radiation damage

Higher event rate = faster trigger, DAQ, computing

Special requirements, e.g. low-momentum p ID (b—spp), hermeticity (v reco.)
Csl(T1) EM calorimeter:

waveform sampling J—
electronics, pure

Csl for endcaps

RPC p & K, counter:
scintillator + Si-PM for
end-caps

4 |ayers DS Si vertex
detector — 2 layers PXD
(DEPFET) + 4 layers DS

Time-of-Flight, Aerogel
Cherenkov Counter —
Time-of-Propagation
(barrel), prox. focusing
Aerogel RICH (forward)

Central Drift Chamber:
smaller cell size, long lever
arm

24



Particle Identification Devices!| Erdce Pio: Acrogel RICH (ARICH) |

200mrn

Barrel PID: Time of Propagation Counter (TOP)

MCP-PMT :::snpllchu:rg‘ ir="°?1:mn)

— —

Backward Qua rtz radiator Forward o radiator

5 5% SH Pr oSS

Focusing mirror
Small expansion block
Hamamatsu MCP-PMT (measure t, x and y)

YOOV 0 v | | 2980 L f ) ) ) S /S ! S / ,f yd }’ b e
SN O O | | 2870 | Y 777777 / / i ;‘ i r w% \;,
L\ \es0) | NSNS, 77 wsof 7 f/' <o A7
" % { % & \ | ' ] ] /- S

R - NN bfnl A / AL z‘u/{ f‘*v"\/‘x/a AL /\/\/i,f : ,-J’ﬂ\ Al
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\_TOF support bracket \_TOP OBB(Quartz bar box) / @
?777min. / 800max. >~
1000 4 (20) .
[ \ .
. > 1~
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|E‘. E il: 8 _______
& | ;IJ'$ |~
O 3 i
5 E ==
- 1 ﬂ: f—="
s |
|
¥ Aerogel radiat
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E == | — 200
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25



Barrel PID: Time of propagation (TOP) counter

10 K | T
ﬁ Quartz bar

=]
T

» Cherenkov ring imaging with precise time measurement.

N e Device uses internal reflection of Cerenkov ring images

di PN from quartz like the BaBar DIRC

15 » Reconstruct Cherenkov angle from two hit coordinates
and the time of propagation of the photon

G — Quartz radiator (2cm)

AT o) — Photon detector (MCP-PMT)

e Good time resolution ~ 40 ps

e Single photon sensitivity in 1.5 T field

e Hamamatsu SL10

26



Detection of muons and KLs: Parts of the present RPC system
have to be replaced to handle higher backgrounds (mainly from
neutrons).

K, and muon detector:

Resistive Plate Counter (barrel)
Scintillator + W + MPPC (end-caps + barrel 2 inner layers)

.,_J-,_.'.__ = - i ’
e | |
.-f_'u"" -I. 7 '
u +

Exp & Run 51 Farm 2 Evant 10287 £ECLY
L] Eher .00 Eler 3.80 DOote/TIME Wed Jur 9 21z22204 1999 Trk E  Teata  PW morteh s
L] {4 Maalll A 1 anie 147 414 9 4
- E 987 158 3197 0 49
d d408 147 248 4 4
o - & 4013 182 3478 0 4
hig Trkc ) 5 a0 1D 523 4 4
Waks  Phi ooce tsf sl i d181 2460 M3 7 4
555 1532 7 2 1 2 9477 sae mE € 2
"
f:ﬁ %ﬁﬁij“ 9 474 51T SIE G 4
833 181 4 1 153 £33 &7E B
553 185 5.4 = ZpiS 593 14RD 2
575 1174 4 @ 031 787 3451 O
57 1MeE T 221 a1l &L A1
L 44 INE 4 9
34F X2 2 4
o 34 0

|

- - .

4 Expected to improve KL and
» muon detection efficiency
beyond Belle perl”ormance.27




" SuperKEKB/Belle Il schedule

Calendar 2010 2011 2012 2013 2014 2015 2016 2017 ..
Japan FY 2010 2011 2012 2013 2014 2015 2016 2017 .
viar. Jan. 2

|
/ SuperKEKB construction

Detector upgrade to Belle Il

Belle Il roll in § VXD install
QCS install

Belle roll out

L_____

: : ———
KEKB Dismantling KEKB |Accelerator tuning
BEAST

2 g Fabrication and tests of ring components

Install and set up
Electricity and
cooling facility

MR & DR
~_buildings

DR tunnel

Physics run

SuperKEKB operation

| —L
Linac Linac upgrade / operation for PF&PF-AR

Upgraded Linac operation
for SuperKEKB, PF, PF-AR




D

Beam Exorcisms for A Stable ExperimenT (s

. . . Belle 1T
a.k.a. Commissioning Detector -

e BEAST Il Commissioning
detector will characterize
radiation near SuperKEKB
interaction point during
beam commissioning

— Ensure radiation levels safe
before Belle roll-in

— Measure individual beam
background components,
to validate / tune
simulation

— System test of Belle Il
subdetectors and systems

KEKB commissioning detector

(beam abort, VXD cooling, — BEAST —in 1998
occupancy, etc)

29



Integrated luminosity
(ab™)

>

—

=]
L)
Ly

Peak luminosity
(cm—=s1)

Timeline & goal

6“‘ Goal of Belle I1/SuperKEKB

402_ _______________________ Plan to reach 50 ab-1
)| S by end of 2022
20f- 5
105— - - -9 months!;rear
- 5 20 days/month
oF | | | 5 s I g
8F Commissioning starts
6 o in early 2015. e ol
= Shutdown .
4 cor upgrade Déata-taklng.;
2[—< > OCt 2016 /
: ; -

. SN | - M | S—— -
2?)12 2014 2016 2018 2020 2022
Calendar Year
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Belle Il Collaboration
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>Very successful e’e” B Factories: Belle and BaBar

=>Major upgrade: SuperKEKB and Belle Il

=50 times larger integrated luminosity compared to Belle

= Challenges to both accelerator and detector

> Fully approved and construction is ongoing
> First physics run in 2016

>New era of discoveries, complementary to LHC
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Super

Machine design parameters KEKD

KEKB |

parameters —= | feR rw Bl

Beam energy Eb 3.5 8 4 7 GeV

Horzonalemitance | & | 18| 24 o

Emittance ratio K 0.88 0.66 0.37 0.40 %

Bx /By 1200/5.9 25/0.30 | mm

" Beamaurens | b | 164 | 119 A
5 | 0129

luminosity

- Large crossing angle
- Change beam energies to solve the problem of short lifetime for the LER 35

* Nano-beams and a factor of two more beam current to increase




Strategies for increasing luminosity

Beam-beam parameter

L orentz Beam current
factor

Lumi. reduction factor
(crossing angle)&

Tune shift reduction factor
(hour glass effect)

Classical electron 0.8 -1
radius (short bunch)
Beam size ratio@IP Vertical beta function@I|P
1 -2 % (flat beam)
1) Smaller B,” <— W\ ”
(1) by = Nano-Beam” scheme
(2) Increase beam currents «

(3) Increase &,
Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB 3s



Belle IT Detector — vertex region

Beryllium beam pipe *

2cm diameter 4

Vertex Detector ///////é& .

2 layers DEPFET + 4 laye %;
—

37



Vertex Detector

DEPFET:

http://aldebaran.hll.mpg.de/twiki/bin/view/DEPFET/WebHome

DEpleted P-channel FET

Beam Pipe

I DEPFET pixel sensor \

r=10mm

r=14mm
r=22mm

FET Bote

Elear gate

1""'*'I""li'Flv:n"_._,-

claar

r= 38mm
r= 80mm — o conre
r=115mm i
r=140mm
= =17l
o
Charge Distribution

- Py "
7000 — JL 2 £ 7| Seed charge
— f ‘\'1 | Cluster charge
6000 — / A 1
5000 ﬁ:.l\ HLL
- _:J ' jf '11, WL‘H
4000 {J i LLL
3000— y JJj . \\ 5 S/N 40
. A N
2000 — J{ i W
E o "
1000— 7 /j i N
- ‘rf G H“"'k.ml o
D - -I‘::"'f-'_’:-(Ji il -': .I. .r. i .l ¥ i i |r J : [ : j I’:‘—h‘l-‘“-:_h.rﬂl Fi 1 T 1""'_;"""‘1—\-'--'r-r-|---.-¢_._._,,,-.| ..-l__.‘_"-:-‘ﬂ_::
0 10 20 30 40 50 60 70 80

Charge

Charge (ADU)

‘ DEPFET sensor: very good S/N
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Expected performance

Significant improvement

in vertex resolution!

Less Coulomb
scattering

h-| | Impact parameter resolution z0 |

of pm

Resolution [um]

=
o=
(]

\

0

FLUOVR SUTUV0 0 U VOO OO O LN,

= =5 i TR

_ - to the beam pipe

o=d-+

b

ppsm’

Pixel detector close

\Bele T

10 5SS ISR S S IZI': O e e

0.5 1

1.0

1.5 2

2.

- ..I... 1. S—_ i.
2.5 3
pB*sin(e)®” [GeVic]

0

ppsin(8)2[GeV/c]

Significant improvement in §S(Ksn%) *' .

4

Ks/ r
\
Bvertegnr -

< ———> IP profile

"o
I....
3
Y

B decay point reconstruction
with K, trajectory

Larger radial
coverage of SVD

@, 250MBE

"‘;'---.,,,_5351'.555

10

-
10 1

10
L(ab™)
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Central Drift Chambe
He(50%):C,H,(50%), s
klever arm, fast electronics

41



Central drift chamber

« Extended outer radius
- Smaller cells near beampipe
« Faster readout electronics

=> Improved p and dE/dx resolution

o,/p ~ 0.3%+0.1%xp(GeV) in B=1.5T
o (dE/dx) ~ 6%

Belle Belle Il

Wire configuration 1
Belle . ... ... ~
\ ..................................... :
o i
¢ 1200 mm
Belle Il

||||||
nnnnnn

sn w0 EE g
L
........

¥oa " L
] . ¥
lllllllllll
W L]
11111111111
..........
............
||||||||||
¥ ¥ ] ]

rrrrr
0 i i
......................
' '
" "

) ) —
-

QCC0OQ0
e 2o O 18 mm
S U U
6~8 mm

10 mm

Innermost sense wire r=88mm r=168mm

Outermost sense wire r=863mm r=1111.4mm

Number of layers

Total sense wires 8400 14336
Gas He:C2Hs He:CoHe
Sense wire W(P30um) W(P30um)
Field wire Al(P120um) Al(®120um)
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Belle IT CDC

Wire Configuration

Present CDC _

L T
-------

A -
++++++

— 250 mm —s

--------------
iiiiiiiiiiiiii
---------
-----------------------
|||||

room
e thousands of wires,
e 1 year of work...



X (cm)

ko
=
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=

TOP image

Ahh&m;_;._

10

20

30

40

50
t (ns)

Pattern in the
coordinate-time space
(‘ring’) of a pion
hitting a quartz bar
with ~80 MAPMT
channels

Time distribution of
signals recorded by
one of the PMT
channels: different for
n and K (~shifted in
time)
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Aerogel RICH (endcap PID)

[ RICH Hit Map, w.r.t. track |

Clear Cherenkov image observed

I—IIJIIIIII.IIIlIIIIlJIIIIII.j-n
-100 50 0 50 100

Cherenkov angle distribution

Entries G4804
- Mean 0.3092
E: ] RMS 0.07419
6000 — T (2 £ ndt 143.5 | 28
= constant 6129 = 39.4
|- Mmisan 03067 + 00004
5000 sigma 0.01348 + 0.00007
L BG const <182.6 = 20.5
4uuu__ BG slope 17!5]: 69.4
_: # of tracks : 2700
. 3000 # Photons : 41339.7 +- Z27.3
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Employ multiple layers with
different refractive indices—=>

Cherenkov images from 6.6 ¢ /K at 4GEV/C :

individual layers overlap on the
photon detector.
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EM calorimeter: upgrade needed because of higher rates
(barrel: electronics, endcap: electronics and CsI(Tl) - pure CsI)
and radiation load (endcap: CsI(Tl) - pure CsI)

EM Calorimeter:

CsI(Tl), waveform sampling \

Pure CsI + waveform sampling
"-..I"‘n,"u‘.\l. W
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