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e KEKB and Belle: successful

* Physics prospects for Super B factory
e Status of SuperKEKB/Belle-II

e Beam background estimation



KEK and KEKB
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Belle/KEKB Integrated luminosity passed 1000 fb!
(=¥ have to switch to new units, 1 ab™)
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Peak lumi record at KEKB: L=2.1 x 1034/cm?2/sec with crab cavities



KEKB tunnel tour: Electron gun
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Samé principle as Cathode Ray Tube (Braun tube)
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KEKB tunnel tour: Positron source
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KEKB tunnel tour: LINAC (Injector)




KEKB tunnel tour: Beam Transport Line

= Two lines from LINAC, one on another

5m below ground = 11m



KEKB tunnel tour Into the I\/Ialn ng

Belle MEH




KEKB tunnel tour: Arc Section

Actually, this is a
* | arc section after e
% reaches Belle




KEKB tunnel tour: Interactlon Reglon
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Belle Detector

Aerogel Cherenkov cnt.
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Important features of Belle detector

/General features in HEP experiment: I
Cmeasure trajectory and momentum
of charged particle
Omeasure energy of gamma
Oidentify muon

. O.. Y,

'+ Special features for B-physics
CdMeasure the decay vertex position

~

of B meson (asymmetric beam energy)
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Why Do We Need an Asymmetric Collider?

In order to measure time we must measure distance: t=L/v.
How far do B mesons travel after being produced by the Y(4S) (at rest)
at a symmetric e*e collider?

At a symmetric collider we have for the B mesons from Y(4S) decay:
Pap =0.3 GeV, m;=5.28 GeV 1,=1.6x1072 sec

Average flight distance <L>= (By)cty= (p/m)(468um)=(0.3/5.28)(468m)=(27um)
This is too small to measure!!

If the beams have unequal energies then the entire system is Lorentz Boosted:

By = Piab /Ecmz(phigh_plow)/Ecm

SLAC: 9GeV+3.1GeV [y=0.55 <L>=257um

KEK: 8 GeV+3.5GeV Py=0.42 <L>=197um

We can measure these decay distances !

Because of the boost and the small p,,, the time measurement is a z measurment.

0
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. // e+ . / e+ |
———————7-3Xis
~ m : Do
B0 30u asymmetric B
symmetric SLAC, KEK

P780.02 Spri(r:1E2003 L14 Richard Kass

SR



B—>J/yK; TCPV measurement is a good test of KM theory!
Advocated by Bigi, Carter, and Sanda (1980)

Both B® and B~ can decay to J /yK..
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B9 > B mixing

Ima

(DDirect B°=J/yK, decay

(2B%-> B® mixing and then B®=J/yK; decay V,

¢,



Time-dependent CP asymmetry
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Event Display of B2 J/wK.
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Event Displav of B2 J/wK.

Exp 3 Run Farm 3 Event 108899

fher B.00 Elr 350 TumMes 16 23:13-08 1888 Exp 5 Run 272 Farm 3 Event 10880
%LLE Trpil O Detver O Mag T BFfeld 1.50 Cmpver 9.10 Ehear 8.4 Elar 350 Tum Mes 16 23212208 1BEH

Ptot{eh] 11.0 Etot{gm) | 0.2 S¥0-N O0COC—W O HLM—A TR0 O0etver 0O MaqiD © BFfeid 1.50 Dmpier 3.0

Ptot(ch] 110 Etot{gm] 03SvD-M DE0C—W OKLA-U O




Event Dlsplay of BOQJ/\VK ()




First Observatlon CPV |n B
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~20% error



Latest measurement of sin2¢,

2011 measurement of sin2@; at Belle % /-@,‘
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Physics results achieved by Belle

Belle have made a wide variety of achlevements

over ~10 year running period:

e CKM triangle measurements

— Matrix elements, Unitary triangle angJeﬂsﬁE

e Direct CP violation:

— B> K+ n—, B> n+mn—
e New hadronic states:

— X, Y, Z mesons

e Rare probes of new physics
— b=2sy, b2>s |+l
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The last beam abort of KEKB on June 30, 2010
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Luminosity of KEKB
Oct 1999 - June 2010
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Happy end of a story,

but not the end of the B-factory.



[ Baryogenesis J—{ Evidences that Neutrino mass ]
I

/} SM is incomplete
Dark matter
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Grand unification [ y\z\@
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Energy Frontier and Luminosity Frontier

Virtual Production via Quantum Eff.

Direct Production by High Energy Coll.
P

\f

N %5
q\ g\ \I-

Energy Frontier Luminosity Frontier

unnel etrec

Even if no new particles are found in Energy Frontier experiment
(which is not exciting), Luminosity Frontier experiment can
search for new physics. With more accumulated data, sensitivity

to higher energy scale is achieved.



Observables

Flavor Physics:
sensitivity to each NP model

Popular SUSY models

mSUG MSSM+vg SU(5)+vg U(2)
RA degenerate non- degenerate non- FS
degenerate degenerate

Acp(sY) v
S(K*y) v v v

S(py) v v v
S(9Ks)

S(Bs—Jhy d)

p—ey v

Ty v v

T—>ey v

v/ : deviation from SM

[based on T.¢

Flavor Physics:
DNA identification of NP

2008)]




Physics topic @ Belle-II

Just a few examples...

— Modes with missing energy: B2>Kvv
— Direct CP violation: B> Kn

— Mixing-induced CP violation: b—2>sy
— etc...

Many more available at:
http://belle2.kek.jp/physics.html and
arXiv:1002.5012



Features of Belle |l detector@SuperKEKB

ExpMC 2 Exp

Eher H.00 Eler 3.5
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e High momentum PID with low

fake rates to observe and study
b—=>s and b—=>d penquins

* |n contrast to LHCb, superb
neutral detection capabilities.

e.g. B>Kmy (to detect right-handed
currents), Direct CPV in B->K.°t°

e (Capable of observing rare
“missing energy modes” such as SRR g
B—>Kvv with B tags. Hermeticity AR
is critical. S T

30 ]




NP indication(?) seen with Belle-|
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sin2¢, in b—sqq:
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sin2¢, in b—sqq
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Anomaly in 2003 and now

Blue line : fitted ., DBABAROS e
Y 0.45+0.4310.07 :' I : !
1 " Ql < Belle 03 : :
Black dashed line:sin2¢, B0 o | :
: = oo BABAR 03 .
1F < X 0024034003 |
: = Belle03 N :
0.5 F % 04310271005 | [H
: o Y Belle 03 o :
(O~ g 051£0.26 5 os T
[ Average (s penguin oo '
05F ‘ * 0.24+g.15( ) EH‘_ i
= E L L L 05 < r|E 1.0 Average (A”) i | 1hi |Summer 2003
75 5> 25 0 95 5 7% ooy TR AN o
At (ps) 3 25 2 15 4 05 0 05 1 15 2
38T ot
. ff
sin(2p™) = sin(20°™)
PRD 82, 073011 (2010) 657MBB B o) B
97_q¢; “é\g%rﬂ%ldw i H e e '.J,‘g..
= Average :
BaBar "

Belle

Ty T[Ty Gy rrr[rrrrr

. ] The discrepancy has become
[N N T T I T S TN U O T U T T O O |
76 -5 25 0 ‘25 5 75 less significant with more data,

T - but is still statistically limited. =
SM expectation Stanstically amired.




Acp in b—>s transition @Belle-I|

With 10-50 ab~"' data, accuracy ~ O(0.01)
/ now
— imt New Physics
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SuperKEKB



Luminosity

SuperKEKB Luminosity Target
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Accelerator upgrade

At SuperKEKB, we increase the luminosity based on

“Nano-Beam” SCheme, which was originally proposed for SuperB by P.

Raimondi.
[ = V= (:%:y (RL)
. \li $\\
2€r€ \\ yl Ry
Luminosity Gain
— Vertical B f ion at IP: 5.9 - 0.27/0.30 mm (x20)

— Beam current: 1.7/1.4 - 3.6/2.6 A (x2)

- L=2x10% - 8x103> cm=2s?t (x40)




Dilemma in Straightforward Upgrade

:p“ (|
Bunch length must be well é\—/
shorter than the vertical beam
size. Otherwise collisions in
skirts deteriorate luminosity

(make even worse).

Hourglass Effect

A<<o, IncoherentSR | oc Ne?

Coherent SR

Bunch length must be long
enough so that the SR won’t be

coherent. CSR increases energy
spread, beam size; and A~c, Coherent SR [ < (Ne)z

‘ Reaches a ceiling at L=2-6 X 103°cms! |




Collision Scheme

KEKB head-on (crab crossing)

o, 100-150 um

O, 6-7 mm — d:Gx

overlap region = bunch length

Nano-Beam SuperKEKB

%

Half crossing angle: ¢
overlap region << bunch length

Hourglass requirement

,Byzaz ~ 6 mm

B,>—= ~300um

%

Vertical beta function at IP can be squeezed to ~300um.

Need small horizontal beam size at IP.

- low emittance, small horizontal beta function at IP.




Machine Design Parameters

KEKB SuperKEKB
parameters
LER HER LER HER
Beam energy Eb 3.5 8 7.007 §| GeV
Half crossing angle ¢ 11 41.5 mrad
# of Bunches N 1584 2500

beam-beam param.

Bunch Length Oz 6.0 6.0

mm

Horizontal Beam Size

Luminosity




What__s new at SuperKEKB [gelle I

et 4GeV 3.6 A

"*——-‘-'-h.... i “4}5 -_—

e~ /GeV 2.6 Al
8 len bean plee SuperKEKB
/"’_*\

CoII|d|ng

New superconducting
/permanent final
focusing quads near the

Replace short dipoles
with longer ones (LER)

o
<&
AR v emionee

Redesign the lattices of HER Damping r ng# ‘\ {

& LER to squeeze the

emittance h / ‘

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]




Major Items to Upgrade

Rebuild IR

o Design Concept of SuperKEKB
Optics improvements:

_ _ * Re-use the KEKB tunnel.
¢ Tsukuba straight section e Re-use KEKB components as much as
¢ Arcs possible.
* Preserve the present cells in HER.
* Replace dipole magnets in LER, re-using
Magnets other main magnets in the LER arcs.
¢ Build or rearrange many magnets

¢ Wiggler sections

¢ Survey and alignment
New LER beam pipes for electron-cloud suppression
Strengthen RF system
Improve speed and resolution of beam monitor and control system:
¢ Position: BPMs, digital Bunch-by-bunch feedback
¢ Size: (SRM, X-ray)
¢ Collision monitors: Large Angle Beamstrahlung Monitor (G. Bonvicini)
¢ Damping ring monitors
Upgrade the injector linac and beam transport system
Install a 1.1 GeV positron damping ring
Increase capacity of cooling system for the magnets and vacuum system



Removal of rmg magnets




Belle-Il detector



Belle-| dlsassembly has finished

g LT

e ’;

Beam Pipe and Vertex Detector extraction: on Nov. 10, 2010
Belle Detector Roll-out: Dec. 9, 2010
End-caps, CDC, B-ACC, TOF extraction: in Jan. 2011



Belle Il Detector

KL and muon detector:

Resistive Plate Counter (barrel)
“Sgintillator + WLSF + MPPC (end-caps)

EM Calorimeter: ‘-—///7—1‘
agation counter (barrel)

Csl(TI), waveform samplin ;.;.\:Es-_ _
N
Pure Csl + waveform sa \\ \\ . /
g Aerogel RICH (fwd)
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Beryllium beam pipe

2cm diameter |
Vertex Detector ////

k2 layers DEPFET + 4 |ayg

positron (4GeV)
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lever arm, fast electronics




Detector upgrade
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Detector upgrade
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arms, faster readout

Detector upgrade| e fortacns
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| ! | 2 I 3 | * | 5 | 8 |

Detector upgra

Drift chamber for tracking:
Small cells, longer lever
arms, faster readout

_~SIDE VIEW

( Forward A

Vertex detector: 4lyr. Si strip

Barrel Pl
- 2lyr. pixel(DEPFET) +4lyr. Si strip Belle Il — i
N . Super conducting coil . KLM
\\\\\ - %%:%ké L'L"% VU
— L SR eeo LY T —
R SO T e e it L 11
b
c ~ t T ™ e + B _— c
8
| ~— - —
Y SVD ~PXD(2 layers)

310 570

A195

g
gu_—

5 . —7 2
: D e,
— — — — —_-;_{_--_—_;lgl_q-___—_ N b e —— -_IJ

Side view of crystal I
— —9(1 o K
C'Ysla| / /
[
—1 Ealnlalnla m“wuml'g
G
KiLm
H

\o )

Silica aerogel Photon detector

new PID system:
Cherenkov imaging,
very fast readout

o

[n]

=

Twat ot Tamaty Kot
i i

[

S cscomar 1o m| ° ||r| H

- Belle & =
- | Belie-I(hiano beam opton) | ==
nary | .=gg R | ot | 02

10 [ 1 [ 12




d Drift chamber for tracking:
e Small cells, longer lever
arms, faster readout
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Belle-Il vertex detector

r
Si strip - %_ —
\\“‘* 0 ;_ /'/. .{_-__----_--__-_"'---,..---""'::::::H-g{};] Iyr, 6th |yr,
= = / . 4thlyr.

— 3rd Iyr.

1 | 1 1 1 1 1 1 1 1 1 1 1 1
100 200 300 + Z

—

N\ Belle-ll
\ Pixel: r=14/22mm
 Sistrip: r=38/80/115/140mm

Belle

4lvr. Si stri Si strip: r=20/43.5/70/88mm
yr. Si strip - /4 |
> 2lyr. pixel(DEPFET) + dlyr. Si strip NG/ )

Pixel detector closer to IP
- Improved decay vertex resolution

Belle

<

Belle 1l

Increased radial coverage NG
.
- better K, acceptance S
iR, i :Z 07U m 0 B
10 o i et i
Feb. 24th, 2011 H.Nakayama (KEK) 0 0.5 1 15 2 25 3

pBsin(6)-2[GeV/c]



Belle-Il Particle Identification System

{ Barrel PID: Time of Propagation Counter (TOP) }

—

Endcap PID: Aerogel RICH (ARICH)

FOCUSIng charged particle
mirro’:ry‘n n

MQP
— 7 | -PMT

.h.( —

s
9z

/|‘-

Thin quartz bar with very flat surface

< 200mm

v

ton
C\'\efeﬂ\ko\l pno

A

5 55 55155 555

Aerogel radiator

Precise timing measurement with MCP-PMT I
Hamamatsu HAPD
+ new ASIC
+ + :
Completely different from Belle PID: B*=>p™y analysis
- better K/rt separation g s Belle o : wfele-1! a7
- more tolerance for BG & f @ 130 -

- less material e
(better calorimeter resolution)
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Interaction Region Design and
Beam Background



Final focusing magnets

acz2
Qc2 KEKB Qcl

e+ s 0 =22mrad QE K ‘ -
ac2 A
e Pq

" |P
Qcil
SuperKEKB
Qc2?
e+ acz 0 =83mrad ac1 €-
aci I l .
"-___-“_-—‘_-
Qcz2
QcaLp QC1LP C1RE
; o QC1RP
IRON IRON QCILE QC2RP

QC2'F
e Larger crossing angle 6

* Final Q for each ring—> more flexible optics design
* No bend near IP-> less emittance, less background

57



Interaction region design

<Belle-11>

e Smaller beam pipe radius
(r=15mm=>10mm)

* Wider beam crossing angle
(22mrad=83mrad)

* Pipe crotch starts from closer

to IP, complicated structure

* New detector: PXD
(more cables&pipes)

Bellell SVI Top view Or
101207_KOIKE




PXD cables & pipes

data cable

power cable

data patch panel

omega cabling, etc.

kapton cable

expansion compensation /

cooling pipe

.........
o

] | : 10
Karl-Heinz Ackermann, Christian Kiesling, Martin Rictar PXD Service and Mechanics




IP beam pipe

Belle-l e Light material (Be)

230.5 -

N i inside detector

4 ar 126.5 13

s ... acceptance

%2& — ceesusoonue | [ /] * Paraffin (C,,H,,)flow to
! - = = ] Be-SUSI0M: O {41+ fV / [ .
L . = D Uy remove heat from mirror

s

i

e b

\Suse0s-Te B 4112 - current (NSOW)

s
29
[

7
N

{ﬂﬂ&uﬂ% oGokjpbﬁng(”lounﬂ

Ei E = - s SUS304ipner twbe =
12" = R e
Belnner tube .
/{; y‘x—SUEiﬁU*-MarﬂvH BeOuter tube SUS304:Manifold \ \ on inner Wa” tO StOp SR

900 b 20T FTHE) 1001 ¢ 20 £ 5F) 305 QUISH ™ 714

MMMUV * Much Simpler Be shape
SUS SUS

(also much cheaper)

since we allow Paraffin

Belle eswi gnd vacuum to attach
EBW I —eswpoth side of welding

0.254

Top

SUS

Be

$ 314

Forward End

B-2007069-02 Bottom B-2007069-50
Tube, cuter Be i

Manifold, forwar
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Beam pipe mock up for cooling test

SUS mockup

We need to remove ~80W by paraffin flow.

<ltems to check>

- Laminar or turbulence?

- Required Paraffin flow rate?

- Tolerable pressure drop inside beam pipe?
- Paraffin temperature rise?

- Pump, pipes, valves, etc...
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Cooling test

.1 4/min.

2.14/min Heat source (~75W)
inside beam pipe

Chiller tank Flow Pressure

(20°C) monitor

monitor (in) [

Beam pipe
(Gap=0.5mm)

m &
R

pMQyPZL 2010 Belle Il TDR
Review

Pressure
monitor(out)

R~

Bypass

H. Nakayama



backgrou

— Radiative Bhabha event: spent e+/e- ¢~

Beam background
o At SuperKEKB Wlth x40 larger Luminosity, beam

Beam -origin

O increase drastlcally

Touschek scattering [E&J ]

Beam-gas scattering
Synchrotron radiation

=

e:I:
oS
Radiative Bhabha ey tuminosity 9?Bin‘fent \,Z/ﬁ
- )

~ 50 nb

—|2-photon process event: e+e->e+e-e+e-

— Beam-beam scattering

etc...

Feb. 24th, 2011

| Y

H.Nakayama (KEK) 63



Background sources
~1. Scattered beam particles™

Touschek
Touschek scattering 7 = N\
Intra-bunch scattering I%.J
—Rate o< (beam size)-1 T’H
* Vertical beam size: 0.94um—>0.048/0.062um \ E]J
* Increase drastically (x20) at SuperKEKB
—Rateoc(beam energy)-3
e Beam energy asymmetry is relaxed: 3.5/8.0GeV—>4.0/7.5GeV
Brems Coulomb
Beam-gas scattering e t /
— Scattering by remaining gas, Rate o< IxP OUE: .El Oo—
— Vacuum level at SuperKEKB will be similar to KEKB, v O

so less dangerous compared to Touschek scattering

— Vacuum level in IR region could be worse than KEKB, but particles scattered in IR
region will be lost far downstream IP and will not be dangerous for the detector



Touschek/Beam-gas background

Scatteregs

— " Scattered e+/e- becomes off-

I trajectory an'dﬁit‘IR beam pipe.
‘They creates not only EM
“shower but also neutrons.

P A e

May. 9th, 2011



Countermeasure: Collimators

Horizontal collimator @ SuperKEKB
Pair-type

— REF shield fingers around Collimators at
body (GridCop?) arc segtions

—

d=5~10 mm

ooling water For SuperKEKB, collimators at

ﬂ -200m~-20m from IP is effective
Mask head \f

. ~ cf. collimator @KEKB
Tapered pipe Cooling water \X\Q @

At SuperKEKB, beam is collimated
from both side (inner/outer).
(cf. KEKB: from inner side only)

Mask Head

Feb. 24th, 2011 H.Nakayama (KY 66



Countermeasure: Heavy-metal shield

‘ Belle-1l IP design (Preliminary )

Heavy-metal shield to protect PXD/SVD
from showers coming from upstream.

.

: _“?4» =

-

o 1

~1.5cm thick

(=few radiation length) ===

cf. Heavy-metal shield @ Belle

_.u-!ll_.._..r —

=
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Loss position of
LER Touschek background

-45

.....
T B
o

LER Touschek loss positions with
all horizontal collimators closed
(0.9GHz e+@1.2m from IP)

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011) 68



LER Touschek full simulation

Generated vertex of aII MC particles

cles.m_productionVeriex_x*MCParticles.m_productionVertex_x+MCPartlcles.m_p y _yI'MCPartlcles.m_productionVertex_xlabs{MCParticles.m_productionVertex_x):MCPartlcles.m_productionVertex_z {m_event%100==0} |

100 — T S Lid Perfect collimation
Accumulated for 0.2us

@ am 0ol X
.........‘z = ;
50— | o
- I e e B o Bowmo  Spo oo s @ogp0a o B
tat AT T % oo oo B
[, Y . ooge B r’

-100 —

-400 -300 -200 -100 0 100 200 300 400
MCParticles.m_productionVertex_z




Simulated background hits on PXD

Iﬁ;w : Sensor 1 o —3 H‘;w Sensor 2 - rXD 001
E c Occupancv=ﬂl.1 % .—m - ~ Occupancy=0.1 % 'mou
=7 : iy n
150 150-._
- . - 30004
‘II:II:IJI -|m;
: 200 - 20000
Eﬂ:_ F ) Iiuq 50—
”n: : ; ' ' — 0 - L . L ! |

,@
3
¥
gl
8
g

100 200 300 00 S00 G00

v (pixel)
Layer 1 and Ladder 0 is shown here

g 3 Layer 1 .
) ] ? {:I l,_1 .
n— . 6 :2 ' ~— e
&*
. | PXD occupancy from LER
: | | | | / Touschek is less than
S R R 1 o PXD requirement (2%)

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011) 70



Neutron flux from LER Touschek

0.9GHz e+

T

L NN o

Im

e ysin showers hit nuclei and generate 1~2 neutrons per e+ via "Giant Dipole Resonance”.
e e+ hitting point is INSIDE detector. Almost no space to put neutron shield.
e 0.9GHz e+ = few*10'!/cm2/year neutrons (1MeV equiv.):

— comparable to our assumption for detecto

r R&D




Background sources
~2. Synchrotron radiation™

* 20mm=>$p9mm collimation on
incoming beam pipe

* Most of SR photons are stopped
by the collimation and direct hits on
IP beam pipe is negligible

IP beam pipe (Be)

* HOM can escape from outgoing
beam pipe

/ * To hide IP beam pipe from

_ _ . reflected SR, “ridge” structure on
incoming/outgaing inner surface of collimation part.

beam pipe (Ta) k‘\ 4\ //

~2x102%/bunch (>5keV) photons
hit beam pipe here
- PXD occp. <<1%

cture




structure

Ridge”

(o

Al mockup




Background sources (cntd.)
~3. Luminosity dependent™

Radiative Bhabha Q\Jr/{L

— Rateoc Luminosity (KEKBx40), %
o ~ 50 nb

— EM shower from spent e+/e-: e/\>
l’l__L

hit position is very far (~10m) from IP,

— Neutrons from emitted y (hitting downstream magnet) Snapha scattering

Main BG for KLM. Need to increase neutron shields in the tunnel

2-photon process 7
— Generated e+e- pair might hit PXD E } ot -
— Confirms to be OK, according to KoralW +

yx o~ 0O(1 0" nb)

simulation and KEKB machine study

“0.2%(<<2%) occupancy on PXD” 2-photon-processes




Radiative Bhabha

Emitted gamma hit magmet
at ~10m downstref’rn and
creates neutrons

nergy by radiative

%%rxmwwww%maﬁ\
|y, RN

< _f""’:fl-an_qbwnstre‘ém

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011) 75



Radiative Bhabha @Belle (photon = neutrons)

?I e ——
— -

End-cap Polyethylene shield X4O at SU perKEKB | |
KLM (10cm) at KEKB




Polyethylene neutron shleld at Belle

= kRt W o
= koW kW MR W

200 0 200 -200

KLM efficiency recovered!



Additional neutron shield
around radiative Bhabha photon dump

e

]

} Radiative Bhabha rate is x40 higher than KEKB

&
il

li
el

Photon dump

~14

fil

|
BUEIREP
|
GHIBR
||
ER

/71 B el Gamma hitting iron

Polyethylene shield
(10cm) at KEKB

Hiroyuki Nakayama (KEK)

- ©  creates neutron via giant
dipole resonance

Additional neutron shield

around photon dump is necessary
TIPP2011 (June. 11th, 2011)

T
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Schedule, collaboration



Main Ring construction schedule

FY2010(H22) FY2011(H23) FY2012(H24) FY2013(H25) FY2014(H26)
Linac commissioning
DR commissioning

MR Tunnel
I_EW :e
[ Foor > shsieltds

Beam Plpe Survey & base plate )
Fabrlcatlon o _ _ 2 > 2014 Sep.
aking & TiN coat
| IRE ) i Installation, system check, cabling etc.
Magnet }
l Fabrication _ 2
l Field measurement D
Installation, cabling >
Qcs | — |
| R&D,design p | Fabrication ) a"gnment'>
Monitor
R&D - >
l Fabrication, installation )
RF ~
| icati ement etc, )
| R&D,Prototype,test >
Infrastructure

[___Design > I_BJquJngmnﬂLuﬂmJ
Cooling system )

80




Belle Il Construction Schedule

2010 2011 2012 2013 2014
1234567891(11121 2345678 91(111212 345678 91(11121 2345678 91(111212 34567 8 91(1112

Belle roll-out

Belle disassem [ |
Rotation
E-KLM R&D R&D
Production Strip production, fiber glueing
Installation Assembly, Installation
B-KLM R&D R&D
Production |
Installation Assembly, Installation 20 14 Se p °
ECL Sl T AV ITE (1 Ml Prototyping, Evaluation of readout electronics
Production
Installation
A-RICH Aerogel
HAPD
ASIC
Installation _
TOP Quartz Bar
MCP-PMT
Installation

cbc Chamber Design | O
Readout electronics

SVD Sensor
Hybrid Prototyping and Evaluation Production

Ladder Assembl

Ladder mount Ladder mount
PXD Sensor Prototyping, test Design of PXD7 (final version]| PXD7 processing, thinning

ASIC Prototyping, test SW, DHP, DCD

Module Module production

Module mount
Beam pipe R&D, evaluations Fabrication
BP+PXD+SVD  Integration [ |

Installation -



Belle |l Collaboration

15 countries/regions, ~60 institutes, ~400 collaborators
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KEK

Nagoya Univ.

Nara Women's Univ.

Niigata Univ.

Osaka City Univ.

Toho Univ.

Tohoku Univ.

Tokyo Metropolitan Univ.
U-Tokyo

Nuclear Physics Consortium (NPC)

47
15
10

w b U

> b

15
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Summary

B-factory has achieved good test of KM theory.
Indication of NP(?) is already seen.

NP search is the main aim of Super B-fa

SuperKEKB accelerator: x40 luminosity

Belle Il detector: better performance and survives
under x20 background environment

We have just start construction and start
experiment in 2014.
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Backup: physics at Belle-l|



ER{E—}T\J

~400r
B350F
0 300f
S250f
200}
$150f %
1004

Missing Energy Modes: B-— 7 v

. Ten5|on between the global CKM fit and B(B — tv):

uul—"" s , S
Current world ave.

\+

Expectation

frnm CKM fit

+
b5
= "__.J .
4 o
L7 I
7
/ J.. : E

02505075 1
E... (GeV)

oL,
3 CEM fit wio BR(B — tv)
o \CHEF 10 = Measuraments (WA)
08
o7 10 LB L B LN NLELELES BLELRLE NLRLEL BB
0.5 os - ]
0.5 i . : . ]
L sl 2.8 o discrepancy -
0.4 o ]
03 - sl 3
0.2 ]
3 B2 - -
0.1 i
0.0 pg Lol i P BRI AR BT AP ETAAT AT
10 05 08 10 12 14 15 18 20 22 24
BR(B — tv)x 10°
[

Better measurement of B(B — 7v) may reveal
source of the tension.

=>» Tag-side information vital when >2 /s in
final state! Signalis seen as zero excess E..

Example w/ semileptonic tag, 657M BB
PRD82:071101 (2010)

B(B™ — 77 7;) = (1.5470 35 (stat) "9 5y (syst)) x 1074

imura - Physics Prospects of Super KEKB / Belle 1l



B— 7 at Belle |l

* Also sensitive to new physics:

* |In type-ll Two-Higgs Doublet Model (THDM), the SM
branching fraction of B-— 7~ ris modified:

2
B(B~ =7 7,)=Bsy(B™ = 1777,)||1— B tan? ,@]

5
my

Belle Il discovery region with 5 ab?
* Assumes improvements in theory
values:
* 5% |V, | error
* 5% fgerror

Bl 5 o discovery region
Bl current 95% exclusion

U 1 1 1

_himura - Physics Prospects of Super KEKB / Belle Il



750

504

P
o
=]

300

Entries per 2 Me\/ic2
=

200

100

Direct CP Violation: B — K7

* Puzzle of direct CP violation in K 7:

— Difference in DCPV in charged/neutral B decays:
AA=Agspw —Agspr = +0.164 +0.037

a Ka+

:I:IK"'.'

| UWI-Feb.24,2011  Nishimura-

5.2
M, (GeV/c?)

538

B — K 7w/ 535M BB
Nature 452, 332 (2008).

* |fthe only diagrams are:

a b

o W
K+, a
oow 5d b 5.d ke
b a .
[ i BB Q ~
! ' u 'r", T
—_— S

u, d u, d u, d. u, d

then we expect A4 =0
— Missing diagrams?
— Hadronic interactions?

=>» These result in large theoretical
uncertainty...

Physics Prospects of Super KEKB / Belle Il



CPVin B — K 7 at Belle Il

 However, we can compare to a model independent

sum rule: aw(x =)+ .4CP(KDH+}ME
BKta—)ry

Gronau, PLB627, 82 (2005)

QB[:KiilTl:}::l T EB{K”T{'”}
=Acp(KTr" ) o————— + Acp(K 7" ——/— —

— This rule is free of the previous theoretical complications.
— Can be represented as a diagonal band:

AK{':I'[':'
1 H o (AR
* Current situation: __oxf y’\) |
\N;; g
0.05 1 . 4
z measized &
It 005 /D/'ﬁ::;/}f;w/ 020 025 030 gor
- 0451 /
. 4
0 g
B
2T —0,;5--//
. : : 2E] /Y
*Slope determined by branching fractions %2 // V
& lifetimes, fairly precisely known. A

_imura - Physics Prospects of Super KEKB / Belle Il



CPVin B — K 7 at Belle Il

 However, we can compare to a model independent

le: + - 0_+ BKK"7H)
sum rule: aAc(ktz7)+ Acp(K"7 ") =

—_— Gronau, PLB627, 82 (2005)
b(K-l-ﬁ_} T4+

2BKta") 2B(K"z")
=Acp(KT7") ———— + Ap(K 2" ) ———
crl }H{K'rr ) T + Ll( T}B[K"':r‘}

— This rule is free of the previous theoretical complications.
— Can be represented as a diagonal band:

e Current situation:

Shaded region is overlap of

A(K? 7°) and A(K°7).

Benefits from:

v" Charged K/m ID (TOP counter)

v\ 1 — ~~detection (ECL)

v’ K, vertexing eff. (increased SVD radius)

v ...and of course, statistics

AK{IHG
o (AR
S :f’)
///
Y- 4

measured

0.05 0 ﬂ/y/{ 020 025 030 KO
: 7

expected
( suim rule)

Belle Il is especially well suited to measure the all neutral final state: K° 7°

h

mura - Physics Prospects of Super KEKB / Belle 11
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Mixing Induced CP Violationin b — s~

* In SM, photon polarizations in b — s v depend
on b flavor:

b—3 57
+.,,*’. o L B : Allowed
E STy YR M : Suppressedbym_/ m,

* Presence of significant mixing-induced CP violation
would indicate the presence of right handed currents

and clear hints of new physics.

— This type of new physics does not require a new phase.

LLWI - Feb. 24, 2011 Nishimura - Physics Prospects of Super KEKB / Belle 1l 12



Time Dependent CPVinb — s~

* Arecent example:

— Search for TCPVinB > o K~

Events/(1 ps)

Tat (Ps)

Belle preliminary, arXiv: 1012.0481
B — ¢ K~with 772M BB

S(B — ¢Kvy) = +0.747% 2 (stat) 1032 (syst)
A(B — ¢K~) = +0.3540.58(stat) 7023 (syst)

— Measurements are statistics limited...

* Also the case for similar modes: B — K. v, B —> K" v

_himura - Physics Prospects of Super KEKB / Belle Il 13



Time Dependent CPVinb — s~

Winter 2009

FPRELIMINARY

b—syS

bﬁ‘»s‘y C.

Winter 2008

PRELIMINARY

BaBar i T 003+ 0.29 0.08
PRD78 (2008) 071102 | %1 1
= Belle i | 0329300
& PRD 74 (2006) 111103k 52 E
Ave = 016020
HFAG%orreldted average _1*_:— '
== 1= R i T ni7+026:008
- PR Ts [iuutu 071102 A" i
= . i D40 +0.31 + 007
" PRD 74 [EDDﬁr 111108RH % ;
¥ age i 0.15£0.2p
HFAG mrrelated average 5 ;
T - D16 pac0ir
= PRDTo [me 01112 *— | T
[ 0.18:0.4D
4 HFAG%orrelated average + : :
=" 'Belle N .. 5 “PpArzoaEE
o.  PRLIDT (2008) 251601 — !
w  Average ; ‘L 0.11:0.3¢
X HFAG correldted average [ — = i ;
-2 -1 0 1

- 01420161043

BaBar -
PRD ?E |2Dn3]|n?1 Yoz
>~ Eelle :
i RD?4|EDUE}1111D4 ;
.ﬂ. rage !
__.___.___.__H.'ff‘?.‘?‘%rfe_'ﬂt?‘? average iy .
. HHL} .l’HlJULIjleI“
=
;’D PRD?muna)nﬂm R}

i
, 0200242 EI.I::IS

004+ D.j4

0191014+ 003 |

0.20 +0.20+ 008
i
-0.07+0.{2

— Statistics limited for S(b — s ) in other modes

. """'Eé’ﬁi’ifr" ! TS AT
= PRDT79 : |
AVErags f 032+ 040
o4 HFAG %Jrrelateﬂ agerage | :
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T|me Dependent CPVinb —» s~

-+ ¢ Example improvements in
- the error of S as a function
of integrated luminosity for:

— Nonresonant Kg 7° 7y
— Resonant K™«

B — Al K 7°

* This sensitivity can help
' distinguish between
models...

L(ab™)

Belle Il projected
v' Efficiency for K, — 7« 7 improves with SVD radius.

>
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Identlfylng NP at Belle |l

02 03 04 05 06 07 08 09 02 03 04 05 06 07 08 09 1,
mSUGRA ' f 08 SUSY SLJ(5)<-BvR ' 10
106 (non-degenerate) - 106
104 R 104
— 10.2 . ; 02
pr ] GF"- _ '
X — 1° '« s 10
@ {02 @ 102
1-04 ] 0.4
} 108 1-06
tanf=30 08 : | e _an 1 - -0.8
guano = BD0GEV/C” 1 E;ﬁfg 640Gev/c” ]
- : -1
S(¢Ks) S(oKs)
® Projected with 5 ab?

Belle Il can identify the nature of NP, in
some cases indistinguishable at LHC.

® Randomly chosen parameter point

Current 99% CL on §(B — ¢ K)
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Physics sensitivity at Belle-II

Ohservable Belle 2006 Belle IT/SuperKEKB LHCHT
(~0.5 ab™1) (5 ab™1) (0 ab-") (2fb~') (10f7H
Hadronic b — s transitions
AS k0 0.22 0.073 0.029 (.14
A8 o 0.11 0.038 0.020
ASp0 o0 0 0.33 0.105 0.037 - -
Adgoxs 0.15 0.072 0.042 ; _
Asprs L 0.17 0.05 0.014
o7 (3K 5) Dalitz 3.3° 1.5°
" Radiative/electroweak b — s transitions
S0 o 0.32 0.10 0.03 - -
B(B = X.v) 13% % 6% - -
Acp(B = Xav) 0.058 0.01 0.005 - -
Cy from App(B — K*{+i~) - 11% 4%
Cho from App(B — K*{Ti™) - 13% 4%
C7/Cq from App(B — K*(1(7) - 5% 7%
Rg 0.07 0.02 0.043
B(B* — K*wv) =3 Bsm 30% - -
B(B° = K*vi) T < 40 Bsy 35% - -
Radiative/electroweak b — d transitions
S oy - 0.3 (.15
B(B — Xav) - 24% (syst.) - -
_L(.‘pt{}Ili{'I.-'rS{?IEIili.‘pt-{}rl{{' B decays
B(BT = 77v) 3.50 104 3% - -
B(BT — ptv) it < 2.4Bgym 4.3 ab—! for 50 discovery - -
.f_"t{ﬂ_ — D1 _ 89 307 BeII_e—II TDR
B(B" — Drv) - 30% 10% - -




Physics sensitivity at Belle-lI

LEV in 7 decays (U.L. at 90% C.L.)

B(t — py) [1079] 45 10 5 - -
B(T — pn) [1077] 65 5 2 - -
B(T — ppp) [1079) 21 3 1 - -
Unitarity triangle parameters

sin 2a, 0.026 0.016 0.012 ~0).02 ~0.01
¢z (TT) 11° 10° 37 - -
oz (pm) 687 < ¢ < 057 3° 1.5° 10° 4.5°
o2 (pp) 62° < ¢y < 107" 3° 1.5° - -
@7 (combined) 2° < 17 10° 4.5°
¢s (D' K'*)) (Dalitz mod. ind.) 20° 7° 2° 87

ds (DK'*)) (ADS+GLW) - 16° 6 h-15°

P fﬂ':*:' ) - 187 6"°

@5 (combined) 67 1.5° 4.2° 2.4°
|Vus| (inclusive) 6% Y% 3% - -
|Vus| (exclusive) 15% 12% (LQCD) 5% (LQCD) - -
i 20.0% 3.4%

7l 15.7% 1.7%




Backup: SuperKEKB



Luminosity
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