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Outline:

« KEKB/Belle — excellent starting point
» Physics motivation for upgrade

« KEKB — SuperKEKB upgrade

e Belle — Belle Il upgrade

e SuMmary
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Q(C.DD KEKB operation

Belle IT KEKB parameters:

“Belle
detector HER: 8.0 GeV

LER: 3.5 GeV
crossing: 22 mrad

SCC RF(HER)

o ol E ys=M (Y (4S))
S By=0.425
ARES(LER) =7 1
Ares RF cavity
2010
<« e* source .f cdt > lab™
: 1999

First physics run on June 2, 1999
Last physics run on June 30, 2010
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KEKB/Belle time-line

Luminosity of KEKB
OCt 1999 June 2009 Crab Crossing :
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Peak luminosity
in a day (1/nb/s)

Uhomos 1/1/2002 1!1f2004 1f1f2006 1!1!2008
1/1/2000 Continuous Injection Update: 6/16/2009 8:31:14

Integrated Luminosity(cal)

Crab-crossing 1000
’ : D°DP oscillation /_/_/J

RF deflector
(crab cavity)

| __ 800 b—dy ¥
1 Kex . " ) : o _ transition
. JU Clro 0 M b :
Kick o, \ns‘ 90%\/_ il ~~ 600 CP violation in r A0
L ] ’ - < _ B— K1t decay
T N\ 5 Anomalous CP
= | crossing angle S 400 ; violation in
&= isi I B—1v
head-on collision €@ - 200CP violation in / Yoo
M' T ~ neutral B system /_,_/_I y
. CP violation in
, -
0 penguin decays

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1
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Success of B-factories
Belle IT

» Measurements of CKM matrix elements and angles of the unitarity triangle
e Observation of direct CP violation in B decays

* Measurements of rare decay modes (e.g., B—1v, D1v)

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

* Forward-backward asymmetry (AFB) in b—st*f- has become a powerful tool

to search for physics beyond SM. global fit to UT
» Evidence of D mixing ayaessns =AY B e
L 8 4
* Searches for rare 1 decays 1-°E— S e,
/ sin 20 :
e Observation of new hadrons .
CKM mechanism confirmed at “1st order” e b —a
U
Small discrepancies exist — much more data “H | 2 4
needed (two orders) to investigate 10f & -
F fitter i @ sol,w/cos 20 <0 |
— Super B-factory [ . | AW
1.3 A b\
-1.0 =0. 0.0 0. .0 1 2.0
(complementary to LHC) ) o
gfgg‘ﬁ%?ﬁgalloljégfiga Italy By St(:T;:ise(lf)suPerKEKB/Belle y University of Maribor and Jozef Sstigjllg E(S)tli?uiz 35: (;é
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Belle IT

Advantage of e‘e - example: full reconstruction tag

Fully reconstruct one of the B's to:

« Tag B flavor/charge

e Determine B momentum

» Exclude decay products of one B from further analysis

Decays of interest

B / ,,,,, <:| B—)Xu tv,

e (7GeV) P BK wv
i;ﬁf —__c'(4GeV) g
Y(4S \ - ’
B / full reconstruction
~~~~~ o (—|BoDrmetc. (0.3~0.6%)

,Offline B meson beam!”
Powerful tool for B decays with neutrinos
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Belle IT

Advantage of e‘e — example even

1.

0 Event 1707493

Exp 33 Run

0.0 Etot{gm)

678 Farm

0.05vD—M O0CDC—M OKLM-—

20cm

Samo Korpar

= L

D
Do
Belle I
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Belle IT

B- - 1v - charged higgs limits

Br(B-T1v)

" B (BoTv),,

— limit on charged Higgs mass vs. tanf3

1000 1000 | T T T T
8001 800
© | © |
> 600} > 600}
S| S |
W B 7} i
2 | 2 |
S 400} = 400[-
| - + |
=0 = |
2001 200
= Tevatron Run [ = Tevatron Run [
B LEP ] B LEP 7
O | | | | | ‘ | | | ‘ | | | | 0 | | ‘ | | | | | | ‘ | | ‘ | |
0 20 40 60 80 100 0 20 40 60 80 100
tan 3 tan 3
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Z B - D*hv - sensitive to charged Hiqggs

Belle IT

Br of 1 to u,e could be reduced/enhanced significantly

Br(B—-DTv
R(D)= ( )
Br(B—D¢v)
TG, TMimutaand ]
Compared to BTV % '”'E M.Tanaka:hep-ph 0109244.
1.Smaller theoretical uncertainty of R(D) Mf
For BoTv, (
There is O(10%) fs uncertainty from lattice QCD “; ——— o8
2.Large expected Br | Ulrich Nierste arXiv:0801.4938 '”E \_//
B(B~ — Dt )" = (0.714£0.09)% '

5 1 15 20 25 an i5 40

B(B® — Dt 5,)M = (0.66 +0.08)% tan
mw -
B(B —tv) =[1.65" 3, (stat)" )3 (syst)]x 10~ ma

3. Differential distributions can be used to discriminate W+ and H*
4. Sensitive to different vertex B->tv: H-b-u, B=>Dtv: H-b-c
(LHC experiments sensitive to H-b-t)
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‘& ]|B -~ K*Y t-dependent CPV

Belle IT

—A
e AT

P(B0—>f;At):4—[1+SCPsm(AmAt)+ACPcos(AmAt)]
T
SM:
S55™ Y|~ (2m [ m, ) sin 2 B, ~0.04 T YScp vs Cq.
/ i | BaBal\
Left-nght Symmetric Models: ol
Average

S55™Y)~0.67 cos 2, ~0.5
D. Atwood et al., PRL79, 185 (1997)

SKTY=_0.15+0.20

AS™Y=—0.07+0.12
HFAG, Winter’'09

2 cP
Contours give -2A(In L) = Ay~ = 1, corresponding to 60.7% CL for 2 dof

O'(S]gf)noy)z 0.09 @ Sab ' adopted from HFAG
0.03 @ 50ab ' (~SM prediction)
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Q(B LFV and New Physics T
Belle IT 12> 34, [rl h‘\ y

y
248y K
[ I 5L (@) k) * Neutral Higgs mediated decay.

(M7 3303 e Important when MSUSY >> EW scale
« SUSY + Seasaw e bkg. free (U.L. « 1/L)
107
Large LFV CLEO )Jpper limits .
* bkg. from ee— TTYy (U.L. « 1/V ) 4 N\ A "o
10 19 @ Bfatyrories
Belle, BaBar)
o 006
model Br(t-py) Br(t-24{) 107 A-.-
mMSUGRA+seesaw 107 10-° mSUGRA“‘f““"w
SUSY+S0(10) 108 1010 e |
SM+seesaw 10-° 10-10 SM+scesau A
Non-Universal Z' 10 108 e PR
el L= = O S eg Lim. ( abt)

Reach of B factories >
Super B factories
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Uest for BSM

Z SuperKEKB high luminosity stratec @ ,?%‘,’?ﬁ

Belle IT

Beam-beam parameter

Lorentz Beam current { 1um .
factor ¥ - —
\\ \ ] k} 100;.er'|/I
Ve j e+§\€+ Lumi. reduction factor o, ~100um, g, ~2um
L= 1+ — (crossing angle)& @
2-‘31’ Ux \ Tune shift reduction factor
(hour glass effect)
Classical electron 0.8 ~1 _
radius (short bunch)
Beam size ratio@IP Vertical beta function@IP
2 % (flat beam) 0'x~10um,0'y~ 0nm
* A\ n
- Smaller B, Nano-Beam” scheme
* Increase beam currents —
« Keep Ey

Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB

December 6 — 11, 2010 Physics Reach and Status of SuperKEKB/Belle I1 Samo Korpar . il D
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Q(C.DD SuperKEKB machine design parameters ;‘?’é’}’?ﬁ

Belle Il uest for BSM

KEKB SuperKEKB
parameters 2 e | =
Beam energy = 3.5 8
Half crossing angle ¢ 11
Horizontal emittance Ex 18 24
Emittance ratio K 0.88 0.66
Beta functions at IP | /By, 1200/5.9 32/0.27
Beam currents | 1.64 1.19 3.60
beam-beam parameter Cy 0.129 0.090
Luminosity L 2.1 x 1034 m2s-

* Small beam size & high current to increase luminosity
* Large crossing angle
* Change beam energies to solve the problem of LER short lifetime
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KEKB

uest for BSM
>

> 4

Belle II Colliding bunches

New IR X
A ——

L

New superconducting
/permanent final focusing
quads near the IP

- New beam pipe

& bellows

\

with longer ones (LER)

' H%%H%H '
I ovemaree

Redesign the lattices of HER & Damping ring ” S

LER to squeeze the emitance ‘ 1

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

electrons to inject

LI B B B

Add / modify RF systems
for higher beam current

Positron source

New positron target /
capture section

[NEG Pump]

To get x40 higher luminosity —
8x10%* cms’
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l Press Release

SuperKEKB - big step forwar

Super

d KEKB

y. uest for BSM
L L — [
%: KERFUMMEEA
K
i = F \
= AN B A\

BN - NEENRIRN
last update: 10/06/23

KEKB upgrade plan has been approved

June 23, 2010
High Energy Accelerator Research Organization (KEK)

The MEXT, the Japanese Ministry that supervises KEK, has announced that it will appropriate a budget of 100 oku-yen
(approx $110M) over the next three years starting this Japanese fiscal year (JFY2010) for the high performance upgrade
program of KEKB. This is part of the measures taken under the new "Very Advanced Research Support Program” of the

Japanese government.

"We are delighted to hear this news,’'

" says Masanor Yamauchi, former spokesperson for the Belle experiment and

currently a deputy director of the Institute of Particle and Nuclear Studies of KEK. "This three- year upgrade plan allows
the Belle experiment to study the physics from decays of heavy flavor particles with an unprecedented precision. It
means that KEK in Japan is launching a renewed research program in search for new physics by using a technique

which is complementary to what is employed at LHC at CERN."

[ Media Contact] Youhei Morita,
Head of Public Relations Office, KEK

tel. +81-29-879-6047

Construction started

December 6 — 11, 2010
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Belle IT

L SuperKEKB luminosity time-line

Super
KEKB

uest for BSM

70r
60t Milestone of SuperKEKB
£ 50f
2 - We will reach 50 ab™’
E_ 40 in 2020~2021.
PN n
3= 30 9 month/year
g 203— 20 days/month
_.CI__J -
c N
— 10—
DZ
x10%° gf
> 6— Commissioning-starts
8 _ 4 in_ 2" half of 2014
C - -
E & -
35 ¢
© SR R R R R B B
2 2?)10 2012 2014 2016 2018 2020 2022
Shutdown for upgrade
Phsies Reach and Sy perKEKBBe Il ity ot Marbor and oz Korrer (9 83 I3
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Belle IT

Belle IT detector requirements

Critical issues at L= 8 x 10%%/cm?/sec
Higher background ( x10-20):

* radiation damage and occupancy

* fake hits and pile-up noise in the EM

Higher L1 trigger rate (~ 0.5kHz—20kHz):

* higher rate trigger, DAQ and computing

Require special features:

low momentum W identification < sp recon. eff.
hermeticity < v “reconstruction”

Solutions:
* Replace inner layers of the vertex detector with
a pixel detector.
* Replace inner part of the central tracker with
a silicon strip detector.
* Better particle identification device
* Replace end-cap calorimeter crystals and electronics
* Faster readout electronics and computing system.

TDR published arXiv:1011.0352v1 [physics.ins-det]

ExpMC 2 Esp 25 Run 1886 Event 1

Eher 8.00 Eler 3.50 Date 1031120 Time 90351
BELLE Trall ODetver 1 HaglD 21 BFicld 1.50 Dsp¥er 7.50

Piot(ch) 0.0 Elot{gm} 0.0SYD-M G CDC-M 2KLM-M ©

¥
10cm
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Belle [T

Belle Il

Super conducting coil
833
]
|

N ' cDC

E

¢\ svD PXD(2 layers)
310 570/
3 / ;32
e;Ehsuceucri;_mber <

KLM: RPC = Scintillator +SiPM (end-caps)

E | "D"_ I : —_— :
F E
=]
G | I | G
SVD: 4 DSSD layers = 2 DEPFET + 4 DSSD layers |
CDC: small cell, long lever arm Belle — = SRR
o
N Belle & . Pl Bl IO T2 8w |
ECL: waveform sampling, pure Csl for end-caps Parameters are preliminary " Ssss > — =

8 | 7 |

]

g

10

[ 1

[ 12
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DEpleted P-channel FET

Vertex detector (PXD+SVD

Beam Pipe r=10mm
DEPFET

FET gate

P+Ssource

amplifier
clear gate =

n+clear

>
P+drain

Layer 1 r=14mm

Layer 2 r=22mm
DSSD

Layer 3 r= 38mm

Layer 4 r= 80mm

Layer 5 r=115mm

depleteq

|
P*back contqcs

Layer 6 r= 140mm source clear gate
external internal
gate gate ]__-l clear
[ ! "

inch DSSD from Hamamatsu has
been assembled and tested.

PR Tt setup
4@ inBonn
Ao xw
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|Ver'1'exing performance and K, efficiencyl

Belle IT

| Impact parameter resolution z0 |

Significant improvement in IP resolution!

b

g =art

103\\\|\|\|||\||\\\

pph sin’ 6

E l
\
\

5

Pixel detector close
to the beam pipe

’\: ‘\\ =
Bellg IT ™~ -
(o) s i 10 b 220 | ‘Zﬁfa;s;nl(e)‘ﬁ’?[eewc]
ppBsin(6)52[GeV/c]
Significant improvement in §S(Kgsn%) z:
--..;‘::!___fson.ass
‘.n;:;ﬁ'_‘»ffr"smss

™~ = IP profile

Ta
»
.,..
Ya

by

B decay point reconstruction
with K trajectory

Ks track TTTT
YY
daV

-1
10

Larger radial coverage
of SVD

10" 1 10 ,
L(ab™)
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Z Barrel PID - TOP counter

Belle IT

Focus mirror
(sphere, r=7000)

MCP-PMT
f —

Backward Forward
e Cherenkov ring imaging with _
(DIRC based)
. y St
e Reconstruct angle from two coordinates and the time
of propagation of the photon
— Quartz radiator (2cm) |
— Photon detector (MCP-PMT)
e Good time resolution ~ 40 ps !
e Single photon sensitivity in 1.5 T )
e Wave-form sampling read-out 3
K I.'j-"rt
I.':." Quartz bar
| / fast PMT's '9._4.;;:'.'55”.'}5”'.3-""L«""_l-"'}'&";rr';'"':fo
¥ X (cm)
December 6 — 11,2010 Physics Reach and Status of SuperKEKB/Belle II amo Korpar ° Ky =
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Beﬂ._e I

RICH with a novel
“focusing” radiator —

T gy,
o, 7
SoAE
¢y

-

Hamamats

Bialkali")

Sl -

a two layer radiator

Employ multiple layers with
different refractive indices
Cherenkov images from

—T=

->

I\

individual layers overlap on the

photon detector.

o

u HAPD

peak Q.E. ~33% (‘Super

v

rich_2d_1

(D End-cap PID - aerogel RICH counteRc itmap, wrt track |

Entries 412449

100—a

-50

Mean x -0.09929
Meany -0.4329
RMS x 43.24
RMS y 42

Clear Cherenkov image observed

Ea

Cherenkov a

6000

5000

4000

3000

2000

1000

\

ngle distribution

D0

500
400

300

'200

| L1 | | I L1 1 | L1 1 | | N - | 11 |-0
-100 -50 0 50 100

RMS 0.07419
%2 I ndf 143.5/ 28
constant 6129+ 39.4
mean 0.3067 = 0.0001
sigma 0.01349 + 0.00007
BG const -192.6 + 20.5
BG slope 1715+ 69.4

|

# of tracks : 2700

# Photons : 41339.7 +- 227.3

Photon/track: 15.31 +- 0.08
BG / track :2.00 +-0.03

runo4s |

DO
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ECL calorimeter

wave form sampling:

. 7 < - Offtime [ PO
pulse

e Sigmal

currently only
amplitude measured

F
Q‘_I I Trigge: Time
new electronics: _ W
Off : -
16 meas. of time and amplitude; pu.ltfrlm' ;’l\ iﬁﬁ:m]
fake clusters suppressed by 7x;, —  » ¥l ,, Ve
‘Ill" \ | "*:
end-caps: | / A \
replace expected performance | .-'* \R ‘
we Cs|(T)) @ 10x bkg. / Vi 3
Wlth 0 0 s - l‘n
== pure Cs| 5%-10% lower € =
(partially)
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cr End-cap KLM ubarade
=8 scintillator-based KLM (endcap)

 Two independent (x and y) layers in one super-layer made of
orthogonal strips with WLS read out

» Photo-detector = Geiger mode avalanche photo -diode (GAPD, SiPM)

e ~120 strips in one 90° sector
(max L=280cm, w=25mm)

e ~30000 read out channels

 Geometrical acceptance > 99% Iron plate

T y-strip
plane

Mirror 3M (above
(&£

groo\ve & at fiber end) p
== Optical glue increase the o >
IE? light yield ~ 1.2-1.4) Aluminium frame

WLS: Kurarai Y11 1.2 mm

/ ‘
Diffusion reflector (TiO,) Strips: polystyrene with 1.5% PTP & 0.01% POPOP
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[ http://belle2.kek.jp |

North Pacific
Ocean

~
e
e

I

13 countries/regions, ~60 institutions, ~350 collaborators
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Belle IT

« KEKB/Belle have proven to be an excellent instruments to study
flavor physics, with reliable long term operation, constant improvement
of the performance and achieving and surpassing design performance
e Major upgrade at KEK in 2010-14 — SuperKEKB+Belle II, L x 40,
construction started

e Physics reach updates available
arXiv:1002.5012 (http://belle2.kek.jp/physics.html)
e Technical design report published

TDR published arXiv:1011.0352v1 [physics.ins-det]

Expect a new, exciting era of discoveries, complementary to the LHC
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BACKUP SLIDES
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SuperKEKB Main Ring schedule

FY2010 FY2011 FY2012 FY2013 FY2014

Belle IT

Oct. 20, 2010

FY2015

|___EKB operation MR commissionin}

Tunnel clear Physics Run )

Beam pipes (LER)

Beam pipes (HER)
[ Design . Fabricad S
I L r

Magnets & Power supplies

Beam monitors and Control |
— - Design & ion — - >
RF system Lﬁ
| = ayout change / Add stations | nprovement: . = :;.
: [ Conditioning 2
IR hardware
Infrastructure | Building construction > ¥
| | | Cooling system ,>
I
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Qﬂ% Linac upgrade and DR construction schedule

FY2010 FY2011 | FY2012 FY2013 | FY2014 | FY2015

Oct. 20, 2010

Linac upgrade | |

Low emittance e- gun Linac commissioning
| R&D b B Construction

e+ new matching & L-band acc.

F injection e e e —— —

[Va)

udy (A1 gun) ™ el el i el el

lDamping Ring
Tunnel & building DR commissioning)

5 —_— -i;;iilglnluugnii
Beam pipes | :Eabﬁeation% i | Install )
Monitors, Control |
| Fabrication =
RF System |
T v desi o
| = cavity fabrication cavity install
WSS || HPtest > ™ HP&LLRF install
|
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Installation Schedule of Belle 11

Eelle roll-out

Dec. 2010

2010

2011 |

12 3/4 5678910171121 2 3 45 6 7/8/9 101712

Belle disassemble Jan. - Mar. 2011 [ | ] |
Rotation Jul. - Sep. 2013

Installation of E-KLM Apr. - Jun. 2013

Installation of B-KLM Oct. - Jun. 2013

Installation of ECL May - Aug. 2014

IRSESIISHERBRASRIEENN Mar. - Jun. 2014

Installation of Endcaps  Sep. 2014

Installation of TOP Feb. - May 2014

IRSESISEENEREDENN Jun. 2014

ladder mounting of PXD May 2014

ladder mounting of SVD . .~ 2112

IRSESNSEICRGRBEEINN Jul. - Aug. 2014

2012 2013 2014

Eelle roll-out
Eelle disassemble

Dec. 2010
Jan. - Mar. 2011

1234567 8910171121 2 3 4567891017121 2 3 456 7 89101112

Rotation Jul. - Sep. 2013 e
Installation of E-KLM Apr. - Jun. 2013
Installation of B-KLM Oct. - Jun. 2013

Installation of ECL

May - Aug. 2014

Mar. - Jun. 2014 [ | | [ |
Installation of Endcaps  Sep. 2014
Installation of TOP Feb. - May 2014

Jun. 2014 [ |
ladder mounting of PXD May 2014
ladder mounting of SVD . .~ 211+ |
IRSESISEERGRBEEINN Jul. - Aug. 2014 [ | ]
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