D Super
<[> KEKB
Belle IT ¥ uest for BSM

P

SuperKEKB and Belle-II

Peter Krizan
University of Ljubljana and J. Stefan Institute

XVII SuperB Workshop and Kick Off Meeting,
La Biodola, Isola d'Elba, May 30, 2011

University

of Ljubljana Jozef Stefan

Institute




Contents

ePhysics case

eAccellerator upgrade - SuperKEKB
eDetector upgrade = Belle-II
eProject status

eSUMmMary

Peter Krizan, Ljubljana



Asymmetric B factories

Bellefll E &3

High Energy Ring
(upgrade of existing ring)

Both Rings Housed in Current PEP Tunnel

. Js=10.58 Gev

e e B < ........... . AZ ~ C
——— Y(4s) -+ Y(4s) / B ~ Zggﬁm
BaBar p(e)=9 GeVv p(et)=3.1 GeVv £W=0.56
Belle p(e)=8 GeVv p(et)=3.5 GeVv By=0.42
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Main motivation for B factories:
measure CP violation in the B system

CP violation in B system:
from the discovery
(2001) to a precision
measurement (2006)

sin2¢,/sin2p3 from b->ccs

535 M BB pairs

Entries /0.5 ps

Asymmetry

400F Ro 0
; B” — JwyK o BO tag

BO tag

.....................

sin2¢,= 0.642 *=0.031 (stat) =0.017 (syst)
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B factories: a success story

............................

CT T tic
Measurements of CKM matrix elements . P — i
and angles of the unitarity triangle 5 | :
Observation of direct CP violation in B decays . El... . /A B8 T

Measurements of rare decay modes (e.g., B=>tv, D1v)

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

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

Observation of D mixing
Searches for rare t decays

Observation of new hadrons

Peter Krizan, Ljubljana
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Luminosity at B factories
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Fantastic performance much beyond design values!




What next?

B factories = is SM with CKM right?
Next generation: Super B factories = in which way is the SM wrong?

- Need much more data (two orders!) because the SM worked so
well until now - Super B factory

However: it will be a different world in four years, there will be
serious competition from LHCb and BESIII

Still, ete machines running at (or near) Y(4s) will have considerable
advantages in several classes of measurements, and will be
complementary in many more

Peter Krizan, Ljubljana
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Full Reconstruction Method

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

Decays of interest

B 7 (| BIX v,

o e B>Kvv
(SGQVﬁégﬁk —e+(3.5GeV) [ B3Drv, tv
Y(4 -
B / (3 full reconstruction
“e<s B->Dr etc. (0.1~0.3%)

- Offline B meson beam!

Powerful tool for B decays with neutrinos

Peter Krizan, Ljubljana



Event candidate B- > 1t v,

Exp 33 Run 678 Farm @ Event 1707483

B E E Eher 0.00 Eler 0.00 Meon Feb 9 17z55z46 2004
I I . .

BT — Dx*
(— Ko wmrw)

B~ — 17(— evip)v 9 - SR i
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Charged Higgs limits from B- > 1t v,

5 2
o~ BFBom) _ 1= a2 5
BF (B — 1), m?

- limit on charged Higgs mass vs. tanf
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B -K®vv

B—Kvv, B~ 410
B—K*vw, B~ 6.8:106

SM: penguin+box

Look for departure from the
expected value =2

information on couplings Cv;
and Cv, compared to (Cv >

Again: fully reconstruct one
of the B mesons, look for
signal (+nothing else) in the
rest of the event.

not possible @ LHCb

—Re (C;CF')
[CLP +[CRP

arXiv:1002.5012
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Lepton flavour violation and New Physics

T2ly § !
X0
AKT T )(/[L(él \_,u(e)

m SUSY + Seasaw(m|~2 )31z
B Large LFV Br(z=>uy)=0(10-7"9)

T

JH
. ¢ >

N u(s)
S~
B Neutral Higgs mediated decay.

B Important when Msusy >> EW scale.
Br(r > 3u) =

~

123l,In

T

2 4
Br(z > uy)£/10°° x[(mﬁ:g” }[in-::j ] tan® S 4x10” x[(m_éz)?’z ](tan ﬂf (100(3(3\/
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Upper limits
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. SUSY+Higgs Super actory
I Peter Krizan, Ljubljana
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B Physics @ Y (4S)
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Physics at a Super B Factory

e There is a good chance to see new phenomena;
— CPV in B decays from the new physics (non KM).
— Lepton flavor violations in t decays.

e They will help to diagnose (if found) or constrain (if not found) new
physics models.

e B>1v, Dtv can probe the charged Higgs in large tanp region.

 Physics motivation is independent of LHC.
— If LHC finds NP, precision flavour physics is compulsory.

— If LHC finds no NP, high statistics B/t decays would be a unique way
to search for the >TeV scale physics (=TeV scale in case of MFV).

There are many more topics: CPV in charm, new hadrons, ...

Recent update of the physics reach with 50 ab! (75 ab1):
Physics at Super B Factory (Belle II authors + guests) > arXiv:1002.5012
SuperB Progress Reports: Physics (SuperB authors + guests) > arXiv:1008.1541



Accelerator

Peter Krizan, Ljubljana



Need O(100x) more data > Next

generation B-factories
Peak Luminosity Trends (e*e” collider) SuPerKEKB

40 times higher
luminosity
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The KEKB Collider & Belle Detector

- e (8 GeV) on e*(3.5 GeV)

Belle detector * VS & Myys,

o S - Lorentz boost: fy=0.425
- - 22 mrad crossing angle

- Operating since 1999

Peak luminosity (WR!) :
2.1 x103% cm—2s1
=2X design value

SCC RF(HER)

ARES(LER) -
Ares RF cavity

<— et source - :
\ . First physics run on June 2, 1999

Last physics run on June 30, 2010
Lpeak = 2.1x10%%/cm?/s
L > 1lab’

Peter Krizan, Ljubljana



The last beam abort of KEKB on June 30, 2010

-

- Can start construction of SuperKEKB and Belle 11

Peter Krizan, Ljubljana 19



Super
Strategies for increasing luminosity Sl

Beam-beam parameter
Lorentz Beam current

factor \ \

7
R V.. o'jf 1,5~ R, Lumi. reduction factor
L=—""1+— = (crossing angle)&
g X

2er R. : :
€T . , ¢, )| ™ Tune shift reduction factor
/ (hour glass effect)
Classical electron 0.8 -1
radius (short bunch)
Beam size ratio@IP Vertical beta function@IP
1 -2 % (flat beam)
1) Smaller g,* < 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



Super
Machine design parameters @L"B

KEKB
parameters ER JER
Beam energy Eb 3.5 8
Half crossing angle ¢ 11
Horizontal emittance Ex 18 24
Emittance ratio K 0.88 0.66
Beta functions at IP | Bx /By 1200/5.9
Beam currents b 1.64 1.19
beam-beam parameter Cy 0.129 0.090
Luminosity L 2.1 x 1034
- Small beam size & high current to increase luminosity
 Large crossing angle
- Change beam energies to solve the problem of LER short lifetime

Peter Krizan, Ljubljana



Super
KEKB

uest for BSM

Belle II Colliding bunches

<

New superconducting
/permanent final focusing
quads near the IP

" New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

HH @HH

positrons to inject

Add / modify RF systems
for higher beam current =%

Positron source

Redesign the lattices of HER & Damping ring ”\\-

LER to squeeze the emittance ‘l } ‘

TiN-coated beam pipe Low emittance gun
with antechambers

New positron target /
capture section

‘ '._

Low emittance
electrons to inject

[NEG Pump]




Detector

Peter Krizan, Ljubljana



D :
<o Requirements for the Belle II detector

Belle I

ExpMC 2 Exp 25 Run 1886 Event 1
Eher 8.00 Eler 3.50 Dote 1031120 Time 90351

B EL L E TrglD ODetVer 1 MaglD 21 BField 1.50 DspVer 7.50
Piot(ch) 0.0 Etot(gm) 0.0SVD-M 0CDC-M 2KLM—M O

Critical issues at L= 8 x 103%/cm?/sec

» Higher background ( x10-20)

- radiation damage and occupancy

- fake hits and pile-up noise in the EM
» Higher event rate ( x10)

- higher rate trigger, DAQ and computing
» Require special features

- low p p identification < sup 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 endcap calorimeter crystals

» Faster readout electronics and computing
system.

E= ")

TDR published arXiv:1011.0352v1 [physics.ins-det] | Peter Krizan, Ljubljan;
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Belle Il

SIDE VIEW

Suber conducting coil

MAALALALLL A A dd d
111 2418 DEEDOOS & 4655 0%

o Tl s A
. : . , 25 EEEEREEEEa © s
e BarrelPID - i . - Bl
| B |
' cDC oI Bl%
i 891:ls
£\ svD PXD(2 layers) i i 3
\ 310 570 7
\ /B . =
NS LT {acs EJ \

| ff

~

1\ SVD

IP Champer

|435(Cryostat) 600(Cryostat) |
CDC

A1250

Y. :
PRASSSAC L] ]

Csl

N L L A
a4 44R4A4AA4A - 1

SVD:
CDC:
ACC+TOF » TOP+A-RICH

4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs
small cell, long lever arm

ECL: waveform sampling, pure Csl for end-caps
KLM: RPC = Scintillator +SiPM (end-caps)

Belle

5 | 7 | 8

e e [
e m[ [
. - Ile—l(NaﬁrEb:amm' ) i
Parameters are preliminary s o on
| 9 | 10 | 1 | 12

rcLwcir N\icdil, juvijarlia




Vertex detector upgrade: PXD+SVD

Configuration: 4 layers — 6 layers
(outer radius = 8cm—14cm)

— More robust tracking
— Higher Ks vertex reconstr. efficiency

Inner radius: 1.5cm — 1.3cm
— Better vertex resolution

Sensors of the two innermost layers 2 R
L1+L2: DEPFET Pixel sensors ->PXD o

Slanted layers to keep
the acceptance

Layers 3-6: normal double sided Si

deteCtor (DSSD) QSVD [ Super KEKB VTX (r—z view) /ﬁ
Strip readout chip: VAITA — APV25 o f — \\> ...... ‘
— Reduction of occupancy coming from | T X
beam background. °F st 2 pixel layers
— P_ipeline readout to reduce dead 10 . // ..........
time. P F TR |




DEPFET:

D
S Vertex Detector

Belle I DEpleted P-channel FET

Beam Pipe r=10mm
DEPFET
Layer 1 r=14mm
Layer 2 r=22mm
DSSD
Layer 3 r= 38mm
Layer 4 r= 80mm

Layer 5 r=115mm _‘[_
Layer 6 r=140mm - []‘i

Prototype DEPFET pixel sensor and readout

full size matrix /

—_—

A prototype ladder using the first 6
inch DSSD from Hamamatsu has
been assembled and tested.

27



D

o Expected performance b

Significant improvement in IP resolution!

[ Impact parameter resolution d0 |

o=a-+

'\ [ Impact parameter resolution z0 |

10 E —w———  Pixel detector close
~ g L Less Coulomb S 5 Bolle to the beam pipe
€ N scatterings 'B' A
I A N g |\ Belerr
B 5N i\
i W N Belle IT
\ g 0 e
\\:\ — \\\ Jr
('.lI = ‘0.5| - ‘1I = ‘1.5| - IZ!I = ‘2.5I - ..;.7.8.7 100 '0_5 '1 S '1_5' 'T '27"7_'7' '2_5'7'7*-'_:‘7:.;_‘;7'__
pB*sin(6)*? [GeVic] pB*sin(6)*” [GeVc]
0 1.0 2.0 0 1.0 2.0
ppsin(0)2 [GeV/c] ppsin(6)>[GeV/c]
Significant improvement in 65( Kor®y) 2L

B verte)l.

—=> IP profile

....
....A

Y

B decay point reconstruction
with K trajectory

-1
10

Larger rad

coverage of SVD

L

.. g 250MBB

" 535MBB

ial

-1

10

1 10
L(ab™)

rewe nnizan, Lyuwijana

pgsin” 6
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First measurements of thin DEPFETSs

Small matrices 32x64 pixels,
different technology variations,
ASIC connection via wire bonding

Half ladders 768x120-160 pixels
B’/ (~ Belle Il geometry )
ASIC connection via bump bonding

Cut through the matrix

450pum

Peter Krizan, Ljubljana



First measurements of thin DEPFETSs

Thin matrix: 32x64 pixels Belle Il PXD design, pixel size 50 x 75 x 50 um3

(6um gate length)
irradiated with y source

| Cluster 5x5 (Mod10)(RunNo6537) |
/

NS
NN

; to bonding probl.
s 7 ]

7

NN

- 7 HCluster2510
5000 g Entries 27066
5 7 Mean 324.9
r 7 RMS 122.6
40001 7 2 | ndf 170.41 4
- % Constant 5082 + 48.3
3000 — Z Mean 325+04
- % Sigma 46.85 + 0.41
2000 //%/
S incomplete clusters due
1000[— ////
K
0

DI [ Vi | R
0 500 1000 1500 2000

[ADC value]

S/N = 26.08 at 22keV (1°9Cd)

(22 keV = 6100 e ~ mip in 75 ym)

[ Noise distribution (Mod10) [
50— PedRMSall10
C Entries 16126
40— Mean 12.57
i RMS 0.8059
a0l 2 | ndf 70.46 / 56
Constant 429+1.4
5 Mean 12.46 + 0.03
Sigma 0.733 £ 0.024

10

]IlIlIIIl'II

PR 8] IV Vo | o
12 13 14

..mﬂlﬂﬂ—\l....l....l..
15 16 17 18
[ADC value]

readout of ASICs: CURO readout chip
(= system used in previous beam
tests of thick DEPFET sensors

- final read-out chip will have 2x
smaller noise)



Particle Identification Devices

Barrel PID: Time of Propagation Counter (TOP)

Focus mirror
MCP-PMT (sphere, r=7000)
——
Backward Forward

Quartz radiator . :
Focusing mirror

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

Endcap PID: Aerogel RICH (ARICH)

«—200mm

p“otoﬂ

5 55 55155 55 5

Aerogel radiator
n~1.05

[ S S LYY Y NN
7 ’ P4 ’ " d

|

N X 51 1 | [ 2870 | 'Le? WA a4 Al 30 e
\ \ 940 ‘. |\ ly ‘ " | “-' l_.‘ i I / / Fily A // 7 1m // Y i P My ol - P 4
\ " ,-':'- l'a Y. ll | | jl ", ' 8 »'L, ."’-— -" _n“'-_, L’-, f{- /‘f—\ / //"\,__/['-\_/ f<\ AVA /"(\ //\ //<\ //\ /\\'- /<'\ A '\//
il "!' | - ol | o et J P
15\...:::: ::: ' IR .3 o DRI R T P T F T TR T R T AT AZ—-—
\_TOF support bracket \_TOP QBB(Quartz bar box) / L
777min. / 800max. 1590 60 > L
1000 1650 i e o
\
z e 280 DT
~_§ IDS(Inner detector support) and CDC-SC({Support cylinder): r‘"’
& E )8 |-
2 | o
(& gl B[
& B e
- w o -
= «

—

Aerogel radiator Hamamatsu HAPD + readout

200

Peter Krizan, Ljubljana



Barrel PID: Time of propagation (TOP) counter

K !:-' T
I Quartz bar

Array of

Jast PMT'’s

Lop (NS)
-

L o ("™ 4o o o ~ o o S

I sr- 0c-)
=

/\ Pattern in the coordinate-
y  time space (‘ring’) of a

s pion hitting a quartz bar

“F with ~80 MAPMT
ok channels
§400 - b)
Cha Time distribution of

200 signals recorded by one of

100 the PMT channels:
0 | , | different for = and K
0 10 20 30 40 50

t (ns) Peter Krizan, Ljubljana



Barrel PID: Time of propagation (TOP) counter

Focus mirror
MCP-PMT (sphere, r=7000)
Backward Forward

e Cherenkov ring imaging with

e Reconstruct angle from two coordinates and the time of propagation
of the photon

— Quartz radiator (~2cm) SL10 MCP-PMT
— Photon detector (MCP-PMT) p
e Good time resolution ~ 40 ps

e Single photon sensitivity in 1.5 T

Photon
detector array Peter Krizan, Ljubljana



D

<P TOP (Barrel PID)

e (Quartz radiator
— 2.6mt x 45cm%W x 2cmT
— Excellent surface accuracy
o MCP-PMT
— Hamamatsu 16ch MCP-PMT
e Good TTS (<35ps) & enough lifetime
o Multialkali photo-cathode > SBA
e Beam test in 2009
— # of photons consistent
— Time resolution OK

250

1st

021~ ”mm HHH'H beam data
r I

— simulation data

200F

150(-

100_—

100~

0.02- 50 f_ 50 :_ /
D B S R ) o M T, \ ATB Wi S I A v
9.00 220 240 260 280 300 320 340 900 320 340 360 380 400 420 440
# of photons [1count/25ps] [1count/25ps]

Peter Krizan, Ljubljana



D

D Aerogel RICH (endcap PID)

Belle IT

| RICH Hit Map, w.r.t. track | richw2cn

Entries 412449
Mean x -0.09929

Meany -0.4329
RMS x 4324
RMSy

Clear Cherenkov image observed

P A S I e S
-100 -50 0 50 100
S 7 Cherenkov angle distribution
Hamamatsu HAPD cooa S
Q.E. ~33% (recent good ones) o
s0001 2 some "f,i'iliiiji
. 3000 ; # Phofozfst:a:lk::s;.z??g?227.3
RICH Wlth a novel - Photon/track: 15.31 +- 0.08
C BG /track :2.00 +-0.03
“focusing” radiator — 000 "~
J Ten i
a two layer radiator ;
I RS B Y S R R A R

Employ multiple layers with
different refractive indices—>
Cherenkov images from
individual layers overlap on the
photon detector.

6.6 0 /K at 4GeV/c!

Peter Krizan, Ljubljana




= Radiator with multiple

GELLE refractive indices

How to increase the number of photons
without degrading the resolution?

- stack two tiles with different refractive

normal iIndices: “focusing” configuration
n,=n, n;<n,
1% 7z
N N
- focusing radiator

Such a configuration is only possible with aerogel (a form of Si,O,)
— material with a tunable refractive index between 1.01 and 1.13.



D

= X'/ ndf 2467. / 16|
6000 | Pl 5495. ; 0.4
P2 02965 |
] i . P3 0.2072E-01 s
0.2
4cm aerogel single index | P4 85.32 :
4000 - P5 796.0
ny| no ny=n,
/ nf=7.69 [
2000 | -0.2
= 'y nb=1.09 f
= [
-0.4 R
0 1 1 1 [ ;
0 0.1 0.2 0.3 04 0.5 -0.4 -0.2 0 0.2 04
0 (rad) tx(rad)
theta cerenkov ring in cerenkov space
o JIO X/ ndf 1095. 7 116 | ¥
ﬂ 7280. | =
P2 0.3074
2+2cm aerogel s 0142501
i P4 74.49
P5 884.4
Ny | N2 ny<ny
4000 =
] nf=7.46
~ oo L nb=0.83
0 &:7 ..... | e PP T L‘r—\' . F 4 .
0 0.1 0.2 0.3 04 0.5 -0.4 -0.2 0 0.2 04

>NIM A548 (2005) 383



KLM upgrade in the endcaps

Scintillator-based KLM (endcap)

e Two independent (x and y) layers in one superlayer made of
orthogonal strips with WLS read out

e Photo-detector = avalanche photodiode in Geiger mode (SiPM)

o ~120 strips in one 909 sector
(max L=280cm, w=25mm)
e ~30000 read out channels

e Geometrical acceptance > 99%

Mirror 3M (above
groove & at fiber end)

v
|

\— Optical glue increase the . |
IE? light yield ~ 1.2-1.4) Aluminium frame

h y-strip
plane

N

> X-strip
‘ plane

Iron plate

- <
< &

q
N

WLS: Kurarai Y11 J1.2 mm GAPD

ar—

Diffusion reflector (TiO,) Strips: polystyrene with 1.5% PTP & 0.01% POPOP




KLM upgrade in the endcaps

/4 of one layer
% produced at ITEP,
b tested, sent to KEK

Peter Krizan, Ljubljana



Status of the project

Peter Krizan, Ljubljana



15 countries, ~60 institutions

~400 collaborators

I ———
Peter Krizan, Ljubljana
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<t European groups of Belle-II

Belle I

*Austria: HEPHY (Vienna)

*Czech republic: Charles University in Prague

*Germany: U. Bonn, U. Giessen, U. Goettingen, U. Heidelberg, KIT
Karlsruhe, LMU Munich, MPI Munich, TU Munich

*Poland: INP Krakow

*Russia: ITEP (Moscow), BINP (Novosibirsk), IHEP (Protvino)
Slovenia: J. Stefan Institute (Ljubljana), U. Ljubljana, U. Maribor and U.
Nova Gorica
*Spain: U. Valencia

- A sizeable fraction of the collaboration:
in total ~140 collaborators out of ~400!

Peter Krizan, Ljubljana



W=y SuperKEKB/Belle II funding Status

(KEKB upgrade has been approved]

e 5.8 oku yen (~MUSD) for Damping Ring (FY2010)

e 100 oku yen for machine -- Very Advanced Research Support
Program (FY2010-2012)

e Full approval by the Japanese government by December 2010;

the project is in the JFY2011 budget as approved by the
Japanese Diet end of March 2011

Several non-Japanese funding agencies have
also already allocated sizable funds for the
upgrade.

—>construction started!

Y ACCELERATOR RESEARCH ORGANIZATION, KEK | proffice@kek jp | Copyright | Send Question



Construction Schedule of SuperKEKB/Belle II

FY2009 FY2010

e+ new matching & L-band acc.

Linac

FY2011

FY2012 FY2013 FY2014

RF-gun & laser system

“ | e+ beam commissioning >

A1 gallery
extension

_ move
| Design study /| Commissioning at test stand to A1
| e- beam commissioning >
Damping Ring Facilities] __ Tunnel construction >
Building DR >
Componen H construction commissioning
Mass Fabrication > | Installation >
Main Rlng Facilitied Building construction >
Componen H MR >
Mass Fabrication commissioning
| Installation >
BEAST I1
BEIIe II Detector Ad-hoc detector for MR commissioning

Mass Production

Construction >

Belle roll-out
in Dec. 2010

Installation (E-cap)

Installation >

(Barrel)
Cosmic Ray|Test

| Installation (KLM)

Ready to Roll-in
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Early November: taking
out the SVD2 — vertex
detector

Next step: central drift
chamber was taken out
and...

Belle was rolled out in December to the parking position — waiting for the
assembly to start...

Peter Krizan, Ljubljana



KEKB/Belle status: official statement

»AS is now well known, Japan suffered a terrible earthquake and tsunami
on March 11, which has caused tremendous damage, especially in the
Tohoku area. Fortunately, all KEK personnel and users are safe and
accounted for.

The injection linac did suffer significant but manageable damage, and
repairs are underway. The damage to the KEKB main rings appears to be
less serious, though non-negligible. No serious damage has been reported
so far at Belle. Further investigation is necessary.

We would like to convey our deep appreciation to everyone for your
generous expressions of concern and encouragement.”

Peter Krizan, Ljubljana



KEKB/Belle status

Fortunately enough:

e KEKB stopped operation in July 2010, and the low energy ring was to a
large extent disassembled

e Belle was rolled out to the parking position in December.

The 1400 tons of Belle moved by ~6cm
(most probably by 20cm in one direction,
and 14cm back)...

We are checking the functionality of the Belle spectrometer (in particular the
CsI calorimeter), so far all OK in LED and cosmic ray tests!

The lab (Tsukuba campus) has to a large extent recovered from the
earthquake, back to normal operation — including the power supply for the
computing center for Belle data analysis for summer conferences...
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<D
Luminosity upgrade projection
70 | —
: ~ Milestone of SuperKEKB
=) 50k ‘ ‘ . Plan: reach 50 ab™"
é a0 9 month/year ’ /1| in 2020~2021
3% ,f 20 days/month | |
38 - ‘
S 20
2 -
= 10— : - . ,
: | | 5 ab'in 2016
0 L 1 1 1 L 1 1
x10%° g N SO S S '
2 . Commissioning starts
3_. 6 ~ mid of 2014
gL . I,
3 g 4 Shutdown
£~ 20 forupgrade ,
o . VI BT <N T ST T R S (N S S
10 2012 2014 2016 2018 2020 2022

Year
Peter Krizan, Ljubljana



Summary

B factories have proven to be an excellent tool for flavour physics,
with reliable long term operation, constant improvement of the
performance, achieving and surpasing design perfomance

Major upgrade is under way at KEK in 2010-14 - SuperKEKB+Belle
II, L x40, construction started

Physics reach updates available
Expect a new, exciting era of discoveries, complementary to the LHC

Expect a good collaboration and competition with SuperB!

Super
KEKB
WV uest for BSM

Peter Krizan, Ljubljana



Back-up slides

Peter Krizan, Ljubljana



~ Another candidate: SiPM

Another sensor candidaté: SiPMs (G-PAD), eésy to
handle, but never before used for single photon
detection (high dark count rate with single photon

pulse height) - use a narrow time window and light
concentrators




Cherenkov ring with SiPMs

First successful use of
SiPMs as single photon
detectors in a RICH
counter!

NIM A594 (2008) 13

Peter Krizan, Ljubljana



First measurements of thin DEPFETSs

Front side”

%

Back side

HE
~
: - \
; —
= =
/ mE 5 =
-
:

PXDG6 test production:

150 mm wafers with active pixel
sensors

DEPFET:

highly specialized MOS
technology, including two poly-
silicon and two metal layers,
combined with a unique thinning
technology (down to 50 um).

fully depleted bulk,
high signal/noise ratio

Peter Krizan, Ljubljana



First measurements of thin DEPFETSs

Thick matrix: 32x64 pixels Belle Il PXD design, pixel size 50 x 75 x 450 pm3

(6um gate length)
(for reference)

| Cluster 5x5 (Mod10)(RunNo6259) |

2000

pileup
/

1 L il L l il L i i I 4 L ik 4 ]
500 1000 1500 2000
[ADC value]

0

120001 HCluster2510
100003_ Entries 72751
5 Mean 357.5
aooo:— RMS 137.7
- x2 | ndf 1.231e+04 / 55
0L Constant 9671+ 58.9
C Mean 315.1+ 0.3
a000 Sigma 67.34 + 0.31
I
0

S/N =26.12 at 22keV (19Cd)

(S/N independent of thickness
under y irradiation!)

| Noise distribution (Mod10) |
- = PedRMSall10
E Entries 16129
70 Mean 12.11
~ = RMS 0.5429
= %2 | ndf 94.87 / 57
50— Constant 68.73 +2.02
E Mean 12.06 = 0.01
"e Sigma 0.5831+0.0125
30
20

10

(I PR SRS

11Illl12IlI]13]l 14:1

15 16 KT
[ADC value]

readout of ASICs: CURO readout chip

this chip has ~ twice the noise of
final DCD chip: S/N will get better




Super
KEKB

uest for BSM

Machine design parameters

I '~

Energy (GeV) (LER/HER) 3.5/8.0 3.5/8.0 4.0/7.0

1200/1200 32/25
e, /5, (%) 0.85/0.64 0.27/0.24
0.129/0.090  0.09/0.081
D) 26/11  164/119 3.6/2.6

Luminosity (10°% cm™ s)




IR lavout

¢ New final focusing system based on the
nano-beam scheme has been designed.

+ Consists of 8 superconducting magnets

+ Final focusing Q-magnets for each beam

+ Crossing angle 83 mrad to bring the FF
magnets closer to IP

QC2RE

Detector
Solenoid axis = == == = = = /= PE=/"v= = = = 2 = - -

QC2LE

N.Ohuchi




