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KEK and KEKB

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

‘ o * s = My(4s)
KEKB . Ry=
A westrorcov (g M. Tsukuba - Lorentz boost: By=0.425

- 22 mrad crossing angle
- Operating since 1999

Peak luminesity (WR?) :
2. 1 x 10°*4 ecm2s

Belle ;BIE 2%




Belle Detector

momentum, dE/dx
' 1150-1ayers + He/C,H,

D

\

B vertex

Si Vertex Detector

4-layer DSSD K, p detector

14/15 layer RPC+Fe
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Beam Background Expectation

‘as of 2008)
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KLM Barrel
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KLM EndCap

ECL

PID

CDC

SVD outer-side

SVD inner-side
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20 times more background @ full l__.
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Baseline Design of Belle |l

One of the possible designs; minimum modification to the Belle structure
Comparable or better performance under 20 times more background

CsI(TI) 16X,
- pure Csl

Aerogel Cherenkov counter
+ TOF counter

- 'TOP” + A-RICH

SC solenoid
1.5T I

u/ K, detection
14/15 lyr. RPC+Fe

— Bar scintillator
(endcap)

King + dE/dx
small cell + He/C,H,

—remove inner lyrs. to
accept larger Si vtx.

==y .
= 2 pixel/striplet

lyrs. + 4 lyr. DSSD
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BEAM BACKGROUND
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SR from upstream

HER LER

High current DEF (L, KLVE—LZ—KITKDD T, £IKIZSRZE =T TL V=, > SR mask
nano beam TI&. final bend FZITRIZT LKLY,
ERNSDSRAERECEELAEZLNEDIZ. final bendéE—L/NNAT D RIEZEFEE,
High current (O(kW) on SR mask) = nano beam (<100W?)



SR from QCS
(backscattered @ crotch)

MMITQIED THENTELY, (~2/1600)
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Beam-Gas scattering
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Touschek scattering

* Intra-beam scattering

e loss rateldE —LH A X2 B
e nano beam THFIZ[iRE

EBICE—LHAXD/PNEEZE SR B, EY,
INYDTSOURADBFSITIL2EADIFSINE,
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Radiative Bhabha (1)
over-bent particle

KEKB Interaction Region

Luminosity [ZEEfI T B A,
I QD TENTELY, (~40/1600)



Radiative Bhabha (2)
photon = neutrons

Luminosity [ZEEfI (x40)

photon A¥machine component [Z87=Y) . Giant photonuclear resonance mechanism
[CKYEMSN - HEFARIEREEICE-> TS,

KLIMMDMFICEEZTZ (TS,

fast neutron
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efficiency recovered!
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Belle Il in comparison with Belle
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DEPFET

DSSD

VERTEX DETECTOR

Beam Pipe

Layer 1
Layer 2

Layer 3
Layer 4
Layer 5
Layer 6

r=1cm

r=1.3cm
r=2.2cm

r= 3.8cm
r= 8.0cm
r=11.5cm
r=14.0cm



DEPFET group

DEPFET = Depleted P-Channel Field Effect Transistor
Proposed in 1985 by Kemmer and Lutz [Nucl. Instr. and Meth. A 253 (1987), p. 365]

DEPFET collaboration
University of Barcelona, Spain
Universitat Ramon Llull, Barcelona, Spain
IGFAE, Santiago de Compostela University, Spain
IFIC, CSIC-UVEG, Valencia, Spain
Bonn University, Germany
Heidelberg University, Germany
Giessen University, Germany
Goettingen University, Germany
Karlsruhe University, Germany
MPI Munich, Germany
IFJ PAN, Krakow, Poland
Charles University, Prague, Czech Republic

Formed originally for ILC pixel detector. Joined to Belle Il collaboration (blue).



@ DEPFET Principle
J. Kemmer & G. Lutz, 1987

DEpleted P-channel FET

FET amplifier
gate clear gate . ..-‘-‘-;\‘\\\\:&3\
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fully depleted sensitive volume, charge collection by drift

internal amplification = g-I conversion: 0.5 nA/e, scales with gate length and bias current

Charge collection in "off" state, read out on demand

1st Open SuperKEKB Collaboration Meeting, KEK, Dezember 2008 Ladislav Andricek, MPI fuer Physik, HLL



© An Array of DEPFETS

Row wise read-out ("rolling shutter"

select row with external gate, read current,
clear DEPFET, read current again
- the difference is the signal

only one row active = low power consumption
two different auxiliary ASICs needed
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1st Open SuperKEKB Collaboration Meeting, KEK, Dezember 2008
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Main Components of the PXD

A Mechanics
\ ~ Power
~ Services
Cooling
- Assembly
LAl Control ...
1 4
Switcher |
Sensors
ASICs
Interconnections
Data Handling Hybrid ‘ ASSGIT-] bly
| oo s Data links
g == DAQ
C. Kiesling, Inter Detector Meeting (via EVO), Oct. 15, 2009 12

11Mpx (20uslZ—EHEA1=FI5E)

1-2% occupancy

L1 rate 30kHz (ave. 20kHz)

11M*0.02*30k*4byte = 200Gbps (zero suppressed)
RolZSVD standalone tracking IZ&YERETAHEHY, |27
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IET:I_:U)BeIIe SVD

Fo9 T —
nJLHHﬂLASlC(VAlTA)[i7’5‘ DimlICEE . RASHMD Y —%Z5HT,
VA1TA Tt = 800ns

Belle Il SVD

Fast shaping (APV25) T = 50ns (occupancy ZH{[1 2. 57=8)
RULSA =D T, CHAKELY,



APV25 on DSSD

HARKYEET VT H1=0IZ. E@mAAPV25E
REAICEL, (FHEBEEX—ATEET)



Vertex Detector

Significant improvement in IP resolution!

O

Less Coulomb

I Impact parameter resolution dO for TrkSBel lo_CPS1600_SUFSCJatte I'i n g S
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PARTICLE IDENTIFICATION



Current system Belle-II

e Barrel: TOF + ACC B Barrel: TOP counter
* End cap: ACC Upgrade B End cap: Aerogel RICH

(ACC: Threshold type

TOP: Time—of-P ti
Aerogel Cherenkov Counter) ( ime—of-Propergation)

30 K/pi separation 40 K/pi separation up to 4GeV

TOP A-RICH

Backward Forward



cap PID

Baseline Design for End

Proximity focusing RICH with silica aerogel as

Cherenkov radiator for new Belle forward PID

59 59

Readout
electronics
N

_______

Aerogel radiator

mmmmm

n~1.05

1.5Tesla

Position sensitive PD

with B

x-y view of forward end-cap

»

200mm

P




Test beam (2008)

X -

Clear ring image observed !



Barrel PID (TOP)

Ring imaging
— One coordinate with a few mm precision
— Time-of-arrival

+ Time-of-Flight

> Excellent time resolution < ~40pS
required for single photon in 1.5T B field

charged particle

GC cherenkovangle K
: / ToP /nsf MCP-PMT

backward-going

L

———> z-component of unit velocity

~1.2m
TOF

36




Typical Ring Image

Top view ~1000mm

y
@F =
' 400mm

/K

—}e ~100ps
Detection position & time




TOP @ prototype

MCP-PMT

27.5x27.5 mm square
By Hamamatsu photonics

Roughness; <0.5nm
By Okamoto optics work, inc. 38




OO0 @

transit time[25ps]

Test beam (2008)

Ring image (data) Ring image (simulation)

Ll

Principle confirmed



Transit-time spread (TTS)

data simulation
Iw250i " #SOZ_ C
cCr L |
‘8 1 '\200_—
g200 ' _D E 1
&ISDZ _R1505—
Qo_o 520 200 260 280 300 320 340 9013' S S0 380" \:43_0'_‘ 420 440 % 20 W 0
transit time[25ps] transit time[25ps] ch29
quartz
3 Data 76.0%2.0 [ps]
Beam spot . :
'// (z = 875mm) Simulation 77.7%2.3 [ps]
915mm % 2 ’
3rg — \/
Otop OMCP—PMT + Ochromatic
875mm [~ 1
\ 4 \ 4 \"




Expected performance

| separation power [c] vs. cosf | © 2 GeVic
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K/p separation power ~4o0 for 2GeV<p<4GeV




Luminosity Gain by PID upgrade

No upgrade e Upgrade
BO RN pO'Y BAD GOOD

WD | dE/dxNA | Asgood |A-RICH |A-RICH
BRL as Belle +TOF
OF;AE/CXS IS 1o, _68% _62% _62%
NA
TOF NA _41% 309, _929, 2229, Completely different

” world with excellent PID
As good 0% o o |
as Belle —10% (definition) +12% +13% detectors!
TOPopt0 | 4579 +40% +59% +60% 3 p X
TOP opt.2 0 5 o IL K J
+45% +60% +85%
IL K y (TOP+ARICH)

N\

200

04 02 0 02 04,




BEAM ENERGY



ELER = 3.5 GeV = 4 GeV

E\_AI*)I/ﬁ— Touschek lifetime A EELLND T,

1.3
worse 1.2
'c -
-l -
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o -
2 1F
© L .=
e Y
0.9 — J/K® tCPV
better - — OKOtCPV
0.8 -B

3 32 34 36 38 4
E s (GeV)



MERZRTTAVEEDEE FEDH

Héb e, High currentzBBEL TAIERZT T AL TUV =,
BT . High current DV nano beam NEREERHELT=,
EEREEOT A2 REEEL-,

— &IRYXE F (common Q = independent Q)

— E—L/\ATERE 3cm = 2cm (IP resolution [ £, EZZE1L, 18
1= [355<)

— Crossing angle 30mrad = 83mrad

FREIND/NVITTOURIEIRECE ST,

— F—RILTIEELGE S LHAFF SN S DY, Esimulation,

BIERDTFAUIRIFEAEEZTELTLVELY,

— INYDT OV NFRIYRENEZIZTHERT,

E—LIR)LF—% 8x3.5 M5 7x4 [TEELT-,

~ boostA’85<7EH D T, time-dependent analysis(&25%MD18. full-
reconstruction M B RGFE—F T6%IEE D,
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2009.07.06 #{XSpokespersonhVRTE
2009.07.09 EB, EB chair HRTE



Belle Il collaboration

13 countries/regions, 45 institutes, about 300 researchers



Belle Il Organization

Executive Board Detector subgroups
Chair: Aihara - PXD IR
SVD Structure
Technical coordinator CDC Safety
Ushiroda
Soft-Comp coordinator B-PID DAQ
Spokesperson 1. Hara, Kubr E-PID Trigger
Krizan .
ECL Computing
(Deputy spokesperson) _ [kum Software

Project Manager
Yamauchi

Physics subgroups

—

Physics coordinator

Institutional Golob
Board T

Chair: Piilonen




Near-term schedule

(Dec 08)
<t
Actions to invite new collaborators

2008 2009 2010
|10|'11|12i'l|2|3|4|5|6|7|8|9|10|11|12 1] 23|
KEKB qperation
——> —
Detector proposals Internal review
<€ >
Kick-off meeting
TDR

 KEKB operation Oct. -- Dec. (and shutdown?)
e Start internal review from Sep. toward

technology decision by Dec. 2009

 TDR sometime in 2010 (could be after approval)

49



Construction Schedule

year 2009 2010 2011
manth 123458 7 &8 9 10 11 12 1 2 3 4 5 5 7 & 9 10 11 12 1 2 3 4 5 & 7 & 9 10 1 1.2 3
Beamn
PXD Geometrical Design FIX Sept 2009 |
Mechanical R&D Dct 2009-0ct 2011
Sensor/ASIC R&D il September 2011
Construction (Sensors ASICS,  March 2011-Dec 2012
Module mounting Sep 2012-March 2013
System nstaliation March 2013-Mey 2013
SVD auter Geameticd Baundey Fix by Feh01, 2003 |
Mechenicd Design Fix
Technicd Design Fix by Dec.31, 2009

Canstuctian & Test

SVD inner Geameticd Baundey Fix by Jun.30, 2009 1
Mechenicd Design Fix

Technicd Design Fix by Jun.30, 2008
Canstuctian & Test

Stat End-ring & beam pipe praductian

£ Tstdlstion Ma01 ta May 31, 2012
coc Geameticd Design Fix by Ma01, 2009 I Fiinz auter/inner rodi
Mechanicd Desizn Fix by Apr30, 2003 Viire canfiz & Enddste design
Technicd Design Fix hay been ficed
Canstuctian & Test
Totlatian
TP Geometicd Design Fix by Dec.31, 2009
Mechanicd Desian Fix by Sen30, 2010 Partd pratatyring & test
Technicd Design Fix by Mar31, 2010
Canstuctian & Test
Tstdlatan Jan.01, 2013
A-RICH  Geamebicd Design Fix by Dec.31, 2008 enicd stucture desi
Mechenicd Desizn Fix by Send0, 2010
Technicd Design Fix by Nav30, 2010
Canstuction & Test
Assemble
Ttdlstian
ECL Geameticd Design Fix by Ma.31, 2010 - 3 manths. nter bax mechan
Mechenicd Desizn Fix by Mar31, 2010 - 3 manths Gaunter bax desizn, mechanicd structure desizn
Technicd Design Fix by Dec.31, 2008 - 3 manths
Canstuction & Test
Assemble
Ttdlstian

KLM EndC< Grameticd Design Fix Fixed

Technicd Design Fix by Mar.31, 2009
Canstuctian & Test by Sep30, 2010
hstalatian Ape.01, 2010 ta Sep30, 2011

KLM Bavel Geameticd Design Fix Fieed
Technicd Design Fix by Mar.31, 2010 | |
Canstuction & Test
Tstdlatian Ape.01, 2011 ta Send0, 2011
STR Bavel Design Fix by Agv. 30, 2010 + 5 manths
Endaep Design Fix by Ag. 30, 2010 + 5 manths
Canstuction & Test
Thatdlatian (KLM)

hatdlstian (Barel)

Gabd Casmic Rey Test
Reody ta rale in
Reody far Experiment

Gomp/Saf Desin Assessment ——
Sy¢sterm Canspuction &
Smiion
Recanstuctian ‘Cooe cavelopment
Gen/ Sim/Recan rehearsd

Camp/ Saft Full-dress I

year 2009 2010 2011
manth 123455 7 8 8 10 11 12 1 2 3 4 5 5 7 45 7

FY2010-12 T




FEH

IHERZFFDZEEIZ{FELY. IR design, beam
background, beam energyZFEMNEHo7=,
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IR-magnets in the left si
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IR-magnets in the rig
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Level 1 trigger

* Belle&EREE#RILEL.
— CDC track trigger
— ECL energy trigger

— ECL isolated cluster trigger
D3D2NDEELMN)HT—DOR,
— BBIZxLIZ[XZ100% DR,
— Latency ~5us (was 2.2us for Belle)

* BelleD#ZERM 5. 400HzF

L5l %E D AY300HZ,
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Trigger rate (Hz)
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Normalized Trg Rate = Rate / Lum

Rate : Hz

Lum : 1x1034 (cm=2s-1)
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500

(vw) Jusund [ej0

Lum
(cm=—=2s71)

1x1034

1x1035

2x1085

8x1035

Lowest
Rate

250 Hz

2.5 kHz

5.0 kHz

20 kHz

Highest
Rate

1300 Hz

13 kHz

26 kHz

100 kHz

Norm. Trg rate includes

everything (physics + BG)

Luminosity TR#&1ET 5. 1e348H =Y 250HzI IR,
FREFRT—ILT B L. 8e3T20kHz (2&|(X E overestimate)
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/14X L= k(Hz/cm?)
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Beam-gas BG[ZDUVT

UTD2Dh ., BIEERANDINVITSURIZIHGEEEZ NS
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BFE—LT51simulation

-Beam-gas simulation (2, 7GeVEFE — L. 1/4B D DE — LS54 FHEELT=($3700m)
HEEFEREIYEI10EE L SE -, (*700mTE — LA RELELD B3 T 150.002[E]/HF)
E—L/IATEER : FE4.5cm ES4Amm(IR) 6mm(ZN LS MESUSE R TEE
-10%eventE L= 107(EZEED RS —ILI7HI3—) x 10° (event) ~10bunchy [Z#H Y
E—L-ARARED R S=FHRIEX. E—LSAUIZiB>T—kk

E—L - HRABEL CERIN-RF(FEF)OIRILT— (F150.3GeV)
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Back up



BFE—LTAsimulation

22 : Physics process LD EZEDE —L YA X (A RIFE—LHAX=0&LT-)
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HER beam-line simulation

'I
|
|

HER beam

We construct the whole HER
beamline using GEANT4



HER beam-line simulation
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HER beam-line simulation

Beam-gas smulation HIZ., 1/4E 7D
E—LSA4 &Y HLT

(Physics process on)



“effective” background
with new hardware

-E_
Shorter t, 50/800 = 1/16

CDC Smaller cell <2/3 4~13 (%)

PID Brand new device Good enough 0~1

B-ECL Waveform fitting 1/7

E-ECL Pure Csl (shorter t) 1/200 0~1

KLM Faster detector, finer segment Under control 0~1

(*) Software efforts needed for CDC

~

/Bottom Line:

We know how to cope with
_high background

J
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Requirement on S/N ratio

- Assuming signal=MIP@300um Si
-Noise determined with
Sensor Leakage current
Detector Capacitance

3DSSDs are readouted via FLEX
=Chain readout makes
large detector capacitance

Noise performance=Depends on FE chip @

<.@ VA1 @ Tp=1us APV25 @ Tp=50ns
enc [e’]= 180+ 7.5/Cd[pF] > | enc [e]= 246 + 36/Cd[pF]
= Leakage current = Detector capacitance is
“dominates “crucial

3DSSD:~60pF  630e = 2500e-

(Only Det. Capacitance components)
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Coverage
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Ba rrel PI D Converging on a single technology

« Cherenkov ring imaging detector with precise timing

information |
— Quartz radiator %”MT (Fs%%“:ré‘."rl‘%y
+ 2cmTx~40cm"x~2.5m" BEToware Fomard
« Possible configurations MCP-PMT (sphere, =5000) MCP-PNIT
— 1-baror 2-bar szggkward A o Fomgjrd
— Small stand-off box or not -
— MCP-PMT o c:
 Two candidates SIS
— Hamamatsu SL10 or Photonis 85015 e

22(eﬁect|ve area),
27.5mm

» Excellent time resolution (<40ps) required for

good K/x separation; confirmed on laser bench Hamamatsu SL10

L
—

- EleCtronlCS ) : 3ooo§—Laser test H

0=34.210.4ps

» Fast waveform sampling 3
— New ASIC chip ready soon, &

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

Covva i [
950 -40 =30 -20 -10 0 10 20 30 40 50 7 4

TDC [1count/25ps]




