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Super KEKB in nano-beam scheme

O To increase luminosity:

— squeeze beams to nanometer scale and
enlarge crossing angle (minimize f3y*)

— decrease beam emittance (keep current &)

I: beam current

f*: trajectories envelope at IP

gy = V(By */ey ) beam-beam parameter
e. beam emittance

o0*: beam size

RL,R¢,: geometrical reduction factors
(crossing angle, hourglass effect)

O Squeezing beams in stronger magnetic field
saturated by hourglass effect — intersect
bunches only at highly focused region

0,~100um, o,~2um W ,~10um, o,~60nm

Nano beam scheme: invented by Pantaleo Raimondi for the SuperB project.

E (GeV) B*y (mm) B*x (cm) | & (nm) ¢ 1 (A) L (cm=2s)
LER/HER LER/HER LER/HER LER/HER (mrad) LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 18/24 11 1.6/1.2 2.1 x 1034
SuperKEKB 4.0/7.0 0.27/0.41 3.2/2.4 3.1/2.4 41.5 3.6/2.6 80x1034

Zdenék Dolezal
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Super KEKB collider
4Gev 3.6 A Colliding bunches
Belle Il &

New superconducting /
permanent final
focusing quads near the

New IR
——

~ % 76eV 2.6A
pemere SuperKEKB

Replace short dipoles
with longer ones (LER)

' ::H' Hﬂt‘n{:“c‘:‘l 1H:H-== Low emittance
positrons to inject

Redesign the lattices of HER Damping ring ”\\ '
& LER to squeeze the |

emittance u y /

Low emittance gun

Add / modify RF systems
for higher beam current

Positron source

New positron target /
capture section

‘

TiN-coated beam pipe _
with antechambers Low emittance
‘ electrons to inject

[NEG Pump)
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SuperKEKB construction schedule = Gevsesonres. 1020

17t KEKB Review K. Akai ' !
I 1evay 12011 I FY2012 FY2013 FY2014
KEKB stop, | We are here T=0
Constrlucnon start Disma.ntle KEKB T I i(n Fyllzgz)q{s)
ear
I Fabricatiov 2
Beam pipes and aking, TiN coating
vacuum components I Install, system chﬁck >
| Fabrication SuperkKEKB
Magnets and I Field measurement commissioning
power supplies

Install, alignment, system check

I | L . >
J .
Reinforce and rearrapge »
RF system
I System check >
R&D

Monitor & control, = >

Beam transport Fabyication
| Install, system check
— >

| Optics and hardware design,
nstall, system checD
—— g

+-

Qo
)

QCS and IR hardware Fabrication

I
I i MR buildings construction
~

I MR infrastructure I

| |
Damping Ring

Cooling system reinforcement
—

Components Fabricatjon

1 DR tunnel construction Install, alignment, sysgm check
—
I | I DR buildings construction
1 ' —_—— >
e [ Upgrade and opgration for FF/ PF-AR I Injector low ewmittanre
a — ”~ ~ -

The Iates.t schedule about IR will be présented by the next Ohuchi—sa@c &)\ ot




1 KEKB Review H. Iinuma

18t mstallatlon of the SuperKEKB
gnet
Feb.7t" 2012




Construction of Damping ring started !
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Accelerator status summary
(K.Akai)

m [he earthquake caused some delay and
additional works for SuperKEKB
construction, but we manage to recover
to be in time for T=0.

m Design work and construction work are
going on at the same time in consistent
ways. But time limit for some critical
designs will come soon.

m So far, budget is supplied as planned,
except for the delay due to the
earthquake.

m Shortage of human resources is getting
better.

m Construction is well ongoing, prioritizing
for T=0.

LER beam pipe
production at BINP

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 9



Beryllium beam

Vertex Detector
2 layers DEPFET +

DSSD

Belle to Belle || Upgrade

KL and muon detector:
Resistive Plate Counter (barrel)

* Scigtillator + WLSF + MPPC (end-

EM Calorimeter: o
CslI(TI), waveform s =
Pure Csl + waveform
caps) .

article Identification
.e?)f-Propagation counter

(- i

. focusing Aerogel RICH (fwd)

S —

electrons (7GeV)

Ipe
cm diameter

positrons (4GeV)

He(50%):C2Hs(50%), Small celis
long lever arm, fast electronics™

< 4

= Zdené&k Dolezal SuperB Collaboration Meeting 1/6/2012 10



(( Y)\ser=c :
\-L<==  §.C. Magnets in SuperKEKB IR
Design changes in the magnets: introducing iron yokes to the quadrupoles and magnetic
shields on the beam pipes QC2RE .
QC1RE 5 A

|
|
1
i
1 [ F

- QC1RP &
QC1LE QC2RP IRON
Solenoid field, T IP, mm coil
QC2RE 12.91 [34.9 T/m x 0.370m] 2925 S.C. + Iron Yoke a,b,a,b
QC2RP 10.92 [27.17 x 0.4135] 1925 S.C. + Iron Yoke a,b,a, b4 e o ol
QC1RE 24.99 [66.22x0.3774] 1410 S.C. + Iron Yoke a,b,a,b, B Ao
QC1RP 22.43 [66.52x0.3372] 935 s.C. a, b, a,b, b, b, b, b,
QC1LP 22.91 [67.94x0.3372] -935 S.C. a,b,a,b, b, b, b, b,
QC1LE 26.67 [70.68x0.3774] -1410 S.C. + Iron Yoke a, b, a,b, e
QczLp 10.96 [27.15 x 0.4135] -1925 S.C. + Iron Yoke a,b,a,b,
QC2LE 14.13 [20.2x0.700] -2700 S.C. + Iron Yoke a,b,a,b,
ESR 43T (max. field) S.C. Solenoid
ESR-add 03T Each beam S.C. Solenoid + Iron Yoke

ESL 4.7 T (max. field) S.C. Solenoid



IP Chamber
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IP Chamber

Design Features

*Minimize the creation and the trap of HOM. .
*The central part and the branch for the out-going beam constitute a bent pipe-of d=20mm.

#

Direct SR
8NOV2011 parallel to the beam
revised

Direct SR from

the last bend

Beam sthy clear

Beam stay clear
@34 at the 0 500 mm
center of QCILE

*The pipe for incoming beam starts from d=20 mm. Then d is gradually reduced

to about 9 mm to stop direct SR. _ .
*The inner surface of a pipe for incoming beam has ridges to prevent scattered

light from hitting the central part.




Eixel vertex detector: DEPFET

radius pixel thickness
r=14mm 50x50um? 75um(0.18%X0)
r=22mm 50x75um?2 75um

800

total of 8 M pixels

Mechanical mockup

L L Modue Controller Casd

Data Handling Hybrid
Power Interface

N
. a COMPUTE
NODE

Power consumption in sensitive area: 0.1W/cm? => air-cooling sufficient

Zdenék Dolezal
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The ASICs are ready

The full-size close to final versions of the ASICs are designed, produced and tested.
In general the chips seem to work fine

DCDBvV2 (some excess noise is to be understood, but still better than v1)
SWITCHERBv1 and SWITCHERB18 (trade off size <-> max. voltage swing)
DHPO2 (in 90nm IBM technology) NEW (but needs to be redesigned for TSMC 65nm)

Moreover — the layout of the module (the periphery (ASIC) part) has been done as well
(Christian Kreidl)

DCDBv2 SWITCHERB SWITCHERB1

8 DHPO0.2
180nm UMC 350nm HV AMS 180nm HVAMS  90nm IBM
(Heidelberg) (Heidelberg)

(Bonn with help from Barcelona)

15



@ @
. o
[0 Beam pipe with PXD support

T 2) End flanges for module mounting an
= 3) Inner layer modules

4) Outer layer modules

—
—

16



B
PXD Test Beam: Results

Signal, residuals, efficienc _— "
gnal, ! y universitatbonn
4000, . . .
B N 120 GeV pions at perpendicular incidence
500
3000:— 'l CENM TEII - 120 Ga¥ ploms
E 3 0apeET b4 e -
[ Entries 106357
2500 Sactnse pask, e gn 8 F Mean  -0.674
€ RMS 10.4
2ooo£— 310’ _
1500~ -
F SNR ~ 20 -
1ooog- 0k
500
% 10 15 20 25 30 35 40 45 50 10
in ADU :
[ DUT Efficiency vs. Track X Position | i ’
: 4 |
= A I I PRI I TIPS I BT IR r
=T 50 40 30 20 -0 0 10 20 30 40 50
0.095 T . dx [um]
H» T * ‘} ﬁ- CoG residuals ~ 10 um
08 2 ADU seed cut, 1 ADU neighbor cut
0.985:—
0981
E BT
09751 v‘e\““
0.97§—
om_ Column hit efficiency >99%
096t— . + + | o+ o v o Loy v by oo v Loy vy Loyaw o a Ly oy
( 5 0 15 20 2% 30 3

cmarinas@uni-bonn.de 39

el § 1 4 R0 B 0 Jh-V RO RO 0 0 RO B0 N RO RO RO J 0 40 8 N/ 0FSE SN0 0R B0 L R0 B0 § RN/ 0 J RV} o~ o W J ]
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D
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Belle IT

Thin PXD6 matrices available and tested
successfully in Lab and Beam Test.
Yield initially low, reasons understood, process
imcg)roved. Last wafers processed had >50% yield
SOl procurement progressing, added a 2nd
source, delivery ot wafers imminent
Have working prototypes of all ASICs
EMiIestone!) , work within specs (readout speed!)
HP needs to be converted from IBM 90nm
(phased out by Mosis) to TSCM 65nm (testchip
already working)
We can blind the DEPFET against injection noise
tested both at lab and beam
teadg and significant progress of system issues:
« CO2 and air cooling demonstrated.
 driving of signal cables demonstrated.

18



- B
SVD: double sided strips

Belle Il Belle
Beam Pipe r=10mm 15 mm
DEPFET

Layer 1 r=14 mm

Layer2 r=22 mm

DSSD | Impact parameter resolution d0 |
=102
Layer3 r= 38mm 20 mm %
Layer4 r= 80mm 43.5mm %
x
Layer5 r= 105mm 70 mm ~
Layer6 r= 135mm 88 mm §_
—
b 2
Less Coulomb Scattering & Pixel detector N\x\\
. . I —
closer to the beam pipe improve the °

o 111 Io.sl | 1 | I1.5I 11 1 2 L1 1 I2.5I L1 1 3 L1 1

vertex resolution significantly. _ p*sin(o)” [GeVic]
ppsin(6)2[GeVic] 19




SVD: DSSD

m Micron DSSD sensor:

After careful (and long) verification of
design in Micron, the production started.

5r?totype sensors will arrive to Vienna in
uly.

m HPK DSSD sensors

About 40 DSSD will be delivered in March.

HPK kindly agreed to supply a 2cmx2cm
DSSD from each wafer.

m Baby sensors
Quality control of product.
Useful for basic parameter measurement.

We do not have to ruin full size sensors for
radiation damage test.

2012 BAPC SVD T. Tsuboyama 201292/27



r o —
SVD: Origami Module with 6" HPK
DSSD

8 November 2011 Your Name 21



SVD: Readout Chain Overview

m APV25 data is through 12 m long copper cable to FADCs.
m Zero suppression and hit time finding by FADC firmware

m FTB to COPPER readout system

FADC+PROC

1748 “2m  Junction “10m /
APV25 Copper box Copper

chips cable cable

PXD
Readout
system

Optical
data link (>20m)

Finesse Transmitter
Board (FTB)

Front-end Rad—-hard Analog level translation, Unified Belle II
hybrids DCDC data sparsification and DAQ system
converters hit-time reconstruction

SVD Summary T. Tsuboyama 201223/16



SVD Summary

m Mechanics / structure solved

m Cooling: now working on the details of COZ2 distribution
and thermal transfer to APV chips

m Sensors: New wedge shaped sensors (for slanted part)
510|w being fabricated at Micron, expected back in early
uly

m Origami: in June, a 2-sensor Origami ladder will be built
at IPMU (Tokyo University) together with HEPHY and
Tata people.

m Electronics readout: Continuously working on various
parts, some circuits already prototyped and tested
Eanalo and digital level translation), others in production

edge hybrids, Junction box boards)

m Software: simulation, online & offline all started
m Beam test & irradiation in October 2012

m Series ladder production will start in May 2013 (according
to the schedule)

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 23



! longer lever arm —

op,/P; = 0.19P, & 0.30/13

Central Drift Chamber

‘ ;."f /,%/////,__Es_wEEI:\\\\ SIS IS oahd I 1 JJ new readout system
\ “-‘ ‘ { .// y ./"/‘ o~ :
\ A L s~ 1 dead time 1-2ps = 200ns

NN v small cell

“EcL FEL smaller hit rate for each wire
Ly E S | . . .
N i\ svp =g shorter maximum drift time
‘ - 310 57 =

Small cell chamber
- — \.\
| — 0

) 50) mm =—

']
(]
w
R185

=T A IP Chamber R E—-
580(Cryostat) _ 600(Cryostat) I e 8 . 1200 mm >
#: coc palER S
“ECL 7 e e L ECE 1
Belle Belle Il i E
inner most sense wire r=88mm r=168mm L I
outer most sense wire r=863mm r=1111.4mm
Number of layers 50 56 small cell normal cell
Total sense wires 8400 14336 0000 o O O O
Gas He:C2He He:C2He i_;g (.) 8 e O e O
sense wire W(DP30 um) W(DP30um) 5 o
field wire Al(DP120um) Al(DP120um)
SuperB Collaboration Meeting 1/6/2012 24

Zdenék Dolezal



CDC endplate drilling

Shaping and drilling were done
without serious troubles.
There is no drill breaking.




= ...
Central Drift Chamber Readout

m New electronics has been designed and tested

N :II_'B% drift time is measured with an FPGA-based

m A slow FADC (around 30MSa/s) measures the
signal charge.

Analog S
= ; J z o
» B | EE
= S 0O
= o g T o
From Ring E 8 =
CDC = =
butle el 2 S DN (@D = 16D
r T E &
. U E
Digial ) & B o
2 P
- a
N \_____/
Slow control E)‘) Wikl o
DAC. ADC, Ring buffer &y
ele s 2
1Y)
S O
F —

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 26



300,

CDC Test beam
Results from 2011

~ 4
150 : : 3

1ocf
0.4 §

50f

drift time [nsec]
W'”'Wn

0.35

0,
7\\\\\\\\\\\\\\\‘\\\\\\\\\\\\\\\

-i10 -8 6 -4 -2 0 2 4 6 8 10
distance from sense wire [mm]

o
()

o
)
a

T

position resolution [mm]

0.2 600
500;

0.1 5 .............. .................. .................. .................. ..................................... .................. ................. r
o« . _®o® e : L] 400
0.1 SV SRR NN S, A SRS S g

‘ | | | | | | 3001

0.05F .................. 444444444444444444 .................. 444444444444444444 .................. 444444444444444444 ................. 200
0 - L1 | L1 | L1 | L1 | L1 | L1 | L1 | L1 100i

-8 -6 -4 -2 0 2 4 6 8 i

L L L ‘ L L L l 1 1 1 I 1 1 1 ‘ L L L L ‘ L L L L
Si = s, o 88 4 7=

. . -1 0.5
distance from sense wire [mm] residual [um]
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B
CDC Summary

m Fabrication of six endplates almost done
successfully.

m Fabrication of outer cylinder started and it will be
delivered by Sep 2012. Then, we can meet the
installation schedule (May in 2015)

m Wire stringing will start in 2012

m New ASIC works fine.

Mass production already finished.
Quality check started in NTU

O Flew 48ch readout board (Ver.3) basically works
ine.

More tests will be done in 2012.
s Radiation hardness of optical transceivers (DAQ,TRG talks)

Mass production will be done in 2013 (and 2014).

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 28



Barrel PID: Time of propagation (TOP) counter

Simulation
2GeV/c, 6=90 deg

‘\-":‘349.011111]

i

Linear-array type z ')Lx

photon detector

e Cherenkov ring imaging with

Reconstruct angle from one coordinate and the
time of propagation of the photon

— Quartz radiator (2cm)
— Photon detector (MCP-PMT Hamamataui

16¢ch MCP-PMT)
e GGood time resolution < 35 ps

1
I
Quartz bar

I
=

1"
"0:
Array of

fast PMT’s

14000f- .54

S

12000 5——r—7—"17
X (cm)

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012



Ring image

e Complicated ring image as expected
e Expected time distribution along y-channel

* Good time resolution : ¥95ps
— By simulation: ~103ps

1WNd

— Without focus system, resolution is ~170ps_for 2900mm propagation.

ring

[ring | 4th PMT — p—
Mean x 18.62
Mean y 1172
RMS x 10.12

—]

1250 RMS 60.94




Barrel PID Summary

m Quartz radiator
(Almost) full size quartz radiator is

prePare
WO quartz bars and mirror were glued
successfully.

Support box is produced and
tested.

m Readout block
New ASIC for high speed
waveform readout is tested with
MCP-PMTs and outputs single
photon pulses.

m Beam test
Performed with 120GeV proton at
FTBF in Dec.-Jan.

m data analysis going on.

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 31



W (AIQI(‘I—I) r

End-cap PID: Aerogel RICH

e Proximity focusing RICH with aerogel radiator Test Beam setup
ndcap TAeroge

< 200mm >

on
Ghe(e\‘\\kov pno

i\

Aerogel radiator

9 5% S5 5% 5% 5

n~1.05
Hamamatsu HAPD
+ new ASIC
[ RICH Hit Map, w.r.t. track | h‘_z:z1

Entries 64801
Mean 0.3092
C RMS 0.07419
6000 x2 I ndf 143.5/28
C 6129+ 39.4
- mean 0.3067 = 0.0001
5000 .
C sigma 0.01349 = 0.00007
6.6 O /K at 4GeV/c! . S Gie
" 4 = 4000f ECi=ion

'k*? jﬂdﬁ“- ral? i*

. "u
" .0 \ ( ‘«‘.

Hamamatsu HAPD
\ Q.E. ~33% (recent good ones)

A -

ahistmiki

5+69.4
{

3000; # Photons : 41.339.7 +-227.3
Clear Cherenkov image observed

# of tracks : 2700

Zdenék Dolezal

SuperB Collaboration Meeting 1/6/2012 %707 0.2 6.3 0.4 05 0.6 0.7 0.8 0571




S E——
E-PID summary

m Aerogel:

Ready to start production of normal aerogel radiator
with refractive indices 1.045, 1.055. Production of large
pin-drying aerogel tiles with higher refractive index still
under study.

m HAPD:

Deé;radation of APD performance duringdgamma irradiation
understood and new HAPD samples produced.

Tests of new samples is ongoing and the decision on final HAPD
parameters in September.

m Electronics:

Close to final prototype of FE board with SA02 ASICs
successfully tested with small ARICH prototype in the beam

tests.

Samples of final version of ASICs (SA03) successfully tested
and new FE board is in production.

Tests of the merger board prototype
are ongoing.

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 33



B
ECL Upgrade

e Increase of dark currents due to neutron flux

e Fake clusters & pile-up noise o 2
= | Barrel
- S 15}
® Barrel: 1; ‘v x1/1.5
0.5us shaping + 2MHz w.f. sampling. -
B Endcap (may have to be staged): 0.5 '/-
pure Csl + photopentodes '
30ns shaping + 43MHz w.f. sampling % s 10 15 20 25
barrel bacground (rel. units)
| | < | BWendcap
.. ‘ ’ ti ti+1 ti+2 ti+3 Z‘i+4 ti+5 [
| o Pure Csl & .
\ photopentods e s
‘ BWD bacground (rel. units)
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ECL Status

Barrel electronics modification:

m Barrel Shaper DSP modules mass production is started
this year(100 of 450). The bidding procedure is going on.

m Endcap version of Shaper DSP module design is
prepared.

m Collector module: second version has been produced.
Belle2link will be tested in August.

m VME crate design is to be finished this year.

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 35



ECL Status (cont'd)

Crystal counter status:
 The test bench for test of the barrel counters with cosmic
was prepared.It based on the

1 VME crate with 12 SHaper DSP modules, collector and
fam module

« and allows to test 184 counters by once.
« The test of the counters is going on. Half of the counters has
been tested. Will be finished in July.

R&D with pure CSI option for endcaps is going on.
Pure Csl+PP option has been tested.
Pure Csl|+APD is tested.

Radiation hardness of Pure Csl crystals is going on.

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 36



F

= One layer: 75 strips (4
cm width)/sector

5 segments
1 segment = 15strips

Two orthogonal layer =
superlayer

F&B endcap KLM:
0 Total area ~1400 m?
0 16800 strips

O the longest strip 2.8
m; the shortest 0.6
m

WLS fiber in each strip

Hamamatsu MPPC at one
fiber end

mirrored far fiber end

"KLM: K, & Muon det

MPPC: Hamamatsu
1.3x1.3 mm 667

ixels
Fused in T2K Near

Detector)

Endcap muon detecton is already
limited by backgrounds. Endcap
RPCs will not work at full
luminosity and higher
backgrounds. Inner barrel is
marqinal.




Test mass production @ ITEP

x ~150 long strips produced to
check all operations

» On line test of the quality of
production: performance is more
stable than with manual operations

x according to estimates %2 of the
sector should be produced in one day:
x preparation of fiber (100 at
once) — 1 people
x 80 strips (2-3 people)
X cosmics test
x 3 segments at 5 tables (2-3
people)
* need 230 workdays to produce
whole detector




KLM status

m Test module for endcap was built at KEK in July 2011.

m Radiation-hardness tests have been conducted in proton
beam at ITEP for SiPMs, preamps, and preamp carrier
cards. All will survive for at least a decade of Belle Il
operation at full luminosity.

m Light-collection efficiency is improved by 40% by
protruding the wavelength-shifting fiber 200 microns
closer to the SiPM

m Quality test stand has been developed at ITEP.

O I\_{I_aEsl,Ds-production test procedures have been tested at

m Most of raw material is now at ITEP or will be delivered
soon.
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e || Construction Schedule

https://docs.google.com/spreadsheet/pub?key=0Ap1uZWWWy6lodHBaOWIzb1BKZTFwYINoejJWZmhkUoE&output=html
now

g ; ol ) . W
S8 7 & wl0il =3 1 &3 s A s0iii 3 18 T4 TAwSOL
=)

Pt 1T . . ; e
EE_”___ - ---
e Belle
== Rotation
o KLM
= = installation )
:—--— jooe |
E—- focw s |
T =
- | Sem jm b | e

Detector rotation in the end of JFY2012 (Dec/Jan — Feb./Mar.)
KLM installation starts right after that (Mar./Apr. -)

TOP should be ready at KEK in Jan. 2015

PXD should be ready at KEK in Aug. 2015

(three on critical path)

Feb. 26, 2012




N
Belle || Computing Model

Grid-based Distributed Computing Common framework

for DAQ and offline basf2
based on root I/O

Raw Data Storage
and Processing

KEK . Tape == Raw Data
[ ] cPU —p mDSTData

£ Disk -4 mDSTMC
@ === Ntuples
MC Production

\ MC Production
(optional)
and Ntuple M

L GridsSite | Grid Sité, || Cloud ‘V
Production f |

Ntuple Local Resources Local ﬁ?espurcfjas Local Reéspurces

Analysis _@ % @ @

41
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Whole geometry ready in GEANT4

Elements outside detector (|s|>4m) are not yet
implemented (bending magnets, concrete shield etc...)

Hiroyuki Nakayama (KEK)2



U PhysSics StUdIES oo e —

ProtoPhysics groups “preparation, development and
tests of Full simulation and
reconstruction tools,

Aim of ProtoPhysics groups:

t-independent methods, B.R. Ko
t-dependent methods, M. Staric

Dalitz methods, J.Dalseno

E_... methods, K. Hara ...choosing, preparing and
stuglf/mg benchmark physics

moaes for estimatin?
the performance of the detector
using simulation’

] " v
/ Simplifi i
generators | @ — implified tracking (CDC on)ly)
evtgen (S.Kolbitz), .. tM.gt:r?g — need PXD, SVD
| —
imulati / ime-ind /
I I — TOP&ARICH reco L
— . not with track fitter output yet
reconstruction / I DDSII;tezno ( puty )

(tracking, PID, neutrals...) i .
il T— ECL (need for fullrecon, Belle algorithm,
user K Hara no t info) _

TNy = KLM (track extrapol., u id, no K|)
(including Belle analysis tools transfer)
— vertexing related tools (kfitter, tagV) — T.Higuchi (KEK) e
— Kg reconstruction — K.Sumisawa (KEK)

Particle class — T.Aushev(ITEP)

: fl ing, full jon... . H .

o ;neovrletoo?svzorl:)roziatgt%glg/ligra;iogszl]\s/ltil’lrcigsg,Z.upanc, Karlsruhe), p re a rl n fu I I a n a Iys I S C h a I n to b e
SL , and

- tootlzgtgl;efxtelil;)pglcll)fy different physics groups (e.g. Dalitz) at eI I e I




Background estimation status

Touschek: expected to be severe in nano-beam scheme,
but can be reduced by horizontal and vertical collimators.

Beam-gas Coulomb: Also severe with thinner IR beam
pipe and larger maximum by(~4000m), but can be
reduced by narrow (few mm) vertical collimator, without
losing beam stability if placed at small py.

Radiative Bhabha: e*-with large AE after RBB process
%aél be lost inside the detector and become considerable

Synchrotron Radiation: tolerable (negligible SR hit rate on
Be pipe thanks to the collimation on iIncoming beam pipe)

2-photon: tolerable (discrepancy between SuperB’s
estimation disappeared during the discussion at Joint BG
workshop)

Beam-gas brems, beam-beam Kick, etc...



Total BG (for IPAC2012)

Ver. L e
2012.5.18 I = N =1
Loss wattage = .t — j
Ioss rate 1 T
* energy of loss i— g
particle ey = :
g ; [ | ;QachabhaE(LER)
=7E ‘: N
SP-0% | mmm couomnier)
%0.05 f_ B Coulomb(HER)
il e LER
HER _IO.03§— (e+)
G R
o = 2 -1 oh'_'L'1 2 3
Loss position z[mf
' |LER(4GeVe+) |HER (7GeV e-)
Rad. 0.45 W (eff. 0.25W (eff.
Bhabha 0.7GHz) 0.22GHz)
Touschek  0.14 W (0.22GHz) 0.11 W (0.10 GHz) 1GeV ,
Coulomb  0.06 W (0.09GHz) 0.001W 1=G(')"1Z6W

(0.001GHz)
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D Super
<O KEKB
Belle T —g 4 uest for BSM

Impact on detector

m GEANT4-based full-simulation performed

Detector performance are studied

m PtXD/SVD occupancy, CDC hit rate, PID performance,
etc..

Radiation dose, neutron rate
m Readout boards, Si devices, ECL crystals, etc..

m Some sub-detectors require further mitigation

Thick tungsten shield inside final Q cryostat

= To mitigate TOP PMT photocathode aging, CDC hit
rate, efc..

Additional neutron shield
m [0 protect CDC electronics board, ARICH HAPD, etc..



e
SuperKEKB/Belle Il Funding Status

m Accelerator upgrade + 50% of the detector=ica
320 M€ approved in March 2011

m Funding of the contribution to the remaining 50%

of the detector — ca 20 M€ - in many other

countries approved or on the way

First MoU between German FAs and KEK signhed

in 2011, others to follow

;‘ ﬁ
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" The Belle Il Collaboration —
A very strong group of ~400 highly motivated scientists!

N o

Sl X
3 g g
3 ’
\ ' i

v~

" J ; Jo ey
\ , '
s . .—,-‘FFQ‘ .

o Next onen eneral meetings:
Bad Aibling (Bavaria) July 26-29 KEK November 12-15 2012

" Zdené&k Dolezal SuperB Collaboration Meeting 1/6/2012 49




B
Summary

m SuperKEKB/Belle Il aims for (discovering and) understanding the
New Physics.

m Target luminosity of SuperKEKB is 8x103°/cm?/s, will provide 50ab’
by 2021-2022.

m Belle Il gives similar or better performance than Belle even under
higher beam background.

m Project has been approved by Japanese Government and started.
KEKB/Belle operation has been terminated and construction started.

m Next collaboration meeting: Bavaria July 26-29, still open to
everyone. New collaborators welcome!

m Accelerator upgrade well underway

m Detector: Moving from the design phase into production for many
components

m Looking forward to a friendly competition with a second Super-
flavour %

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 50
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2011/)uly/20

E
|

Number of bunches

Bunch Current
Circumference
EufEy
Coupling
Crossing angle
Op

Cx

Vi [ Vy
Uo
s U
/5y

Luminosity

Feb. 26,2012

Machine parameters  [v.omsn
LER HER unit
4.000 7.007 CeV
3.6 2.6 A
2,500
1.44 1.04 mA
3,016.315 m
3.2(1.9)/8.64(2.8) 4.6(4.4)/11.5(1.5) nm/pm (:zero current
0.27 0.28 incudes beam-beam
32/0.27 25/0.30 mm
83 mrad
3.25x101 4.55x10*
8.08(7.73)x10¢ 6.37(6.31)x104 O:zero current
9.4 15.0 MV
6.0(5.0) 5(4.9) mm O:zero current
-0.0247 -0,0280
44.53/44.57 45.53/43.57
1.87 2.43 MeV
43.1/21.6 58.0/29.0 msec
0.0028/0.0881 0.0012/0.0807
8x10%5 cm g1

K. Akai (KEK), SuperKEKB Status, presented at the 6th Belle PAC (E_) C_)

15
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B
Requirements for the Belle Il detector

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
» Special features required

- low p u identification < suu recon. eff. !
- hermeticity < v “reconstruction”

Result: significant upgrade

TDR published arXiv:1011.0352v1 [physics.ins-det]J
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Physics reach at a Super KEKB/Belle

[ CP asymmetry
03 | n in B—»KKK, ¢K and n’ K
AS(9KO) 0.22 0.073 0.029 _ o *  m
AS(M’ KO) 0.11 0.038 0.020 s o
(D01_ * lmllllllllllllll
AS(KsKsKs) 0.33 0.105 0.037 = : -
o - .
AS(Kgn®y) 0.32 0.10 0.03 = Present . Search for H* in B—tv
§e] exp. limits 800
Br(Xsy) 13% T 0.03 i -
2005} ~ 50ab'a
Acp(Xsy) 0.058 0.01 0.005 2 5ab ”§ - 56 dis
6«)_
Co [Arp(K*I)]  — 11% 4% oo 3t
Cio[Arg(KH)] 13% 4% L @
10
Br(B* — K*vv)  <9Br(SM) 33ab! for po discovery limit
CLE P
Br(B* —1v) 3.50 10% 3% A ppegriimits a o
-6 A Topup
Br(B* —uv) <2.4Br(SM)  4.3ab- for50 discovery 10 | L@ Badoes
elle, BaBar
Br(B* — Dtv) - 7.9% 2.5% e
Br(t —uy) <45 <30 <8 107 0sF- ' el
o E sin201 03 =
Br(t —un) <65 <20 <4 X1D-9 05— | 02 =
St = - 3
Br(t — 3u) <209 <10 <1 e 04F- My =
Asin2¢, 0.026 0.016 0.012 = =
AD, ( °—95° ° £ sus o2/ IVubl =
5 (pr) 68°—95 3 1 p =/ inclusive ab'1 3
AD,(Dalitz)  20° 7° 2.5° 0.3 e E
AV, (incl.) 7.3% 6.6% 6.1% . e ez o 2T o 4 e 08 '

Physics at Super B Factory [hep-ex/0406071] Currently being updated. 1



Forward-Backward Asymmetry

A-x(B>K* I* I')[g?] at a Super B Factory
+ Data $ current ¢ Sab’

1 - — C';7SM

AFB

Ex. of Super-symmetric
particles being produced

AN RAAN LANRARE RARS RN RARN

SEe 8
oNbd O =

56
SN

e O 2 4 6 8 10 12 14 16 18
8 10 12 14 16 18 20

92 (GeV2/c?)

Invariant mass of lepton pair

o
N
N
)

» Zero-crossing g2 for Agg will be
determined with a 5% error with 50ab-".

2densk Dolezal DTONG COMPEHHREERMLdIbzb.and ATLAS/CMS 55



Comparison with the LHCb

e*e” has advantages in... LHCb has advantages in...
CPV in B—¢K, 1 K,,... CPV in B—JK

CPVin B—Kg’ Most of B decays not
B—Kvv, v, Dy inCIUding vV ory

Inclusive b—suu, see Time dependent

measurements of By
t—uy and other LFV
— B(s 4w
D°D? mixing ’
B_.and bottomed baryons

Complementary!!

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 56



3 years shutdown

Luminosity gain and upgrade items
sreliminar

Item Gain Purpose
: high current, short bunch,
beam pipe X 1.5
electron cloud
IR(B"y,=20cm/3 mm) X 1.5 |small beam size at IP
low emittance(12 nm) mitigate nonlinear effects
X 1.3 )
& v, — 0.5 with beam-beam
crab crossin %2 mitigate nonlinear effects
9 with beam-beam
RF/infrastructure X 3 high current
PR .
DR/e* source X 1.5 !O\.N '3. Injection, improve e
Injection
+
charge switch ¥ ? electron cloud, lower e

current

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012
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Major KEKB components

: Oku-yen .
New beam Enable high current (incl1 7E§3PM « 15
pipes Reduce e-cloud ' ’ '
magnets, etc.)
New IR Small * 31 X 2
e+ Damping |Allow injection with small 40 incl. linac if not,
Ring increase e+ capture upgrade x 0.75
More RF and 179
cooling High current : i X 3
systems (incl. facilities)
Crab Cavities ngherpt;?:rrnn-beam 15 X (2 —4)
ltems are interrelated. > Uitz ell ey e

* Most of the components
(magnets, klystrons, etc.) will be re-used.
Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 58




Upgrade from KEKB to SuperKEKB

 smaller beam size, more current
= x40 higher luminosity

Machine parameter LER HER LER
(KEKB) | (SuperKEKB) | (SuperKEKB)

Vertical beamsize  0.94um 0.94um 59nm 59nm
Beam current(mA) 1188 1637 2600 3600
luminosity(cm2s?) 2.1x1034 8x103°

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 59



Introduction: background sources

Touschek effect (ecIxE3)
— Intra-bunch scattering =2 energy increase & decrease

L]

— Significant in low energy ring (LER)
 Beam-gas scattering (ocPxl)

— Collision with remaining gas

— Type 1: Coulomb scattering = direction change

— Type 2: Bremsstrahlung =2 energy decrease

Synchrotron Radiation (ecEZxB?)
— Type 1: Upstream (SR hit Be beam pipe directly)

L]

— Type 2: Backscatter (SR hit downward beam pipe, then reflected back to IP)

Radiative Bhabha, other QED process (ecl)
— Type 1: radiated gamma + magnet Fe = neutron, main bkg source for KLM

L]

— Type 2: e+,e- lose energy—>off-trajectry—=> hit downward beam pipe = shower

Beam-beam effect

— Injected particles with a large horizontal oscillation (due to injection error)

may be lost
H.Makayama(KEK) XIV SuperB General Meeting (28 Sep. 2010)

)



BG estimation at SuperKEKB

| Assumptions:
* Use Ty, schek FOM optics simulation: 8.7min(LER), 15.3min(HER)
*Usesame Ty .o oo from KEKB machine study: 800min(LER), 3400min(HER)

* Use same kTouchek, kbeam—gas from KEKB machine study

CDC | 400+-40 uA (cf. ~20uA@2003) CDC mHER beam-gas

—> ~120 kHz/wire or less at layer 6 or outer W LER_beam-gas

HER_Touschek

ECL 60+-5 GEV;"EUEHJ[ M LER_Touschek
- wave form fitting (x1/7) = ~9 GeV/event LER/total: 60~70%,

Touschek/total: >90%

SVD | 6000+-600 event/trigger
—> shorter integration time (21s—=>75ns)
— ~400 event/trigger, occupancy: 2.7%+-0.3% <10% (SVD2)

PXD |(estimated from SVD)

. e L
= 3.2M pixels in 1% layer, shaping time: 20ps SR, Rad.Bhabha,
— Occupancy =1.5+0.1% beam-beam BG
PXD 17 14mm (not including low-pt tracks or <few keV gammas) are not included

sVD2 1= 30mm

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 61



DEPFET based on a MOS structure
problem with ionizing radiation:

Creation of fixed (positive) charges in the
oxide layer and at the interface

Attracts electrons at the Si/SiO, interface

. Gate oxide
Need more negative gate voltages to | :
Compensate e
=> Shift of transistor threshold
16 — 24 Flat band voltage shift vs. radiation dose

Solution: thin oxides
< 2.5V shift at 10Mrad

=
S = For standard DEPFETs the
» _ . threshold voltage shifts reach 14
45 - V after 4 Mrad A * wafer 2 up to 1Mrad
1 . . l = wafer 2 up to 10Mrad
24 Too Iarge for safe Operat|0n! extrapolation to 10Mrad through "black star points”
O { = 0.0
- n T T T T | T v T L T . 1
T T T T T T T T T T 1 T T T+ T 0 2000 4000 6000 8000 10000
0 500 1000 1500 2000 2500 3000 3500 4000
D (krad)
Dose [kRad]
62
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Belle Il basic parameters (TDR)

Component Type Configuration Readout Performance
Beam pipe Beryllium Cylindrical, inner radius 10 mm,
double-wall 10 pm Au, 0.6 mm Be,
1 mm coolant (paraffin), 0.4 mm Be
PXD Silicon pixel Sensor size: 15x100 (120) mm? 10 M impact parameter resolution
(DEPFET) pixel size: 50x50 (75) pm? 0., ~ 20 pm
2 layers: 8 (12) sensors (PXD and SVD)
SVD Double sided Sensors: rectangular and trapezoidal 245 k
Silicon strip Strip pitch: 50(p)/160(n) - 75(p)/240(n) pm
4 layers: 16/30/56/85 sensors
CDC Small cell 56 layers, 32 axial, 24 stereo 14k Ory = 100 pm, o, = 2 mm
drift chamber r=16-112cm op. /Pt = /(0.2%p¢)? + (0.3%/8)2
-83 <2< 159 cm Op /Pt = /(0.1%pe)? + (0.3%/3)? (with SVD)
OaE iz = 5%
TOP RICH with 16 segments in ¢ at r ~ 120 cm 8k Npe. ~ 20,0, =40 ps
quartz radiator 275 em long, 2 cm thick quartz bars K /7 separation :
with 4x4 channel MCP PMTs efficiency > 99% at < 0.5% pion
fake prob. for B — pv decays
ARICH RICH with 4 c¢m thick focusing radiator 78 k Nye ~13
aerogel radiator and HAPD photodetectors K /m separation at 4 GeV /e
for the forward end-cap efficiency 96% at 1% pion fake prob.
ECL CsI(T) Barrel: r = 125 - 162 cm 6624 T = 0pp ©1.2%
(Towered structure) End-cap: z = 1152 (F) Opos = 0.5 cm/VE
-102 em and +196 cm 960 (B) (E in GeV)
KLM barrel: RPCs 14 layers (5 cm Fe + 4 cm gap) f: 16 k, ¢: 16 k Ao = Af = 20 mradian for K,
2 RPCs in each gap ~ 1 % hadron fake for muons
17k A¢ = Af = 10 mradian for K,

14 layers of (7 — 10) x 40 mm? strips
read out with WLS and G-APDs

end-caps:
scintillator strips

op/p = 18% for 1 GeV/c K|,

Zdenék Dolezal

SuperB Collaboration Meeting 1/6/2012
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NC decay: B > K

I |

u,d u,d
b > s I*l" was first measured in B > K I*I- by Belle (2001).

Important for further searches for the physics beyond SM

Particularly sensitive: backward-forward asymmetry in K ||

Ay xR [Cfo(scgﬁ(s)+r(S)C7)]

C, : Wilson coefficients, abs. value of C, from b—>sy
s=lepton pair mass squared



L BU mixing In K*K-, m*m

Ner_

(N,

Decay time distributions for KK, mtw, K
10 <
(@) KK |a (c) T
103 ” 10°%
102 E 10 -‘9&
| S+ g
10 { = x";:'i |
1 1 e ‘
-2000 0 2000 4000 2000 0 2000 4000

t (fs)
Difference of lifetimes

visually observable
in the ratio of the distributions

Realit ly 0 =(1.31+ 0.32 £ 0.25) %

An observation of CP violations would
be a clear sign of new physics

4000

10 (b) Kﬂ:
10 7k
10"k
10 “k
10 3 I}
- 0 2000
20.16 t(fs)
+W- ot

Z .5k K'Kohm |

. and K-rt*ratio

+bd g
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R PTetision measurements of © decays

-5
10
Upper limits Theoretical predictions compared
CLEO o oy to present experimental limits
H Tun
-6 1 A7 A ToUHU SU(3)®v5 . Non-degenerate (I)
10 ® Py T i .
B factories Hp=4x10"" GeV tan B =30
Belle, BaBar)
-7 2018
10
mSUGRA +seesam\—) ~
SUSY+SO(10) %
-8 =
10 | S
SM+seesaw g
SUSY+Higgs Super actory
-9
10 — —
107 107

) Integ. Lum(ab1) — '
0 500 1000 1500 2000 2500 3000

Reach of B factories — m(f;)[ GeV]
Upgraded KEKB T.Goto et al., 2007
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Beam Energy Asymmetry
‘and Physics Sensutlwty =T

Larger boost,

better At 25% more
resolution Smaller boost, Luminosity

Larger acceptance . needed for
’ the same

worse
sensitivity. /

6% less
Luminosity

o Y needed for
0.9 — JIyK°tCPV the same

2 ~ OK°tCPV sensitivity. y
0.8 — B>1v BF

Ratio of J.Ldt

“beﬂer

3 32 34 36 38 4
E,.. (GeV)




DEPFET Principle

*p-channel FET on a completely depleted bulk Depleted p-channel FET

Cleqr gate /—“

n clear

*A deep n-implant creates a potential minimum FET o ampliier_—(

for electrons under the gate P sdurce
*(“internal gate”)

*Signal electrons accumulate in the internal
gate and modulate the transistor current
(94 ~ 400 pAle)

Accumulated charge can be removed by a

P drain

deep n-dOping

interng| gate’

clear contact (“reset”) e
*lnvented in MPI| Munich P back contac
DEPFET- matrix reset
off| O I T T |off
L L =l ke
on| gL I T a R
] i £
off | I T T T| |off | o
2 T A i 4
el
off | I T T T| | off
A DI
l 4 VGATF N VIDRAIN" A\ 4 A4 3
ATE, OFF v v v drain v VCLEARioLtEAIR, OFF
| 0 suppression |
output <—
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"

sensor wafer

I BN N I N N
| | | | |
handle wafer
1. implant backside 2. bond sensor wafer 3. thin sensor side 4. process DEPFETs 5. structure resist,
on sensor wafer to handle wafer to desired thickness ontop *° etch backside up

to oxide/implant

» Sensor wafer bonded on “handle” wafer.
» Rigid frame for handling and mechanical stiffness \

= 50 um thickness produced \ \ \

» Samples of 10x1.3 cm? & frame of 1 & 3 mm width \

N
= Electrical properties ok (diodes) \ \
\\ AN \ \
e '

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012
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European groups of Belle-II

The European groups have major responsibilities in some essential detector
systems:

*Pixel vertex detector (DEPFET)

*Silicon strip vertex detector

Particle identification systems (endcap Aerogel RICH, barrel Time-of-
Propagation counter)

*Electromagnetic calorimeter

Muon detector based on scintilator strips

They are also contributing substantially to the computing and software, as
well as to the set-up of the physics program.

Zdenék Dolezal SuperB Collaboration Meeting 1/6/2012 70



The key factor in KEKB pe#ormance: crab cavity

[f \ Installed in the KEKB tunnel

oooooooooooooooooooooooooo

crab crossing

Zdenék Dolezal SuperB Collaboration Meeting 1/6



Super r\
KEKB SuperKEKE . Superd
uest for BSM compared with SuperB

_- SuperB (Baseline) SuperKEKB
'Parameter | Units " HER (e+) LER (e-) HER (e-) LER (e+)

1258.4 3016.3
6.7 4.18 / 4
66 83
2.6 3.2 2.4 3.2
0.0252 0.0206 0.041 0.027
2.0 2.41 2.4 3.1
0.25 0.25 0.35 0.40
5 5 5 6
1892 2410 2620 3600
7.211 8.782 7.75 10.2
0.035 0.035 0.059 0.059
0.0021 0.0033 0.0028 0.0028
0.0978 0.0978 0.0875 0.09

1x103¢6 0.8x1036




D5 power supply bwldmg

Wall panel fell down

Panels and floor in -
the control room | ‘-'\ ! < |
' nE 10'0” ons of Be

38t probably by 20c e direction,
m ‘back)... i @,

Feb. 26,2012 K. Akai (KEK), SuperKEKB Status, presented at the 6th Belle PAC (E') () , 4
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KEKB magnets displacement
after the quake in March 2011

[ —
» I

A af (T4 \/\ HA \

f il )Uz*ﬁf”"’)U P ] )&Z I3y \(}
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|
Belle to Belle Il Upgrade

+ New final focusing system based on the ]
nano-beam scheme has been designhed.

+ Consists of 8 superconducting magnets

l + Final focusing Q-magnets for each beam

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

QC2RE

Detector
Solenoid axis = == == = = = /= P€=/"y= = = = L = = - -

QC2LE

N.Ohuchi

o




Main Features

m Larger outer radius thanks to a compact BPID

m Larger inner radius to make SVD space more and to avoid high radiation region
m  Conical endplates will be machined to meet final focusing magnets.

m A small cell chamber will be installed as same as the Belle CDC.

m  New compact electronics boards are located near backward end plate.

m 3D charged trigger scheme will be adopted.

// yayay g/ Y Yy v N\ \;‘

\\ YA \\ \\ [ ‘ ||| 2980 l:f‘l/
) b \ T T T L= - -
i‘i % 2| \ T 2645(CDC) | T S S S S 310 P
& \ 995(CDC) | [ [ T[] 7 /16s0(c00) / /) , ’ e 2| 2\
" \ 260(SC whcover \ 735(cbC)| || | ] / /1590(CDC) [ L L 4 (K L A___Pa(SC Wl cover) A\
N\ N\ < + - . 1 t T ; F a 7 Z X
2 10‘50 Barrel PID 5t CFRP Outer cylinder 17‘&
L (7 = &
. COG support cylinder A cDbe CDC-SC(Support cylinder) )
7pMT access windo ? IDS(Inner detector support) _fL 20 \
< . 1 E — \\%
P 8 ,,-
ollls| g7
E B 3l v
- £ 1 : s ‘E’ &5 1
ZILEl 7, 4 = & Q = 2 T e
g5 Y & : 2 3 g9l g GlEl glals
EITE| Y ! (¢} Normal cell end plate-f(main) TR h= { Ql 2 g =
= . R 1 c ol o | Al o @ (=N
8| | Rreamp board H=150,W=1})0 B <« g al © wl = g oo 0
=1 i —= Q| = T| = \
£l 5 % g= i ol sl S| 3 &ala)e B
Q| o ¥ S| = Joint O & V| .l &l O af.2 m
o & « ol F| = el 3l-E 3\ F
RS == 1 8 8 ) ® Z| S 2|Ly-8
NES = Normal cell end plate-b(conical) § Normal cell end plate-f(conical) x 12 /§/ o oal |
| = ] S I
ol o N o i
Cover Joint ‘,E, Joint 20
Small cell end plate-b E Small cell end plate-f \ -
@ = QCS \_Cover
o Qacs S 3 ; = /7 ) ol
& \ - & - 1 3
- .
g e e % ®
i 5 3 - o 8 o ©
@ = s =
4 | ‘ A q — ;l— H | o &
— Y, ¥ T = - ¥ e
=g} = ——————— =7 - -
SVD support mechanism /| 105 320 580 90 CDC inner support ring
(995) (1650)




Square-shaped MCP-PMT: SL10

- -

Square Photo-cathode Multi-alkali /
MCP-PMT Super bi-alkali
Channel MCP Channel ¢ 10um
_ @ ~ 10pm  McP bias angle 13°
S ~400p M thickness 400pm
- 4 MCP layers 2
@11mm Al protection layer On 2~ MCP
Co-development with MCP(Micro channel plate) anode channels 1X4/4%4
Hamamatsu Photonics K K. Sensitive region =
HV ~ 3000 — 3500 V
0=34.2+0.4ps
Typical signal 000} * Large effective area
2500 q * Position information
mof_ * Single photon detection
ok * Fast raise time: ~400ps
N : # e Gain: >1x10% at B=1.5T
\ P ' ‘MOT .
| f [mmv 3 e T.T.S.(single photon):
g o J 1 ~35ps at B=1.5T
- - — C ™
Single photon irradiation R R (TR R

TDC (25ps/bin)



" A C Level s
S I C to match FADC input
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Specifications Input : 0.13pC

# of Chs. 8

Analog gain -1.1V/pC

Peaking time 8 ns

Noise 4000 e @Cd=20 pF

Power +5V, +3.3V

Power consumption 34mW/ch TR "FINT | NIRRT,

7 Dec 2011
1§ 40.00 % 18:51:45

Process BiCMOS 0.8 um




- N
KLM upgrade

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)
e ~120 strips in one 90° sector |

(max L=280cm, w=25mm) . y-strip
e ~30000 read out channels plane
e (Geometrical acceptance > 99% Iron plate N |
= x-strip
plane

Mirror 3M (above groove & at fiber end) ' -

¢
N\

Optical glue increase the
light yield ~ 1.2-1.4 Aluminium frame

WLS: Kurarai Y11 1.2 mm

GAPD

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




Neutron rates on BKLM

Simulation

Extrapolatio

1.00

l.o1

1L.o2

Neutron flux

Layer | (Hz/cm?)

Hit rate

(Hz/cm?)  Efficiency

bo

CTos W

rate(Hz/cm?)

eff.

rate(Hz/cm?)

eff.

rate(Hz/cm?)

eff.

2407
1762
1221
785
504
293

2=
0.38
4
0.67
2
0.83

replace Loo ‘

7-5 75 15
1 it 1
2.7 2.7 5-4

0.78 1 1
=3 0.9 1.8
0.89 0.93 \ 0.85

LER Touschek only

Hit rate

(Hz/cm?) Efficiency
0.13 1.00
0.36 1.00
0.55 2.3 0.88
0.71 1.4 0.92
0.81 1.0 0.94
0.89 0.6 0.96

replace
Loo/o1

‘ twice rate

\
replaced by
scintillator

Estimated neutron rates on BKLM roughly matches the extrapolation
from KEKB data; still acceptable after replacmdg 2 inner layers.
Neutrons from radiative Bhabha to be checked.
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1MeV equivalent rate

Neutron flux

R&D
assumption
[ x101" eqn/cm?/

1 year =107 sec

Current tolerance

Simulation
[ x10" eqn/cm?/

year]

year]

PXD DHP,DCD, _ 1 O OK up to 100x10'" eqn/cm?
Swithers
SVD  Sensors, _ Should be OK,
chips irradiation test ongoing
CDC Readout _ 1 Tested up to 10x10" eqn/cm2
Boards
TOP Readout 1 Tested up to 10x10" egn/cm2
electronics ASIC not tested yet
ARIC HAPD 04 Tested up to 4x10" egn/cm?2
H ] Start to see degradation
ECL Crystals 10 OK up to 100x10" eqn/cm2
(by Kuzmin)
ECL Diodes 1 OK up to 10x10" egn/cm?2
(by Kuzmin, dark current
increased




PXD

SVD

CDC

TOP

ARIC

ECL

ECL

BKL

Radiation dose

Simulation R&D
[Gylyear]

Region

[Gylyear]

Readout 1 OO
boards

Readout 30
electronic

S

assumption

1 year = 107 sec

Current tolerance

Tested up to 100kGy(=10Mrad)
200kGy would be also OK

OK up to 100kGy (by Peter)

Tested up to 1000Gy

New SFP survive w/o communication

Tested up to 300Gy for FPGA and
optical transceiver/fiber,

APD tested up to 1000Gy

OK up to 100Gy (by Kuzmin)
(TDR said 36Gy)

OK up to 700Gy (by Kuzmin)



Detector performance

_______Simulaton ______________|Requirement

PXD occupancy  0.64% (2-photon) + 0.15% (Touschek < 3%
LER)

SVD occupancy ~4% (z)/ 7% (r-phi) assuming 5000e- < ~10%
threshold and 50ns shaping time

cbc 280kHz/wire < 200kHz/wire

hit rate

TOP K/pi separation remains good

K/pi separation

TOP photo- Photoelectron flux: 20MHz/PMT <1MHz/PMT

cathode aging

ECL 16 fake clusters in 100ns time window Belle1: 6 fake clusters
11 MeV pile up noise in f-endcap Belle1: 0.8 MeV pile

up
BKLM Need to replace layer 0 and 1 with scintillator.

It also recovers efficiency of layer 2 (0.66-
>0.91), layer 3(0.78->0.94)

EKLM Strip occupancy: 20kHz < 200KHz
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Belle |l Collaboration (Europe

Significant European participation + funding

19 institutes with ca 130 physicists (A, CZ, D, E, PL, RUS, SLO)
Spokesperson P. Krizan, Ljubljana

CERN Recognized Experiment RE20
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Total background

Ver. 2012.5.18 e Y s
Loss wattage
= loss rate
* energy of loss particle
—0.08— ; ;
E - B RadBhabha(LER)
§0.07 —— |E== RadBhabha(HER)
E. — = Touschek(LER)
®0.06 — | =—— Touschek(HER)
o E I Coulomb(LER)
s %-05 E - f:oulomb(H:ER) %
A=
HER $0.04— LER
o —
(e-) ~0.03[- (e+)
0.02 f—

0

-4 -3 -2 -1 0

1 Losszposltlgn z[mf
 [LER(4GeVe+)  |HER(JGeVe)
Rad. Bhabha 0.45 W (eff. 0.7GHz)  0.25W (eff. 0.22GHz)
Touschek 0.14 W (0.22GHz) 0.11 W (0.10 GHz) 1GeV,1GHz
Coulomb 0.06 W (0.09GHz) 0.001W (0.001GHz) =0.16W

Lr=E»



