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Works and Plans

(what | have done and what | will do)

Takanori Hara (Osaka U)
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What is B-Factory ¢

To explain the dominance of matter in the universe
the Sakharov conditions

In the SM of particle phys,
Kobayashi-Maskawa matrix

=

Withdrawal from thermal equil' ium.

. Baryon number violation. (= quark mixing matrix)

. CP-symmetry violation. fv V V K
ud " us "ub
7] = Unitarity'\ & Voo Vob
V. V. Constraints kvt 4 Vi th)
udYuE Key objective of B-factories:

d sides
3 angles

Vast numbers of B-mesons !l

Measurements of the {
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KEKB Acceler'ator' + 56"6 Detector
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Physics @ Belle

J/p CP side

B = J/1 Ks

o= Y(495)

BOGCE | g BB G i

A ' "'V @
==16), ] 1

o':“ (0 : :
B tagged :::."““‘ B tagged : :

\ e (3) Az= AtfByc ~200um (Belle)

", % By =0.43 (Belle)
gannt” " e
e rawasym. e, OCP-side Reconstruction
% i \ @Flavor Tagging
® Az(=AtB~c) Measurement

dl'/dt
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proper time At (ps)
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Belle Detector ~

SYD1 (upto 2003 summer) SYD2 (upto now)

S-layer (R3rd = 6.0cm) 4-layer (R4ath = 8.6cm) better low P tracking

2.0 (3.0) cm radius 1.5 (2.0) cm radius better vertex
of beam pipe (1st lyr) of beam pipe (1st lyr) resolution

23°% 0 < 139° 17°% 0 < 150° larger acceptance

VA1 (0.6 um) : < 1MRad VA1TA (0.35 pum) : < 20MRad rad. hard
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Activities in SYD

1996 ~

for Belle (esp. software)
.SVYD Simulation (5VD1.0, 1.2, 1.4, 1.6, 2.0)
. Offline data format (SYD1 = SYD2)
. Clustering (w/ T.Hojo@Osaka)
. Tracking (w/ K.Trabelsi@KEK)
. trigger simulation
.9YD2.0 design SVD3 was hot
. Alignment
.Data quality monitor
.5VYD3 simulation / reconstruction / physics test / design ...

installed finally.

for Super-Belle
. New readout chip test (w/ T.Tsuboyama+T.Kawasaki)
. modification of Geant3-base simulation
.beam background study (simulation / single-beam run data)
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Configuration Design

Beam background components

. Particle (Beam-gas, Touschek, ...)
. SR (direct / backscattering)

. High radiation v ';;“-;
(several MRad/yr : CMOS/S0I techf\

. High occupancy

increases fake clusters :
degrades tracking performance Behavior of low-E v (<100keV)

deteriorates vertex resolution is very important Il
— have to reduce BG hits
as much as possible PXD Occupancy
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5“19'6 beal’l’l run (beam-BG study)

1st layer
SR + . even Hybrid # = z-side
Particle BG :

: face to beam pipe

«Her = her ler = OMA,
10 - OmA 104k
~4480300 —200 —100 OO 100 200 323-03 —480300 —200 —100 OO 100 200 20-08) 102?
.| Particle BG =l
A Iel" = 1 7.4mA502—
ler = her her = OmMA |

F = OmA g 400 300 =200 —100 o — ‘1(‘]0‘ — ‘2(‘)0‘ A ‘3<‘>o‘ ~ 00

* ADC count
low-E SR is important for

—400 -300 =20

—100 1(‘30 2(‘10 3<‘>o 400 Occupancy in the 15t layer.

OORE=300" =0T KJDC Cbocl),ln-ﬁo ADC count
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Activities in Belle

1996 ~
for Belle (esp. software)

. management of Geant3-based Simulation (not only for SVYD)

. implementaion of run-dependence
. beam background overlay scheme

.W/o this, nobody can make realistic MC data

. effect of higher beam background

. estimation of the tracking eff. in Hadron event (CDC, KLM)
.MC mass production

for Super-Belle
. Geant3-base simulation for Study Report (EcL, Acc, cpc, svp...)
. geometrical design, BG effect, material budget ...

. tracking part of the fast simulator for physics studies

.manage and develop Geant4-base simulation for TDR
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Tracking + Vertexing
B> wt t L CPside

hnon
f:hnO' n+ th' W hIl

rms

=Vorfton(l-),.

Tagging side o 4
definition of vtx reso.

Belle : sbelle

L Entries S5 Entries 4098
6000 | AZCP~3 1 IL x°/ndf446.6 / 89 e00 - E AZCP"" 1 & ‘ l x2/ndf87.56 / 40
i 6344. + 2 S P 1057. + 26.28
4000 E -0.2837 0.1301 P2 1.135 & 0.2602
i o552 0.1699 | 500 L P3 11.42 & 0.3426
sa00 E 31.40 £ 0.2802 P4 18.04 + 0.4404
- —2.889 & 0.7768 P5 —4.080 % 1.269
0 e e L : e e LSS 0 e e A O | 3045 | 1610
—-400 -200 0 200 400 pmm -400 -200 0 200 400 pmm
- Entries 2h892 - Entries 2243
1500 | AZ - ’l 09 /ndf442.2 / 94 Toi0Et-— AZ '~ 72 X’/ndf70.54 /70
- tag 1304. £ 16.72 g tag P1 1721 + 7.009
1000 b 12.82 & 05160 | 190 F P2 11.82 & 1,141
i 49.54 + i A o T 3 32.76 & 1.248
00 L =} : 72.02 £ 2:507
i T 5 50 40.40 + 4.793
i— J— " L L L L L o 5 L J s L L L L L 'Sj: =
-400 —-200 0 200 400 -400 —-200 0 200 400 Lm

28m o E
Kinematics Fitter/ ‘l%g-side vertexing are working !
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Activities in Belle

1996 ~
Physics analyses

.CPV with B = x .,Ks (w/ D.Heffernan)
.B=>71vr (2002 - lkado@Nagoya in 20006)
B> @mw (2006 = a Korean student)

@& Belle Software Festa 2007 - Windows Internet Explorer |ﬂl

Ed u catio n @'\J - |E http://belle.kek.jp/~harat/software2007/Festa-top.html ¢ o b IWordtEE ~ | +¢| » | | Live Search jel -

Software Festa iA*2007  DF=1e 8 | @ ovrms Boousmo $raus - o s o= |

o . — i »
Wi 4w [ Belle Software Festa 2007 o~ B~ &y A=)y Gy-or |

It is important to encoura
to increase the number

date/place program contacts
participants requirement volunteers
Gallery Belle Tour QuickFesta
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My works are like ...

\’\BW r.e
top-view S
< Belle %
9, ¢2 Q

P

B->T1v 3
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My works are lik, like

T g
side-v ;
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My works are like ...

Without Atlas...
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KEK Roadmap

2007 2008 2009 2010 2011 2012

J-PARC
construction

KEKB : 1 (ab)!

Photon Factory

ERL R&D

LHC

ILC R&D

operation & completion of 15t goal
n -*l [
power upgrade

Ol >

upgrading to Super-KEK

I -] ] |

operation & upgrade
- -

continue R&D and compact ERL

oot 1=l S
construction operation 15t results
JgfF B 8 =

LHC upgrade

m e

> A.Suzuki

July,4,20086

lots and lots of R&D’s TDP2
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5uper Belle Detector

Beam BG tolerant
Belle low material budget Super Belle
better performance

Barrel : TOF+ACC = TOP EndCAP : EACC = A-RICH

A

erDC: small cell,
long lever arm
———

m=— ————3 ﬁ—ﬂ ] |
e

ﬂgi‘ y ——— %ﬂ imil ‘ ‘

EEEEEE

SYD: 4 lyr = 6 lyr DSSD (option: pixel, striplet)
ECL: waveform sampling, pure Csl for end-caps
KLM: RPC = Scintillator +SiPM (end-caps)
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Plans for Super-Belle

We have only a couple of years !!

SVYD+PXD
. management of Geant4-based Simulation (not only for SVYD)

. reconstruction software (clustering, tracking)
esp. PXD+SVD self-tracking is very important for physics
.low-P tracking cannot be done in CDC
.impact on CPV in D*D*, etc...
.impact on full-reconstruction event

. feedback on hardware design from physics requirement
check the hardware-oriented design
. chip-on-sensor
.detector configuration
. systematic error caused by mis-alignment

. decision of the readout chip and pixel technology
.full demonstration of APV25 front-end, repeater, FADC

. DEPFET / CMOS / SOI
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Chip-on-Sensor

High trigger rate (~10kHz) : Pipeline readout > APY25

beam BG tolerant : Shorter shaping time (600nsec = 50nsec)

longer sensor + APVY25 = worse S/N (VA1TA ~16 for outer layer)
R=16cm | (17%6<150°
SYD+CDC track matching eff.

pitch adapter
[integrated into flex)

|
| Carbon fiber tubes
[support and cooling)
2-layer flex (100um])
Rohacell (1000um)

sensor (300um)

APV25 thinned down to 100um

—
d
1

- = | -
e T M i |
I [y

Matching efficiency
o
o]

0.6 __ E E (Drawings not to scale)
(B> Ksm) g
o4 [[— normal . : CP side ' J/YKs
| noise X 2 ] O 2xp / O def —6 % —11 % —19 %
N . I I I all SVD+CDC lyrs 0=31 = 33pum 0=36 2 4opum 0=43 > 51pum
=i noise x 3 : | :
- . . ! ! '.IL ! all SVD lyrs - 33pm - 40pm = 52pm
_I 1 1 i 1 1 1 | EI 1 1 | 1 E 1 | 1 EI 1 | 1 1 1 | 1 E -I-IEEI__',: — — —
Wi E UZXP/Udef 6 7 11 7 19 70

el 1+2 SVD lyrs only = 34pm = 4opm 51pm
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Technology options

consumption

(reset switcher chip:
Voltage swing > 8Y)

small

DEPFET CMOS (CAPS/MAPS) SOl
Material budget 20 ~100pum <~50pum 50~100um
(adjustable) (sensitive area 5~10 um) (could be <~50 pum)
Give limited by wafer limited by reticle limited by reticle
(50 x 75 mm?) (21 % 21 mm?) (21 % 21 mm®)
Power small (0.5w)

small

Rad.-hardness

tested < 1MRad
(up to BMRad?:

intrinsic rad. hard

tested > 30MRad

in other exp.)

(3MRadl/yr ?) irradiation test)] (mustbe > 50MRad)
1 OI.<Hz est|:11‘a'|ted 2 hot proved
trig. rate ~1% ineff. (CAP3 too slow)
MPI only
Availability (already used R&D in progress R&D in progress
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Plans for Super-Belle

We have only a couple of years !!

Super-belle
. management of software
. reconstruction tools
Current . vertexing (PXD, SYD)
. tracking (PXD, SVYD, CDC)
. PID (CDC, A-RICH, TOP, ECL, KLM)
. GEANT4-base simulation (required for TDR)
. analysis tools
. tag-side vertexing, etc...
. software framework (BASF, Marlin, etc...)

Problems

.less communication
. unplanned update
. human resource

. Improvement of hermeticity
heed .important for B = 7v, Kvv

“h d”
=2 . beam background study

.feedback on the IR design
.check the occupancy of the PXD /SVYD
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Plans for 5uper-—Belle

sin(26™) =i (2¢ @

o PRELIMINARY
Super-Belle Physics et WordAveraie |7 Tl 7T oEioE.
. BaBar : !026+026+003
o o o X Belle : : G =
. CP Violation (b = s penguin) ey i
wW 9% “BaBa= SN |\ - *| 1 058+0.08+002
< X Belle : ! 0.64+£0.10 + 0.04
- - - = - = Average — 0.60 £ 0.07
b %b c b u C t S ........ i e B_a_B_ar_ ........ G| o | D, : ....... 0_ 'g'd"o'iﬁ';u'fx'a"
y ¢ & Belle ]| I— j 030+03§io0002
- - » Average | P 0741047,
Tr'ee Dlagr‘am J/Qp b -5 pengum@ S e e R Har A v 1 T 055+ 0.2040.03
P = Belle : . 0.67£0.31+0.08
(Y B Average E 0.57 + 017
B V. 'BO S o BaBap TR U e 0.61 702 +0.00+0.08
cs X Belle 0.64*212.40.00 4 0.10
S Average ! : 0.63 7o
R KO - B SBeBarSy = T T o s e L2
d d d d 35 Bolle * 011 -
Average : 0.450.24
T T BaBar T e T T ok
? H ¥ Belle : = : 0.60 71§
CP V|O|atlon H. IShlno @BNMZOO& - : e
Q ’ Average : e : 0.62 7513
e Y DRFEDEEIE Ry T WS s toe ioge
H : c +0.21
(B = K*°y polarizatign),  pc RENERERR b gbd | ooz
7 K*=Kr - E—LAATELRIY BB e
— BiBelleREARHBTIXS%DMEER 058 06 04 02 0 02 04 06 08 1 12 14 16
THRE
/ — SBFTO&AJRE/ME

~ internal conversion ? .B = 11, Kvv

Grossmon Pirjol JHEP 0006 029(2000) 150 £ (d) - BV RTUEE
7100 @ BAFRE Eull ,
o B W 50 - CdTeXRJw -
2 memri ull-recon. tagging
3 0— larization
Epord 8 s s DB E
g T Ky |- BRERRTL
100F Smeared and dropped =-100 g:l combine :fUX.Lx(DHlﬁ%
e -150 £ 500ab-l HE
-150-100 -50 2 50 100 150 . 0 0 1 0 2 0 3 0 4 0 5_ &u%i*t |
E%ﬁ%Tb‘iﬁ‘:CéEE’/lb— |FL||Fr

*'/a“/i)‘ﬁhé R= TFLF £ [Fn? hep-ex/0703039
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Activities in Kamioka

1991 ~ 1996

Kamiokande-lll
. High-Volatage monitor
. Upward-stopping muon (master thesis)
. Upward-through going muon (PhD)
levent/~7days .

16.01m  s—
22.51m ———————

I

i o ~
| [ ]
J<—15 6m —» N

19 0m
5 Anticounter
6 [ | T T o]
b L —— null oscillation x?=21.3/9 ']
12 o st 1
enkov 5w [ i, A oscillation '
S cos0<0.04
o 4 | (sin’20,Am?) s o
5 —(1.0, 3.2x10 eV") ;
3 el v
‘\‘Vu . |
: 2. Y
$ =1.9470.10(stat.) =007 (syst.) X 10 opsiss? T 1,103 .
=2.46+0. 54(th o (y_1 3 e 1 } + T t 372 eventh
@h ( eo. ) X 10 cm’s'st X2:12-8/9 12456 ays

Yy © L. osc. (PRL81,2016(1998)) confirmed by SK =~ 0 ool (09
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Physics Results

B DK (Dalitz,GLW)
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Beam Pipe Design

Beam Pipe (Be)

Mask (Au) : to stop beam-BG

| Au10 pm*®
Be 2mm * Taper (Au):to stop beam-BG
LER * Inner diameter 30mm 1 /
2 ST s e o | e
. : = HER
= e = 2 4 : Beam Optics is
g : provided by KEKB
i I
Mask :Shape Hj" Nﬂﬂm‘mﬂ‘ GEANT4 geom. setting
~ = = l
: Height QC2R % ]
gn Qc1R Hmmmlm | mlmmﬂﬂmﬂm ER
: Position
: Material, ... QCSR QCSL  QC1L
QC2L

Bending Magnets
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DEPFET

. amplif
.Intense R&D has been done for ILC pixel sensors "ET gate clear ga -
: ; p d - e
has been used in several experiments already ! o n clear .
SOurce
. Technology is available in MPI only

. Sensor size is limited by wafer size
50 pmx 75 pm:215x 512 pixel (adjustable)
almost no gap in the acceptance

.Not very rad-hard ( tested up to 1Mrad )

OK up to &Mrad ??
. Small power consumption

.Reset switcher chip: Voltage swing > &Y

. Thickness 20pum ~ 100um (adjustable for experiments)

. Doubly-correlated sampling can be done = low noise

. 10kHz trigger rate, O-suppression, ~4p|xel5/hltw1§,2 blts/plxel mcludnn ress
Disadvantage: ~1% inefficiency R gm

. Data processing is done in subsequent chips
on repeater system orin backend system
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CMOS pixel (caps/mapPs)

. The same technology as commercial CMOS cameras e
5-10M -pixel chips are in production
.Sensor size is limited by reticle size (21 x 21 mm?) “”'I'Eﬁj‘f;fﬂ' 10um
22.5 uymx22.5 pm - -
gap in the acceptance e :\5\ e s
.Intrinsic rad-hard (deep sub-micron technology) Iomsim\mmmw e
> 30 MRad ool

.Sensor is a thin epitaxial layer (5~10pum thick)
sighal si small = No problem as the detector capacitance is also small
<=50pum
.N-well is used to collect charge from the epitaxial layer
. 100kHz frame rate is achieved (132 x 45 pixel)
Full-size detector (928 x 128 pixel)
10kHz trigger rate 227



Presentation at KEK (2, Oct., 2008) 29

S10]

. Activity started as —J_|_-L PMOS T T NMOS
one of KEK detector R&D project in 2005 5102 BOX(Buried Oxide) =
.Sensor size is limited by reticle size (21 x 21 mfi°) (T Pr
20umx20um: 1286 x 1286
gap in the acceptance (Highszzssc;rstive
.rad-hard (deep 0.2 um technology) n- L\' Substrate) /
tested > 30 MRad ‘ |
X—ray)

. Depletion depth of 50-100um has been achieved
thinning after silicon process
<=50pum

. Signal induced in the sensor can be processed by the CMOS circuit [#
Complex/rad-hard circuit can be made
DEPFET/CAP type readoout is also possible

10kHz trigger rate 222

.R&D in progress

Evaluation of Belle PIXEL chip will start soon

(pixel-shaper-discrimination-digital pipeline)






