


Grand Scenario of B Physics

|dentification of SUSY
Anomalous breaking mechanism

CPV in b—>sss

sin2¢,, CPV in B->nm,

Study of NP effect
in B and t decays

SeardnforNewOngmofHavorang&CP Viokaton
Elcdation of New Physics Scenario




Physics Reach at Super-KEKB -
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In Case of SUSY...

* The squark/slepton mass matrix §
— Sensitive to SUSY breaking mechanism.

QEA@_ q

J

2\ | Off-diagonal terms
")~ | il Flavor Physics

Luminosity frontier

Diagonal terms:
LHC/ILC

Energy frontier

B and t are in the 3rd generation (“*hub™ quark & lepton)
m=) probe for both 32, 3=>1 transitions.



CPV in b->s and SUSY Scenario

 Different SUSY breaking scenario can be distinguished
in Ag,™X(0Ks) - Ag,™*(K*) correlation.

02 03 04 05 06 07 08 09 0.2 03 0.4 05 06 07/08 09
SUSY SU(5)@vy, =am >FA ’
(non-degenerate) 5

tanp=30

1.2
Mo = B00GEV/C

Correlation of other ovservables are also useful.
At (XY, Ars(Xll), Br(t=>py), CKM



Lepton Flavor Violation

» Quarks have flavor mixing.
» Neutrino mixing has been found.
» What about charged leptons ?

{ — /'y inSUSY
i

(Original figure by Dr. Kuno / Osaka Univ.)




LFV Search at Super-B

LFV in neutrino sector =LFV in charged leptons ?

Search for “SM Zero”
2ly §

Mﬂ)

r%ly -’:
T 1/1/ 1
23|, In e I l ‘
A e i
X 121 KS

‘<“(S) T%B /TC- ;‘r | |
H(S) B IL—l.-lpperIir;iton BrT

Search region enters into O(10-8>10°)



b-s penguin v.s. T — uy

: 2 ~ (1112 (0—@,)
GUT relation: (m; ),5 ~ (m; ),; "

R -

Interplay between B and ¢ -

Thus, b-s penguin processes and 7 — (¥ are correlated in

J.Hisano @ Tau04
Workshop, Narag,

the SUSY GUTs.
-5 tanf, =30
10 EREE I
,,,--"" 200 .
400,/."' a5 :
’ ! -
107 {‘ 400 ‘-"" m, = 5x10 ZQV,
600 ; 1 ’
— ] §00 G T ' E
) R e . :’.'r""";s"'"" = UM = U\E,
;"rl b g 14
m m=10" W B ; ¥ _.“?. o MN =5x107"GeV,
107 o T
10’ tan =30
m-g=400 600 _ 10° i
!
10-8 e o e '
0.2 0.3 04 0.5 0.6 0.7 0.8

CP asymmetry in B) — ¢k,

This is non-trivial test for the SUSY GUTs.

Nov, 2004,

J.Hisano, Y.Shimizu
PLB565(2003)183.




Comment -

t decay is an important physics program
at luminosity frontier |

B Upper limit O(10-8~-7) enough ?

B We need more studies to maximize the sensitivity at
Super-B.

B LFV in t decays would be agood application of e+e-
machines w/ Lum. beyond 103536,

B If we start to see something at Super-B, it would
?’rrongly motivate us push forward the luminosity
rontier.




SuperKEKB overview AN

B Super-high luminosity = 4x10% cm-s
» 5x10° BB per yr.
> 4x10° 1 *t - per yr.

SuperBelle

New IR

B |etter of Intent (Lol) in 2004

» 276 authors from 61 institutions

» available at
http://belle.kek.jp/superb/loi

> “Physics at Super B Factory”
hep-ex/0406071

; Crab cavities

New beam pipe
& bellows

More RF sources

More RF cavities | ™
—’ ~

B Official budget request™ (“gaisan” e ecs:
request) sent from KEK to
MEXT** in Aug. 2005

*This does not mean the official approval of the project.
**Ministry of Education, Culture, Sports, Science and Technology

‘ ’ﬁ\ Damping ring
|. ; e

| “ —a

Positron source




Second detector ? -

I - & We may invite another detector.

: /

waan— .

_—

S

————

u ey

§l

L
\
Caution:

No serious study yet.

u

Answer by K. Oide
HL6 workshop, 2004 12



Feature of Super-Belle Exp. -

B Cleaner than hadron machines even Belle = Supf:rBelle -
after the upgrade | LT
— Many off-timing hits, but typical
track eff. 91% 2> 89%

B B decays with neutrinos
B - Dzv, tv, ulvetc. B meson beam ! B /

/ "\ &= —%Tf +— e+(3.5GeV

. "full (0.1~0.3%)
Charged Higgs Vub - T reconstruction

B o< {hB-Dretc.

M B decays with vy, nt°
direct CPV. ¢ (o) isospin analysis

o
B > Xsy, RORV

B B vertex reconstruction with Ks only ! Ks trajectory mhT
B > Ksn°, Ksnl etc. - B vertex,.-** IP yroﬁle
Y

13



- radlatlon damage and occupancy In the
~ near beam detector (SVD/CDC)

--Ilgher event rae

?equlre speC|aI features IR
- Good K/rc Iow 7zu |dent|f|cat|on « suu recon.

aHenge

- fake hits and pile-up noise in ECL }
e neutron background in: KLM’? (L

- FuII reconstructron i




Beam Background -

KLM Barrel NS ; |

Average Vacuum | —

2.5x107 Pa / e

’ ’ BG P
KLM Barrel NN <  Suppréssed by
i utron shield | " spetren
KLM EndCap [N < - Upstream
I E SR from
EcL | | ‘B‘CS .
il l Beam-Gas :
oD HER) pnceﬂalnty
i B Beam-Gas IN vacuum
coc | | EER)
L M Touschek
SVD outer-side [N _ : >
1%t layer L Beampipe radius 1.5>1¢m | @Bhabha
SVD inner-side * >
BGx33 (several MRad/yr)!?
0 S 10 15 20 2%5im. fordhrticle shower)

BG increase (times)

15



Super-Belle 4

Csl(Tl) 16X, * Other options also exist.

7 pure Csl (endcap)

SC solenoid
1.5T N

Aerogel Cherenkov counter

+ TOF counter

/ > “TOP” +RICH (*)

- '\'\\.\
i ‘Tracki‘ng‘+‘ dE/dx
- small cell + He/C,H,
—>remove inner Iyrs

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

- scintillator (*) 4"

New readout )| ||
and  ME T il TTRE

computing M L5 A
systems Uk W ggs%lxely




Vertex detector for SuperKE <5l

B Six layers from 1.3 to 14 cm radius.
. S

! — Number of readout channels: ~4x SVD2.0 —

ST [ Super KEKB VTX (r—z view)

10 | I

| 10 F %X‘
;o o [ I

5 i - T -

-10 — 10 B / ....... i

L -30 -20 -10 0 10 20 30 403

m cm

B The baseline is to use APV25 and striplet DS
— Continous Acquisition Pixel (CAP) as an alternat
B Keep the hit occupancy <10% at x20 BKG.
— 1/10 reduction by shaping time, 1/5 reduction by

|
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R&D on Striplet + APV25

Beam test at CERN
5 GeV/c - beam

APV25 readout on n-side,
no p-side readout

51/102 um readout pitch
40/60/80 MHz system clock
signal ~ 18
ke

noise =411 e
S/N =[44

ers

T EEEET———.

i
¥

[ APV25S1 UV 51lum(pos 1) |

[Enies 137939 |
= Mean 2.196e+04
14000 — RVS 9505
= ¥2 / ndf 788.5/56
12000 [=— Width 1368+ 87
- MP 1.725e+04 + 12
= Area 1.39+08 + 379729
10000 = GSigma 1748+ 169
= I
8000 |— Peak = 17932.8
6000 — FVWHM = 41.2%
4000 ——
2000 [ =
0 = .
0




Collection
Electrode

Epitaxial
Laver

;W’ﬁ Column
%ﬁhz,% Select

WG, eessessemic

K BN % v o W

ubstrate (P type) _ _ : S . 28522
i 1 |

132col*48row ~6 Kpixels

|LEE;




4 F2s / Pixel Sensor

CAP: Hit resolution

4.6cm 3.6cm  3.4cm

2 L3 L2
120- 3338 / 28 N X/ ndf 2746 7 26 | E L4
[ 120 | c
[ 98.71 _ Constant 97.55 | & 4
100 0.1811 : Mean 2.542
[ 1.2 100 Sigma JL s | 29
- - 2
80 : 80 lz-plane 1.5 /
I - 1
60 60 0.5
| | ob !, ., Mioge | ammme,
40 40 + 0 20 40 60 80 100
: [ (in mm)
20 ¢ 20 h|'t
: : (13 I ”
0 L 0 e PP B . . .
50 -50 0 50  Residuals for 4GeV/c pions:

- <11pm (in both planes) 20



Tracking

CDC

Hit rate in the present CDC

B CDC radius: r=16cm—114cm
— Hit rate similar to the present inner part.
— Larger diameter for better resolution.
— Smaller cell size to reduce occupancy.

B MC study for tracking with bkg. Overlay
— Tracking possible even with 20 more bk
— Low p track should be covered by SVD

Hit rate/wire(kH7

(A ~
Q
.

_ Exp 27 Run206 |

HER 1A
LER |.5A
L=9.6x10%%cm'!s!

Layer

J Typical event w/ background overlaid
N

™| B->nm reconstruction eff.

Estimated B decay recon. eff.

| including geometrical acceptance

] § o 1] n ]

LIE]

LH

al -

Bt
[

9 ‘ %k
- deadtime:GO(aec TUTT n' B ) D 7C
k'] 9 ) [ " | ) X

gl Y2 | 08 &, dead time =600 nsec

io08 08 - A 000 e

orl 0.76 | élw 0.67

g aad time =2200 phec ¢ ol by ¢ W82

8 dead time =2200 nsec 064 5 " 0.69 . 055

?lul : a 0‘55 : !

E‘ o E ol - 0.46

' A

a 4]

dead time =2200 nsec g

] 1 18 1 n

Accidental Overlay (times)

Accidental Overlay (times)



B Pure Csl + phototetrode (BINP)
30ns shaping time + wave form sampling (43MHz)
Noise reduction factor: 33x5 = 165

B Barrel as it is + new shaper (0.5us) + w.f. sampling

BEEIEE

{(ﬁalorlmet
H

[
‘ [

Pile-up noise = 0.8MeV at x20 bkg.

ENE = 0.4-0.5 MeV

i o N
I L ]
In Electroni |
Inside At the detector T H:t TORICY -
the Detector |
| TKO v
v x16 . + 6 FUSTBUS
Shaper 1ps L et
—  Crystal CSI(TD) > QT :
2PD + 2Preamp 3 range x 12 bit 96
B i 16 ch/module eh/module
TKO VME
Crystal CsI{T1 x16 4
Barrel — "P?'e(a_m) Shaper 0.5ps + <==>  CoPPER
N - - ADC 64 ch/module
2 range x 14 bit
U]_‘l grade 16 ch/module
TKO
4 VME
Endcup —» Crystal pure CsI 113 Shaper 30ns + : CoPPER
PT + Preamp ADC ;
_ 64 ch/module
2 range x 14 bit
16 ch/module
Upgrade

4



Super-Belle

o

2

KLM based on scintillator counters with novel photodetectors
(multipixel photodiodes in Geiger mode)

Strip option: Tile option
x and y layers of 4cm wide Two layers of 10x10cm? tiles
100
NP- 1000"'150% - i 7" Tiles with
circular groove
=i )‘. 100 <~ |+ Kuraray Y11 WLS
/ fiber
Mirror Photodetector —> Mirror
~295K scintillator strips ~125K scintillator tiles

» Coincidence between two layers — lower background rate even if single
layer occupancy is higher.
* No dead time — higher efficiency, independent on occupancy.

Additional ~23k strips required for barrel




Test of Strip Option -

Strip Test Results

Cosmic particle 2 trigger counters
25x23x15 .
< Fiber
S . 2000 ) !/ R
\ AN
=14 i D)
/ \ z .
Photodetector +— Scan direction Photodetector
Y — -
5 MIP at normal incidence = I
s . ° Sum 3000 ¢ LED
a, [ ]
E 15+ . - 2000
3 ¢ 1000 |
= 4 o1 Right SiPM : . .
= i O ] 055 100 150 200
= 10 R ADC channel
% 'Y O § +
O g L _ i
= 5o o s Left SiPM 100 - COSMICS
& T :
E | Stri;ln center | 50:_
0307100 150 200 NS M. N
Position of trigger counters, cm 0 200 400 600 800 1000

Sufficient light yield for more than 99% efficiency at <10kHz noise rate
Tile option gives even better results 3 24



PartiC|e ID w/ present g

4

B Present Belle PID w KT
_ Effifake ~ 90/10% 0 N
— No high mom. PID for endcap Ty I S e
— Material (ACC+TOF ~ 0.35X,) . - “’“‘ffg’o// —
: 'y /Kty
zgl?(ﬂt*n‘no Y el y
B With x20 background o
— TOF cannot survive 3

: 055 5 55 05 o1 0 01 02 03 04 05
— ACC is OK DE (piid org)
MUID w/ KLM + Cherenkov

. . (97.5% @ p<1GeV/c)
B Benefits of improved PID & %2 eventsin Ml < 1 GeV

Typical examples 255 X 1.5 events in 15 MIl <2 GeV

200 \\\

175
A B I Lol

150
T Ll N I
05 1 15 2 2 3 35 4 45 5

— B%d’Y/S’Y B%KMH 125
II: mass (pid-mod975)

D

— B>Kup 0

o T T T I T

p)



TOP counter Simulation
l Cherenkov rlng |mag|ng

with [

— Quartz radlator (2cmt)
» Basic study was already done.

— Photon detector (MCP-PMT)

Good time resolution < ~40ps
* Single photon sensmve under 1.5T

r
AL N N R )
>




MCP-PMT

B 1x4 linear-anode MCP-PMT
newly developed for TOP readout.

‘ 22 (effective area)
215 ,

#MCP stage 2 .%‘O [ ey

Gain (HV) 2x106 (-3.5KV) ©

MCP hole dia. 10um

Geometrical o =50

collection eff. S é‘-‘ 3.2kV

#pixel /size Lol

P smmx22mm 40
Effecti / 3.3kV
ective area 64%

Total area Sy
Confirmed gain > 106 and TTS = 30ps(c)30[ 3-5kv
In B=1.5T magnetic field.

»¢ Remaining issues: cross talk, life, deadtimeégtc.

0 0.4 0.8 1.2 1.6
B(Tesla)



R&D for Readout ASIC -

B Time-to-Analog Converter - Time resolution <~20ps.
B Double overlap gates > Less dead time (~100ns).
B 0.35m CMOS process.

“TAC-IC” Concept
1) DIRECT THROT
I N P U T ) LEADING-EDGE COMPARATCR ./V.
DIFTERENTIAL

3) CONSTANT-FRACTION COMPARATOR l L ———

125ps - T G _')h/ﬂRl m o 0T
GATE1 | g Ly o
T1 AT . ! §

[ 7 T0 FADC
GATE2 . oo

o YIA /Y CONVERTER
AOUTH I V1=KxT1 ) vsﬁ)” l Jany

AOUT2 } V2=KxT2

y'y
’\l—l
(&)

©
w
2

#E BT R S s

28



Performance w/ 3 read-out pI'

Design optimization

B Long propagation distance - Large chromatic error.

B Read-out at both ends - better performance in g>90deg.
B Another read-out at g=46deg. > better performance in g<90deg.

Geometrical acceptance loss

4GeV/c, bialkali photocathode = 6.3% for 5cm gap.

’g 5.5 : : : : : : : 3
20 5y S o @eeut D R o
el /1 mnocut
) | m mm? (7
245/ 9@\ R — —
8- E : % % % % % % % ‘ MCP
c 4
.0 i
) o
53 / /
8 i 20mm?} €7
8 3: 725mm 1825mm
F Y
o X :
2.5 - 1180mm particle
i z
2l 7 ' mm) forward
I P
[ P ST EUPAVANI WAV WTIVOT WA B ‘ — =

40 50 60 70 80 90 100110 120 29
incident angle(deg)



MCP-PMT with GaAsP AN

B Further reduction of chromatic dispersion
— GaAsP photo-cathode
- Higher Q.E. (~407%@540nm)
- at longer wave length —

16
© AL i o\ @ |
S 40P —giakali /TN £ |
S | —Multi-akali/ O\ 14|
35 == GaASR e N < |
[ : : : : : () I
30} 12/
F ] ] ] ] ] ] ] ] o |
A4 [/ | 2 |
i i j i i i i i i i 8 :

[ 47 \v/ | Sooso:

5 ‘ i 4GeV/c

0: e S 2[ |
300 400 500 600 700 f
photon lambda(nm)

?30 40 50 60 70 80 90 100 110 120 130
incident angle(deg\)’O



Aerogel RICH W

ICH with aerogel radiator

st beam experiments in 1999~200
- Confirmed principle of operation
T )emons’rm‘red >4 /K separation at 4GeV/c

B Proximity fo

B Series of fe:

(‘:

S

g\

=5
FQ

o
=

o}

\\l
O
e d

225 [
- Pseudo K nt (4.0 GeV/c)
200 F from

c (1.1 GeV/c)
175 |

Photo detector ;

position sensitive, pixel size=6 mm)

Entries

Aerogel radiator. |
(n =1.08, 20mr:nit‘hick

o 3 ‘ 150

\
W\

v\
T\

125

S
;z;%yiiiﬁﬁﬁﬁﬁiiﬁﬁiiiﬁﬁﬁiﬁiiﬁﬁiiiﬁ

rgéd 1 tjréck

o

-

e
\

100 [

NS I f 75

7
di

TS~ | 50 |-
~ -

25

A

: ‘ n L L o: L :
200 mm e 02 022 024 026 028 03 032 0.34

0 (rad) |




Focusing Aerogel-RICH

B New imaging technique by introducing multiple radiators

y

2

|

N4 <D

I

Increase Cherenkov photons without

loosing single angle resolution due to

emission point uncertainty

Resolution (mrad)

oftrack) (mrad)

o]
[=]

-
4]

—
(=]
T

- (a)

[] single radiator
@ multi-radiator

L L Il 1 1 L 1 1 L
10 20 30

Thickness (mm)

[1 single radiator
® multi-radiator

10 20 30
Thickness (mm)

[J single radiator
@ multi-radiator

O O
]
L

10 20 30
Thickness (mm)

Take full advantage of

controllable index of aerogel

32



Optical Properties(3)

B Improved ftransparency w/ new solvent (DMF)
B Trials for larger size tile.

B Trials for multi-index tile.
100x1

with DMF method, T.L.> 30 mm can
be produced up o n ~ 1.065

g «"‘ﬁ,f """ SR
o,

Lo ‘q Lo : :
s R
EEE IR A N A { W 2005 sample: 60x40x30mm?3
bo RS SR REEE
gt e

0.00
1.022525027H30032DH35M37H4004204504TH50M52D55057HE0ME2HE5D6TH70M72

1.03 104 105 106 107

n 33



12x12 HAPD 4

B Optimized for the proximity

focusing aerogel RICH.

Package

72x72mm?

Number of pixels

12x12 (6x6/chip)

Pixel size 5x5mm?
Effective area 64%
Gain 20000 w/ APD
Multialkari
photocathode\ .
[~ ¥
-10kV l e-
15~25mm
ol

Pixel PD or APD

1sT prototype

Ov2E0. 2 30£0. 5

144 -[4. 9
| 0.2

1.6 4 3. 3

o

071,450, 6

ITTTTererrrrreroreygerTl

w
N



Comments -

W R R
Preliminary budget request submitted to MEXT.

S S S =
IPNS committee for future planning, consisting
of physicists from Super-B, J-PARC and ILC.

B | E e B 5=
Activity for advanced detector R&D, horizontal
to several projects (not project oriented).

35



Summary -

The coming 1-2 years would be important for Super-KEKB.

Particle physics
in 2010’s

We need make wind blowing in the community, to make

the airplane faster (before the "typhoon” come...)
36



Summary -

Let's keep cooperations

B Physics cases in B and t decays
to demonstrate their impact

B Detector R&D's
B Accelerator
B Beam background
to prove the experimental feasibility

37
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Super-Belle Strategy

Same acceptance as

u Vertexing with new SVD Present Belle even with
: i new IP design.
— Beam pipe radius = 1cm.
— 2 lyr. striplet/pixel + 4 lyr. DSSD _ r=15cm (low p
B Tracking with new CDC tracking by SVD)

— Smaller cell size (for inner part) + Faster gas
B Endcap detector replacement

— Pure Csl for EM calorimetry ;
— Strip/tile scintillator or RPC in avalanche mode | Front-end electronics

with new gas mixture. « Shoter shaping tirpe
B PID improvement * Wave form sampling
P (Csl, CDC)

— Ring imaging counters (TOP + Aerogel-RICH) | |\ . & . i
— Other options; FDIRC, TOF w/ finer seg. ('I'IgP/%T:Q)J resolution

B DAQ/TRIG/Comp.
— Full pipeline readout (FINESSE + COPPER)
— 3-stage event building (new RFARM)
— Large scale computing with GRID architecture



DAQ/TRIG for Super-Belle -

\\,
Estimated DAQ condition at SuperKEKB, , 43"

Belle(L=1.5x10%) SuperKEKB(L=5x10%)

L1 trigger rate 500 Hz 20 kHz
Maximum trigger rate 650 Hz 30 kHz
Event size at L1 40 kB/ev 300 kB/ev
Data flow rate at L1 25 MB/s 9 GB/sec
Data flow at storage 13 MB/s 250 MB/sec
Subdetector readout 26 >1000

HLT reduction 2 12

40



Form factor = VME 9U

Strategy of DAQ Upgrade

* Achieved by extrapolating the near-term up

- Fully pipelined COPPER based readout s
+ with new FINESSE cards

+ >1000 COPPEBRanpekigps in ~50 readout crates
Input: ~ 100K channels - Belle DAQ

- 3 stage event builging using evakipe’ GRS GP modularlzed
Event Builder + RPARfgeadw .

H 1 ~50 Readout PC (O
- Multiple output streams-ree Isk

Jajsuel

1574
—

* Development of compongntsa one for the -
near-term upgrade

IOM)

~10 L3 Farms

[

all components are
Linux-based PC's




Status of Detector Electronics -

- SVD3 : full CMS APV25 -> FINESSE design is on track
- Pixel : CAP option -> needs more R&D
- CDC : 2 approaches
1) TDC(12bit) + FADC (12bit@20MHz)
-> FINESSE design on track
2) FADC for waveform sampling (12bit@>100MHz)
-> new development necessary
(high-density 12bit FADC)
- ECL : Wave form sampling is absolutely needed
14bit dual-range FADC@43MHz
-> R&D in progress at BINP, in good shape
- TOP/RICH : Need to manage pixel photo-detector
HPTDC, Analog pipeline ASIC+FADC@1OOMHZ
-> not yet fixed. needs more R&D.

- KLM : time-multiplexing of hit info SR >1 b
Pipeline TDC ‘ |
-> unchanged from Belle o e
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