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Achievement of the B Factories
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U Quantitative confirmation of the KM model
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Other highlights

Many new resonances

(Belle experiment)
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Another important achievement
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[ Asymmetric e'e” colliders with L > 1034
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What is next with flavour physics?

® |LHC will start soon to explore the TeV region, which is the scale of the
electroweak symmetry breaking, and most probably related to the “New
Physics” scale.

— Itis natural to assume that the NP Pattern of deviations from the Standard Model
. Y.Okad
effects are seen in B/D/t decays. S -

ables Unitarity b—sy b—sy

— Flavour structure of new physics? L0 tiangle indrect CPV | Direct Py | T KT

— CP violation in new physics?

— These studies will be useful to
identify mechanism of SUSY SU(s) SUSY

GUT + vg

breaking, if NP=SUSY. (degenerate)

SU(5) SUSY
GUT + vq
(non-degenerate)

mSUGRA

B Otherwise... v
— Search for deviations from SM in symmetry +
flavor physics will be one of the ++: large +: sizable —: small

best ways to find new physics.

Search for New Physics in precision meas.
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In order for the flavor physics to be useful in W
the coming LHC era, the precision of various
flavor measurements must be significantly

improved, both in terms of experimental reach

and understanding of theoretical uncertainty.
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From KEKB to SuperKEKB

|B*y= Oz = 3 mm |
SuperBelle
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upgraded with higher
r‘ energy storage ratio

Energy exchange fo support higher
: C-band current. ’ &
, = amping ring
The superconducting cavities will =3 *‘
be upgraded to absorb more higher-
order mode power up to 50 KW a
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The beam pipes and all vacuum components will be
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Belle upgrade

Faster calorimeter with
Wave sampling and pure
Csl crystal

Superparticle identifier with
precise Cherenkov device
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KL/u detection
with scintillator

_
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and new generation e <
photon sensors - )
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4~ Background tolerant
super small cell
tracking detector
N\ 3

Si vertex detector with
high background
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KEK Roadmap

| 2006 | 2008 12010 | 2012 | 2014 | 2016 | 2018 |
 J-PARC
constructio experiment + upgrade
« KEKB
upgrade experiment + upgrade
e LHC
construction experiment + upgrade
 PF/PF-AR

experiment + upgrade

R&D for Advanced Accelerator and Detector Technology

( Detector R&D

ERL

C-ERL R&D construction test experiment

PF-ERL

R&D construction experiment

ILC R&D

AR
construction




Physics at upgraded KEKB

New source of
flavor mixing

New source of
CP violation

Y-+ Rreciston;test
/A of KM scheme

Charm physic

New resonances,
DOD° mixing...

Super-high statistics
measurements:

ag, Sin?4,, etc.



Search for new CP phases

In general, new physics contains new sources of flavor
mixing and CP violation.

» In SUSY models, for example, SUSY particles contribute to the b—s
transition, and their CP phases change CPV observed in B—¢K, n'K etc.

W
5

. 3 s

SM SUSY contribution

In general, if SUSY is present, the s-quark
mixing matrix contains complex phases just

as in the Kobayashi-Maskawa matrix. ’ . ‘““”E":{':E 1_3]”:'3' R
mi 1 e

SU(S)dv,, , Non-degeverate (T)
= 4x10"* Gev tan B = 30
0.2 = : B

b.—
&

T.Goto et al., 2007



Direct CP Violation in B—Kr Decays {9

P.Chang, ICHEP2008

Acp(B — f) = AP T AP X ZA A sin(6; — 6;) sin(¢; — @)
Belle Results: Nature 452, 332 (2008) New prdate

~0.107£ 0.016 *00e  BaBar
_0.094+ +
A(KT) = { 0.094% 0.018 £ 0.008 Belle

—0.086x 0.023 £ 0.009 CDF
—0.04£ 0.16 £ 0.02 CLEO

= —-0.098 *2014 @8.1c AVG
+0.030% 0.039£0.010 BaBar
Acp(K*n0) {

+0.07% 0.03% 0.01 Belle
—0.29% 0.23+ 0.02 CLEO

= +0.050% 0.025 @2.0c AVG

AAy, = Agy (K ) — A (K*0)
= —0.147+0.028 @ 5.30
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AA, Puzzle (Y

P.Chang, ICHEP2008

Expectation from current theory

T & P are dominant = AA,.~0
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 Enhancement of large C with large < Enhancement of large P,
strong phase to T = strong inter. !? = New physics

Yoshikawa 2003; Mishima & Yoshikawa 2004;
Buras et. al. 2004, 2006; Baek & London 2007;
Hou et. al. 2007; Feldmann, Jung & Mannel 2008

Chiang et. al. 2004
Li, Mishima & Sanda 2005
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Model independent checks for NP ©&»

P.Chang, ICHEP2008

M. Gronau, PLB 627, 82 (2005); D. Atwood & A. Soni, Phys. Rev. D 58, 036005(1998).
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B* ¢ A=+0.1410.13+£0.06
d +
T
‘T ahan HFAG AVG: -0.01 £0.10 /
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World Average Important topic for Sum rule predicts

A, (Kom*)= 0.009+0.025 Super B factory Agp(KOn?) = -0.15110.043
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Searches for new sources of =
guark mixing and CP violation ((-y

CP asymmetries of penguin dominated B decays

~ Present upper Deviation from SM
04 } "iljmlts New Physics
03 1 ': “‘¢ ( SUSY GUT, Warped Extra Dimension,
(%. 0.2 - String-inspired MSSM, ...)
5 New source of CP
c % F violation
O o0.08 |
B oos |
5 0.05
I .
2 at upgraded KEK W, Relevant to
e ( éb-imﬂ)" baryogvenesis?
Reach of present Reach of upgraded

B factories KEKB
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Probing b— stransition with | +1 - ©

| +

| - . Probe the flavor changing
- process with the “EW probe”.
Vs
¥ This measurement is especially sensitive to new

b quarl>< m s}quark physics such as SUSY, heavy Higgs and extra dim.
F I

_ 2 —e— —e—Belle, 08’ ICHEP

Possible observables: il _ . B:BeAR, 08 EPCP

k- CDF, 06’ CKM

Ratio of branching fractions

Branchingfraction S T T R |
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CP asymmetry

D il BF (107)

q < distribution ~
Isospin asymmetry Ba BOKHI| 3% B->KII
Triple product correlation e - Belle, ICHEP 08 §|  JBAsAR, Frce 08
Forward backward asymmetry ol qEAR’ FPEPOS | oy |
Forward backward CP asymmetry Bosf Do
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Probing b— stransition with | |~ W

1.071x BF(B" — K“"Ily = BF(B* — K"II)

1.071x BF(B" — K “°ll)+ BF(B* — K1)
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while the SM predicts negative A;.
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At high g2, data above the SM
expectation.
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B (B—1v) = (1.51% 0.33 )x 10

ICHEP 08

[ Prediction for BR(B — 1v)
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. Belle, 2008
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full reconstruction
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Provides a unique method to

measure b-H*-u and

b-H=*-c coupling strengths.
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B to T decays (Y

-1 mytanf+m cotf

m tanf

Two-fold ambiguity is resolved
by the two measurements.

B—D*tv has been measured.

0.0004 T T § T T
ltoh, Komine, Okada 2005
0 * % oooo3s - |/
B->D"t*v, - results ,
0.0003 | ":
SIGNAL YIELD N.= 60*12 6.7c (5.20 with syst.) ‘ 535M BB .
from a combined maximum likelihood fit (with a single BF) to 3 My, distributions PRL 99, 191807 3 !
2 | (2007) T oooo2 !
Z“0  combined data FIRST OBSERVATION ‘ @ i
i = - - 5
[\\ BF(B" — D" t'v ) = (2.027%4 (stat) + 0.3 7(syst)) x 10 2‘ 000015 4 t WA
i \ SM
j{ .\ CROSS-CHECKS 0.0001 - %
S = seaparate fits to sub-channels sm  channel BF fit variable i _I_ 20
\ = check look-back plots oot s -1-1—
y . g i ional-si 244278 |\ -
T T TG S nal yield from signal-side —— e, Dskn s 0 . . _— : . . .
I waigeve |V ales S tosew, Dokt 165255 y 025 03 035 04 P, 08 0.55 06
¥ &0 ——  tomv,DoKr  20273E% | P iag B(B—Dpv)
. ) 3 MQ |_
cgmimatorléal peaking | *° ., - = S;T:l\ T combined  2027°%2037%
ackgroun
9 background | s W bokgr MC +  ew, s || 2
(Dev) 30 + o, 196041% | M8
200 : | +  combined 1.90 20.35%
'—
. : ey ) 4 e, 2050 5% + cosh,.,
: [ 2 4 & 10 12 :

B:(B"—m T ) [%]

A.Bozek at Tau08
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"ﬁr"‘g Comparison with H* production at LHC \@

B->Dztv 50ab1

*The parameter region covered P
by B decays and the charged Higgs S g
production overlaps. | S
*If both experiments find positive | S
effects, we can perform Universality E _ )
Test of the charged Higgs couplings. 10} b= tH*, H* 7 i
ar
. . 7t ATLAS
B->tv:  H-b-u coupling of i
B->Dtv : H-b-c coupling | Maximal mixing
gb->tH: H-b-t coupling 5l
2l
b _ Y
H/ gb—>t|-|* H* —>1b
\ 5#1&& 15:‘} ?f}?ﬂ 7‘.;9 35{? 33# 45& 4.;0 Jo0
u B—1tv T (Gl
T K.A.Assamagan, Y.Coadou, A.Deandrea 2002
H,x"<v
b d C
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Precise measurements of t decays “&»

LFV violating T decay?

-5
{10 : _
Upper limits
® Ty
TN
-6 A ToHUN
10 ¢ B factories
Belle, BaBar)
-7 2018
10
mSUGRA +Seesau\)
SUSY+SO(10)
-8
10 |
SM+seesaw
SUSY+Higgs Super ctory
-9
{10 - —
107 107

)

Reach of B factories

Integ. Lum (abl)

—_—
SuperKEKB

Branching Katic

1

108

10

=
=

Y, A

SU(S v g , Non-degenerate (I
pp=4x10" GeV

W W
AR

2500 2000

1500
mi [ ) [GeV]
T.Goto et al., 2007

1000


http://superb.kek.jp/
http://www.kek.jp/

In Context: Target. 8 X 103° em-2s-"
= .50 x World Record (KEKB)

10 34 Peak Luminosity trends in last 30 years

33

P
£
=
:-:.
= 10
g é
= o ¢ TEVATRON
S 1077 R o, LEP2® CESR-C
= | : Ep S ® ®
- | FrnieT e | o8
= | 11{1511-1%23 :
3l
= Llﬂl'-l=:=' «®
« 0
' L ]
30 i
10~ SppS
| eeee
|
107,

Year



Three factors that determine the
luminosity:

Stored current:
1.7/ 1.4 A (e*/ e KEKB)
— 9.4 /4.1 A (SuperKEKB)

\

Lorentz factor

eam-beam parameter:
.059 (KEKB)
>0.24 (SuperKEKB)

-+ .
L=2t Ll y 22 J
2er, o
/4 electron radius Beam size ratio

( (}';\]JFQEF}}[RL\

B

|Luminosity:
0.17 x103° cm™2s™1 (KEKB)
8x10°° cm™2s! (SuperkKEKB)

R,
'} Geometrical reduction factors due to
crossing angle and hour-glass effect

}ertical B at the IP:

6.5/5.9 mm (KEKB)
— 3.0/3.0 mm (SuperKEKB)




From KEKB to SuperKEKB

|B*y= Oz = 3 mm |
SuperBelle

Mew IR
Crab cavities

" 4

installed and s
ergong tesig wewrer SyperKEKB

Mare RF sources
—_—

Maore RF cavities

state-of-art ARES @ @
copper cavities will be §

upgraded with higher
r‘ energy storage ratio

Energy exchange fo support higher
: C-band current. ’ &
, = amping ring
The superconducting cavities will =3 *‘
be upgraded to absorb more higher-
order mode power up to 50 KW a

Pnsnmn source

[NEG Pump]

-

2ol T NG/ R,

[SR Channal]

[Baam Channal]

The beam pipes and all vacuum components will be

epaced i higher-uret desn. willreach 8 x 10°° cm™s™.



Machine Parameters of SuperKEKB

——mm

Beam Energy

Beam current I 9.4 4.1 A
Circumference C 3016 m
Number of bunches n, 5018

Number of particles N/bunch 11.8 5.1 x1010
Emittance €, 9 nm
Emittance ratio €y/Ex 0.5 %
Beta (hor.) at IP B, 200 mm
Beta (ver.) at IP By* 3 mm
Bunch length G, 3 mm
Crossing angle 0, 30to 0 mrad
Beam-Beam (hor.) &, 0.36

Beam-Beam (ver.) é’;y 0.43

RF AC plug power Pac 73 MW
Luminosity L 8.0 x10%> cm=2st 29



Strategv for Achieving Higher
[Luminosity

-Higher Currents
-Smaller Bunches

- Electron-cloud suppression

- Crab Cavities



Challenges for vacuum svstem

Key parameters for vacuum system:
— > High current (LER:9.4 A, HER:4.1 A)
- Short bunch (o, = 3 mm)

[. Intense SR power
- Max. power density of 28 kW/m (40 W/mm?2) even a half
aperture of 110 mm, for example.

* High photon density
> Photon density ~1x10'° photons/m/s in average
- Large gas desorption
Gas load ~ 5x10-% Pa m?/s/m (forr = 1x10-° molecules/photon)
Average pressure ~ 5x10-7 Pa for S ~ 0.1 m¥/s/m
- Electron Cloud Instability (ECI) becomes a big issue In
positron ring

\- Intense HOM (higher order mode) power

> For a loss factor of 1 V/pC, loss power ~ 200 kW

16



+ Photo-electrons produced at the beam
pipe wall by synchrotron radiation, and
secondary electrons produced b electmn-
wall collisions, are trapped in the region
of the beam orbit in the positron ring

(LER) . ’ I-'r.:u.._".mn.:d Tune

+ The KEKB LER has suffered beam blow- EEQ;EE?E&E”L&E‘QE ore-cloud nstahi

up and luminosity loss due to interactions jw. Fianacan etal. PRL94. 054801 (2005)
with these electron clouds, which cause a 50

fast head-tail instability. o |h“lf°h°'e"md* °”|/./

¢ Bunch-current blowup threshold can be 0
raised by the use of solenoids around the
beam pipe. 3

However, KEKB
performance 1s
still limited by

electron clouds.

Hun-_'l"_ﬂ.'\.'muhu:r

Vertical beam size at [P (micron)
T
o

T S = T e v
Beam curment (mA)

Figue 2: Vertical beam size as a function of the beam
curent. In the measurement two trains were injected on
opposite sides in the ring Each framn contained &0
bunches. Bunch spacing was 4 rf buckets,

Fukuma et al., “Study of Vertical
Beam Blow-up in KEKB LER,™
HEACO1 proceedings

Figure 1: Solenoids in the LER tunnel. The three
solenoids on the nght side are those installed in
bellows-NEG pump sections. The long solenoid on
the left side was mstalled in the first installation.



Beam duct

¢ Copper beam duct with ante-chambers
+ Copper is required to withstand intense SR power

Pump
¢ Features (compared to simple pipe).

+ Low SR power density
+ Low photoelectrons in beam pipe
+ Low beam impedance

+ EXpensive 3
Hii=TaeEpe 0 4 0=Es | - =l
HER
LER (490)



Cure for Electron Clouds (1)

¢ A critical issue for positron ring

+ TIN coating on inner surface
+ Decrease secondary electron yield (SEY): Max. SEY ~0.9
+ A test stand for the coating was built in KEK, and applied to a

test duct with ante-chambers.
+ Decrease of electrons at high current region was demonstrated.

Electron numbers

15107 ———r —
| ® vaPeEM D05 wiG cusrenT | 2008.06.17
[{L S PENERS WICCHRAENT | (260803113 |
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< o o , '
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Beam-beam |limit

+ Beam-beam parameter up to
0.059 has been achieved with a
finite crossing angle at KEKB.

+ Beam-beam simulations say:

Geomety effect

- A head-on collision greatly
Improves the luminosity, for two
reasons:

Geometrical cross-section
Improvement

Improved beam dynamics (reduce

» : : Gea

non-Gaussian tails) ® 6 (miad)

- Crab crossing scheme (finite
crossing angle but with crab
cavity) effectively creates a

head-on collision. Geometry + beam

+ The crab crossing scheme is dynamics effects
being tested now.

Luminosity (beam-beam par.)

rossing Angle



Crab Crossing

KEKB has 22 mrad horizontal w
crossing angle at the IP: 2

*Easier beam separation

sy
=]

*Simpler design around the IP.

Centimetars
=

*| ess number of components.
*|ess synchrotron radiation. =10

*|_ess luminosity-dependent background.

*Space for compensation solenoid, etc.

1

e
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Crab Crossing @ KEKB

®Crab Crossing can boost the beam-beam parameter higher than 0.15 !

___ Head-on (crab)

L T

r,,f'/_ T <
o]

£, HER

| | | |
c'l] 0 1 1.5 z2
Iy LER
RF deflector
(crab cavity)
. Kick
N g, ey

P @ .00 collision

crossing angle

K. Ohmi

(Strong-strong simulation)

i Crossing angle 22 mrad
—

eCrab cavities were successfully
produced and beam study started in
Feb. 2007.

Input Coupler
T

Lig. Haliim Viesssl

First proposed by R. B. Palmer in 1988 for linear colliders.

—— ” I!I
K Lig. Miragan Shiaks rpssr Ealowe

Alumisue

K. Hosoyama, et al
End Flata



Crab Cavity & Coaxial Coupler in Cryomodule
K. Hosoyama et al

- Support Rod

RF | Jacket Type Main He
Absorber vessel(SUS316L)

(Ferrite\
\ JTuning Rod

Input Coupler”

p p \ otch Filter

Crab Cavity Cell

.' Jacket Type Sub He vesse|

Support Pipe

RF Absorber

Coaxial Beam Pipe (Nb) y ﬁ,ﬁ -‘:.,,w (Ferrite)

—

o
=

Extract TMgig, TEy Mode  B€llows B
Frequency Tuning * Stub Support . %N

=,

The squashed cell shape cavity scheme was studied extensively N"-.%
by K. Akai at Cornell in 1991 and 1992 for CESR-B under KEK-Cornell
collaboration. We adopted this design as “base design.”



Single Crab Cavity Scheme

IP (Belle) . :
. ’ *Beam tilts all around the ring.
. - ) *z-dependent horizontal closed orbit.
o Tsukuba O
of N Streak : .
/) N come Clilt at the 1P
Nikko | |
! iﬁu;}fﬂ"{:nj = |E ﬁ_q _ v ,ljgj ,-'3; Fﬂﬂ(b&? — _IL;L-KQ) %er
me “B 9 2 sin(p, /2) Ec
Cro . \f  Crab Cavities, , Table 1: Typical parameters for the crab crossing.
Fie Lieaa \ 1 for each ring. /) Rillg LER HER
" N A t, 22 mrad
oy N N\ 37 80 80 cm
- T e 73 162 m
Streak Fuji ' po/2m | 0.505 | 0.511
s PC /2 | ~0.25 | ~ 0.25
_ _ Vo 0.95 1.45 \Y
* 1 crab C'dVlty per ring. we /2T 509 MHz

+ saves the cost of the cavity and cryogenics.

+ avolds synchrotron radiation hitting the cavity.



Finallv two crab cavity was installed in
KEKB. one for each ring in January 2007.

HER (e-, 8 GeV) LER (e+, 3.5 GeV)




Beams has indeed tilted!

- Observation with Streak Cameras (H. lkeda et al,

FRPMNO35)
inside of outside of
the rings the rings
longitudinal
LER HER

pr— ™ R

horizontal ﬁ;m? e
\ ]m v 13H~5&

The streak camera ] sl || |

* .- -=-.I| -h"-.\, T s ; ../' ﬁrgw]




Specific Luminosity With Crab Crossing

Crab Crossing

Yy ] . B ¥ = )

25 : 1 1.‘:".-49 sp le 20 IEdcm i
= i W
& i 1
= - 1
-g _20__ . j}
ey [ e Simulation
=c | head-on
g,l:“" 151
= v L
E'e | _
3::" 10_— 3.06 bucket: spacing
O | ... Simulation
— T i .
5 5L 22 mrad
4 b 5
O
D

N B IR R S BN B
Y T2 4 6 8 1 12
2
lbunch HER * lbunch LER [MAT]
A number of measurements indicate effective head-on collision.

The vertical tune shift went from 0.055 to 0.088.

The specific luminosity/bunch improved by more than just the
geometrical gain.

%

o

%

Need more time to achieve the goal (X2 specific luminosity).

%



Detector Study Report

Detector Study Report as “Year 2008 supplemental update

to the Lol detector part”
Quick studies in one year including software development

To be replaced with full simulation studies in TDR

Dated: June 20, 2008

sBelle Design Study Report

Year 2008 Supplemental Update to the Lol Detector Part

http://belle.kek.jp/~ushiroda/private/cgi-bin/sBN/dl.cgi?id=0001
43




Baseline Design =Lol (2004)

e

sBelle g\\ -
Belle

SVD: 4 lyr » 6 lyr DSSD (option: pixel, striplet)
CDC: small cell, long lever arm
ACC+TOF —» TOP+A-RICH
ECL: waveform sampling, pure Csl for end-caps
KLM: RPC — Scintillator +SiPM (end-caps)




Beam Background

| | Rad-Bhabha mask around QCS magnet
KLM Barrel i IR chamber design
1 SR from
KLM EndCap __ upstream
T | o SR fom
Results based 35 B QCSs
onSEANT SIS piD e
validated by (HER)
coarionee | cDC I B Gean s
experience. (LER)
SVD outer-side IS = Touschek
15t layer B
SVD inner-side :F - Bhabha

0 5 10 15 20 25 30 35 40

BG increase (tfimes)
Conservative, robust detector should be
handle up to 20 times more background



Keys of PID upgrade

—[ K/mt separation ]

« Smaller K contamination in
n candidate helps a lot in
e.g. B—~>py analysis

-[ Forward end-cap J

* No dedicated PID in end
caps for high momentum
tracks = (A-RICH)

_[

Charge ]

asymmetry ]

* PID efficiency depends on
particle charge (a source of
systematic error) = quartz
bar?!

_[ Material

* Less material, and material
closer to ECL is preferred

Background

tolerance

* TOF will not work under high

background = Cherenkov
detector (TOP)
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.« Barrel PID (TOP)

.
#Quartz: 255cmt x 40cmWx 2cm!

& Focus mirror at 47.8deg.
angle(A) = y(L); correct chromatic dispersion t(A)

> Multi-anode (GaAsP) MCP-PMT re-polishing gilag on
© % Linear array (5mm pitch), Good time resolution (<~40ps)

. (FS%ChueSr énirr[%ro 5 OS\ lifetime to be checked
. r=

MCP-PMT

40cm




Possible options for B-PID w/ TOP

—~
Focusing type %’ 'gﬁ.._i ::%1

Focus Mirror

3 readout type

Option O Option 1 Option 2
3 readout Focusing Focusing
+ multi-alkali + multi-alkali + GaAsP MCP-
MCP-PMT MCP-PMT PMT
4GeV K/ 2.80 2.56— 4.0c 4.2
comment Principle C.E. to be GaAsP under
established improved development

48




GaAsP MCP-PMT; QE distribution

~ 90 ‘
S
' = GaAsP
L | |
Better QE o ~ * Multi- alkall
o >35% at EISOOnm ‘ \
0 021 Light propagation
Le% Ch II velocity inside quartz
_‘Z\ B :lllllllllllllllll,:y,l:’/
o
L,
Q .
S g
(5 0.19F =

300~ 400 500 600 700
Wave length (nm)

0200 400 600 800

o Need to check the QE degradation



4 Endcap PID (A-RICH)

“Focusing” Aerogel radiator S. Korpar's talk for details}

Npe = 9.1, o(track) = 4.2 mrad achieved
~5.56 separation for 4 GeV/c K/n

< CEARNEINANY
NEVIE IR

[/ S =

il

1.045 1.055
1.062

Photon Sensors |

¢ Sensitive to single photon Hybrid (Avalanche) Photon Detector
¢ High QE >~ 20 % MCP (Micro Channel Plate) PMT
# High gain Si-PM/MPPC

¢ Position detection accuracy: ~5x5 mm?
& Large effective area: >~:70.9




Photon Detectors

» Basic requirements
& Sensitive to single photon
+ High QE >~ 20 %
# High gain
¢ Position detection accuracy: ~5x5 mm?
& Large effective area: >~ 70 %
/. ¢ Operational with 1.5 Tesla magnetic field

1. Hybrid (Avalanche) Photon Detector
“ dedicated detector for A-RICH
2. MCP (Micro Channel Plate) PMT
good timing resolution
3. Si-PM/MPPC ?
high QE

7}
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Luminosity prospect

50ab-! by 2020

Initial target

| 1 1 1 | 1 1 1 | 1 1 1 | 1
2010 2012 2014 2016 2018 2020
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Asymmetric e'e -
Super Flavour Factory

A High-Luminosity

N
—
@
=

Strong compet




Comparison with LHCb

e'e” Is advantageous in... LHCb is advantageous In...

CPV in B=¢Kg n'Ks... CPV in B—=J/yKs

CPV in B—Kgnrly Most of B decays not
B—Kvv, tv, D®tv Including v or y

Inclusive b—suy, see Time dependent
measurements of Bg

t—uy and other LFV

DODP mixing BeaTHH

B. and bottomed baryons

These are complementary to each other !!




B KEKB/Belle and PEP-II/BaBar have been running
successfully, and brought important scientific and technical
achievements.

Next generation e'e- B factory with L~103¢ will be very
useful to study the new sources of flavor mixing and CP
violation.

— Search for new CPV in b—s transition

Very precise test of CKM scheme
Search for lepton flavor violating T decays
Studies of H* interactions with fermions

Very precise measurements of ag(@10GeV), sin?0,,(@10GeV)...
KEKB machine upgrade plan
Detector upgrade necessary to improve BKG/rate immunity.

New collaboration to be formed soon. Third open meeting is
scheduled on December 10-12 at KEK.




BACK UP SLIDES



Precision of the measurement

Search for right handed interaction ®&»

Left-right summetry in new physics?

CP violation in B — K z%

5 . F— S O N

RERCURE REPEREY SRR N R
...... .4

R

resent exp. precision

____________________

S s
N

1

10 ;
L(ab™)

Sizable CP asymmetry is expected
in B~ Xy decay, if right-handed
interaction exists in new physics.

SU(3)Evy , Non-degenerate ()
, Ma= 410" GeV tan = 30

Sep( By =K 1)

a h 0 00 1000 1300 2 2DDD 2500 3000
me dy ) [ GV ] T.Goto et al., 2007



http://superb.kek.jp/
http://www.kek.jp/

2 B decays into invisible particles? ®&»

2

Light dark matter?

B — K(*) Vlj[or /’(Z]

— . ; Heavy darm matter is being
2 107 F - ! searched for in direct detection
o 21\ Model prediction ; experiments.
aa L E / | i' -
gﬂ 10_3 - b i /
o = E i
7 X th L
2 | i B B T T L ol :-:‘.
S 10 . .
) E - AL Light dark matter can be
x ! ; Searched for in the upgraded
%’ 10—5 - ....._......--nlnl"_"“‘"l ]ul':ingErxcL KEKB
SM branching fraction
I I T R DR B
0 0.5 l 1.5 2

mg (GeV/c?)


http://superb.kek.jp/
http://www.kek.jp/

New resonances (tf)

New resonances found at Belle

800 ——r—————— —
o - Y(4660) -
600, 032860 |
; D,(2700)
500 E,(3090) — 7/
: Y (4320
400 / ( ’) ......
: (3940), Y(394 Nl
[ X ) ............................. i .
300 : . Y ( 42 60) ] q 2 antiquarks
200; z.* baryon _, ! 2 quarks 1
; “"ple/t'—L- X(3872) |
o e .
NN o el n & eedeece’

99/6 00/6 01/6 02/6 03/6 04/6 05/6 06/6 07/6


http://superb.kek.jp/
http://www.kek.jp/

Keys of SVD upgrade

-~

| Vertex Resolution J

N

15t layer closer to the IP (BP
r=15mm — 10mm) /ater with pixel

J{ Vertex efficiency for Kq

»

 Enlarge radial volume
(r-1=70mm - 120mm or more)

« 20% more Kg for TCPV studies
w/ 120mm

» Detector capacitance is an issue

¥

Chip-on-sensor

¥

Material effect is an issue

_[ Background )

tolerance J

« Current readout chip (VA1TA) dies
3us/hold, 27ps/readout = analog
pipelined chip (APV25)

« Shaping time 0.8us (VA1TA) =
50ns (APV25)
» Monolithic Pixel detector in the end

_[ Other

« Standalone tracking to increase
slow track efficiency

» dE/dx measurement in SVD
« Better alignment




Baseline option

* Inner layers
— Pixel detector
MAPS,DEPFET,SOI
— Or striplet?

o QOuter layers

DSSD +

— APV25
* t, = 50ns, pipelined, weak at C,

— VAILTA (currently used)
O iy = 800ns, hold & readout

j'l‘:\‘-"::‘

W

Ay

| '\'l&ﬁ % g

Open questions:
1. Inner radius
2. Outer radius
3. Material budget
4. Readout pitch of
outer layers
5. Slant angle




Conventional ladders do not help

VAL @ Tp=1pus
enc [e]= 180+ 7.5/Cd[pF]

Cannot associate SVD hits
and loose 20% of events

3DSSD:~60pF  630e-

sBelle

APV25 @ Tp=50ns
enc [e’]= 246 + 36/Cd[pF]

2500e-
4 times larger Noise

'H' normal

-

2 4 & & W 12 14 1% 18 20
r {cm)

r of Ks decay vertex
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SKEKB: Chip on sensor !?

The only possibility, so far, to use APV25 chips for the outer layers

Side View ol Ripe zylon rib
APV25 o
. (thinned to 100um) §*

~ v «—— Kapton
( % <+— Rohacell

*=< 8L

Top View zylon rib 4-layer kapton hybrid

cooling pipe

integrated fanout
(or: second metall

«— single-layer flex —
wrapped to p-side

Worries to be cleared away:

1. Material inside det. acceptance
2. Heat cycle

3. Coolant leak, clog

4.
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Vertex Detector (inner
X
% layers)

‘
F

Ny

»>Start

with DSSD at t=0

»>Upgrade with Monolithic pixel later
(hybrid pixel too thick for us)

¢ CA
LSO
Wi

PS In Hawail (since 2002)
In KEK (since 2005)

| take 2~3 years

b DEPFET is now
a promising option.



Slant angle

B2

\ $1=0 degrees

I Silicon sensors
iy

ol

B3=150 degree

q}oi_,.--"

80=17 degree

beam axis (HER)

—--m---

No slant 6161
Lol 34  --- -15 28 33 5018
Disk 45 135 -90 90 24 28 3431

Optimized 70 108 -41 36 11 13 2419

Total sensor area can be half of Lol design in a spherical design
Lose Ks — should go even outer if we take this option
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Keys of CDC upgrade

4[ pt resolution } e T S PR
1.4 ... ........... _

+ Longer lever arm to improve € o N 1210 SO0 O T
momentum resolution § ISpier-efis w187 R SpEm 020N |
R e | sy

0.8 -

L dE/dx ]— i [ i

« Larger radial volume for better P e o
dE/dx measurement (752mm - LN A . o~
978mm) R

0_||-|i||-i...-i.u.i-uuui---i-u--illui.--- -||_
0 05 1 15 2 25 3 35 4 45 5

pt(GeVse)

Background tolerance

\,

« Smaller cell size
« innermost 12mm, 64cells = 8mm, 160cells
+ Gas (current one is the best)
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Tracks under x20 background

. ExpMC 2 Exp 25 Run 1886 Event 1
ExpMC 2 E 26 R BBE Event 1
o 500 El 350 Dabe 1031420 Trme. 80351 Eher 800 Eler 350 Dote 1031120 Tme S0822
BELLE TrglD ODetver 1 MaglD 21 BField 1.50 Dspver 7.50 BE LLE Trgl O0clVer 1 Wogl 21 BFsld 150 DepVer 7.50
Ptat{ch) 0.0 Etol{gm) 0.0 5W0-M 0CDC-M 2KIM-M 0 Ptot(ch) 0.0 Etot{gm} 0.0SYD-M 1CDC-M 2KLM-M ©
T T S EE—
P

ap
o
)

L
A

= I
&

AT
FRE
L
FERTI
T
L

R
4,

ey
L-l-

TR

e

-

> =
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Background effect on tracking

Checked with the old Gold-plated mode (J/yKg) and the
severest mode (D’D") for tracking that contains many slow
tracks in the final state

_ Efficiency(%) / Relative(%) AE width(MeV) / Relative(%)

JhyKg DD’ JhyKg D'D*
Belle 1x bkg 52.7/ ==£0 3.3/ ==x0 8.8/ ==x0 7.1/ ==%0
sBelle 1x bkg 58.7/+11.3 7.3/+119 8.9/+1 7.2/ +1
sBelle 5x bkg 57.7/+9.4 6.7 / +99 8.9/+1 7.5/+6
sBelle 20x bkg 53.6/+1.5 4.4 [ +30 9.1/+3 7.9/ +11

Efficiency drops drastically with increasing the background,
but will be better than Belle thanks to the software efforts +
SVD track finder.

AE resolution will be worse relatively mildly.
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Key points of ECL upgrade

i =
|

™ r R

Faster crystal ! .
Background is X Small light yield

the biggest issue Csl(Tl) v~1us - UV PMT

pure Csl 1~30ns

\ >, o >
- 3
Barrel — E&ﬁ‘ it
r ) i
Background is the Waveform samplin Almylar

biggest issue, but not 2 fittic piing |

as bad as end caps g
. .

Bonus:
Material inside ECL changes (reduces)
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Pure Csl| counter

= ..performan

~

"
=l — 1S5S
E s gy o . o e upgraded
) :*-,; E =1.33/1.17 MeV EI“’/-D E
S 08l D s , o 4 O current
=" = . ()
£ Do % i i éﬁ
= g P 2 pileup noise TR +
; Z1.5- %\
. —e— i
0.4 £ 2 o
o
0.2 : i 1}
radiation hardness . .
() M 05- o 5 times better 0 . ‘ ‘
110 100 107 %0" 107 10° - S 0 50 100 150 200
dose, rad o than CsI(TI) E (MeV)
0 L 1 L 1 L 1 N
0 2 4 6 8 10 - 3
Scqeryy (MeV) =
t_)
S
211
Preamplifier ] ®
Voltage
Phototetrode hﬂ iﬂ divider .
S 1- e,
ecen e e
— Al-mylar 0 0 5'0 1 [Im
E (MeV)
E, t resolution

\ test beam at BINP /




I.‘-1.. Photon Detector

2’ UV sénsitive photo pentodes (PP)

s s 13 P o ZGO1
by Hamamatsu C= 10pF g 1 o zGo X = ZG02
a nZG02 o A ZG03
E AZGO3 S:_( ZG06
0.75 vZG06 1-
0.5+
0.5 -
0.25
|
" |
0" ‘ - 0 ‘ | ‘ :
0 5 10 15 20 0 20 40 60 80
B (kGs) Angle (degrees)
‘ Entries 21 ‘ Entries 21
H 6 10
75¢
4 L
L |
& Ll - ) 2 3
|| Gain Factor k = 120-240 for 21 samples 25t
w k=46-92> 30 @ B=1.5T, endcap —
0 : | 0 : '
Q = 149, 0 100 200 0 2000 4000 6000
gain factor k kXQ, rel. unit

MPPC, APD will also be tested



Keys of KLM upgrade
| End cops BN

@ E: 'S b
Scintillatior Radiation hardness (ok for
' -
Pack g e + GAPD(SIPM) chin
perature dependence of
trecover= 15 = 500ns gain
\_ )¢ \\ J i —

0 3.6 2.4 3.4
1 2.3 2.4 2.9
3 1.1 2.0 2.8
8 A 4 0.7 2.2 2.8
5 0.6 2.7 2.9
Background will RPC in avalanche 6 06 2.7 15
be okay mode if not 7 04 3.3 2.6
8 0.7 3.1 3.0
N v, 9 0.5 3.9 2.8
10 0.3 4.7 Bi5)
11 0.4 5.8 3.0

12 0.4

13 0.4

14 0.5

12




PM

Scintillator + Si

7 N IM reflector )
~17k scintillator strips h=0.13mm
with WLS fiber readout. Y scintill. strip
A0 plane
Iron absorber / * ﬂi:;:"-l;;:i:‘:ﬂﬂ"'v‘ i j& i ‘f “““““ #|
. Y scintill. strip plane Al Plates ‘LLEA"K_/'" @ i @ /
_ (o=l Zmm) — h=Imm - Z J \ M reflector
- —1 h=0.13mm
,/ % — X scintill. strip
L plane
Al plates .
WLS fiber Y11
\. J \ d= 111;]; Optical cement
- L E
SiPM main features: s 5
e Sensitive size 1xImm?2on chip 1.5x1.5 mm? — —
« Gain 2- 106 | 7 ./
".- o Ubias~50V pixels Z z 44
{ + Recovery time ~ 100 ns/pixel $ %
¥ « Number of pixels: 576-1024 ' Sl
* Insensitive to magnetic field | Region DStrate

» Dynamic range ~103/mm? Zim

Resistor

R,=400 kQ A




— ITEP scintillator 1m X 1m test module (96 readout ch.)
Test Module Scintillator Strip with SiPM

| [ [ ".

Stri Preamplifier
= —r P

i l \ 1R I'l,l

Housed in an aluminum box.

These modules will be installed in Oho side




sKEKDB: Beam Energy Asymmetry

Larger boost,
* Toy MC results considering At better At

, Smaller boost,
resolubion '

resolution and geometrical acceptance. v s
* Geometrical acceptance is assumed to N
be same as the current Belle detector. 1 3 - .
. KEKB
worse O -
— J/wK"tCPV — 11
o L
— $KOtCPV PR S
o] - e \
= B%TV BF o - Y.,
0.9_ .
T 0.83— E,er = 3.5 GeV looks good
3 32 34 36 38 4

January 25, 2008 BNM2008@Atami %



Possible Hints for New Physics in Flavor Decays

~ F F b-acce’ WorkdAvelage S N S 068003 |
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http://www.slac.stanford.edu/xorg/hfag/charm/Beijing07/figures/fig_plot_xyn2d.eps.gz

RF systems

Need RF systems which can store high

beam currents and handle shorter
bunches.

AR (nar - i v 1~ ' e R ¥ et Co
ARES (normal-conducting cavity) for LER

—
[

- e i o~ — . - | S T | - L — = TiiaTa ": = | -
+ SCC (Single-cell Superconducting cavity) for HER

0 W

)
ADE
AR l_

+ Adopt the same RF frequency as KEKB and use the existing
RF system as much as possible, with improvements as
necessary to meet the requirements for SuperkKeKB.

—Construction cost is greatly reduced.
—Technical uncertainties are relatively small.



The ARES Cavity

Accelerator Resonantly-coupled Energy
Storage
T. Kageyama, et al

w

Paszsive stabilization with huge stored energy.

Eliminate unnecessarv modes by coupling of 3
cavities.

Higher order mode dampers and absorbers.
No need for longitudinal bunch-byv-bunch feedback.

No transverse instability arizes from the cavities.

| .}

¥ =




Superconducting Cavity
SuperKEKB challenges: : ' o S
The expected power load to the HOM :
absorber is 50 kW/cavity at 4.1 A,

(even) with a larger beam pipe of 220 mm).

HOM damper upgrade may be needed.

S. Mitsunobu, et al



Main Ring Magnets

Outside of the IR, will largely reuse present KEKB magnets &
power supplies.

The following magnets (& some power supplies) will have to be
newly designhed and fabricated.

Magnet re-assembling due to the beam pipe replacement.

Talk by Sugahara



Construction of QCS R&D Magnef . ..

(2-4) 12 Cured Coils and curing 6 laver coils all at

KEKB

AT uest for CPV

kakb.jp

(1) 12 cured double pan-cake coils.

(2) Curing process of 6 layer coils. This process 1s
necessary for improving the field quality in the
magnet straight section (magnet body).




Linac Upgrade

J-arc for e-

*-—-C—bandqmodules“*

&-e—» | ER
E(e—)=3.5 GeV,
Q(e—)=5.0 nC

Pulse beam kicker installed
before positron target for
quick switching between
beams (50 Hz).

Start testing this Fall

Talks by Michizono, Akemoto, Kamitani,
Satoh




¢ C-band linac: completed a single section in
the inac with 4 structures.

¢ Performance was satisfactory with the beam.

T. Kamitani, et al




Damping Ring

+ Positron emittance needs to be damped, to pass
reduced aperture of C-Band section and to meet IR
dynamic aperture restrictions.

+ Electron DR may also be considered later to reduce injection
backgrounds in physics detector, but for now only positron DR
considered.

+ Damping ring located downstream of positron target,
before C-Band accelerating section. M. Kikuchi
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