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" A
B-factories: a success story

Measurements of CKM matrix elements | |
and angles of the unitarity triangle B N
Observation of direct CP violation in B decays = okl
Measurements of rare decays (e.g., B>1v, D1v) =
b->s transitions: probe for new sources of CPV and | e omEm
constraints from the b->sy branching fraction I A
Forward-backward asymmetry (Agg) in b->sll has become a

powerfull tool to search for physics beyond SM. ¢ ™} 5%k s BOtag
Observation of D mixing g =

o)

Searches for rare t decays

o
o

Observation of new hadrons

Asymmetry
(o]

o
o
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Asymmetric B factories

BelleBIE2S

Vs=10.58 Gev
et e
— Y(4S) .

BaBar e )=9 GeV p(et)=3.1 GeV =0.56
Belle Bge‘%=8 GeVv Bge+3=3.5 GeVv ﬁ¥=0.42
Belle IT p(e)=7 GeV p(et)=4 GeV By=0.28

SuperB p(e)=6.7 GeV p(et)=4.2 GeV By=0.23



B
‘Super” B Factory strategy

B factories = is SM with CKM right?
Super B factories - How is the SM wrong?

> Need much more data (two orders!) because the SM worked so well
until now - Super B factory

However: it will be a different world in four years, there will be new
knowledge from LHCb, BESIII, ...

Still, e*e- machines running at (or near) Y(4s) will have considerable
advantages in several classes of measurements, and will be
complementary in many more


http://arxiv.org/list/hep-ex/recent
http://arxiv.org/list/hep-ex/recent
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" JNEEd O(100x) more data

->Next generation B-factories

Peak Luminosity Trends (e'e” collider)

40 times higher
luminosity
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"
Full Reconstruction Method

m Fully reconstruct one of the B’s to
Tag B flavor/charge
Determine B momentum
Exclude decay products of one B from further analysis

Decays of interest
,,,,, <:| B->X, v,

B2oKvv
(8GeV)_(§:% — e+(3 5GeV) B->Drv, tv
Y(4S)

(= full reconstruction
B->Dr etc. (neural net

reconstruction)

‘e
.
0
0
e
., .

- Offline B meson beam!

Powerful tool for B decays with neutrinos
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Charged Higgs limits from B- 2> 1" v_

2
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Why FCNC decays?

Flavour changing neutral current (FCNC) processes (like
b->s, b>d) are forbidden at the tree level in the Standard
Model. Proceed only at low rate via higher-order loop
diagrams. Ideal place to search foer new physics.

ud u,d

- b—sy, sll, svv rEni
example of constraintson | - ;
right-handed currents with | .. | Nt
B —K®vv with 50 ab! ot F, traints
. _ J/CIPTICRP
()M R

_ —R(CECE “E

/A ICY2+|C%)2 o.s;—
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"
Why FCNC decays?

example of possible discrimination
between grand unification theory with
vr and minimal supergravity model

02 03 04 05 06 07 08 09 1

*

SUSY SU(5)®vg
(non-degenerate)

.. ftanp=30
Mgiine =

6Q0GeV/ic’

expected

S(¢Ks)

accuracy at
Belle 11 with

5ab?

1
0.8

02 03 04 05 06 07 08 09 1
T T T T T T T
MSUGRA

=
X —
w
E tanp=30 7
r\ﬁgﬁm = 6D0GeV/c?
S(oKs)

1
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contours of S(Kgn%
(constraint from 5 ab-1)
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example of determination of mass insertions
for squarks from the measurements of S(K %)
at Belle Il and B —»p*u at LHCD.



"
Physics at a Super B Factory

m There is a good chance to see new phenomena,
CPVin B or D decays from the new physics (non KM).
Lepton flavor violationsin t decays.

m They will help to diagnose (if found) or constraint (if not found) new
physics models.

m Even in the worst case scenario (MFV), Belle Il measurements can
search for effects of NP in the mass scale O(1 TeV).

m Physics motivationis independent of LHC.

If LHC finds NP, precision flavor physics is compulsory to exploit its
nature.

If LHC finds no NP, high statistics B/D/t decays would be a unique way
to search for the O(1 TeV) (MFV) - O(100 TeV) (enhanced flavor
violating couplings) scale physics.

Full physics case of Belle Il documented in arXiv:1002.5012

Zdenék Dolezal ECFAPIlenary 24/11/2011 11



" JEE
Super B factory: an important part of a broad

unbiased approach to New Physics
v experiments,

LHC, ILC g,-2, u-> ey, etc.

\ /

Mass spectrum, v mass and mixing,
interactions CPV, and LFV

Tt LFV, | Flavor mixing,
1 CPV | CP phases

Super B factory,
LHCDb, K experiments...

Zdenék Dolezal ECFAPIlenary 24/11/2011 12



How to do it? Upgrade KEKB & Belle

——
HER LER
Interaction Region

NIKKO Area
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http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/KEKair2004-04H.jpg

Schedule (Beam starts in FM

grated

Inte

70,
60
Goal of Belle II/SuperKEKB
30E
_ A0 We will reach 50 ab
= - In 2022
o~ 0P
53 20
105— 9 months/year
- 20 days/month
of I B B
x10%° gf_ Commissioning
ﬁ: starts in 2015.
> 4 Shutdown
o - for upgrade
~x 2 2=
o E n
£58 e e e e
2?)1[] 2012 2014 2016 2018 2020 2022
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S B
4 The KEKB Collider & Belle Detector
- e (8 GeV) on e*(3.5 GeV)
SCC RF(HER) Belle detector ~ * VS ¥ Myas)
=L e L - Lorentz boost: By=0.425

gl 2 - 22 mrad crossing angle

- Operating 1999-2010

- Integrated lumi 1015/fb

Peak luminosity (WR!):
2.1x1034 cm2s?

L

(
ARES(LER)“\"//‘

\c

s

Ares RF cavity

Q@ — et source

=~
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Super KEKB In nano-beam scHeme

O To increase luminosity:

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

— decrease beam emittance (keep current &)

I: beam current

*: trajectories envelope at IP

&y oc \(By */ey) beam-beam parameter
€. beam emittance

o*. beam size

R.,Re: 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,~100pm, 6, ~2um W) ,~10um, 5,~60nMm

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

E (GeV) B*y (mm) B*x (cm) | & (nm) (1) | (A) L (cm2s1)
LER/HER LER/HER LERHER | LER/MER | (mrad) | LER/MHER
KEKB 3.5/8.0 5.9/5.9 120/120 18/24 11 1.6/1.2 2.1x 103
SuperKEKB 4.0/7.0 0.27/0.41 3.2/2.5 3.2/11.7 41.5 3.6/2.6 80x1034

Zdenék Dolezal

ECFA Plenary 24/11/2011
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Super KEKB collider
i 4GeV 3.6A s

= e BeIIeNI<IaW i &
i« e 7GeV 2. 6 A
™ SuperKEKB

a

New superconducting
/permanent final
focusing quads near the

Replaceshort dipoles
with longer ones (LER)

Add/ modify RF systems
forhigherbeam current

ﬁl*“ﬁﬁ%ﬁ '
AR onemicance

Redesign the latticesof HER Damping ring ”\\
& LER to squeeze the

emittance uy/ ‘

Low emittance gun

[

[

Positron source

New positrontarget/
capture section

TiN-coated beampipe

with antechambers Low emittance
electronstoinject

[NEG Pump]

= 1+ I Ry
2er. oy R,

Target: L = 8x10%°/cm?/s

17



. 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 eventrate ( x10)

- higher rate trigger, DAQ and computing
» Special features required

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

Result: significant upgrade

Zdenék Dolezal ECFA Plenary 24/11/2011 18



-
Belle to Belle Il Upgrade

KL and muon detector:
Resistive Plate Counter (barrel)
Scintillator + WLSF + MPPC (end-

| 1@_) -

EM Calorimeter:
CsI(Tl), waveform samplin
Pure Csl + waveform'sampl

caps)
tification
' . R , gation counter
electrons (7GeV) TSI : ng Aerogel RICH (fwd)

Beryllium beam |
pipe
2cm diameter /

Vertex Detector
2 layers DEPFET +

DSSD
positrons (4GeV)

He(50%):C2Hs(50%), Sma
long lever arm, fast electronic




. | .
Interaction Region Design

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

+ Consists of 8 superconducting magnets

» Final focusing Q-magnets for each beam

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

+ -
€ QC2RE €

Detector
Solenoid axis = = = = = = = = /e =/ = - n

QCZLE

QC2 .
Zdenék Dolezal ECFA Plenary 24/11/2011 N.Ohuchizg




radius pixel thickness
Layerl r=14mm 50x50um? 75um(0.18%X0)
Layer2 r=22mm 50x75um? 75um

total of 8 M pixels

-----

Mechanical mockup

COMPUTE
NODE

Power consumption in sensitive area: 0.1W/Cm?2=> air-cooling sufficient

21



Silicon Vertex Detector

r=38mm
r= 8omm
r=1i5mm
r=140mm

Bonding wires

Kapton flex for_top side

circuit

— F:anout for back
side strips

- == pPV2S
Cooling tube ———= Shiss




Central Dr ??

op,/P; = 0.19P, & 0.30/3
O'pt/Pt =0. llpt

' EQL

”T“H"'““‘“‘““:\\\\\\\a-?gx Yy

= (ff\%ﬂ T e

er lever ar ﬂ

ambper

0.30/3

new readout system
dead time 1-24s — 200ns
small cell
smaller hit rate for each wire
shorter maximum drift time

5
310
| Belle .. ... T
acs | ¢ e S
N 5
Yninnniinnnhhhnhnhnhhhhnh
. | | IP Chamber - T
{“/,_../'.':. 580{Cryostat] | B0D(Cryostat) E E B 1200 mm N
% coc SRS
; gCL'ﬁ T A LECK T
Belle Belle Il E
inner most sense wire r=88mm r=168mm f
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:CzHs He:CzHs E_;g e e O o O
sense wire W(P30um) W(P30um) 5 o
field wire Als 1 ZOHmZ Als D1 ZOEmZ
23




" " .
Central Drift Chamber Readout

m New electronics has been designed and tested

[ TheC drift time is measured with an FPGA-based
D

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

o+

—
3
w
(0]

—_—

50 100 150 200 250 300

0

x[mm)]

..“
hyrym
[--1
By

:

:
§
]
g

250 F
o | s ﬁ i
o |
oW Coniro. e
M
- ? 3 1.5 S @ a.5 1 1.5 2

x[mm]

Analo&Timgng
‘: ]
DAC '
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Barrel PID: Time of propagation (TOP) counter
Linear-array type Z)L‘x

photon detector

}IG
Cherenkov ring imaging with Sef
5t
Reconstruct angle from one coordinate and the
time of propagation of the photon
— Quartz radiator (2cm) of

— Photon detector (MCP-PMT Hamamatsu o
16ch MCP-PMT)

. Good time resolution < 35 ps
K ||:I-'TE

Cuartz bar

Array of
/

e -
fast PMT's
e
Q

20-15-10 -5 0 5 10 j'r,i 20
X (em)

Zdenék Dolezal
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-
End-cap PID: Aerogel RICH

e Proximity focusing RICH with aerogel radiator

[ (ARICH) N

Test Beam setup

. 200mm -
ko 9‘“0‘0“

cher®

v

1
[~

9 5% S5 5% 5% 5

Aerogel radiator
n~1.05

Hamamatsu HAPD
+ new ASIC

[ RICH Hit Map, w.r.t. track | rich_2d_1 ‘

x 4324 ‘

50
|
40
|
30
|
20

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

10

"l ............... o

Clear Cherenkovimage observed

Zdenék Dolezal ECFA Plenary 24/11/2011 26



ECL Upprade

e Increase of dark currents due to neutron flux
e Fake clusters & pile-up noise s 2
s Barrel
® Barrel: A ' x1/1.5
0.5us shaping + 2MHz w.f. sampling. / "
B Endcap (may have to be staged): 0.5 -‘ﬁ_;_,..,.f""
pure Csl + photopentods
30ns shaping + 43MHz w.f. sampling % 5 10 15 20 25
barrel bacground (rel. units)
o~ 4
yi+2 % J
= | BW endcap
/‘,,//
N /’ x1/5
ti ti+1 ti+2 ti+3 ti+4 ti+5 ¢
{ 1 ‘.-;"; .
i Pure Csl & o
\ photopentods %0 s 10 15 20 25
‘ BWD bacground (rel. units)
Zdenék Dolezal ECFA Plenary 24/11/2011 27



. B
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) ~ &

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

WLS: Kuraral Y11 J1.2 mm

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




B
Belle Il Computing Model

Grid-based Distributed Computing Common framework

for DAQ and offline basf2
based on root I/0O

Raw Data Storage
and Processing

KEK . Tape === Raw Data
! [ ] cPU — mDSTData
Belle 11 . r ) Disk .- mDSTMC
deteCtO [ ,:L()) 4 \@ ep Niuples
: MC Production
MC Production A~ (optional)

and Ntuple Grid Site | Grid Sitd, /' Cloud ‘-V

Production 5

Ntuple L Local Resouri_:es Local ﬁ%purcés Local Ré‘sgurces ILESE:*a-L,Bes&qrces

Analysis % % @ @

29
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KEKB being disassembled
after 11 years of successful







being
disassembled
to revive as

Belle-ll.




le

*

As is well known, Japan suffered a te
March 11, which has caused tremendous dama
Tohoku area. Fortunately, all KEK personnel an _
injection linac did suffer significant but manageable damage, and repairs
are underway. The damage to the KEKB main rings appears to be less

serious, though non-negligible. No serious damage has been reported so

far at Belle.

rrible earthquake and tsunami on
e, especially in the
users were safe. The

Zdenék Dolezal

ECFA Plenary 24/11/2011



KEKB/Belle stafus

Fortunately enough:

m KEKB stopped operation in July 2010, and the low energy ring was to a
large extent disassembled

m Belle was rolled out in its parked position

The 1400 tons of Belle moved by ~6¢cm
(most probably by 20cm in one direction,
and 14cm back)...

W e are checking the functionality of the Belle spectrometer (in particular the
Csl calorimeter), so far checks out OK in LED and cosmic ray tests

The lab (Tsukuba campus) has to a large extent recovered from the
earr]thgulake, back to normal operation — very little impact on the upgrade
schedule

Zdenék Dolezal ECFA Plena&¥ 24/11/2011



SuperKEKB/Belle Il Funcjlng Status

m Accelerator upgrade + 50% of the detector - ca
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 signed

y A
g

R

o Wl

- )
£8) » !
‘1 ! Ay
'y { 1

2

-
"\

\

¥
\




. The Belle Il Collaboration —
A very strong group of ~400 highly motivated scientists!

% ‘j‘ 5 . < A
\ B S |
o o gk

Next open general meetings: KEK March 14-17 2012
Bad Aibling (Bavaria) July 26-29 2012

" Zdenék Dolezal ECFA Plenary 24/11/2011 36




B
Belle Il 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

o Riga® Lal'ln'\if:?
&3 ' S :
E gngul'gh CapEnnsser ! Mﬁ\fﬁqﬁb“

lasgew nited Denmark < Lrthuama i
st Kingdom 3 Gdﬂnﬁik_":f'””al A :i*.f.ln.u; o fé-.e
Elblin Hamburg§ &l ubeck —"Minsk @ °3

@ Manchester, B Szezacin

Q@ ! 1
d Birmingham | B EEEN Berlin P'uznan J Belarus g"’)
o MNetherlapds @ 7 o Wardaw_ ot
Ratterdarm @+ 0 over ®Poland — Hemilel ﬂ}

1§
London @ B, Y Wroclaw BT b .
\Belgium o ‘}. p:g,- FL-\.
: | LYiv - .
ea P‘EE Etuttaart & B o o Ukraine Dmprc-pe'rrn
g3 i {ve 3 Iln:n.nlilh;lih_M e
(5] ol ~
Fre'burgﬁ Lunch y Brafislava _““"'Jﬂ'iuldu?a zapngehweng 2

- Hungary, Y@ 8dessa

France ﬁﬂ_.e?ﬂe. 1""3"&1“' s Chisinay; ps @

agfel ]
Bay of @ Lyonl— T Veniesl | A Romania |/
Biscay Turin @ Milan Cmatla e gelorige T b harest
. (=] LY o
GEipbn Touauss T ; Serbia =
o L TR Mamsie il waly TR R s Black Sea
e, risting.- :
) Rome {FlpALTHHE) @; [ Bulgaria
L~ Walladolid Saragosss o y e ST
[+] o Nagles. Ban nskf‘F'JE The-asalnnlhca Istanbul o
Wadrid reelona T"'Ena |
al B vl Palma : P Bur-s.aﬂ . F-.nléara
Spain o Tyrrhenian Greece
::'h ﬁ_-dﬁ — .I'-".|IE_EFI1E- EH fthane Izmlr EEHIEEHI[_..- Turkey
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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.
KEKB/Belle operation has been terminated and construction
started.

m Next collaboration meeting: 14-17 March 2012 @KEK, still
open to everyone. New collaborators welcome!

m Project officially started with the Groundbreaking ceremony
last week

38
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Groundbreaking ceremony
Nov 18 2011, KEK

Many thanks to CERN
DG for his nice words!

Zdenék Dolezal ECFA Plenary 24/11/2011 39



3 B
Groundbreaking ceremony
Nov 18 2011, KEK
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(fb )
2000 ——————
| |—«exB
——PEP-I
1 500 N S S S SR S . R i
1000 -
0 . I

Luminosity at the B Factories

> 1 ab™!
On resonance:
Y(5S): 121 fb!
Y(4S): 711 fb!
Y(3S): 3fb*
Y(2S): 24 b
Y(1S): 6 tb7!
Off reson./scan:

~100 b

~ 550 fb!

On resonance:
| Y(4S): 433 b

| Y(3S):30

{1 Y(2S):14 b !
1 Off resonance:

~54 fb!

199871 2000/1 2002/1 2004/1 2006/1 200871 2010/1 2012/1

Zdenék|Dolezal

Fantastic performance much beyond design values!
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Physics reach at a Super KEKB/Belle

0.03

Deviation from SM

0.01

10

10

10

10

AS($KO) 0.22 0.073 0.029
AS(n’ KO) 0.11 0.038 0.020
AS(KsKgKs) 0.33 0.105 0.037
AS(KgmO) 0.32 0.10 0.03
Br(Xyy) 13%

Acp(Xyy) 0.058 0.01 0.005

Co [Ass(K*I] 11% 4%

C1o [Ass(K*ID] 13% 4%

Br(B* — K*vv)  <9Br(SM) 33ab for po discovery
Br(B* —1v) 3.50 10% 3%

Br(B* —uv) <2.4Br(SM) 4.3ab? for|5c discovery
Br(B*+— Dtv) - 7.9% 2.5%

Br(t —uy) <45 <30 <8

Br(t —un) <65 <20 <4 X1
Br(t — 3p) <209 <10 <1

Asin2¢4 0.026 0.016 0.012

AD, (pm) 68° —95° 3° 1°

A®D 5( Dalitz) 20° 7° 2.5°

AV, (incl.) 7.3% 6.6% 6.1%

10

Physics at Super B Factory [hep—ex/040607_1]

03

0.1 [

exp. limits

CP asymmetry

in B>KKK, ¢Kand n’ K

* ]

1~

o1
=

s (GeV/ch)
=

107

Searchfor H* in B—t

pper limits

B Yactories

® Ty
m Toun
A Toppp

LEje\He, BaBar)

E excluded area has CL = 095 E
- oarto-on _
- . SepesESD Sab
E . sin2iq =
— 02 —
__.r’/ p —]
= Ve -
=/ [Vub] f— =
=/ inclusive / -
= / N . :
- ! 1 1 1 ! 1 [ L : 1 L L L 1
0.4 0.2 0 0.2 E 0.4 0.6 0.8

Currently being updated. 3



Forward-Backward Asymmetry

Ars(B>K* I* 1[g?] at a Super B Factory
‘+~ Data ¢ current } 5ab?

1F = C7bM
Ex. of Super-symmetric [ __ C.=-C_SM
particles being produced L 7 7

_0_25— K\Standard Model expectation |
_04:LJJILIIJllIIJtI.IJlII.IJJ[I.IJJ.llllilI.i

0 2 4 6 8 10 12 14 16 18 20
9 (GeV3ic?)

14 16 18

Invariant mass of lepton pair

» Zero-crossing g for Az will be
determined with a 5% error with 50abL.

Zdensk Dolezal OLIONG COMpPetdiapdfiomubid Cb and ATLAS/CMS 44



Comparison with the LHCb

ete” has advantages in... LHCb has advantages in...
CPV in B—¢Ks, n' K,... CPV in B—J/yK,

CPV in B—Ky Most of B decays not
B—>KVV, TV, D(*)TV inCIUding VvV Or Y

Inclusive b—spp, see Time dependent

measurements of Bg
t—uy and other LFV
— .. Bisay—HH
DYDP mixing
B. and bottomed baryons

Complementary!!
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3 years shutdown

Luminosity gain and upgrade items
srelimina

Item Gain Purpose
. high current, short bunch,
beam pipe x 1.5
electron cloud
IR(B"y/y=20cm/3 mm) x 1.5 | small beam size at IP
low emittance(12 nm) (13 |Mitigate nonlinear effects
[0v, — 0.5 ' with beam-beam
. mitigate nonlinear effects
crab crossing X 2 :
with beam-beam
RF/infrastructure X 3 high current
PP .
DR/e* source x 1.5 !0\.N p . injection, improve e
Injection
N
charge switch « ? electron cloud, lower e

current

Zdenék Dolezal ECFA Plenary 24/11/2011
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N
Major KEKB components

: Oku-yen L
New beam Enable high current (incll7|38PM w15
pipes Reduce e-cloud ' ’ '
magnets, etc.)
New IR Small B* 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 : _ X 3
systems (incl. facilities)
Crab Cavities ngheLZ?:rl;]n-beam 15 X (2 — 4)
ltems are interrelated. > TUinine) el et S

* Most of the components
(magnets, klystrons, etc.) will be re-used.
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. .
Upgrade from KEKB to SuperKEKB

* smaller beam size, more current
= x40 higher luminosity

Machine parameter HER LER
(SuperKEKB) | (SuperKEKB)

Vertical beamsize  0.94um 0.94um 59nm 59nm
Beam current(mA) 1188 1637 2600 3600
luminosity(cm2s1) 2.1x1034 8x103
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Introduction: background sources

* Touschek effect (ecIxE3)
— Intra-bunch scattering = energy increase & decrease
— Significant in low energy ring (LER)
 Beam-gas scattering (ocPxl)
— Collision with remaining gas
— Type 1: Coulomb scattering = direction change
— Type 2: Bremsstrahlung = energy decrease

Synchrotron Radiation (e<E?xB?)
— 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 (<L)
— Type 1: radiated gamma + magnet Fe = neutron, main bkg source for KLM

L]

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

Beam-beam effect

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

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

|



B
BG estimation at SuperKEKB

Assumptions:
* Use Ty, schek from optics simulation: 8.7min(LER), 15.3min(HER)
* Use same Ty .. 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 B HER_beam-gas

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

HER_Touschek

ECL  60+-5 GeV/event M LER_Touschek
—> wave form fitting (x1/7) 2 ~9 GeV/event LER/total: 60~70%,

Touschek/total: >90%

SVD 6000+-600 event/trigger
—> shorter integration time (2us—=75ns)
-2 ~400 event/trigger, occupancy: 2.7%+-0.3% <10% (SVD2)

PXD |(estimated from SVD)

. N L
=2 3.2M pixels in 1%t layer, shaping time: 20ps SR, Rad.Bhabha,
-2 Occupancy =1.5+0.1% beam-beam BG
PXD 1#: 14mm (not including low-pt tracks or <few keV gammas) are not included

SVD2 1= : 30mm
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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
Need more negative gate voltages to
compensate

=> Shift of transistor threshold

16 -

Gate oxide

14 -

12 -

Solution: thin oxides
< 2.5V shift at 10Mrad

10 n

=
g * For standard DEPFETs the
@ . threshold voltage shifts reach 14
‘1 = V after 4 Mrad ' *  wafer 2 up to 1Mrad
1 " ] | = wafer 2 up to 10Mrad
24 Too |arge for safe ope ration! extrapolation to 10Mrad through "black star points”
0—- E 0'0-1 T T T T T T T T T 1
(I) l 560‘ ‘ 10]00 ' 15100 ‘ 20[00 ' ZSIUU ' 30[00 l 35I00 ' 40I00 . e s o e T
D (krad)

Dose [kRad]
51
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Belle Il basic parameters (TDR)

~Component Type Configuration Readout Performance
Beam pipe Beryllium Cyhindrical, inner radius 10 mm,
double-wall 10 pm Au, 0.6 mm Be,
1 mm coolant (paraffin), 0.4 mm Be
PXD Silicon paxel Sensor size: 15x100 (120) mm® 10 M impact parameter resolution
(DEPFET) pixel size: 50x50 (75) pm? T~ 20 pm
2 layers: 8 (12) sensors (PXD and 5VD)
sSVD 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
CcDC Small cell 56 layers, 32 axial, 24 stereo 14 k Opg = 100 pm, . = 2 mm
drift chamber r=16- 112 cm ap, [Pe =/ (0.2%p:)? + (0.3%/3)2
-83 << 180 cm Ope /e = +/(0.1%pe)? + (0.3%/53)? (with SVD)
Tdgide = 5%
TOP RICH with 16 segments in @ at 7 ~ 120 cm Bk Npe ~ 20, 0; =40 ps
fquartz radiator 275 em long, 2 em thick quartz bars K/ 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 T8 k Ny ~13
aerogel radiator and HAPD photodetectors K /7 separation at 4 GeV /e
for the forward end-cap efficiency 96% at 19% pion fake prob.
ECL CsI(TI) Barrel: r = 125 - 162 cm 6624 =25 0 g 0 L2%
(Towered structure) End-cap: z = 1152 (F) Tpos = 0.5 em/VE
-102 cm and +196 cm 0960 (B) (E in GeV)
KLM harrel: RPCs 14 layers {5 cm Fe + 4 cm gap) #: 16k, o 16 k Ag = Af# = 20 mradian for Ky,
2 RPCs in each gap ~ 1 % hadron fake for muons

14 layers of (7 — 10) x 40 mm? strips

read out with WLS and G-APDs

end-caps:
scintillator strips

Ag = Af# = 10 mradian for K,

1Tk
op/p = 18% for 1 GeV/e K,

ECFA Plenary 24/11/2011
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FECNC decay: B 2 K

1 1

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

Important for further searches for the physics beyond SM

Particularly sensitive: backward-forward asymmetry in K" I]

A o R[ Cy(sC5™ (5) +1(5)C) |

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



— B! mixing In K*K-, ¥

Decay time distributions for KK, i, Knt

4

/N

(N,

10 &
(a) KK |« (c) T
-
4 . 103
10
= : £
102 § 0 e
< +
10 } 10 5 ‘;‘:. 1
-2000 0 2000 4000 2000 0 2000 4000

t (fs)
Difference of lifetimes

visually observable
In the ratio of the distributions =

Real fit: Yep = (1.31 = 0.32 * 0.25)

%

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

4000

10 (b) Kﬂ:
10 "k
10"k
10 “k
10 - b
= 0 2000
20.16 t(fs)
+WK - aptar-

= - KKt |

Z, and K-r*ratio

+§ ;

o
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N
EPYEEISIon measurements of 1 decays

-5
10 : :
Upper limits
® Ty
TN
-6 A TN
10 B factories
Belle, BaBar)
-7 2018
10
mSUGRA +Seesau\) -
SUSY+SO(10) ::_ér
-8 =l
10 | S
SM+seesaw E
SUSY+Higgs Super ctory
-9
{10 :
-3 -2
10 10

>

Reach of B factories

Integ. Lum (abt)

—
Upgraded KEKB
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Theoretical predictions compared
to present experimental limits

SU3 vy , Non-degenerate (I)
Hp = 410" GeV

100

10

-

=)
L
[}

—
o]

10
m-H
TE
1['-16 .. -
0 = LL 1000 1500 2000 2300 3000
mil)[GeV]

T.Goto et al., 2007
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Beam Energy Asymmetry
‘and Physics Sensmwty

Larger boost,

better At 25% more
resolution Smaller boost, Luminosity
Larger acceptance needed for
worse ’ thesame |
3 sensitivity. /
(T
o
o 6% less
:g Luminosity
o ¥ needed for
| 0.9= —JyiICICPY the same
"‘“better - — pK°tCPV sensitivity,
0.8 — B->1v BF /
] . ]

3 32 34 38 38 4 <~
E :r (GeV)




DEPFET Principle

-p-channe! FET on a completely depleted bulk Depleted p-channel FET
*A deep n-implant creates a potential FET ene amplifier
minimum for electrons under the gate P sdurce - eangs %
*(“internal gate”)

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

«Accumulated charge can be removed by a

n clear

p erin

deep n'dop‘ing

’-
Iﬂfernol gate’

de ete
clear contact (“reset”) e,
sInvented in MPI Munich P back contact
DEPFET- matrix reset
off| g I T T | off
L L =l ko
on ,j .j j 'TT -
T " S
off | I T T T foft| o4
2 T A i =
ol
off| I I T T| | off
AR N [f-
i © VGatE ON VIDRAIN" 1 7 °
VARVARVA:LURVA It
| 0 suppression |

output <—
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NeUtrOn UX 1year=10" sec

Region Assumption Life time by irradiation test
used for R&D | based on the assumption

PXD Sensors, 1012/cm2/year  OKforat least 10 years

Simulation
(Touschek BG)

readout (10*3n/cm?2)
SVD Sensors, - Should be OK
chips (tested in ATLAS/CMS)
TOP  Readout 101 /cm2/year  To be tested
electronics

ARIC HAPD/ASIC
H

ECL Diodes

1011 /cm2/year  OKforat least4 years

1011 /cm2/year ~ OKforat least40 years

EKLM SiPMs 10%/cm2/year OK for at least 10 years

BKLM SiPMs 2x10'%cm2/year  OK for at least 10 years

Neutron flux on CDC readout board is rather small, since boards are located on backward side and
Touschek loss position is on forward side. It might increase (by order) including other BG sources which
are lost on backward side.

58
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Radiation dose

1 year=10’ sec

Simulation Assumption Life time by irradiation

(Touschek BG) |used test based on the
for R&D assumption

PXD DCD, 10,000 Gylyear OK up to at least 10 years
DHP, (conservative)
switchers
SVD APV - Much more than 100Gy
TOP  Readout 100 Gylyear OK up to at least 10 years
electronic
S
ARIC PCB,APD 100 Gylyear OK up to at least 10 years
H S
ECL  Crystals 40 Gylyear OK up to at least 10 years

Impact from Touschek BG is tolerable in terms of
neutron/radiation dose.
Next step is to see the impact from other BG sources, such as

ot
) ) ; CLC

Ralla ll faciicad raviewns (Nlayv 11th 2N11) H Nakavama (KEK)
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" W ology

sensor wafer

I N e I N e
| | | | |
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
» Electrical properties ok (diodes)

asmau

Zdenék Dolezal ECFAPIlenary 24/11/2011
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M Belle Il Is a new international collaboration

— Significant European participation + funding (A, CZ, D, PL, RUS,
SLO)

— Spokesperson P. Krizan, Ljubljana
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ates Armstecd —' LJ s * \? Porad » - [‘_,’l
J NETHERLANDS¢ Hannoves { POLAND \
® Belle ll By )| GERMAGIY« py Y s 3
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i ] . .' o2 Herre .J\ (“\ ) \) ‘,\. CH N ~\
" N ambour . W
@ Active In o e, EPUBLIC % .WI,&\ 15
7 ~= | .
detector {: “( 2 J‘I ol - 7y
?
R&D FRANCIE FEW f} \’\/J%' USTRIA ¢ HUNGARY /
// * g e \ o
1 N \rl:" AR
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Y " Vark a ,.\,_. Y * s
b \oesuwe( | ©
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Proposed

Detector budget Possible Assumed in-kind Budget requested

(Sep. 2010) reduction  contributions to KEK
IR 94 19 0 76
~€3.5M
220 e (DEPFET Collab.) L
SVD 500 130 100 (Vienna) 270
CDC 358 11 30 (NTU) 317
508 (US)
BPID 878 120 (Nagoya) 250
EPID 599 100/ 120 (Ljubljana) 379
ECL 327 0 0 327
35 (ITEP)
KLM 165 0 50 (VPI) 80
Trigger 107 0 36 (NTU) 71
DAQ 411 >0 (IHEP, Korea 361
U., Giessen)
Computing N/A 0 N/A N/A
Structure 336 0 0 336

Total 4125 260 1399 2467



belle-IT Cotiaboration

New collaboration (Belle-II) officially formed

¢ 13 countries/region, 43 institutes, ~300 members

Separate group/organization from Belle

Executive Board (Chair: H. Aihara) Physics coordinators:

| _ B. Golob / K. Trabelsi
Spokesperson: P. Krizan
Project manager: M. Yamauchi Technical coordinator: Y. Ushiroda

Software /computing
coordinators: T. Hara / T. Kuhr

Institutional Board (Chair: E. Won) —

2010.11: 7t Open Collaboration Meeting
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" N

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.
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N
& The key factor in KEKB performance: crag cavity

I A Installed in the KEKB tunnel
( (February 2007)

;;;;;;;;;;;;;;;;;;;;;;;;;;;; v

B

22 mrad. | e
crossing

crab crossing
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|
Belle to Belle 1l Upgrade

ECL: TDR: KEK Report 2010-1

SC solenoid
SR

Csl(Tl) 16X, PID:
pure Csl(endcap) Aerogel Cherenkov counter

+ TOF counter

new electronics
> (Wavef_orm
sampling)

u/ K_ detection
14/15 lyr. RPC+Fe
— scint. bars in
endcap + SiPM

— fIMOR” (barrel)
+ | Aerogel RICH (EC)

I CDC: Tracking + dE/dx
small cell + He/C,H;

¥~ remove inner lyrs
large outer radius
faster timing
smaller cell

Si vix. det.

4 lyr. DSSD

— 2 DEPFEET pixel

lyrs—+4lyr. DSSD
|

— New DAQ
and computing
system

=
=
s




