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B-factory is... o
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energy threshold BO B
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= before first decay, the final states
contains a B and a B

o(e+e- - hadrons) [nb]

''on resonance'' production
e'e” »Y(4S) - B)B,, B'B"

o(e'e" > BB)=~1.1 nb (~ 10’ BB pairs)

. o - ..---"""'H
""continuum'' production NG w< ¢ —__ hadrons

o(e"e” —»cc)=~1.3nb(~1.3x10° X_Y, pairs)

vt production also !
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~770 M BB for Belle, ~470 MBB for BaBar
~14M B, also! (Y (5S) runs)
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from EPS 2001... ...to EPS 2011
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= clear impact on B-factories !

from confirmation of the SM to search of NP !



and then... Super B factories !

= physics with O(10'°) B, <, D....
2 Super B Factories projects: SuperB (in Italy) and SuperKEKB/Belle II (in Japan)

50 ab™' by 2022 = 50 X present

Expected luminosity development
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in 2015
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High Energy/High intensity (2 complementary approaches)

high energy frontier high intensity frontier
Atlas, LHC | Py g

Belle II, SuperKEKB
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Search for production of unknown particles Search for effect of unknown particles
at highest achievable energies on processes very rare within the SM
LHC SuperKEKB

example of top quark discovery just before discovery, ...and it appeared here

: we knew it should be CDF, PRL 74, 2626 (1995)
predicted through the measurement here _ -
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of BY - B oscillations | ?/ |
_ BER R m—
also influences B(Z —»bb), g === ]
precisely measured at LEP g | 5 S aegrain
1 68% CL
. >
precise measurements .
can yield evidence of NP _
even ]_f not Observed directly 1/ Direct search lower limit (95% CL)
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Search for effect of unknown particles
on processes very rare within the SM

SuperKEKB -+
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Look for deviation from the SM predictions...
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T B 2 2
ZHDM . + + . InB 2
(type II): B(B" =1 v) = Bgy X (1 ——-tan”p)
mg;

uncertainties from f; and |V , | can be reduced to B,
and other CKM uncertainties by combining with precise Am,
tanp: free parameter of Minimal Supersymmetric Standard Model (MSSM)



Event reconstruction in B-otv

B,,—2TV (70 % of all T decays)
Toevv,u vy, v, nru’v, 3my

Btag .
hadronic tag

B—-D"'rt, D"'rho....
W‘Q e~ 0.2%
Require no particle ig = (g semileptonic tag

and no energy left B—>D"1v X
after removing B,

visible particles of B,

= not possible in other
experiments (hadron colliders)

example of t—ev_v_ PRL 97, 251802 (2006)

. v's escape detection !

11 full reconstruct B
(K'm ' n')

||| search for tracks from By —tv
i (en)

|||/l no additional energy in

"L EM calorimeter (from =’ y,...)
:":f‘candmiate S = signal at Eg, ~ 0 ol
.-'_:E-VE‘["I-t x, ’__ — _J_;u; 0 0.5 1

tag

Events / 0.1 GeV




B>t v results

World average: B(B">t"v)=(1.68 + 0.31)x10"*

+ + _ -4
2HDM (type I1): Bgy(B"—1"v) =(1.20+0.25)x10

2 2 using f; (HPQCD), |V, | (HFAG)
B(B"—=7t"v)= Bgy X (1- ZB tan’p)
My CKMfitter: By, (B">1"v) = (0.76 11)x 107

1000

‘ 2.80 difference

K\ 3 CKM fit w/o BR(B — 1 V)
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Combined charged Higgs bound from B-factories

2HDM (Type I-1V)

T T [RRARS LRRRS IE
' _ NUHM scenario
o0k {e i (non-universal Higgs mass models)
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B(B-X,y)(red), B(B—tv) (blue) B(B-D<v) (dark green), allowed region (green)
B(B-D=v) (yellow)
F.Mahmoudi and O.Stal D.Eriksson et al

PRD81, 035016 (2010) JHEP, 0811 (2008)

see also: U.Haisch et al (arXiv:0805.2141), O.Deschamps et al (arXiv:0907.5135)...



Entries / 0.5 ps

Measuring the CP parameters S and A

electron
(8GeV)
ﬁ

positron +
(3.5GeV) B2 IBO | \FR
' K~
Fl WV T By=0.425 +
avor tag > |

'€

/ redpnstruct fully B,

______;-vul
|

AZ~200pm H
Az~cByAt
dP.. g AU/
SO (AL, q) = (1+qg(Ssin(AmyAt)—Ccos(Am,At))

4ty

- |-6l | I-4I | I-2I | IOI | I2I | I4I | I6l |
-S At (ps)

sin2¢, = 0.668 + 0.023 = 0.013
A=0.007+0.010 £0.013

o World's most precise measurement
o anchor point of the SM



¢, with b—s penguins
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: increasing tree diagram amElitude

increasing sensitivity to new physics

D*D~,D*D"
Jhyn®, DD

possible new
sources of CPV ?
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B — ¢ K2 time-dependent CPV

(input values S,xe=710.39, A = 0)
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clear distinction with the reference mode



B> K

y time-dependent CPV

In SM mainly B -K¢ n’ y, and B’ -KJ n’ y,
K2 n° y is like an effective flavor eigenstate,
and mixing-induced CP violation is expected
to be small S ~ —2(m_/m,)sin(2¢,)

Left-Right Symmetric Models:

SKY ~ 0.67 cos2¢, ~ 0.5

|D.Atwood et al.,

KSTr Y _
Scr

KsTr Y
ACP o

[HFAG,

o ( SE;“OY) —

PRL 79, 185 (1997)]

—0.15 +0.20

0.07 £0.12
Winter 09]

0.09@ 5 ab™*
= 0.03 @ 50ab™*

(~ SM prediction)
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...and many more modes...

0(10?) higher luminosity

complementarity to other
experiments (LHCb, BES)

= theory uncertainty
matches the expected
exp. precision

- theory uncertainty will

match the expected

exp. precision with

expected progress in

LQCD

Glssreibls SM Theory Present Future |Future
prediction arror result error | Facility
|Vis|  [K — v input  [0.5% — 0.1%pa|  0.2246 £ 0.0012 0.1% | K factory
Vas|  [B — X.bv] in p e— 1% (41.54 £ 0.73) ety 1%  [Super-B
|Vas|  [B — 7y inpes=—P 10% — 5%Late | (3.38 £0.36) « wemipp 4%  [Super-B
¥ [B — DK] input < 1° WOTE 3°  |LHCb
SBy sk sin(253) < 0.01 0.671 £ 0.023 0.01 |LHCb
S5 sl 0.036 < 0.01 gt 0.01 |LHCb
S5, ik sin(253) < 0.05 0.44 4+ 0.18 0.1 |LHCb
SB. s 0.036 < 0.05 — 0.05 |LHCb
SB, skt few xmEmp 0.01 —0.16 +0.29==P (.03 |Super-B
SB. iy few x 0.01 0.01 s 0.05 |LHCb
AL 5% 1074 1074 —(5.8+£34)x107% | 10® |LHCb
Al 2% 1073 L8 (1.64£8.5) x 103 10-% |LHCb
Acp(b — s7) < (=P < 0.01 —0.012 £ 0.2 (.005 |Super-B
B(B — 7v) 1 x 1o 0% 5 5%Lare | (1.7340.35) x damdp 5%  |Super-B
B(B — pv) 4 x TP 20% — 5%Lats < 1.3 x 10 iy 6% |Super-B
B(Bs — uTu™) 3x107° | 20% — 5%Lat Zo5IRT0 2 10% |LHCb
B(Bg— pp) 1x 10710 | 20% — 5%pau £1.5 X 1078 [?7] |LHCb
App(B — K*ptp) 0 0.05 (0.2+£0.2) 0.05 |LHCb
B Kvp 4 X liambap 20% — 10%1a1t < 1.4 X 10 ey 20% | Super-B
|2/ 7| D—mixing > <1073 (0.861018) 0.03 |Super-B
$p (e < 1078 (9.6152)° mumppl  2°  |Super-B
B(Kt — ntuvp) g5 sulf—~1" 8% (-5 2 o LB=10 10% | K factory
B(K; — 7vp) 2.6 x 10~ 11 10% < 2.6 x 108 [7] | K factory
REM(K — ntv) 2.477 x 1073 0.04% (2.498 +0.014) x 1075 0.1% | K factory
B(t—cZ,7y) o iy @ 113 ) 206! e 2 O (10~%) |LHC (100fb~")

Isidori, Nir, Perez, 1002.0900



The Belle 1II detector

K, and muon detector:
Resistive Plate Counter (barrel outer layers)
\ Scintillator HVLSF +MPPC (end-caps, inner 2barrel layers)

-~

- — T

EM Calorimeter: i
CsI(T1), waveform samy Z_
Pure Csl +waveform sam

. ntification
Jagation counter (barrel)
electron (7GeV) oX. focusing Aerogel RICH (fwd)
f Beryllium beam pipe |
2andiameter
; Vertex Detector |,
 2layers DEPFET +41¢

positron (4GeV)

lever arm, fast electronics

Features required: hermeticity, low mom recon, better K, efficiency,
improved n/K separation, n°/y efficiency, etc...



Beam background

At SuperKEKB luminosity will increase by a factor 40
= background increases drastically

backgrounds (currently) identified at Belle II

. TN
° Touschek scattering

(intra-bunch scattering) . Machine induced N ¢
° Synchroton radiation background
°© Beam -gas scattering €

_~
B
° Radiative Bhabha event: emitted y Luminosity dependent R
° Radiative Bhabha event: spente’/e” ~ background s
° 2-photon process event: e’e —e'e e'e o T,
(x10-20)
L.

Higher bacmlzground (X 10-20): radiation damag; and occupancy
Higher event rate (x 10): higher rate trigger, DAQ and computing
Features required: hermeticity, low mom recon, better K, efficiency,

improved n/K separation, n° efficiency, etc...



Beam background
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o Movable masks reduced Touschek and Coulomb backgrounds

o SuperB joint topical workshop on bakcgrounds (Feb 2012):
(2 photon BG background estimations now agree)

o The main issue is now radiative Bhabha components
hard to shield detector (TOP...) from the off -momentum e /e"

(few cm thick W shield around final quads, magnetic shielding
of the dipole leak field component)

> 2nd full simulation campaign (Feb.2012) to estimate detector response
(Touschek/Beam -gas/Rad.Bhabha/2photon) (- H.Nakayama's talk)



The Belle 11 detector — Interaction Region

Inner beam pipe radius: 1 cm

Inner part made from Beryllium

Gold plated to stop photons \
e (7 GeV)
Cooled with paraffin

Ridge shape to protect interaction region from SR




The Belle 11 detector — Pixel Vertex Detector

o e

(@)

2 layer silicon pixel detector

@]

40 modules

Thickness 75 pm \

e (7 GeV) ==
Pixel size: (50x50), (50x75) u m?

(@)

(@)

(@)

8 miillion pixels

(@)

readout time 20 p s

DEPFET technology

@)

IIIII
 §

Allow a precise measurement of vertices position

= close to the IP: first layer radius 1.4 cm, second layer 2.2 cm
high background environment, strip detector unusable
PXD limit: 3%, studies show < 0.8%



The Belle II detector — Silicon Vertex Detector

J——

° 4 layer silicon strip detector Belle Il Z07
ili'
° double sided strips . I

e (7 GeV) ==

PXD + SVD: significant improvement in
z-vertex resolution

T E—130um
—Hysum
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The Belle 11 detector — Central Drift Chamber

° 36 layers of sense wires

° He (50%), C, H (50 %)

v
rrrrrrrrrr
........
" om
...........
L

1200 mm
small cell: 5.4 x 5.0 mm?

BELLE I

LAty small cells (inner layers)
Wi BTN it Jonger lever arm

--------
..................

O q
,,,,,,,

z-coordinate via standard stereo wire arrangement, charge division planned



The Belle Il detector — Particle Identification

I e

o Barrel particle identification _ €& (7 GeV)

o 30 K/n separation —— _
o Separation by position and time \ =
o Excellent time resolution <~40 ps

Side view of crystal _
charged partick:

cherenkowangle
quartz bar radiator / eﬂ /
. L - = .______-- tﬂ-ﬁ

beackward-going : -

ool docty - MCP-PMTs measuring
not only photo-electron location
but also precise arrival time

w index  high index

Aerogel Ring Imaging Cherenkov Counter (ARICH)

o Forward particle identification

o Aerogel is used as the Cherenkov radiator
o 40 K/n separation up to 4 GeV

o focusing due to different diffraction indices

HHHHIn%HHHH

Aarogel radiator Photodetector



SiPM

The Belle 1I detector | swig

| T

Fﬂ;cr Connectors

W

T

K, and muon detector:
Resistive Plate Counter (barrel outer layers)
. Scintillator +WLSF +MPPC (end-caps, inner 2 barrel Iayer':ﬂ)

EM Calorimeter: W
CsI(TT), waveform sa
Pure Csl +waveformsa

—— ntification
e-of-Propagation counter (barrel)
electron (7GeV) ox. focusing Aerogel RICH (fwd)
f Beryllium beam pipe |
2amdiameter
VertexDetector
: 2 layers DEPFET +4 /&

positron (4GeV)

He(50%): C2Hs(50%), Small cells, Torg

Central Drift Charmber:
lever arm, fast electronics




Construction Schedule of SuperKEKB/Belle 11y .Ushiroda)

E-KLM

B-KLM

ECL

A-RICH

TOP

cDC

sSVD

PXD

Beam pipe

BP+PXD+5VD

2013 2014 2015

1| 2 3| 4] 5 6 7 8 910/11|12| 1) 2| 3| 4 5 6| 7| & 9/10(11/12| 1| 2| 3| 4| 5| 6 7| 8 9/10/11/12) 1| 2| 3| 4 5| 6 7 8 9(10/11/12| 1| :

R&D
Production
Installation

R&D
Production
Installation

Prototyping, evaluation
Production
Installation

Aerogel
HAPD
ASIC
Installation

Quartz Bar
MCP-PMT
Installation

Chamber
Readout electronics

Installation

Sensor
Hybrid
Ladder
Ladder mount

Sensor

ASIC

Module
Module mount

Beam pipe first production

Integration
Installation

Feb. 2013: EKLM ready to start installation

Aug. 2013: BKLM ready to start installation

July 2014 : Beam pipe 1 ready

August 2014 : SVD ready to start ladder mount
Dec 2014 : ECL ready to start installation

Jan 2015: TOP, ARICH ready to start installation
April 2015: CDC ready to start installation

July 2015: Beam pipe 2 ready

August 2015: PXD ready...

PXD9 Sensor Production (iill 3/2014

Phy:

Assembly, Installation

Assembly, Installation

Eap
T
ARICH

backup {(start 10/2013)

—
E—
—
] —
JFY2012 (April-May)
Belle rotation, Removal of cables
JEY2013
Installation of KLLM starts
JFY2014
Machine operation starts
After machine commissioning,

inner detectors are installed
Physics run starts in end of CY 2015




Detector Construction Status (Y.Ushiroda)

 RPCs removetd

‘end fate drilled




Beast II: Beam Exorcism for A STable experiment II

20132 2014 2015
1/ 2/ 3/ 4 5 6 7/ 8 910/11/12 1 2 3 4 5 6 7 8 91310/11/12 1| 2 3| 4 5 6 7 8 910/11/12 1 2 3 4 5 6 7 8 9/10/11/12/ 1 2 3 4 5 6

Physics Run
o 0| | 0 | [

A background detector for the commissioning of the Belle II experiment

1. Determine whether it is safe to roll-in the detector
measure instantaneous and integrated radiation dose
test the beam abort systems

2. SuperKEKB machine needs real time measurements of luminosity and backgrounds
during beam commissioning (tuning of beam optics and moveable mask positions)

3. Detailed understanding of beam background sources needed to validate the simulations

Group and discussion started at November 2011, biweekly meetings

Define BEAST II, preparing Conceptual De51gn Report possible 1ngred1ents

o Non-magnetic support structure
PXD/SVD modules
CDC prototype

e}

O

o BGO Crystals fOI' luml monitoring e NEUTRON SHIELD: HDPE
o Diodes, radFETs, diamonds Xy e
o microTPC FyStal array

(neutron detection, xrays, tracks)

- ;i': wsm co HI—Z EM SHIELD

Belle II SVD-PXD Meeting (6-8 Feb)




Machine -detector issues (Y.Ushiroda)

Beam Energy Asymmetry:
— Agreed with (7x4) GeV as requested by machine

Solenoid Axis:
— Agreed to be bisector of beams; will rotate Belle in JFY2012

Space requirement in exp. hall:
— Offer the prime real estate for QCS related equipments.

Solenoid for machine commissioning:

— Agreed to serve; but crucial for detector construction schedule
— Hope machine live with a dummy solenoid instead of Belle's solenoid

Injection veto:
— Efforts from both sides necessary (next slide)

Beam Background
— Radiative Bhabha remains crucial
— Reduce dipole leakage field, or add shield around QCS



Injection veto (Y.Ushiroda)

By Level 1 trigger is blocked after
— = R injection because BG is too high

. Ifn=100, Wl=1us and m=300
E\E—’Eﬂ\ i 6.5% dead-time @ 50Hz injection
=3 e

M et Mgy M tiw g,
(vt .ﬂf rev‘!\..’"':wbﬂ-)

~ 1ms ~ 3ms
Yete F

Two phases

e First phase : veto n turns completely
W0 =n* 10 usec DEPFET pixel detector integrates data
n=10~100 for 20us = 2 revolutions of noisy bunches
Pixels are all exposed till the end of
2nd phase (4ms)
— 20% dead-time @ 50Hz injection

® Second phase : veto periodically
W1 = ~1 usec

m ~ 300
® Three parameters (n, m, W1) : SKEKB dependence
Trying to increase frame rate (20us—5us)
but still 10% dead-time @ 50Hz injection

'' Any idea to reduce injection repetition rate (by reinforcing injectors?)
to achieve quiet injection, fast background damping is welcome.
Meanwhile, we seek for possible improvement in the device."'



Conclusion

~ 10° x luminosity will probe significantly into > 1 TeV mass scale
precision CKM, CP, lepton universitality, LFV...
Rich physics program at SuperKEKB/BelleIl

complementary to LHC insensitivity

Belle II detector expected to have similar or better performance
than Belle even under higher beam background

Schedule is still very tight but no major problem until now
= Physics run starts in end of 2015



Backup slides




B-ohvy

_ . W b
Bgy Bioy = (hvv) (X1v) semil. tag , B—F - - :
— (hvv) (X) hadronic tag t,c y .
z C .
fully (partially) reconstruct B, o) Y b) )
reconstruct h from By, —hvv
no additional energy in EM calorim.
(signal at E¢ ~ 0)
PRL 99, 221802 (2007), 490 fb™*
9 ; :
ggsignal. | a) BY — K*Oup
7 Erégon; | hadr. tag
il JLdt=50ab"
4k L semil. + hadr. tag (improved):
3E
2 N, ~ 240, Ny, ~ 4600
;5,,, | SO Br (B’ - K"°vv) can be measured to +30%
0 02 04 08 05 1 EE1C.f (é'é% similar precision for Br(B°-»K v V)
-= exp. signal (20xBr)

exp. bkg. (scaled to sideband)

NP =4.2+1.4 = Br(K’vv)<3.4x10" @ 90%C.L.
(N&® = 0.34, Br(B’ K™ °vv)=1.3x107?)

sig

G.Buchalla et al, PRD 63, 014015 (2001) [similarly for K" vv]
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B-K"vy
model independent way including a possible contribution of the NP
right-handed currents parametrized by the Wilson coefficient Cy

(in addition to the SM coefficient C))

—Re (CYO%) o5
CL12 +|CR[2 o f

0.3 [

0.2 -

01

e
0.1 f—
0.2 —
93 _ W.Altmannshofer et al
o L arﬁ‘i‘V:OQOZ.OlGO
05 . !
0

25 3

VICEI? + |CRI?
(CE)M




Events / ( 0.003 GeVic? )

By 2 VYY

Bsy(Bg—yy)~3x107°
Bosch and Buchalla
JHEP 0208:054 (2002)

Bsu(By—yy) ~ 1x10°°

after continuum background rejection and w°, n vetoes

2d fit to my; and AE, N, =21.3"20+1.4
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B(B°->yy)<3.2x10" @ 90% C.L. B(B,—»yy)<8.7x10"° @ 90%C.L.

K= B(B"-yy)<6.1x107 @ 90% C.L. (using 23 fb™!) PRL 100, 121801 (2008)

el (using 104fb ') [PRD73, 051107 (2006)]
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