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1. Motivation of Belle || Experiment

- Up to now, there is no symptom of New Physics(NP) observed
iIn LHC experiments. There is a possibility that the scale of NP is
even more than 10 TeV, which is out of reach by LHC.

- The indirect search for NP at Belle Il, a new generation B-factory
where there is no limit in the search energy, will be more important.

- However, the effect of NP in the indirect processes is expected
to be tiny, and it has not been observed by Belle/BaBar so far,
except for several “anomolous” measurements:
*A(B=>K'm) # A (B*>K'n°) (5.60 discrepancy),
* Unexpectedly large D°-D° mixing (although SM pred. has large uncertainties)
* Br(B—>D"tv) : ~5¢ discrepancy from SM pred.

- To go beyond, more precise measurements in much higher statistics
of events is required.

Accelerator upgrade to achieve @& _
> x40 higher luminosity., [l uRerKERB/Belle ]
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How do we search for New Physics in Belle |17

- Search for the “shift” from SM prediction caused by an existence
of a new particle in quantum effect.

Standard Model New Physics

In order to search for NP, the mes
with the Standard Model predic

We need both of
* High precision experimental measurement
* High precision theory prediction of Standard Model
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The SuperKEKB accelerator

Bel i Suparcosducting Sokneid

Redesign the lattice to squeeze the 3
emittance (replace short dipoles with
longer ones, increase wiggler cycles)

#- Colliding bunches
CC IR $ . R "

qqqqqq

KEKB to SuperKEKB

& Nano-Beam scheme
extremely small 5,
low emittance

& Beam current double

New superconducting final
focusing magnets near the IP

Mew HER wiggler section

40 times higher luminosity
2.1x10%* --> 8x10%° cm2s™?

/ ]
Replace beam pipes with TiN-coated

beam pipes with antechambers

— -

Reinforce RF systems for
higher beam currents 2




Beam-beam parameter

Beam current /
~ \ .
V.. o 1.5~ R, Lumi. reduction factor
L="—"1+— * (crossing angle)&
zf,r e\ Ox ﬁ_r R. Tune shift reduction factor
Classical electron

e \ (hour glass effect)
radius / \

08 -1

(short bunch)
Beam size ratio@IP Vertical beta function@I|P
1~ 2 % (flat beam)

Lorentz
factor

E (GeV) B*, (mm) B*« (cm) [0) | (A) L (cm2s1)
LER/HER LER/HER LER/HER | (mrad) | LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 2.1 x 103
SuperKEKB 4.0/7.0 0.27/0.30 3.2/2.5 41.5 3.6/2.6 80 x 1034

Lom
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The Belle |l detector

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

1.

?Ie Idenfification
Of-Prop;agation counter (barrel)
fox. focusing Aerogel RICH (fwd)

EM Calorimeter:
Csl(TIl), waveform sam
Pure Csl + waveform sa

_

electron (7GeV)

e
Fo

Beryllium beam pipe
2cm diameter gl

2] ol ! - :"""w-. ._
Vertex Detector - I ——

2 layers DEPFET + 4 |  /
j r positron (4GeV)
R

lever arm, fast electronics

- High granularity “pixelized” sensors « to be tolerable for high rate
* Improved vertex detector with DEPFET Pixel sensors + DSSD
* Improved particle ID devices (TOP, ARICH)

- High bandwidth DAQ (>30GB/sec data flow @30kHz, >1MB/event)
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Layers 1-2: Pixel Detector
Layers 3-6: Strip Detector

Closer to IP

“VXD-only” tracking

Closest approach resolution

—r et LESS multiple
)

N . - scattering

: [ = .
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1
] 0.5
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" pBsin(0)32[GeV /c|

Vertex Detector : Pixel detector + Silicon strip detector

DSSD strip lay

Il1ulll Imli-lm".l40
[em]

Z resolution

PXD close to the
'—'""j_.'.: s ' ZCIIEIT beam pipe
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Incoming
track

S

At 3 GeV Timing at the ~100 ps level is
needed to separate pion and Kaon

Particle ID : TOP + ARICH

l Endcap PID: Aerogel RICH(ARICH)

Barrel PID: Time of Propagation Counter (TOP)

200mm [:]
Focus mirror —*
MCP-PMT (sphere, r=7000) n

- — ohet
Backward Forward
Focusing mirror

]
measure t, x and y a

Quartz radiator

TOF support bracket \_TOP QBB{Quartz bar box}
?77min. / B0Omax 1590 '150)

1000 1650

cDc l
IDS(Inner detector support) and CDC-SC{Support cylinder) 1;

R1120 CDC@ hawail

Pra-amp

Hamamatsu HAPD + readout

I

300 350 400 450 S00

Channel number

X position 10
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DAQ : PXD data reduction by HLT feed-back

——

PXD%I ~ 30kHz = pXD readoutbox  0kHz
R - - - TMB/ev "¥ 1/10 size 100kB/ev
e DATCON reduction = *:Z;?*@
~05M chan. ~300 COPPERs Feed back to |
. ~30 R/O PCs PXD R/O
D% ] reco
SV E I Lk i rder@
: L] B | 2
i PC > 2 *
CDC tx > o reco
%IE B = ‘ll-'F % *rder@
= » @
P|D§IE—FL:£ RIO rate | | 10kHz
> Belle?link — 30kHz reduction WEET0ars 300kB/ev
elieslin £ PC 100kB/ev -]l N
EC'—% St ‘@L$ - %W~ 200kB/ev | =3GB/s
> . E’_ | $rzco
a rder
— @
» RO ' 2 || HLT farms
& PC ~O(10) units of | FAID
e 4(§o c)ot:gg it ~10 units
Rocket | — > -
B =
J \/
1>
g Bk o ] gm
X
s = B PC
Near detector E-hut DAQ server room



3. Construction Status and Plan
KLM Installation almost comp

Wire-stringing of CDC

completed

S
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Accelerator commissioning

First runs with full detector
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4. Search for New Physics at Belle |l

- Examples of “Golden modes”

a) CPV in tree level and penguin decays
- sin 2¢.(charm) vs. sin 2¢.(strange)

b) CPV in radiative decays
- sin 2¢, in B—>K %

c) Missing Energy
- pure leptonic decay of B : B—lv (I=e,u,1)
- B>DOtv

d) Lepton Flavor Violation(LFV)
- TOUY, TUUM

e) CPV in D°-D° mixing
- Ultra-precise measurement of unitarity triangle

R.ltoh, HQL2014 14



1) CPV in b—s transition possible contribution of

new particle

b->cés tree diagram b->sqq loop diagram Current measurement

sin2¢3%, , =+0.64+0.03

sin2¢S, , =+0.682+0.019

I * Deviati

SM predicts the same value
at a precision of ~1%.

Prospect in Belle |l

6(sin2¢, (sqq))=
~0.012@50ab""

""" * Some of systematics are cancelled by
taking the difference between measurements
for ccs and sqgq.

1
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2) CPV in B°5K° % (b->sy)

b->$y,: right handed photon

FSSM (sin 241 )| -

Saverage — _(0.15+0.20 SN = +0.67
Average by Heavy Flavor Averaging A NP (Ieft-right symmetric

Group (2009 winter).
; model) may enhance CP
SM: S=-2(ms/my)sin(2¢+1)~-0.03 violation in this decay.

Lummo;slty_ prolectmn

1 L . 1—;—:—_ D. Atwood et al., Phys. Rev. Lett. 79, 185 (1997).
B — p e
g . * PQL 100, 021632 {2003)
2 * - P in Belle Il
§ B?_K_E;“QY RS | rospect in Belle
a : IS susy ~ -1
SEFTHE=F FETNRE D 6(Sp5s,) ~ 0.03 @ 50ab
l SM
10! ! 10 i

!mh )
Integrated luminosity 16



3) Missing Energy

a) Pure leptonic decay of B meson

. sof -
1 Belle ' Projection ]
m TO0F -
T - .
m - Exp.L =48 ab .
«= B0 Es -
C — Total
sofF - Statlstles 3
- - - Systematics ]
40 — - Theory (expected) ]
L N Theory (current) ]
a0k fe
20fF
10F
| S e e R

1 10
Integrated Luminosity [ab™)

BF Systematics
SM : Br(B—1v),,, = (1.11£0.28)x10*

SIEREN Br(B—tv),,, = (1.14+0.22)x 10"

Prospect in Belle Il

&(Br) ~ 5% @ 50ab™
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- World Average is shifted
~ 50 from SM prediction!

Babar Inc. 2008 Py

0.42+0.13

Babar Had. 2012 ®

0.44 = 0.07

Belle Had. 2009 ®

0.59=0160

Belle Inc. 2010

0.34 = 0.11

Belle Average °

848258

rivate verage

0.436 + 0.056 &

& y

Babar Inc. 2008

0.30 = 0.06 i R(BI=+Dxv)

Babar Had. 2012 o N\ \

0.33=0.03 10 ", .
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0.47 = 0.10 4 ',

Belle Inc. 2010 Py P

N :
]
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Ll 1 l L1 1 1 I L1 1 1l I L I‘“I 1 | L1 1 1 I L_L 1 1 I L1 1 1 I L1 1 1 \\
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rojection

0]
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[ |
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Constraint on Charged Higgs mass by B—1v

2HDM (Type )

B—1)DEV Now (Belle+BaBar)

1 00—

tanp

med to be 4%. -

1 1 1 PR T R T i S R A NN SN N AT TN S TN AN TR SN TR AN S N ]

400 600 800 1000 LI I
2

m, . [GeVc™]

200

ol
0

* 2HDM (Type II) cannot explain the difference between Dtv and D*tv in BaBar data.....

* Detailed study with precise
measurements at Belle Il is
required.

0 0.2 0.4 0.6 08 1

tanf/mp+ (GeV™?) 19



4) Lepton Flavor Violation (LFV) : t=—>uy, t—>upp
Theoretically very clean test of Standard Model

reference

LR R A RS 'm':'m'z.m -

My T T
L R

SM + heavy Maj vq PRD 66(2002)034008 10-9 10-10
Non-universal Z' PLB 547(2002)252 109 108
SUSY SO(10) PRD 68(2003)033012 108 10-10
SUSY Higgs PLE S88(2003)217 10-12 107
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5) CP Violation in D%-D° mixing

U o - - C
HFAG2013
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Physics Reach of Belle Il and the LHCb upgrade

R.ltoh, HQL2014

Ubservable Expected th. | Expected exp. Facility
ACCUTACY uncertainty
CEM matrix
|Viea| [K — ] o 0.1% K factory
V| [B — Xt *E 1% Belle 11
|Vas| [Bg — wiv] * 4%, Belle 11
sin(2eh ) [eEK D i 810 Belle I1/LHCh
o 1.5° Belle II
i s 3° LHCh
CPv
S(B, — vd) e 0.01 LHCb
S(B, — i) ** 0.05 LHCh
S(By — dK) b 0.05 Belle I11/LHCh
S(By -+ 'K b 0.02 Relle 11
8(B; — K*(— K"))) BEE 0.03 Belle 11
S(B, — ¢)) R 0.05 LHCb
S(Bg — pv)) 0.15 Belle 11
At bha 0.001 LHCh
Agp B 0.001 LHCh
Anp(By — s7v) * L0035 Belle 11
rare decays
B(B — 1) ** 3% Belle 11
BB — Drv) 3% Belle I1
B(By — pv) e 6% Belle 11
B(B, — up) BEE 10% LHCb
gero of App(B — K™ uu) *= 0.05 LHCb
B(B — K™ww) sk 309 Belle 11
B(B — s7) 4% Belle 11
B(B, —+ v¥7) 0.25-107% | Belle IT (with 5 ab™!)
B(K — mu) e 105, K factory
B(K — emv)/B(K — pmv) s 0.1% K factory
charm and
B(r — py) . i-1077 Belle 11
la/plo B 0.03 o TUT T
ara(a/p) o L K9 Belle II/LHCb

22



Expected CKM constraint with 950/ab

sol. 'w/.cos 29 <0
(excl.\at, CL > 0.95)

| |||I|||||||||I‘y'y‘llll
' 95% probability areas

o(p) =3.4 %
(M)

* Adjusted central values used. (except Am, Am,, and ¢,)

* Measurement errors with 50/ab : arXiv1002.5012
* Lattice parameters : PBF numbers

|
—
o
o~
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5. Collaboration with Theorists

- Since there is no clear scenario of NP discovery in Belle Il,
we need to seek for every possible way for NP search.

- A closer collaboration with theorists is essential to have an
optimized strategy of NP search.

* “NP-Japan group” was formed in 2012.
* “Belle Il Theory interface Platform (B2TiP)” has been initiated
in 2014.

- The purpose of these groups is to provide a framework to
work both theorists and Belle || experimentalists together closely.

- The strategy includes the global fit activity to combine

multiple NP-sensitive measurements in order to maximize the
sensitivity to NP.

R.ltoh, HQL2014 24



A —.
Belle Il Theory Interface Platform (B2TIP)

Overview Committees
The "Balle [I-Theory Interface Platform” is an inifiathwe 1o coordinate a joint xperimant effor to Advisory Committea
ry S I foint theory-exp Organizing Commitee

study the potential impacts of the Belle |1 program, ; Tim Cershan Warwick
Toru Gato KEK

Wi plan 1o organize meelings twice a year gatharing theory experts and Bella || members, starting | Emi Kou LAL Bostjan Golob "!5

from June 2014 until the end of 2016. - Lubjana
Karim Trabelsi WERS Shoji Hashimoto | KEK

One of the expected outcomes of the project i a “KEK Report”, summarizing all the impartant . Lausanne Francois Le

coservables which will be measured at Bell |1, their experimentally achigvable precision and their Phillip Urquijo (B2 Physics Diberder LAL

impact on cur understanding of the theory (Standard Model and New Physics). This report should 8lso | Coord.) Melbourne

inchude a “milestones table™ clarifying the tangets for the firs! 5 to 10 ab-1 of data as well as for the Zoltan Ligeti LBL

final goal ai 50 ab-1. Ex Officio Hitashi

f IPRAL
iroaki Al i Murayarma

This project is an official activity of Belle Il, approved by the executive board of the Belle if | Hiroald Alhara (B2 EB Chair) Takyo i

Collaboration, in February 2014, Thomas Browder (B2 - Maithias Mainz
Spokesperson) Hawail | | Nauben

Workshop Dates Marco Cluchini (KEK FF Yoshihide Sakal | KEK
Adviaary)

The 2014 meetings will be held at KEK in June and November, as a satellite meeting of the Bele and | v Junka Ohio

Belle || General meetings. There is a possibllity of holding one workshop in 2015 at an extemal Th“f““ Mennal IKEK FF Siegen Shigombsu

location. Individual working groups may choose to hold addtional meetings. Please register for the Advisary)

meelings on the linked indico pages.

.Hapnr't Editors
BITIP Masting Meeting Agenda | Belle (Il) associated meetings Christoph Schwanda = HEPHY Vienna
2014 June 16-17 at KEK workshop indico  B2GM June 18-21, BGM June 22.23 Theory TBC
2014 NovemberiDecember B2GM Movember 3-8, BGM November 7-8
2015 June (External Workshop)

2015 Movember (KEK)
2016 June (External Workshop)

8 working groups + New physics working group
i/bin/view/Public/B2TIP

R.ltoh, HQL2014
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6. Summary

- Belle Il is a new generation B-factory experiment for the
hunt of New Physics in rare B/D/t decays.

- The construction of SuperKEKB and Belle Il is on-going
aiming at the start of physics run in 2017.

- A wide variety of physics program is there utilizing an
enormous event statistics obtained with a 40 times higher
luminosity. It is complementary to the one of LHCD.

- A close collaboration with theorists has been initiated to
optimize the strategy for the New Physics search at Belle II.

Stay Tuned!

R.ltoh, HQL2014






From Belle to Belle |

- We had been studying B meson decays in the previous
Belle experiment (B-factory exp.@KEK) for more than 10 years.

- The main purpose of the Belle experiment is to establish the
CP violation in B meson decays within the framework of
Standard Model, as predicted by Kobayashi-Maskawa.

-> |t was confirmed by Belle + BaBar and
brought Novel prize to them.

- The purpose of Belle Il upgraded from Belle is the experimental

search for the signature of New Physics in B, D and t decays.
<- Indirect search for NP in “quantum effect”
- No guiding theory for promising NP search. Need a careful
study of “subtle” shift from Standard Model(SM) in various
measurements.

R.ltoh, HQL2014




Comparison of NP sensitivity by

LHC and Belle Il experiments

= @)
£ . -
.
o Z Y Z L"
7 Z 1 -
0 _ 7 J 7 Bellell
o 0.01—/: % I)
£ 7 ZN”
g %f 7l
S Z |Jg
0001l 7 27 | |
1 10 100 TeV

Energy scale of NP
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Direct CPV in B—=Km (K© 77 9)

Acp in hadronic modes cannot be
understood without complete B°— K*mw

isospin analyses.

® Sum rule approach needs neutrals
B*— K*a®

Br(K’x") 1, 2Br(K =) T, 2Br(K’x’)

ALK n )+ ALK x") =A (K n") + A (K" n")

Br(K'n )t BriK'n) =, Br(K x )
q?.-—,. - ——
2 App(K*) - Agp(K*n%) = -0.122 = 0.022

(5.60 difference from zero)
oo A(K°r%) = 0.006=+ 0.06 (stat limited
A(KO) A(K’*) = -0.015= 0.019
A(K*1t%) = 0.040+ 0.021
A(K*m) = -0.082+ 0.006

expected MEPEPEPEL SN
error B 0

expected I
(sum rule)

Posl | Discrepancy in isospin sum rule may be
. significant with 10ab™’
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