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S factories

Integrated Luminosity in fb”’

Belle/KEKB (KEK) and BaBar/PEP-II (SLAC)

Very successful physics programs with a total
recorded sample over 1.5 ab™' (1.25 x 10° BB)

— Experimental confirmation of CKM
mechanism as source of CPV in the SM
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Results from global fits to data

2001: CP violation in the B system is

established following the first measurements of State of the art:
the CKM parameter sin23 by BaBar and Belle ICHEP 2016 conference
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Excellent agreement between SM and results from B-factories and LHCDb
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Prospects for New Physics at Belle i

Search for NP in the flavor sector at the intensity frontier
- Flavor physics as a probe for beyond the TeV scale

Signatures of new particles or processes observed
through measurements of suppressed flavor physics
reactions or from deviations from SM predictions

* An observed discrepancy can be interpreted in terms
of NP models

* Need significantly more data to make this possible
 Ultimate goal of Belle II: 50 ab™' data sample

Intensity frontier:
indirectly reveal NP virtual particles in
loops — probe energy above 10 TeV

SM SM

Energy frontier
Direct production of new particles -
limited by beam energy

SM NP
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SuperKEKB
The next generation B-factory

New superconducting
Belle Il
—_— /permanent final

New IR focusing quads
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~ New beam pipe
& bellows

TiN-coated beam pipe
with antechambers

[NEG Pump)

[SR Channel]

Replace short dipoles with Ry

SR

|0nger ones (LER) { A Add l mOdify RF [Beam Channel)
systems for higher
beam current Redesign the lattices of HER &
| Low emittance LER to squeeze the emittance
positrons to inject Positron source .
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‘ ‘ capture section

Low emittance gun
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electrons to inject
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SuperKEKB
The next generation B-factory

SuperKEKB,
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SuperKEKB nanobeams

To get 40x luminosity of KEKB

100um- =~

5mm

Reduce beam size to a few 100 atomic layers!

Parameter

beam energy
CM boost
half crossing angle
horizontal emittance

beta-function at IP

beam currents

beam-beam parameter
beam size at IP
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Lorentz factor
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Beam-Beam parameter

Geometrical
reduction factors

- (crossing angle,

hourglass effect)
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4 )
KL and muon detector:

Th e 3 el | e | | d etector Resistive Plate Counter (barrel outer layers)

écintillator + WLSF + MPPC (end-caps, inner 2 barrel Iayers))

—— o

CsiI(Tl), waveform sam R

article |dentification:

e-of-Prdpagation counter (barrel)

\ M = Prox. Focusing Aerogel RICH (fwd) )

electron (7 GeV)

[Beryllium beam pipe:

2 cm diameter /

positron (4 GeV)

[Vertex detector:
D

2 layers DEPFET + 4 la

Readout (TRG, DAQ):

Max. 30kHz L1 trigger

| ~100% efficient for hadronic events.

{ TMB (PXD) + 100kB (others) per event
|- over 30GB/sec to record

f
Central Drift Chamber:

He(50%):C2Hes(50%), Small cells,
\Iong lever arm, fast electronics

Offline computing:

First new particle collider since the LHC  petifioutel e were viE e Gl )

(intensity rather than energy frontier; e*e rather than pp)

arXiv:1011.0352 [physics.ins-det] 8



Raw data storage
and processing

——> Raw data
Raw data d'_—'P'ex- —> mdst Data
processing —> mdst MC
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MC prodi]c ion

» Many concurrent user analysis jobs g
me cfe LB & e Qe

5£ Local resource

mdst storage

Distributed computing following the LHC model

- Manage the processing of massive data sets

MC production and
Physics analysis skim

*  Production of large MC samples

Running jobs by Country
243 Weeks from Week 52 of 2012 to Week 34 of 2017

MC Cém aigns Production stabillit | |
REs 5th ! Qualified data High speed networking data

gth,  9th challenge in 2016:

T
25

/th

- Belle Il networking
requirements are satisfied
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Efficiency

Reconstruction performance (from

SBelle [| MC)

Belle Il works similar to or better than Belle

PID performance
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Advantages of SuperKEKB and Belle ||

Very clean sample of quantum correlated B°B° pairs
High effective flavor-tagging efficiency
Belle Il ~34% efficient vs. LHCb ~3%

Belle Il can also measure Ks and K. (impacts most
time dependent CPV measurements)

Large sample of T leptons for measurements of
rare decays and searches for LFV

Efficient reconstruction of neutrals (1%, n, ...)

Dalitz plot analyses, missing mass analyses
straightforward

Systematics quite different than those of LHCb
— NP seen by one experiment should be
confirmed by the other

Bsig=> TV, T> v
Big~> D, D& K o
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Full reconstruction tagging

- A powerful benefit of physics at B factories: fully reconstruct one B to tag
the flavor of the other B, determine its momentum, isolate tracks of signal

side
tag-side signal-side
e
Signal side: \. ’
B — Xev - Precise meas. of [Vl : K- ~ \ N\,\P"r
B — TV - Search for NP U“’BA_{ T(45) }BT‘_ a
B — Kvv - Search for NP / m-‘?g sig e
| - 7

« Excellent tool for missing energy, missing mass analyses!

* e.g. provide important high-mass sensitivity to the charged Higgs
In the multi-TeV range



Selle |l physics program

Belle Il physics at PANIC 2017
Exotic and conventional bottomonium physics - Roberto Mussa
Study of charmoniumlike states with ISR - XiaoLong Wang
CP Violation sensitivity - Luo Tao
Measurement of the gamma CKM angle - Hulya Atmacan
Charm physics - Longke Li
Studies of missing energy decays - Yinghui Guan
Dark Sector Physics - Fabrizio Bianchi

Review of Belle Il to be published in the B2TIP report later this year
Includes description of detector, software, analysis tools, etc.
https://confluence.desy.de/display/Bl/B2TiP+ReportStatus
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https://confluence.desy.de/display/BI/B2TiP+ReportStatus

PHYSICAL REVIEW D 92, 054034 (2015)

[ . I Bottomonium Mass Spectrum
—arly Belle [l physics
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search for missing states

New states that
f might be found

- Much to be done to (C.)  Observed states
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*Belle Il has good calorimeter
hermeticity and KLM efficiency Light dark matter searches
& e.g. dark photon: A’ = y + invisible

w 107

E787, E949 ,

1073

Expected sensitivity Belle 1l 20 fb™ (simulation)
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Flavor anomaly in R(D) and R(D*)

p _ Br(B=D"“w) .
Observable: R Br(B—D(fy)

0_5 L I LI I T T | L | I I | | | LI B | L o

Belle Il Projection
—— Belle Combination
—— Babar

LHCb
—— World Combination

+ SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)

R(D*)

ICHEP 2016 Preliminary
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Belle Il should be able to confirm the excess with ~5 ab-1

10

2_

Combined significance of
4.10 disagreement with SM

Not compatible with type I
2HDM, could be

accommodated by more

general charged Higgs or NP

L b Hl
~~RB-=Dzv)

.............................................

...............................................................................

Integrated Luminosity [ab™]

~2%

15



Are there new CP violating phases?

- Most theories involving NP include additional CP-violating phases
- Some allow large deviations from SM predictions for B meson decays

- Search for new sources of CPV by comparing mixing-induced CP
asymmetries in penguin transitions with tree-dominated modes

+ Time-dependent CPV in b — s decays such as B — $K°, n’K°, KPKKO
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Are there new CP violating phases?

- Most theories involving NP include additional CP-violating phases
- Some allow large deviations from SM predictions for B meson decays

- Search for new sources of CPV by comparing mixing-induced CP
be-dominated modes

Unambiguous sign of New Physics,
' easily detectable at Belle Il th as B = ¢K°, n’K®, K°K°K®
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Lepton Flavor Violation

« Highly suppressed in the SM

BF on the order of 10740 (T—¢y) to 10734 (1)

« Clean probes for NP effects

- T decays uniquely studied at B-factories

- Hadron machines not competitive - trigger and track pr limiting
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Belle Il can access LFV decay rates more than an order of magnitude smaller than Belle!
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SuperKEK

3/

Belle || schedule

Now
2016 2018

Installation of final focusing quads and Belle I,
additional renovation of accelerator

Damping Ring installation and startup

VXD
installation

19



SuperKEKB/Belle II schedule

Now
2016 2018

June 21: LER beam current exceeded 1 Ampere
10007 T R T T T 1000

——

[ | —CH2: I gg dt( 718.0Ah) |
800 __CH4: T;gg dt( 631.54h) —|800

600 ls00

400f 1400

Tyer[mA]
IHER dt(gé7. 1VAh)

Beam Exorcism for A Stable Experimen )
Dedicated background monitors

200 200

0.

- “BEAST” Phase 1:
Started in Feb 2016

b/

| P. Lewis (UH)

107 107
Delivered HER current [A-h]

‘\_‘.|m|m||mnmuvwlmm.m.1

detector (diodes, TPCs, crystals).
No final focus. Only single bea
background studies possible

- Tune accelerator optjes, etc.,

[a.u]

vacuum scrubbing; beam studies, g
validation of Belle Il beam :
background simulations
T e beamiize Ay

PZ%o,

"First measurements of beam backgrounds at SuperKEKB", to be submitted 10 NIM-A N 1816 2017 '



SuperKE

2016

3/

Belle || schedule

Now

Installation of \"nal focusing quads and Belle n,
additional rcnovation of accelerator

B2
9l

ober4

2018

atlon completed in Augus

0

(CDC)A instal
P16) 8




SuperKEKB/Belle II schedule

Now

Installation of fiiial focusing quads and Belle I,
additional renovation of accelerator

4. | mmvjl\
w.;z::msnw;smmummam Il

. Belle Il detegtor r
QCSL cooled and excited in .

Dec. 2016 for the first time JUls:

QCSR delivered on Feb. 13, 2017
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Belle || schedule

Now

Installation of final focu sing quads and Belle II,
additional renova ion of accelerator

Belle Il “roll-in” Aprll 11, 2017

TGO o AT S

Belle Il roll in: 1400 tons, 8m x 8m, moved 13m horlzontally

23



SuperKEKB/Belle || schedule
2016

Belle Il global cosmic run (July - August 2017)
Final 1.5T solenoid field

Readout integration of installed sub-detectors and
central DAQ in progress

Belle Il control room™ ®

Hits in four outer subdetectors o4



Belle || schedule

SuperKEKB phase 2
commissioning:
Dec. 2017 - Damping Ring
Feb. 2018 - Main Ring

Phase 2 goals

 Verification of nanobeams
(luminosity > 1034 cm-—2s-1)
Beam background study,
especially in VXD volume
First physics!

First operation with final focus (collisions!)
Outer Belle Il + “BEAST-VXD”

25



SuperKEKB/Belle II schedule

2016

Now

Vertex detector (VXD)

- Pixel Detector (PXD): 2 layers of DEPFET pixels

- Silicon Vertex Detector (SVD): 4 layers of double-sided silicon
detectors

Increased VXD radius: significant improvement expected with

respect to Belle in vertex resolution

2018

VXD
installation

o (cm)

Sianannes

0.05 ]
0.04
0.03fe— .

0.02 -

0_01;— +++ . \(\®

I P N T T R
(b 02 04 06 08 1 12

IP resolution

T [ T[T T[T [ T[T T[T T [ Trr[rrr[1]

__e— transverse impact par, do b

__e— longitudinal impact par, z

1) 1 b [
M6 18 2

Q& p, (GeVic)
A§(§S|duals

180_—103\\6
E —Mean —0.05ps
1605® m— Std Dev  0.71ps
1205—
1005—
ol B—J/W Ks
o
wof-
o
c: ......................
N
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SuperKEKB/Belle II schedule

2018

70¢
~ Complete Belle Il detector
50F '
% L —— 55 NP observation Xt~ CYF -
£ 40g= 30 NP evidence S(pK")—
:E, 30f— Pased on HFAG 2017 + B2TiP S(KEROR)
= : ‘ ; s 3
3 20 - S(n'K9) \ \N
§ - / (KB)—>TI/ 5ee/ S ,’ 1 = (,';', v
10 R(D7v)Lamue(KT—— o A& o\ 8 monthalyear ) o -
£ RO , 20 days/month RN
b A A I D A \
2017 2018 2019 2020 2021 2022 2023 2024 : \

Calendar Year
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Summary

+ Major upgrade at KEK for the next generation B-factory

« Many detector components and electronics replaced,
software and analysis tools also improved!

» Belle Il has a rich physics program, complementary to existing
experiments and energy frontier program

- Successful phase 1 operation in 2016

- Cosmic data taking with central DAQ in 2017

* First physics without vertex detectors in early 2018
 Full detector operation in late 2018/early 2019
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The Belle Il Collaboration

*as of Mar. 2017
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Imaging Time-Of-Propagation (TOP) Counter

mirror

- Barrel ring-imaging Cherenkov (RICH) device

« Total internal reflection of Cherenkov
photons emitted in the quartz radiator X<

- Fast, position-sensitive detector of
single photons

Channel Vs. time for 3GeV pions/kaons with beam test setup ‘

==

]

-
pr—

-

b

—

Channel number

NIM A494 (2002) 430-435; NIM A595 (2008) 96-99



Aerogel RICH detector

- End-cap RICH device
« Aerogel tiles are used as a radiator

* Photons propagate through an
expansion volume before detection
with HAPD photodetectors

Ny Ny




Beam backgrounds

BELLE
- In Belle/KEKB, unexpected backgrounds burned a hole in the | 3
beam pipe and damaged the inner detectors e AT T ‘,"f ’g‘
- Especially dangerous at SuperKEKB N ;x"’ J
(10-20x higher background rate) AN e
- Temporary damage or faults in electronics Voo \
« Obscure physics processes | “'\
- Fake interesting physics signals - | \*.‘

« Rejecting fake signals also lowers efficiency
- Purpose of BEAST: Beam Exorcism for A Stable Belle || Experiment

( Phase 1 _(no collisions) \
Touschek scattering: Beam-gas scattering: Synchrotron radiation:
intra-bunch scattering Bremsstrahlung (negligible) & - emission of photons
process Coulomb interactions (up to by charged particles
- dominant with highly 100 times higher ) with (e*e’) when
compressed beams residual gas atoms & deflected in B-field
+ 20 times higher molecules /
Phase 2 (collisions)
Radiative Bhabha process: Two photon process: Injection Background:
photon emission prior or after . very low momentum e‘e’
Bhabha scattering pairs via e‘e —>e‘ee'e
interaction with iron in the magnets +  increased hit occupancy in N
leads to neutron background inner detectors \ /
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Selle |l physics goals

* Rich physics program

« Precision CKM,
new sources of CPV,
Lepton Flavor Violation,
Dark Sectors,
QCD exotics

- Competitive and
complementary
to LHCb physics program

« Belle |l strong in
missing energy modes,
time dependent CPV,
very strong in CKM
metrology

Expected uncertainties on several selected flavor observables
with an integrated luminosity of 5 ab-! and 50 ab-' of Belle Il data

Observables Belle Belle I1
(2014) 5ab! 50 ab™!
UT angles sin 28 0.667 +0.023 + 0.012 [56] 0.012 0.008
a %] 85 + 4 (Belle+BaBar) [24] 2 1
y [°] 68 + 14 [13] 6 1.5
Gluonic penguins S(B — ¢K°) 0.90*35 [19] 0.053 0.018
S(B— K% 0.68 + 0.07 £ 0.03 [57] 0.028 0.011
S(B — K3K3KY) 0.30 +0.32 +0.08 [17] 0.100 0.033
A(B — K%Y —0.05 £ 0.14 £ 0.05 [58] 0.07 0.04
UT sides |Vep| incl. 41.6-1073(1 + 1.8%) [8] 1.2%
IVl excl. 37.5-1073(1 £3.0%,, +27%4)[10] 1.8% 1.4%
|Vusl incl. 447 -1073(1 £ 6.0%,y. + 2.5%g) [5] 3.4% 3.0%
|V.sl excl. (had. tag.) 3.52-1073(1 £9.5%) [7] 4.4% 2.3%
Missing E decays B(B — 1v) [1079)] 96(1 +27%) [26] 10% 5%
B(B — pv) [107°] < 1.7 [59] 20% 7%
R(B — Drv) 0.440(1 + 16.5%) [29]* 5.2% 3.4%
R(B— D*v)' 0.332(1 + 9.0%) [29]° 2.9% 2.1%
B(B — K**w) [107%] < 40 [31] <15 20%
B(B — K*w) [1079] < 55 [31] <21 30%
Rad. & EW penguins B(B — X,y) 345-107%(1 £4.3% + 11.6%) 7% 6%
Acp(B — X;4y) [1077] 22+40+038]60] 1 0.5
S(B— ngrﬂy) —-0.10 £ 0.31 = 0.07[20] 0.11 0.035
S(B — py) -0.83 +0.65 +0.18 [21] 0.23 0.07
C7/Cq (B — X, L8) ~20% [37] 10% 5%
B(B; — yy) [107%] < 8.7 [40] 0.3 -
B(B; — 1) [1077] - <2[42]1F -
Charm Rare B(D; — pv) 5.31-107°(1 £ 5.3% + 3.8%) [44] 2.9% 0.9%
B(D, — 1v) 5.70-1073(1 £3.7% + 5.4%) [44] 3.5% 3.6%
B(D° — yy) [1079] < 1.5 [47] 30% 25%
Charm CP Acp(D° — K*K-)[1072] -0.32+0.21 +0.09 [61] 0.11 0.06
Acp(D° — 7°2°) [1072] —0.03 £ 0.64 £ 0.10 [62] 0.29 0.09
Acp(D° — ngro) [1072] -0.21+0.16 + 0.09 [62] 0.08 0.03
Charm Mixing x(D° - K‘S’n*n‘) [1072] 056+0.19 + 0:“1 [50] 0.14 0.11
wDP — K;?n*:r‘) [102] 030+0.15+ §§ [50] 0.08 0.05
lg/pI(D° — Kir*x) 0.90 + 015 + -0 [50] 0.10 0.07
¢(D° — Kon*m) [°] —6+11x 5 [50] 6 4
Tau T — py [1077)] < 45 [63] < 147 <47
r— ey [1077] < 120 [63] <39 <12
T — ppp [1077] < 21.0[64] <3.0 <03

P. Urquijo / Nuclear and Particle Physics Proceedings 263-264 (2015) 15-23
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Sottomonium spectroscopy

Events / 5 MeV/c’

Considerable progress recently
in Lattice QCD

Belle Il has the opportunity to
search for missing states

Clean environment

« Search for new states inclusively

11.0

-
2
wm

Mass (GeV)

10.0

PHYSICAL REVIEW D 92, 054034 (2015)

m(11.087)

L, (10.869)

', (10.623)
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i
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=
L.
S
w
C:'V
Q
=

Bottomonium Mass Spectrum

Xa(11.022)
Xey(11.014)

T 11.004)
01(11.016) Xia(11.004) T,4{10.934) Xua(10.856)
Xia(10.798) Ma(10.935) v 110 995 x15(10.853) ,
— (10.788 heg(10.853) 15(10.772)
pR—— Xp1(10-788) T10711) ! X;2(10.850) Y ,(10.770)
f1e,(10.790) xi0(10.775) ' eg(10.770) 4l )
o _ 1,,(10.706) T,{10.705) Xp4(10.622) T,(10.769)

2(10.550 T
E x1(10.538)

(el 10022 .
\\""_J)Jr),.,{lﬂ.-ﬁo)
Xie(10.261)

Jopipen
( har0.250) [ Xul19-246)
Xea(10.226)
 S—

Xia(9.897)

F x3:(9.876)
hey (9.882) X0 (9576)
Xo(9.847)

Xus(10.619)
Xi2(10.615)

Q) —
10.698) hyg(10.619) Y;(10.532)
T,(10.455)
Y.(10.449)

T,(10.441)

Ry (10.541) e(10.530)

X14(10.358) Y,(10.529)
(12(10.355)

Xia(10.350)

(o)

1

Ma(10.148)

New states that
might be found

Observed states

Y4(10.939) -

,(10.531) —

/

1 S(] 3 S]

1 3 1 3 1 3 1 3
Py " Py Dy Dy 53 Fy " Flyg4 Gy Gzap)

* Reconstruct a single resonance and search the recoiling system

First Observation of the P-Wave Spin-Singlet Bottomonium States k;(1P) and h,(2P)
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20000 | h,(1P)
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104

PRL 108, 032001 (2012)

‘_\‘ 12000;— hb(1 P)T["]T
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-2000 Tﬁl ! lTT lﬁl"%
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PRL 108, 122001 (2012)
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2015

2013

2011

2009

2007

2005

2003

XYZ Spectroscopy (a subset) X(5568) b 4380)

P.(4450)
Z:(3900
Z,(10610) «(3900)
Z,(10650)
Y(4140)
Y (4274)
X(4350) | | |
X(4630) - Many interesting states (recently) discovered
YY) - Molecular bound states?
3(3900) §§'§§ § § - Diquarks or Tetraquarks (deeply bound)?
( ) =T 5 > Hybrids?
Y(4260) - Kinematical effects?
X(3940) | |
X (391 5) *  Much to be done to quantify/confirm these states!




Other probes for NP

- Radiative and electroweak processes
* b= sy(B—K'), b—dy (B —py, wy), b—sll(B— KO

s ’_\,_/
Starts at one-loop order Suppressed by two orders of magnitude

« NP contribution could be different for each process
Always one-loop or higher in b — s(d)y, but may be tree level in b — s(d)l|

* For example helicity-changing NP models
and B? =& Ks iy

N
dd_t = e T*[1 4 q(A cos(Amt) + Ssin(Amt))]
" Al
b S b NG
Standard Model Left-Right symmetric model | 0035
SK:;,T(O",' — —zm Sln(2b) ~ —003 SKS,“TU’} — 067C05(2I)) ~J 05 0.02 i iiiii: I iiiii1|0 F

Integrated Luminosity [ab™]
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Leptonic B decays

2HDM (type II)

b b T
_ - H~
B % + e
U 17 V‘r
‘ 2
G2 mpm? m? 5 0 an28\ 2
BB — tv)=—E"57C (1 L) 21V, 125 x [ 1— m3 200
87 my m
S —
BSM 4
- Experimentally challenging ;
120 [
e >1 neutrino in the final state -
| | = 100 |
e Signal side only has 1 charged S -
track (Tt — pvv, evy, Tv) = 80 I
. o
- Use fully reconstructed hadronic ~ 60 =
and semileptonic tags 2 40 M D
P J o - /O
» Useful for |Vuo| measurement o 20 BELLE
(becomes competitive with B S o L1 £ T P P W Ao
0 02 04 06 0.8 1 1.2

semileptonic decays with 50 ab™")

EECL

(GeV)



100

Leptonic B decays
2HDM (type Il)

b T b T
— H —
B X + e
u V. u V.
GEmpmy mg : 2 2 tan3\
B(B — fv) = —— o eV 78 X(l—m23 ;;;i)

Aim to measure B(B — 1v)
with precision of 3-5%

Constraints on tan B and mn greatly improve with 50 ab™

3
b
|

Belle Il  Projection

dBF(B — tv)
=
|

Exp.L =46ab™
sys

— Total

-.-.- Systematics .
---- Theory (expected) =
---.- Theory (current) B

B factories
exclusion plot

1 1 l 1 1 1 1 1 1 1 1 1 1 L1 11111 1 I T T B A |
200 400 600, 800 100 200 400 600 800 1000 1 10
H* Mass (GeVic') H” Mass (GeV/c?) Integrated Luminosity [ab™]

3 8 8 8 8

o
T
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Semileptonic

S decays

Proceed via first-order electroweak interactions (mediated by W)

T

W—/Hj,/l/v-r

— b > »C
B{ﬁ qaq Qg« gq q

Decays involving electrons
and muons less sensitive to
non-SM contributions

Measure CKM elements
IVeo| and |Vub|

Decays involving T also
sensitive to additional
amplitudes

Search for NP
Experimentally challenging

SHDM:
\per B=Bsy X my: (“’“‘B)

- Normalization
Bl 8 — D™ Iv

Others

Events / ( 0.05 GeV)

0
00 02 04 06 038
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CPV in D°-D° mixing

-  SM mixing rate is sufficiently small that NP contributions may be detectable
» Mass eigenstates are superpositions of flavor eigenstates

D = pD" = gD°

2

In the absence of CPV, D1 is CP-even, D2 is CP-odd

r=(my—my)/T y=({T;,—T,)/2r) I'=({T,+T1,)/2 ¢ =Arg(q/p)

~ z (%) 0.37 £0.16 — _ 5
) L007 | CPV allowed =2 CP conservation lo
= 1.2| cHARM 2015 Y (%) 0.66 “7 % CHARM 2015 | ) 20
- o = 80(ig/pl, ) =(1,0) consisterir
1 3 ‘ o L ‘ o
i | e B ‘ B50
: - , ~ S 40r
< T
201
i +0.12
0 lq/p| 0.9175 0%
B +11.9
B | -20- ¢ (o) —9.4 —9.8
o ® B ‘
_0 - '\ = / \ 7.0 A\ . 1o _4 |
27 "No mixing = (x,y) =(0,0) 520 g
-0.4-excluded with >11.50  |79° —60-
=U. Wl $---4 fooeefeeee] foooofeet ooodeed I | foocpee} fooedeed foooefeee} ! .50 1: | | | | | | | | | | | | | | | |
~06-04-02 0 02 04 06 08 1 1.2 0.6 0.8 1 1.2 1.4 1.6
x (%) lg/pl
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CPV in D°-D° mixing

« Current measurements of x,y give
many constraints on NP models

 LHCDb will dominate most of these
measurements, but Belle |l should
be competitive in a few

- |[f LHCb sees NP, important for
Belle Il to independently confirm!

1.5

y (%)

(X, y) - (0.8, 0.7) CPV allowed .

Belle Il 50 ab™’

0 ®

No mixing - (x,y) = (0,0)

P
- - - -

-0.5

=
- bW -

-0.5 0 0.5 1

X (%)

Expected uncertainties (M. Staric, KEK FFW14)

Analysis Observable Uncertainty (%)
Now (~1ab™') L =50ab™!
KYntm™ T 0.21 0.08
y 0.17 0.05
la/p| 18 6
oo} 0.21 rad 0.07 rad
i, KTK~ Yop 0.25 0.04
Ay 0.22 0.03
K+m— x"? 0.025 0.003
y’ 0.45 0.04
lg/p| 0.6 0.06
& 0.44 0.04 rad
g ' CP conservation Belle Il 50 ab™!
S o (lg/pl, b) = (1,0)
2 40
<
20
0
-2
-4 o
20
(la/pl; ¢) =(0.9,0) 28
B50

| | |
02 04 06 08

1 1.2 14 16 18

lg/pl
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Direct CPV in Charm

i TP — f)—T(D" = 7)
ACP _
BELLE Belle II D" — f)+T(D — f)

measurement projection

9_ T 1 1 l | L | I | I T 1 1 I | L | I l_‘
- : ] «  Major Belle Il contribution will be in channels
'_'_. 0 0..0 ] (o) _-: . . .
8 D°  x'x —+  0.08% with neutrals in the final state
— 1 -
C : : . .
7F D’ - Kgn° + 0.03%4  + Most measurements will be systematics
- 1 -
- ' : limited
6 D’ - Kgn —— 0.070/0—-
- | | -
- ! ‘ -1 0 Belle Il at 50 ab~ !
F o . : o) mode L (fb™*) Acp (%) e
S D" — K¢ : ' 0.09% DY 5 KTK— 076 —0.32+0.21 +0.09 +0.03
- . ] DO — wto— 076 +0.55 + 0.36 & 0.09 +0.05
4 D° = 0 ' . 0.12% - D% — 7070 976 ~ £0.60 +0.08
- ' N D% — K970 701 —0.28 +0.104+0.10 +0.03
| | s
- I - D° — K% 701 +0.54 +0.51 +0.16 +0.07
3Dt =Kt == 04— D° — K%/ 701 +0.98 4+ 0.67 £+ 0.14 +0.09
- I - D° - xta— 70 532 +0.43+1.30 +0.13
— I - —
. J D° —» Ktn—#0 281 —0.60 +5.30 +0.40
- + (] 2
2~ D" -t , —®#6.14%- D% K+r—mtn— 281 —1.80 + 4.40 10.33
- ' : Dt = ot 055 +0.51 +0.28 + 0.05 +0.04
£ b= os D+ — gt 791 +1.74 +1.13+0.19 +0.14
- " ! 0.14% : D+ — yfwt 791 —0.12+4+1.124+0.17 +0.14
a | | | | ] Dt — Kort 077 —0.36 4 0.09 + 0.07 +0.03
e Dt — KK+ 077 —0.25+0.28+0.14 +0.05
6 4 2 0 2 Al %) DT — Ko+ 673  +545 250+ 0.33 10.29
cp\ 70 + 0+
no C PV D — K°K 673 +0.12 +0.36 +0.22 +0.05

(table by Marko Staric)



Results from global fits to data

15

L L T T 1 T 1 1T 1T 1 | L L | L L
exciudedareLhasCL> 0.95 ' 9%] ! ! 7
i ' e i
i T Vo i
1.0 — 2 ]
i s Amg& Amg |
F - n
- sin 23 .
05— ]
= 00— —
-05 — —
1.0 - Y & ]
- sol.weos2f<0
= ICHEP 16 : (excl, at CL > 0.95)
.1.5 | I I | l L1 1 1 l L1 1 1 l L1 1 1 l L1 1 1 l L1 1 1 |

-1.0 -0.5 0.0 0.5 1.0 15

There is still room for new physics contributions

20

Parameterize NP contributions to the Bg,s mixing

amplitudes as M1 = (M3312)cm X (1 + hg,s €219%9)

p-value

1.0
3.0 B oo
0.9
25 0.8
0.7
2.0
0.6
©
© 15 0.5
""" 0.4
1-0 0.3
0.2
05
0.1
0.0 S 0.0
0.0 0.1 0.2 0.3 0.4 05
hy
p-value

3.0

25

2.0

(FCNC, LFV, B — T tree-level NP, new sources of CPV) 10
« A 10-20% NP amplitude in B4 mixing is perfectly

E—Extrapolation to 50 ab'1";
- assuming no change -

. . 0.5 — .
compatible with all current data = in central values
* Scale ~20 TeV for tree-level, ~2 TeV at one loop ool s

h,

= Lloo

PHYSICAL REVIEW D 89, 033016 (2014)
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Goal of Belle [I/SuperKEKB

9 months/year
20 days/month
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Super KEKB limitations

Beam Transport  Final Focus

(magnet) Quads
% 8.8 : \
Y(GS) peak energy can be 9 8.6 :— Eem=12 GeV Beam Transport
reached keeping the > - (magnet)
same beam asymmetry o 84 - i
(i.e. the same boost) used 0 : \
for standard running at £ 82
Y(4S) o -
@ gl
The LER beam is limited @ - Eem=11.24 GeV
by magnets in the beam + 78I
transport line. -
7.6 P~ .
To reach Ecm=11.24 GeV - Linac
(AA threshold) we can 7.4 F Y(6S) Energy
increase HER energy - o ¢ L. \
only, up to 7.55 GeV. 7.2 ~{[5—0284 \
(max Linac Energy) W \
B B threshold: 12.55 GeV
c C 68 | 1 1 1 1 1 1 1 L | 1 1 1 | 1
4 405 41 415 42 425 43 435 44
LER Beam Energy (GeV)
QWG 2016, PNNL R Mussa, Bottomonium Physics at Belle-II 5




First Physics

m T

Y(1S) On -No interest identified
-Low energy

Y(2S) On New physics searches 20+ -Requires special trigger

Y(1D) Scan  Particle discovery 10-20 -Accessible in B Factories?

Y(3S) On Many -onia topics 200+ -Known resonance

-Luminosity requirement: Phase 3

Y(3S) Scan  Precision QED ~10 -Understanding of beam conditions needed
Y(2D) Scan  Particle discovery 10-20 -Unknown mass

>Y(4S) On Particle discovery? 10+? -Energy to be determined

Y(6S) On Particle discovery? 30+? -Upper limit of machine energy

Single y New physics? 30+ -Special triggers required

Experiment |Scans/Off. Resl T(55) l T(45) l T(35) l Y(25) T(1S)

10876 MeV 10580 MeV {10355 MeV| 10023 MeV [9460 MeV
fh—1 b=t 109 |th=1 10° 9;{ 10° [tb=1 10° |th~1 10
CLEO 17.1 04 0.1 |16 17.1 5 | 1.2 10 |12 21
BaBar 54 Ry scan [ 433 4714 30 1122 | 14 99 —
Belle 100 121 36 (711 772 % 3 /12 |25 158 | 6 102

-



This spring: Belle Il “roll-in™ April 11, 2

1400 tons, 8m x 8m, moved 13m hor

017

izontally
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