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B-factories

+ PEP-II@SLAC (KEKB@KEK):

e e asymmetric collisions at
BaBar (99-08) & Belle (99-10).

* ]st. generation of B-factories.

« KEKB reached world highest

lumi, ~2x10™em s (2x design).

¢ Collisions at Eqy; = m(Y(nS)):
« Mainly at Y(4S) = 10.58 GeV.

+ Also off-resonance scan.

+ L ~0.5(1) ab" @BaBar (Belle):
« ~772M BB, ~900M 1T @Belle.
* @ Belle > 450 papers + ongoing.

1200 —

1000

800

600

a i . . PR P
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

€3]

>1lab?
On resonance:
Y(58): 121 bt
y(48); 711 bt
Y(3S): 3"
Y(28): 25
Y{1S): 6 bt
Off reson./scan:
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B-tactories achievements

“ Observation and precise measurements of

CPV in B decays + discovery of direct CPV.

» Observation of mixing in charm.
# Studies on rare B decays.
“ Searches for rare T decays.

« Discovery of many new states, including
qq-like X(3872), Z(4430)

+ Constrains on new physics, e.g. using
B—D(D*)T'V, b—DSY, b—stL.

“ Direct searches for light-H and dark-y.

“ Measurement of the Unitary Triangle
(UT) parameters (sides and angles).

« Experimental confirmation of KM-

mechanism (Nobel Prize in Physics 2008).

Integrated Luminosity (1/fb)

- Discovery in Belle
g 4- kz(rt' I)+ didate

D°-5° mixing quark particle candida

CP violation in

B meson system

.1 B— 1 v decay
Direct CP violation

in B—>Km decay

CP violation anomaly
in b—s transition

Makoto Toshihide
Kobayashi Maskawa

“For the discovery of the origin of the broken
symmetry which predicts the existence of at
least three families of quarks in nature"
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W.K.H. Panofsky Prize 2016 (APS)

David Hitlin Fumihiko Takasaki Jonathan Dorfan Stephen L Olsen

To B-factory founders:
"For leadership in the BaBar and Belle Experiments, which established the
violation of CP symmetry in B-meson decay, and furthered our understanding
of quark mixing and quantum chromodynamics."

So, why Belle II7?
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Searching for New Physics (NP)

* Two approaches at colliders: & -
* Energy frontier: direct production of new particles, limited by > = <

beam energy (CMS & ATLAS @LHC).

“ Flavor (intensity) frontier: reveal NP virtual particles in loops
(B-factories, LHCb), could test up to 100 TeV = SuperKEKB! SM

* Complementarity:
“ It NP at LHC, effects will emerge in B, D & t decays.

“ If not, flavor measurements at Belle-II will provide unique
ways to find NP.

* Belle-1I vs. LHCb:

* LHCb specializes in decays to clean final states (e.g. B— pp)
+ large production (10° x Belle) + bottom baryons.

NP Mass Scale M,[TeV]

“ Initial state energy in Belle-II will be well defined = Tevatron
easy to handle inclusive decays (B—Xst), decays to neutrals ,* . . .. ¥ .

partides (B—DKSKSKS’ B—DTV) £ mor: a moment! ! 7 10 10°

NP Flavor Violating Coupling (g, /&)
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Physics at (Super) B factories

¢Band D decays access to (almost all) CKM matrix elements (&: phases)

¢ B and D decays: Test models
¢ mixing (box), CPV (penguins, etc.), rare decays (FCNC) such as SUSY,
¢ Tau leptons: Z', Little Higgs
o LFV & LNV. or 2HDM,

* Dlrect search fcu: llght partlcles hidden dark
« sterile neutrino, ¢ axions sector, etc?

+ Hadron spectroscopy:
e quarkomum charm and light mesons & baryons Inputs to QCD models
1y S1CS and (g-2),.

Spectroscopy beyond standard quark
¢ Quarkonium-like exotic states P By |

_exotics + Charmonium, bottomonium

model: tetra/ penta-quarks, glueballs,
hybrids, molecules, etc.
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Unique features in B factory

“ Low bkgs. — easier detection of neutrals (y, hadrons). e
* Low track multiplicities (~10) and detector occupancy: b S e e
£ ife q(%/ e “*agg??AN M N T S

* High B, D & t reco efficiency. LS Rk @00

“ Low trigger bias — smaller corrections and syst. Cle et o WL b L eleer
uncert. iIn measurements, e.g. Dalitz analyses. ERSE L el
* Ecy can be adjusted for (or off-) Y(nS) resonances. a,r
“ Bottomonium spectroscopy, B; @ Y(5S), etc. il
T |
X 0 : 10}
“ Reconstruction of a B-meson (Btag) constrains flavor of A 9 _
- . 'q-" -‘[ ! ¢ ‘ . \“
the other (Bg) and its 4-momentum, p(B;s) = -p(Biag): % L b van Yo )
: 944 946 10001002 1034 1037 ‘:‘::;sﬁ. '
* Detected particles not from By, must come from Bg;,: Mass (GeV/cs
“ Inclusive measurements (absolute BR). “:>‘ Tagdid ’:gignal side 5 T
X . " Y 4 /
“ Missing energy channels, e.g. B—(D*)tv. K - RGO
Brag Bﬁfg \\\‘
“ Tagging power > 30% (compare to 2% for LHCb). T Y
T ByAt v

« Asymmetric beams — boosted BB — time dep. CPV.
8
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€ -;aff
SuperKEKB X

BOkm NE from Tokyo

* Located at KEK (High Energy Accelerator
Research Organization), Tsukuba, Japan.

Tsukuba
KEK
Tokyo /

\ Nart

*» Last generation B factory:
* Major upgrade to KEKB.
* ete-— Y(4S) — BB mainly.
« Will deliver 50ab™! to Belle-II (50x KEKB).

» Peak lumi will be 8 x 10°°> cm™?s™ (40x KEKB ).

7103 ] JL =50 ab" by 2025 (50x KEKB) [ "~
= " 35 | Lpeu = 8% 107cm?s” (40X KEKB)| """ 7
Channel Belle BaBar  Belle II{per year < 10 Koy ™
BB 77x10° 48x10° 1.1 x 1010 ERLl }-ﬁ
BB | 7.0 x 108 - 6.0 x 108 ERTR e
(1S) | 1.0 x 108 1.8 x 1011 B 107 et .1{3% Tﬁ’ww ............
T(2S) | 1.7x108 0.9 x 107 7.0 x 1010 10 LS ol ‘L}‘;ff.“,_, _______ o -
T(39) |LOxI10" L 1p° 3.7 x 10" mso; ,“.Spps e
T(55) 3.6 x 107 — 3.0 x 10° 102 Dm __________ ’..... __________________ -
TT 1.0 x 10° 0.6 x 10° 1.0 x 1019 1970 1980 1990 2000 2010 2020

Year
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KEKB to Su perKE KB M
J ,J—T Al -

Colliding bunches

- """—':—“ ) s -
- e, _,_,-"‘-'_'-’-_
w..___'__:.::::_ L - ___,..-'f"

New IR
e 7 GeV 2.6 Ajl

New superconducting
/permanent final focusing
quads near the IP

" New beam pipe

& bellows
\ S—

Low emittance
positrons to inject

Replace short dipoles
with longer ones (LER)

FHHH
S

Damping ring —~< =

Add / modify RF systems ' b 1

for higher beam current

Positron scurce

Redesign the lattices of HER &

New positron target /

LER to squeeze the emittance capture section
Machine design parameters */ .
{ KEKB SuperKEKB
parameiers LER HER ER HER units Low emittance gun
Beam energy Eb 35 8 4 7 GeV LOW Emittance
Half crossing angle (0] 11 415 mrad _
Horizontal emittance | & | 18 24 32 | 46 | m electrons to inject
Emittance ratio x 0.88 0.66 K
Beta functions atIP | B,"/By’ 1200/5.9
Beam currents Ie 1.64 1.19
beam-beam parameter & 0.129 0.090
Luminosity I 21x10%
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Luminosity increase

. : Beam-Beam parameter Sl Y 'F,"' EBVItY
* Reduced in beam-spot size (1/20  tenter — S W[F] coisin  [§ L
3 b . ) % \\\ A \\ P e /
X [3*y) by using nano-beams: N NS e & T e ¥
. & reduction factors a—
. . y O- ; WL.& ;R Vo (crossing angle, 1 — — —
» Superconducting focusing L=2 t ]+ O_-; J i RL g e 1’1; 4_1\
er : :
quads near IP. e\ o) P RS v || = L ¥Iw
b | Collision
: i Vertical beta function at IP without
» Beam currents increased by 2. geam aspecirtioat I

» Large crossing angle (2¢ ~ 83
mrad).

» Avoids long-range beam-
beam collisions.

—_——

Crab cavities imparts
transverse kick to restore

Crab cavities

Super-KEKB

s

=300

— r
E o

head-on collisions.

~50nm
i

_=.-"'_

e

mrad

100pm /“'

E (GeV) B*, (mm) B*« (cm) (0] [ (A) L (cm2s)
 Tlioh ¢ ron b LER/HER | LER/HER | LER/HER | (mrad) | LER/HER
T BHGNEL SHSEE YO POSILEOLL DEdI] KEKB 3.5/8.0 59/59 | 1201120 | 11 16/12 | 2.1x10%
(LER) to increase its lifetime (py = | superkexs 4070 0270300 3225 | 415 [ 3.6/2.6 )| 80x10%
0.425 — 0.28, TOF — hermeticity). factor 20 factor 2-3

11
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T'he Belle-11 detector at SuperKE
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The Belle-1I detector

CsI(Tl) EM calorimeter: 74 m RPC u & K, counter:
waveform sampling ik scintillator + Si-PM

for end-caps + Iron flux return

A

e (7 GeV)

—

—

Solenoid (1.5 T)

4 layers DS Si Vertex

Detector —
2 layers PXD (DEPFET), 50m
4 layers DSSD

e” (4 GeV)

AN

Time-of-Flight, Aerogel
Cherenkov Counter —
Time-of-Propagation counter
(barrel), 3

prox. focusing Aerogel RICH
(forward)

Central Drift Chamber:
smaller cell size,
long lever arm

Belle Il covering 290% of 41
13
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From Belle to Belle-11

+*+ e

"

Several sub detectors upgraded or replaced for
improved performance at higher luminosity:

backgrounds (occupancy, fake hits, radiation
damage) and event rates (0.5—30KHz).

Larger tracker (SVD & CDC):

* Improve IP and SV resolution, increase K% (+30%)
and m’ efficiency, better flavor tagging, ...

Smaller beam pipe (1.5—1.0 cm), PXD closer to IP:
“ Improve IP, resolution (~60 — ~20 pm).

Upgraded TOP & ARICH:

“ Better K/m separation, flavor tag., bkg rejection, ...

Improved hermeticity (PID & p-ID in endcaps).

Improved trigger, DAQ & algorithms.
14
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B E L LE O Dretver 1 Magil 21 BFledd 1,50 Dapier 750
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T'racking system

Sllicon Vertex Detector (SVD)

* Vertex Detector (VXD):
“ precise meas. of I T]_"&Cker

and SV of short
lived particles.

« Central Drift Chamber (CDC):

“ complements VXD for charged track
reconstruction and measurement of long-

Tracks Transverse Momentum

lived particles.

120044

'Entries 11020 | |

“ Average multiplicity in Y(4S) event: 100,
g p ty ( ) Mean 0.3468 |
. 800} | RMS 0.2947 |
“ 11 charged tracks, 5 neutral pions, 1 neutral kaon. ol 3
] Bellell MC
400 = PRELIMINARY
“ Soft charged tracks spectrum. : |
% 0z 04 06 08 1 1T 14 T 383
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Vertex detector (VXD

[C?l‘lol E_ layers Slanted layer to keep acceptance

Sllicon Yartex Detector {SYD}

+ PXD & SVD complementary to reach

10F
expected precision on vertexing and :
L] 0 A4 4 1
tracking. 30
resolution of the impact parameters
0‘4 g + Oy Tracks with PXD dusters
* O Tracks with PXD clusters
© BABAR Om
0.3 > ‘o'_'".. ® BABAR Ow
: Lesé:Coulomb Bellell MC
£ scattering PRELIMINARY
£ 02 |
r "‘ o:_:' Bellell
» excellent spatial granularity
(0= 15 pm)
DEPieted p-chonnel field [ ffect Tronsistor ~ DEFFET Double Sided Strip Detectors
o = DSSD
g E
=9
S
£n

Air cooling sufficient,
radiation tolerant!

—

PXD sensors in p_I‘OdUC’[iOH March 23, 2015. First Wor_kmg [DSSD ladder completed

16
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Central Drift chamber

14336 drift cells with sense wires allow better (w.r.t.
Belle) charged track reco. and dE/dx PID.

“ Spatial resolution ~ 100 pm.

56 concentric layers 16.8 - 111.1 cm (Belle: 50 layers,
8.8-86.3 cm), in 9 superlayers alternating axial / stereo.

Smaller cell size in the innermost layers.
» Stringing completed in January 2014.
Commissioning with cosmic rays during 2015.

Traveling from Fuji Hall to Tsukuba Hall (~1.5 km) in 2015 January

Mt. Tsukuba |,

Lo

1.7

CDC

Wire configuration

Belle .

1200 mm

Belle |l

CDC cosmic — 2015 April 14

Belfe I
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Aerogel Ring Imaging Cherenkov (A-RICH)

“ A-RICH allows PID in forward region. PAMANTAE AFS

* Radiator with two layers of aerogel (different )
for increasing photon yield (overlapped rings).

“ 420 Hybrid Avalanche Photo Detectors (HAPD)
with 144 channels.

* Mechanical structure production is already
completed.

-
|
- -

~~~~~~~
L

2+2cm aerogel
n,= 1.045 n,= 1.055

M=y ;ﬁ’,A
_.//
=
i

| =
e
B R

<

P Fe )
=

T — e, — —

Structure Aerogel HAPD B ; .
SNIM A548 (2005) 383 R

18
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T'ime of Propagation (1OP) counter

“ 16 modules in barrel region (10 cm btw. CDC & ECL). cragedpaice g <

— 9[: cherenkowangle
crysla | /

# Module = 2 quartz bars (20mm x 45cm x 200cm) + array Wﬁf
9z n
Ackwar i /1 '

of photo-detectors (+ mirror + extension prism).

“ Both, top & detection angle (PMT channel) of photon
are needed for PID (“image" in space-time).

# Micro Channel Plate (MCP) PMTs for ultra-fast and high
sensitivity photon detection, ~50 ps resolution.

* Beam test in 2013:

* Good Data-MC agreement. Beam Test at LEPS (June 2013)

i e for cosh = 0.00 Sirulated ring image for cosl = 0.00

93% K ID eff., 4% m misID prob. (Belle 88% /9% ),
good up to 4 GeV.

* 10 of 16 modules already built, 3-weeks/module.

* Commissioning w/ cosmics rays is ongoing.

+ Installation in Belle IT in summer 2016.

19
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Electromagnetic Calorimeter (ECL)

Belle Il

l l Super conducting coil l

* Upgraded Belle
calorimeter to
compensate for larger

backgrounds.

SVD

PXD(2 layers) ‘5 |
280

“ Barrel: CsI(T1) crystals

+ faster readout 4 ecs T ﬁ-eL-'I_ ;'wg § |acs § —3[
(electronics for

W OB T Gl i Simudton (Prefmindry) |
waveform samplin 5 I ]
pling) o2* — Bellell MC13 -
* Endcaps: Csl crystals L A R A S S M
+ faster readout. o S 3
- = «— + Material effects )
* Cosmic rays test is T P eeleaiaie | | €0%
ongoing. 062 640608 1 12141618 2 2224
E (y) GeV

20
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K1 and p detector (KLLM)

* Alternating layers of:

* Active detectors: RCPs (barrel) or scintillators
(new in Belle II to handle bkg., in 2-innermost

barrel layers and endcaps).

“ Absorptive iron (flux return) plates, where K;s
can shower hadronically.

o
¥
!
—
—
= i

,” 'g":l_;! 111

“ Installation completed (2014).

* Taking cosmuics.

21
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Irigger

« Must handle high luminosity of SuperKEKB: Sppiox o Crowcsaiton ) Kt
] T(4S) — BB 1.2 960
. : ete~ — continuum 2.8 2200
« Physics rate ~15-20kHz (Bhabha & vy pre- - 0 10
scaled x 100). Thr 08 640
Bhabha (81,1, > 17°) 44 350 @
. . . vy (hap 2 17°) 24 19 ¢
» High beam-induced bkgs. (Touschek). > processes b 4 e
Total ~ 130 ~ 20000

* Rates an order higher than Belle.

Use Stereo segments

CDC | TsF FT—| r-42D)Track —T—| 3D Track |

CDC + ECL matching

| ECL [—fm'[nggn(:cur[

Track Count
Opening Angle Lt
Bock-to-hack L
Timing
—' neural net
| 3D Bhahba (back-to-back) veto
Cluster [
] Cluster Count
" Timing
Enegy Sum | High Threshold
" Low Threshald
o |
Multiplicity
Topology
Fine Timing L

[ KLM | um

Forward |

mmmm New in Belle 1T \ l-l;ldn;nn cu....q—m.

Global reconstruction Logic(GRL)

Global Decision Logic(GDL)

L1 trigger

22

@ The rate is pre-scaled by a factor of 1/100.
b Grap > 17°, pt > 0.1GeV /e

* HWare (L1) + SWare (HLT) trigger:
“ L1 readout rate: 30 kHz (in 5 ps).

* Event Builder (EB) merges pieces
from all detectors (no PXD),
before HLT.

+ HLT — 3-10 KHz.
« Eff. >99% for BB.
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DAQ) and Computing

PDX-info ~1MB/evt = EB saves only oo s ot e SVentsize

PXD-hits matched to SVD & CDC tracks.
Final event size ~ 200 kB = ~ 1.5 GB/s.

+ Trigger & DAQ ready by May 2017.

Grid computing by 17 countries,

<_D mBellelI Computing Model “we up to ~20k simult. jobs (160

i daa i R data duple] — Ko data kHS, 10% nominal).
and processing processing Z m:: Eﬁ.:“
' .. ' Running jobs by Country
_ EKData Cent dashed inputs for 200 Weeks from Week 52 of 2011 to Week 43 of 2015
/ Tl S —>= Ntuple - - ’ - = - .
25,000 }
{8} cru
) 20000 |
______________________________________________________________________ |
i
30.000 }
000 |
'-;QB 2012 Aug 2012 fer Nt! Aug 2013 2 Feb 2018 Aug 2014 feb 2014 Meggy 2015

Max: 20761, Mverage 2472

4% =~J 1L0% B AWY o%

.o nex BS
M nwm B 25% WMUA 0% mMATMLE oo%
oy 00% WA 25% DT 05% W O con
Terd |, us s4% B 2% B 0% W% con
1= % B 1% BN ol% ® oon
cal resource, e.g., NAF at DESY we e 1w oo

23 G sl o JUIY O PR CD 81 R0 Y
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Physics case 1: B — Ly

. - - 5 b T (ute™)
* Does nature have multiple Higgs bosons
W+
+ SM vs. BSM.: (H*?)
Measurable via other modes u 14
Phase space Lattice
PR QCDﬂ—l 1 2HDM-TI [Hou, PRD 48, 2342, (1993)] || SUSY [Akeroyd, Recksiegel, . Phys.
5 9\ 2 D4 G29, 2311 (2003)]
Bau(B =171 = G e m?2 (1 - m_;) 12 Va1 B(B_> TV) = Ben X714, 2 2 2
8T ms, 5 (1B tan“ 3
*—Helicity suppression o mg = m?’—ﬁr 1+ €y tan 8
— 0 75+0.10 % 10~4 Makes 7v > v > ev ry = | 1—tan B 5
"1 —0.05 but with precisely mHi tan f = ratio of VEVs
determined ratios
120 Hadronic tags: Ercr. =
63122.5 (30 _
3 - =t { } calorimeter
8 80 ener ot
g By ot
® N —— associated with
g 40 9 Btag (deposited
20 signal electron energy
Ml et PR W R (ST I [ . :
00 0.2 04 06 08 1 12 if 51gnal)
Egc [GeV]

24
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B — Lve (1)

+ Belle II has potential to observe B — £v, during first years.

i
[ 2]
!
uik]
)
L
i
£l

8o
.
60
50
40
30
20

ill) consistent

05 gy10 15 20 25
B(B—Tv) x 10*

BaBar X/lv tag
BaBar hadronic tag
Belle hadronic
Belle X/lv
Average

Belle Il @ 5ab~*

PRDS1, 051101 (2010)
PRDSS, 031102 (2013)
PRL110, 131801 (2013)
PRD92, 051102 (2015)
CKM 2015

30% precision at Belle
— <5% precision at Belle |l

=
T

B(B— v (7))

107

World average
Belle had tag

—
Belle 11 5/ab
10 3 E;.‘ Belle Il 50 /ab
i | B & Standarlfd Modfl
LTV uv ev Lvy |
105k I E
10°F 3
PR S ST WY .-l_- "

Belle, B— p v, e v (Had) arXiv:1406.6356
Belle, B— | v gamma Preliminary (2014 B2TiP)

400

. T T .
t  Current Belell FProjecton 3 . - :
\ uncertainty i + And constrain charged Higgs models.
o " 4 g
L Exp: L 46 Al E 2 100 [ < 100
& = Todal
:" Siatsiics n S a0 E 80
; - Syviomatios g
3 e E Excl. at |
] aoff > 40
- E 50
s 1 v 40
] | 20l ! 2
S e e 20 .
el v 200 400 600 800 1000
1 10
Integrated Luminosity [ab ] m. [GeV]
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Physics case 2: B — D' fvg

Charged Higgs models constrained through
lepton universality violation (LUV) tests.

T — .
w< rppry= BB D) -,

B (B — D*(lv
o4 AH) B8~ D)
q-HNQ} B

<+ BaBar: inconsistent

values of tan /my,, P —
for R and R* = 0.45

2HDM excluded? 0.4

II|IIIIIIIII

* Belle: agreement at o
~05GeV . OOSE
0.25
» LHCDb consistent w/ 0g5———

03 04 05 06

BaBar, Belle & SM. R [Thanks to M. Rotondo]

~40 tension!
26
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z <+—— theory

z Babar |
a6 measurement|
04 l
02

A

&' 04

09—

0.8

0.7—

06

0.2

D4

06 08

tan .*3/mH . (GeV™ "

X

FIG. B. Theoretical predictions with | o error ranges for i

(red) and R” (blue) for lfr ent values of tan 3/m ,,.;n the  m—

ZHDM «

0.5 cnl,f(_,\ m:\db’\lm' s].luw1w1i the arnugcsn:s L‘d
and blue bars with arbit n.rywdhﬁnrbcte visibility.

of type T1. This

\\\\\\

------
------

ccccccc

aaaaaaaa

uilysis' fit -<1|' tan 3/m =

05

04

03

\\\\\\
anh

04 05 06 0.7 08
tamthidﬁGeV)
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B — D™ v (I1)

+ Belle II could potentially resolve btw. SM & 2HDM-II or constrain charged
Higgs models.

Current uncertainty

/ T T T B 2 Dwv B> Dw

$ BF(D""tv)

now V now

“

@

!

a

la |

3
tan f3

4 o Excl. af

, c B 6o

4 (o] 50

. 40

PooF 3G iEry @b i iz : i 30

) DR U5 5, & £ 1 B S0 53 5 S A 20
DG iadiil .Belle ll | :Projection

i 44 iidil R EREIT T

50 ab 50 ab
1 10 200 400 600 800 1000 200 400 600 800 100

Integrated Luminosity [ab™] m. [GeV] m_. [GeV]
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Physics case 3: Direct CPV in B—+Ka

“ Tension in differences btw. CP asymmetries (AA ~ 0
in SM):

AA= AE K™ _ AR K™ — NP or hadronic
=-—0,122+ 0,022 Hraaz073) effects?

- . g | -_' ' ' ' : ﬂ.ﬂ _‘ Er qect: m (Malyzmslj__
* Model independent sum rule to test SM ([ ~0inSM): ¢ =\
* Need neutral modes (full isospin analysis), where = . - %
Belle II has better sensitivity than LHCb. L e e
I B( B(] N K+7T_) M. Gronau, PLB 627 (2005) 82, D. Atwood, A. Soni, PRD 58 (1998) 036005 02:___.;”.0,,; .
Km* Tk -8 Belle (I) 70% data Y(4S) |
B B T i —o:Bene{uI_}aunamimsl | | | | ; | 5]
: B(BO N K+7r_) L. Agff : B(B+ s KUW—) BY P11 T L R BT 2 R R
b TR+ Year
TRo e | Belen Projeston(Mayz01s) -
B(BO—>K0’]TO)—|—2A5;WOB(B+—>K+ﬂ'0) B % c ;Bﬂ?f! PJ {MEE 51 5
Scenario AL e E 2 _
Value Stat. (Red., Irred.) s -
Belle 0.14 0.13 (0.06,0.02) 0.27+014 < =

_ @ LHCb ' !
_—e— Belle (I baseline, 70% data Y(4S) |

Belle + B — K at Belle II 5 ab™* 0.05 (0.02,0.02) 0.27 +0.07 e T e e

—i— Belle (I) improved K_, all data Y(4S)
Belle II 50 ab™! 0.01 (0.01,0.02) 0.27 £0.03 O 3oz sots 21T 018 2019 2020 sobt 0z £0%% Bk
28 Year
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Physics case 4: Unitary Iriangle

VaVeo + VYoo + VidVw =0

- + Belle II will further over-constrain
: - the Unitary Triangle (UT).

LB R

mf_ Future |

05 - Vip|

= @i —————f— |

UT 2014 Belle Il
o By > 4°(WA) 1°
P " B 0.8°(WA) 0.2°

Yy 85°(WA) 1-1.5° Test of the CKM mechanism for CPV
14°(Belle)

at the percent level!
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Physics case 5: Inclusive b — s

¢ = M)
» FCNC process with many

.
observables exposed to NP: o j_,ﬁ‘.'<, WS Y Swe rmdusi\,e

Belle | b qt S s b : s
}XsorK*

Observable K*/¢ X ¢¢ LHCb BaBar Belle projection w
ardg v v v 7 g 7

v

v v

7 Exclusive j

o pr———— — B — K™ upu
LHCb i

0.5 preliminary ]
: - %L ¥ SM from DHMYV 1

0 5 10 15
g2 [GeV? ¢

New LHCb: Tension

confirmed (3fb-1), 2 bins
deviate 2.8s from SM!

NANNNRNNNRNNANANANANN

S|
T e T e e T T e T T T Y

N
s
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b — st £ (1)

Em].CSR Lattice - Data Lattice —e~Data
T T T T I T T T T T T T T T T T T T T

Noms T T U g T Lo T LIPS
+ + e ool —
= B*—> K u'y 1 = B’ Koury 7
g LHCb ) LHCb 3
© ] S ]
X ~ X .
2 < | =
s = ]
= e = by + E
O 288 Gr | e A+ :
2 ~—— SR EDTresulls — 3 g
eé ol L e L a1 % 0: s ey oo g g A e e .
0 3 0 12 A zonsistenty smalier: 0 5 10 15 20
g* [GeV7/ct] e e Sl ‘ ¢ [GeV¥cA]
ie SV T PTredict
WELCSR  Lattice #-Data idll @1Vl D TEU CLOT]
ke A R R SR ST i o B — oup 3
> B* > K™ utu ([GESPIteits 7 oy gy LHCD
Q 15f - ; 5 -
N L ] PIECISION) “(’D 3
8 . Bl r S 3
X 7 _:"‘__,‘_‘—-"' K-'“"-z,_“_- —_— 5
0 - ’__:_J,;_;ﬁ-fﬁ' »%%Nc‘ + %
o 1;:“,;,_—}”' | ?“;‘—% -+
e - =
- " | 3 =
i 3 s 2
%, ] | & e
= ;I;  Doch (¥vide)- 3
_ I R L T =2 __ N -
= 15 20 = g 10 15
¢* [Ge V] | (S 1

Lepton non-universality?
arXiv:1510.04239v 1

Too many anomalies in electroweak penguins. NP modifying Co'’?

Belle II must act quickly!
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Physics case 6: (Quarkonium

« Observe and characterize (m, J, B, Br(X—f), etc.) cc and bb hadrons.

« Belle/BaBar (/BESIII/LHCD/...) found many states that do not fit the mass
spectra predicted by the standard quark model: tetraquarks, molecules,
hybrids, glueballs, ... ?

. (a) "t Belle (2008
Jia 3a 8 35 % 1D 8n 8% 3@ I 2 L, 1 35 35 3n Io 3 3y By Wy 2 - Belle ( )
S, °S; P, "P; Py 'P; 'D; °D, °Dy D, % - ’s, °p, P, °P, P, °D, D, °D, D, "? _
rﬁ;” 000 Y(ES)Y, DO TTONTOITIIUIN © .
S : < J- charmonium |
=10800— = :
2 Y(4s) e 8 aso0b
as - 2 © 415) » ' E
210600 - [ =0pen ?Ottom threshold z:118610) = :‘1_34 l | | | (.”q_g:*-—;e_
XM(SP) 4250 '-ﬁd'_l 60) = Y(4260) i—l : I Z; - 38 405 Mn\j}:‘{eew 455
10400 Ll { = 1 ' ayata0
E ——— Wa160) g,
O = 40001~ yoao—— YO19___ o s (‘.
102007 xm(zp)%*(zp)ﬁh"(ml S i - x"*(zp)x(:s;n) : — T %
Y(iD) 4790 — Open charm threshold  v@770) . A
10000:[1,_:‘ o5 ¥ ua ntiqua
h @9)Y(25) 35000 x, —= . o
b — 2 ¥ e h, Df
%,,(1P) (1P) (1P) s Established el J c
9800 %P 1y P « _ 6
o 3250 = Established _ %
= New States S 4
9600 300()#.15 Jyp = New States )
I:‘ Theory s D° - D™ “molecule”
9400 ==y (1) 2750 [ ] Theory
h (15) «e
PR NN NN TN AN A TN NSNS AN TN Y N SO (NN SN A Lo b b by by by by b by by (4
9200 2500— .
. - - = = = ° 2 St 4 ++ bt bE gt - - - + 2
o 1T 2" 10" 1" 3 27 1 2t o JPC o" 1T 2°"1T"07 1 3 20 1 27 ? JFe ) |
qg-gluon“hybrid’
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Physics case 7: lepton flavor violation

« Are there sources of BSM lepton flavor
violation (LFV)?

» Highly _%1ppressed in SM:
BF ~ %g (T—Ly)

to 10 (’E—Dﬁﬁﬁ) reference L4 JTVBNE & JT1TT
= clean null test of SM. SM + heavy Maj v e 109 [1010
Non-universal Z' PLB 547(2002)252 109 10¢
22 S]ight excess (~2.50) of H—D’Eu at CMS! SUSY S0(10) PRD 68(2003)033012 108 10-10
MSUGRA+seasaw PRD 66(2002)115013 107 10
» NP scer_l%rios: SUSY Higgs PLB 566(2003)217 | 10-1° 107

7
BF ~10 to10 :

Ratio of Tau LFV decay BF: discrimination of NP models

» BF ratios can discriminate btw. NP
models.

« Belle II: Sensitivity for LFV BFs are over
100 x Belle for cleanest channels (T—3%)
and 10x for other due to irreducible bkg.

JHEP 0705, 013(2007), PLB54 252 (2002)

SUSY+GUT Higgs Little Higgs | non-universal
(SUSY+Seesaw) mediated 7' boson
T —> jup ~2x103 0.06~0.1 04~2.3 ~16
w3
(rmuee) ~f X102 ~4 %102 0.3~16 ~16
T Uy
Br(t—uy) <107 <10-10 <1010 <10®
@Max C. Cecchi 4
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LEV T decays

90% C.L. upper limits for LFV 1 decays

107

10®

Il Ah

I
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| II[IIIII

@
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L
11 1[IIII|

I l[lllll

IIlIlIIIlIIIIIIIIIIllIIIIIlllII]IIlIIIIlIIdI[IllI

FEEREFFRAATENAN AT P88 vo's'so'3 B BEMRRIRE M v <<
s3I0, 10315303+:.+=.*10J-E1=I-Eg!}{xfﬂmm1m+=_m+=_g B

o'='o'zo :.ﬂiimz_mimimiﬁﬁ B'E v

®
d):_ imiw:.m:.

48 modes searched at B-factories!

Need helpfrom theorists i

= CLEO
v BaBar
Belle
Belle ll
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Belle 1l Theory Interface Plattorm (B2T1P)

# Joint theory-experiment effort to study potential impacts of the Belle-1I program.
« Eight physics WGs + “New Physics” WG.

“ Identify important observables to be measured at Belle II, precision, impact
on our understating of the theory (SM & BSM)), etc.

“ KEK Green Report by the end of 2016.

« 2 workshops a year, next in May 23-26 2016, Pittsburg.

What's new in Belle Il compared What's new in theory after Belle,
to Belle and Babar? Babar and LHCb?
- Efficiencies, precision of hardware - Progress in QCD
- New software - New Physics models and constraints
- New analysis methods - New observables

N— o

—a—
NEW IDEAS!
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Summary of Belle

Il physics

UT sides UT angles

Missing E decays

penguins

:

Observables Belle Belle 11 2 Observables Belle — 5 |
-1 e - (2014) 5 ab 50 ab [ab™"]
: (24) Sol WOub” Wb | B(D, — w) 531 x 10-5(1£0.053 £0.038)  £29%  £(0.9%1.3%) > 50
sin2 V. 0.667 = 0.023 £ 0.012 £0.012 £0.008 6 B(D, - v) 5.70 x 1073(1 £ 0.037 £ 0.054) +(3.5%-4.3%) +(2.3%-3.6%) 3-5
o ", +2°  +1° vep (1072 1.11 £0.22 £ 0.11 £(0.11-0.13) £(0.05-0.08) 58
,y +14° +6° +1.5° Ar [1072) ~0.03 £ 0.20 £ 0.08 +£0.10  £(0.03-0.05) 7-9
e +0.09 AKLK (107 ~0.32 £ 0.21 £ 0.09 £0.11 £006 15
S(B — ¢K°) *4. 90-0 19 +0.053 +0.018 >50 AZF 1077 0.55 4 0.36 + 0.09 +0.17 £006  >50
S(B — n'KY) ; 0.68 :tB.Q? +0.03 +0.028 +0.011 >50 g A2, (102] + 56 2.5 +0.8 > 50
S(B — KSK2K?) "*..o 30 +0. 32'-.1;0 08 +0.100 +0.033 44 S :: [lﬂ':l 0.56 £ 0.19 + EE +0.14 +0.11 3
= “ou. s*'*" (1072 0304015+ D £0.08 +0.05 15
|Vcb| incl. ;!;2 4% o’ +1 0% <1 lq{plks'+'~ 0.90 4 g:g 4+ EE +0.10 +0.07 56
|Vcb| excl. :i:3'6% &J‘ 8% +1. 4% <1 ¢Kgl’f [o] -6+114 ; +6 +4 10
|Vis| incl. +6.5% o., +3. 41%, +3.0% 2 AC >3 [10 3 ~0.03 4 0.64 £ 0.10 +0.29 +0.09  >50
|Vis| excl. (had. tag.) +10.8% 47% 352,4% 20 Ay 1077 | o10x016+00 +0.08 +003  >50
|Vus| excl. (untag.) +9.4% £4.9%52.5%., 3 a1 S s T M
B(B - - TL") [10-6] 96 + 26 +10% .‘.t5%¢. 4& E T — ey [10—9] < 120 < 39 < 12
B(B — uv) (107 < LY 50 >>50 >‘50 e T — ppp 1079 <210 <30 <03
R(B — Dv) +16.5% £5.6% +34% 4 e, |
R(B — D*1v) +9.0% +32% +21% 3 R BELLE2-NOTE-0021
3
B(B — K**vp) (107 < 40 +30% >50 o . .
B(B — K*+vp) [10-9 < BE 130% S50 4.1 Physics case: CP asymmetry in b—s
B(B — X,v) [10-9] +13% +7% +6% <1 [(1,czs (tree) vs. 1,955 (gluonic penguins)]
Acp(B — Xs7) +0.01 +0.005 8 - -
S(B — K2n%) ~0.104+0.31 £0.07 +0.11 +0.035 > 50 .
S(B — py) ~0.8340.65+0.18 +0.23 +0.07 > 50

C:/Cs (B — X,tf)
B(B. — y) [1079)

~20%
< 8.7

© B(By— 1) [1073]

10% 5%
+0.3

<2
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The Belle 11 Collaboration

638 colleagues, 98 institutions, 23 countries/regions
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Plans

—>measure beam bkgs.

2018

Full Belle II detector

2016

2017

2018

h . ' 'Q 102 :l I I I l I l _l l I I I I I I l l l N l I I I I I _l l l_ ll l I_ I-I-I I I lIll I ||| l:
>p YSICS. § -t Beﬂe " Prcyectlon (May 2015) S S—
E P Goal 50ab 4 P
3 - -l—LHCb [fb1] T cosons
2 . Belle (u) [ab‘]
(9] e
la., : i 1
2
=
591 s
é"‘\ e v o
) L ;. )
(‘é’\‘ B e o]
> .- -
Q? E
v ;? i

Year

BELLE2-NOTE-PH-2015-04

LHCDb “nearest competitor” in some processes.

LHCh collect 5-7 fb-1 collect 15 fb~!

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

LHC LS1 LHC Run Il LHCLS2Z  LHCRunlIl
« pp runs 13 TeV @25 ns « pp runs 14 TeV @25 ns
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Summary

“ Rich and successful physics program at the B-factories.

“ Many unresolved issues, hints of new physics (?):

“ We will need both, Belle Il and the LHC experiments, to investigate them.
“ Many B physics anomalies can be only resolved at Belle II.

“ Belle II is more than Belle with higher luminosity; there are also many
improvements in detector, trigger, reconstruction, analysis techniques, etc.
to reach beyond.

* Belle I will start operations soon, first data in 2017 (non-B measurements)
and full quality physics data in 2018.

Students and colleagues are welcome!
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Golden modes (vs. LHCDb

TABLE XLLl: Expected errors on several selected Havour observables with an mmtegrated luminosity of 5 ab=— and 50 ab™! of Belle
1l data. The current results frem Belle, or from BaBar where relevant (dencted with a §) are also ziven. Items marked with a &

are estimates based on similar measurcments, Errors given in % represent relative errors,

Obsorvables BEelle or LHCBH* Belle 11 LHCh
(2014) 5ab~! 50 ab~' 8 fh~'(2018) 50 b~
T angles sin 273 0.667 £ 0.023 £0.012(0.9) 0.4° 0.3° 0.6 0.3
all B e - : ML Observablos Belle or LHCH Belle 1T LIChH
wELE—Dnge)  BLu i 2 ! (2014) 5 ab~! 50 ab~! 2018 50 b1
98.(B, — T/1peb) [rad] N.07 + .09 — 0.0~ n.025 .0n9 s L _
Cluonic perguins S8 »oK") 0.9073% 0.053 0.018 02 0.04 Charm Rave  B(D; — puv) 5.31 - 107#(1 £5.3% £ 3.8%) 2.9% 0.9%
§(B—n'Kk") 0.68 1 0.07_L0.03 0.028 D.011 B(D; — 7v) 5.70-10 (1 +3.7% +5.4%) 3.5% 2.3%
S(B—= K3K3KZ) N.20 +0.:32—0.08 0100 D033 B( L ~47) [1(_)—6] < 1.5 30%  25%
B:N(B, — ¢6) rad] —017+£0.15+0.03% 0.12 .03
(B, — K*R*) tad] — it ans Charm CP  Agp(D" - KtK-) 107 —32+2149 11 §
Direct CP in hadronic Decays A(B — K%%°) —0.05 £ 0.14 £ .05 0.07 0.04 AAcp(D¥ — K+YK™) 1073 3.4° 0.5 0.1
UT sides |Via| mel. 41.6 - 0731 £ 24%) 1.2% Ar [l.O_E: .22 0.1 0.03 0.02 0.005
Vo | exol. 37.5:1074(1 L 3.0% L 270 ) 18%  L4% Acp(D? = 7% [107?]  —0.03+0.64=0.10 0.20  0.09
|L?d,| inel. 4.4?-10—;(116.0%‘&‘, +2.5%wm,) 3.4%  3.0% AC-‘P(D“ g Kﬂ’-ﬁ”} [10_2] .21 4 0.16 - 0.09 008 0.03
[Vip| excl. (had. tag) 3.52. 1031 £+ 10.8%) 4A7% 2.4% - "
Leptonic and Semi-tanonic  B(B — 7} [10~Y] 96(1 _ 26%) 10% 5% Charm Mixing (D" — K77 ) [1072]  0.56£0.19 = 007 0.14 0.1
BUR.< ) ] Lt , BA A y(D" — Klrtr—) 1072 0.30£0.15+ 02 0.08 0.0
B(B ~ Dru) [Hac. tag] 0.440(1£16.5%)! el la/pl(D° + K% 7~) 0.90 216 .4 005 0.10  0.07
R(B — D*r)t Had. tag] 0.232(1 = 9.0%)T 3.2% 2.1% s L% T 4 ; \
Radiative B(B— X.7) 345-10-4(1 £ 43% £ 11.6%) 7% 6% @D — Kgrra—) 7] —6+11+; 6 4
Aopli==diyn) Q0 22040008 £ohe Tau * — gy [1079] <45 &« 14.7 < A7
S(B > K970%) 0.10 £0.31 £ 0,07 011  D.035 ¥ _
3B (B, — 4) ~ i T T — ey [1079)] <120 <39 <12
S(R— ) —0.83 + N6+ N.18 N23  n0T7 T — g [107Y] < 21.0 Z38 €08
B(B, — ~4~) [10-5] Z 8.7 31—
Electroweak penguins B{B — K*vw) [107] <40 <15 30%
B(B — K+yw) 1079 < f5 <21 A%
Cr/Cy (B — X, 00) ~20% W% 5%
B({Bs — 77) [1074 - <2 -
B(B. — pyt) [1079] gatias 0.5 0.2
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