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Belle Il (experiment) at SuperKEKB (collider)

Successor to Belle@KEKB ( 1 ab™ of ete- data )
Extremely successful in understanding the nature of heavy quarks
and leptons, but...
“Super Flavour Factory” (B, D & t) with 50 ab™ (~50 billion of each)
needed to identify new physics (synergy with direct searches at LHC)

Belle Il due for first physics in 2017-2018

Any NP found by Belle 1l will have profound implications for new
accelerator facilities.
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The case for new physics manifesting in Belle Il

Issues (addressable at a Flavour factory)

® Baryon asymmetry in cosmology

® Quark and Lepton flavour & mass hierarchy

® 19 free parameters
— Extensions of SM relate some, (GUTSs)

e No (WIMP) candidates for Dark Matter
— Hidden dark sector

® Finite neutrino masses
— Tau LFV.

‘CYukawa — g,zj qu HT € Q]L — gzl] JfR HT QJ _ géj =0
L g2 4 m
£Wi quark int. — /— W UL Y VCKM dL -+ h.c.

® + Puzzling nature of exotic “new” QCD states.

—> New sources of CPV in quarks and charged leptons

— higher symmetry, massive new particles, extended gauge sector

H'I? +hec.,
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"The Physics of B Factories" Book

B fa CtO ri es European Physics Journal C,

74:3026 ( arXiv:1406.6311)
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"The Physics of B Factories" Book

B fa CtO ri e S European Physics Journal C,

74:3026 ( arXiv:1406.6311)
Belle: 1999-2010 analyses still ongoing

e‘fe- >Y(4S) - BB

[ Y(4S)dt ~71 -1
JLY®dt~710 fb BaBar (PEPII@SLAC) and Belle

(KEKB@KEK)

Together recorded over 10° e*e"->Y(4S)->BB
events.

Discovery of CPV in B
Measurements of UT sides and
angles

Rare B decays

Mixing in charm

Searches for rare Tt decays
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CKM Fits

CKMFitter (http://ckmfitter.in2p3.fr)
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B-factories + LHCDb indicate excellent agreement with the SM, but
potential NP requires a different search paradigm.
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https://belle2.cc.kek.jp/
Belle Il Theory Interface Platform b miow/Punlic/BoTIP

Joint theory-experiment effort to study the potential impacts of the Belle Il
program, and complementarity with LHCb.

2 workshops a year, starting in June 2014. Received very well by theory and Belle Il.

What's new in Belle I What's new in theory after Babar/
compared to Babar/Belle? Belle & LHCDb result?
= Efficiencies and precision of = Progresses in QCD
the new hardware = New physics models and their
= New analysis softwares and constraints
methods = New observables

\ NEW IDEAS /

Deliverable: “KEK yellow report” by the end of 2016

Next OPEN B2TiP Workshop: 27-29 April 2015 @ Krakow
http://kds.kek.jp/conferenceDisplay.py?confld=17654
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B2TIP Working Groups

I. Inclusive semi-leptonic (Vub, Vcb,

Coordinators: Theory, Lattice, Belle Il,

mb) & Exclusive semi-leptonic and
pure leptonic (Vub, Vcb, new physics)

II. Electroweak penguins (inclusive, + LHCb invitees

exclusive, semi-inclusive b->s 1+1-,
angular analysis, very rare) &
Radiative penguins (inclusive,
exclusive b-> s/d gamma, CP
violation, polarisation, very rare)

II1.Hadronic decays (charmless decays,
direct CP violation)

IV. Phi, (tree, penguins, new physics) &

Phi, (penguin/tree interference)

V. Phi, (time dependent/independent)

VI. Charm (CPV, hadronic, leptonic, semi-
leptonic decays, spectroscopy)

VIL.Tau (LFV, CPV, alphas) & Low multiplicity
& EW

VIIL.Upsilon (nS) (dark matter, mb
measurements etc, energy

scan)&Charmonium (conventional, exotics
XYZ)

= Belle II & New Physics
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B2TIP Working Groups

I. Inclusive semi-leptonic (Vub, Vcb,

mb) & Exclusive semi-leptonic and
pure leptonic (Vub, Vcb, new physics)

II. Electroweak penguins (inclusive,
exclusive, semi-inclusive b->s 1+1-,
angular analysis, very rare) &
Radiative penguins (inclusive,
exclusive b-> s/d gamma, CP
violation, polarisation, very rare)

III.Hadronic decays (charmless decays,
direct CP violation)

IV. Phi, (tree, penguins, new physics) &

Phi, (penguin/tree interference)

V. Phi; (time dependent/ independent)

VI. Charm (CPV, hadronic, leptonic, semi-
leptonic decays, spectroscopy)

VIL.Tau (LFV, CPV, alphas) & Low multiplicity
& EW

VIIL.Upsilon (nS) (dark matter, mb
measurements etc, energy
scan)&Charmonium (conventional, exotics

XYZ)

= Belle II & New Physics

Coordinators: Theory, Lattice, Belle Il,

+ LHCb invitees

P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV

TABLE XXIII: “DNA” of flavour physics effects for the
most interesting observables in a selection of SUSY models
from Ref. [416]. Y% % signals large effects, % visible
but small effects and % implies that the given model does
not predict sizable effects in that observable.
AC |RVV2| AKM | /LL |[FBMSSM
D° — DY *xk| Kk * * *
S 1. 0.0.40.6.6.40. 0.0 . dEED ¢ *
SeK s *x k| kk X  [hkk| Kkk
Acp (B — Xs7) * * * [Kkk| Kkk
A7zs(B— K*'utu™)| % * *  hokok| kokok
Ag(B — K*u*tpu™) * * * * *
B = K®Wyup * * * * *
B; — ,u+,u_ . 0.0.40.0.0.40.6.6.40.2.0. 4. 0.0 ¢
T —r Ky .0.0.40.0.¢. 4 L. 0.0.400 . 6.0 1
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Strengths of ete” @ Y(4S)

Full reconstruction of B
modes w/ multiple v’s
inclusive modes

Hermeticity
minimal trigger for, e.g. Dalitz analysis
precision T measurements

Neutral particles m°, Ks,K.°
and forn, n’, p+, etc.

other notable features
_epton universality: good PID for both Belle Il covering =90% of 4,
1* and e and (N(track)) ~ 10 per event
nigh flavour-tagging efficiency

At THE UNIVERSITY OF
®.J . MELBOURNE
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1. B full reconstruction (Neutrinos & Inclusive)

Exploit Y(4S) = Btag Bsig — Btag efficiency in Belle Il
Reconstruct Btag S (E,p), Q, flavour of Bsig expected to be >2x more efficient!
Had: €(Btag) = 0.20 - 0.25% @ Purity(Btg) =20%

€ /

Bsig> TV, T> MV V

Bioe=> D - /" B

tag I, D9 KTt ’ Sig
/ et

) T
. | D°  pe?)+p(e) = p(B) + p(B)

B 0

» 7t+/ \K Br(Y(4S) -» BB) > 96%
e

b->u b->c b->s b->d

rtlv, plv D)ty K )yy Y,

Belle Il MC X.Jv DIy Xey ”
TV Xv /T Xl B(s)P>tt
v
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o(E)/E

2. EM Calorimetry: Neutrals & Electrons

Far fewer background photons than

hadron collider

Higher performance calorimeter

Much less material in front (good for

electrons)
0.25 T T Belle Il Simulation (Preliminary) |
0.2f Belle Il MC13
0.15} E
0.1}-
: s «—— + Material effects ]
0.05[ - ' | E

A <2%

|

N T T NP P I P i
000204 06 08 1 12 14 16 18 2 22 24

E (y) GeV

0.10f

oE/E

Belle ||
Intrinsic

LHCb upgrade full
simulation
(parametrisation)
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3. Flavour-tagging & Neutral Kaons

Tagging power

~30% for a B-factory
~2.0£0.3% for LHCb (http://arxiv.org/pdf/1202.4979.pdf)

Flavour
o Taggng F_)___x _____ P
7’
/ ) < OS Tagger SSK Tagger
B, | f--"" =
Y(4S) e — ) (b-P) \ -
o - | B A B BS —_— T
............ I Tag vertex reconstruction 54Xy 5D SO—>Q
............ | < < o E ® > =50%
e £ _ kT Tagging
Broc I s. /‘“ JAY U particle
l— S
l Az I ~ ~ u+
| e
! K V
| *
Startthe clock | 1y

Exclusive B meson and vertex reconstruction

In B4q—>ssq CP eigenstate usually detected via Ks
(> 10 X more efficient in Belle Il than LHCb)

K. detection much improved (Impossible @ LHCb)

P. Urquijo, Belle | Experiment, Flavour @ 100 TeV 11 - Y nouRne
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How to make a Super Flavour Factory

Beam-beam parameter

Lorentz
factor

Beam current /

Classical electron

Lumi. reduction factor
(crossing angle)&

Tune shift reduction factor
(hour glass effect)

0.8 ~1

radius (short bunch)
Beam size ratio@IP Vertical beta function@IP
1 ~2 % (flat beam)
E (GeV) B*, (mm) B*« (cm) () | (A) L (cm=st)
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 x1034
SuperKEKB 4.0/7.0 0.27/0.30 3.2/2.5 41.5 3.6/2.6 80 x 1034
g* [flnl year
1980 1950 2000 2010 2020 2080 Hourglass condition:

SPEAR

0.1
PET

0.01

4————CESR

PEP, BEPC, LEP
RA | TRISTAN
CESR'C, PEP-II ' BEPC-II
DAFN N

N
KEKB
o N

CepC

0.001

SLC

SuperKEKB

N FCC-ee )
o}
ILC

0.0001

ﬁy*>~ L=GX/ q)
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New superconducting /
final focusing quads

) Belle I

~ New IR

~ New beam pipe
& bellows

Redesign the magnetic lattice to
reduce the emittance

Add / modify RF systems
for higher beam current

l1 Positron source

a New positron target /

Ll
&HH%&HH%H \
HAHHHHH

’ e .
Damping ring /u '

capture

Low emittance

L=8-1035 s-lcm-2

=/ THE UNIVERSITY OF
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SuperKEKB Master Schedule (Feb 2015)

. JFY2010  JFY2011 JFY2012 JFY2013 JFY2014 JFY2015 JFY2016  JFY2017

KEKB
operation

Dismantle KEKB >

Startup,
Conditioning, For about 10 years

T SuperKEKB

operation
m1 Phase 2, 3

DR

Sl — "

QCS install
Belle Il roll in

Y THE UNIVERSITY OF
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Be”e I I DeteCtOr [600+ collaborators, 99 institutes, 23 nations]

Belle Il TDR, arXiv:1011.0352 KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2
layers)

EM Calorimeter
Csl(Tl), waveform sampling ‘elec
Pure Csl + waveform sampling (s

antification

agation counter (barrel)
ing Aerogel RICH (forward)

>2 x lower than in Belle

electrons (7GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) + L
4 layers Si double sided strip DSSD

B

)

S
Central Drift %

Smaller cell size, long le

positrons (4GeV)

=/ THE UNIVERSITY OF
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Belle I I DeteCtOr [600+ collaborators, 99 institutes, 23 nations]

Belle Il TDR, arXiv:1011.0352 KL and muon detector
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Beam-Background, Electromagnetic Calorimeter (ECL)

n
Beam-related backgrounds are much larger %
than KEKB. §
LLl

® Touschek scattering

® Radiative Bhabha, 2-y

Fake hits, pile up photons, radiation damage
Suppression: based on high speed, waveform

sampling electronics

P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV
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Beam-Background, Electromagnetic Calorimeter (ECL)

cc—D*QmoD*+

-D* signal

-mo—yy

-Q- o
-mo—yy

'D*+_’ D0n+
-DO->m*Kn

NIy

Figure does not include ECL timing or energy threshold requirements

3
X
®
>
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-

Beam-related backgrounds are much larger
than KEKB.
® Touschek scattering 10°
® Radiative Bhabha, 2-y
Fake hits, pile up photons, radiation damage

T TTT
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®
o
3
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Suppression: based on high speed, waveform 10°
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CDC

Hardware work almost complete Moved to main experimental hall in Jan 2015

e Wire stringing done in 2014 ' DAQ tests ongoing.

e Gas leak checks, tension measurements, e
cabling

A % o -
(a2e) .

v 'A \ % §\r;f. et
op/p ~ 0.3%+0.1% x p(GeV) in B = 1.5T

P, Urquijo, Belle Il Experiment, Flavour @ 100 TeV 17 ij u;g;;gﬁé




Pixel detector

PXD: excellent spatial granularity (resolution ~15 pm)
low material (0.16%Xo for layer 1), huge data rate.

2 DEPFET layers located at the
innermost position at R=14mm

(cf. 18mm at Belle)

DEPFET sensor production going smoothly.

(Successful test beam in 2014 with PXD and SVD Prototypes) : To reduce
20 Gbit/s data from PXD, read out Regions Of Interest from projected SVD tracks

Event display of
Belle Il SVD and
PXD modules

* SVD real data
* Track reconstruction

" . D ‘v' THE UNIVERSITY OF
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Silicon Vertex Detector

Carbon fiber Outer CF shell

= End flange

(CF) cone
/ < . * 4 | ayers double sided
B AY/ A ‘ — silicon strip detectors

e 2,3,4 or 5 sensors per
ladder

* Preparing to start SVD
ladder production by

G -
A\
\

End rings

\ mid-2015
Ladders
Beam pipe
. PXD
s (inside SVD - individual sub-detector
. type Q cT
Greater outer radius ~¥100—-140 mm KJ(497) = 7 nt 206 MoV /c 5 68 e
enhances acceptance for long-lived A(1115) — pr— 101 MeV/c 7.89 cm
ticl A(1115) — prt 101 MeV/c 7.89 cm

JEINEIEEE: v—e et 0 (in any material)

o : D & THE UNIVERSITY OF
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Tracking Performance

Cosmic ray interacting with CDC back

VXD + CDC Tracking
endplate. 2-tracks identified.

Resolution much better than Belle&Babar
Belle Il CDC s
Cosmic__Mc‘ .

Less multiple
2015

Belle Il L

020 Tracks with PXD clusters

|

040 Tracks with PXD clusters
o BaBar O

® BaBar Oq0

Closer to_f
pipe.

beam

9

o . ..“999000

o
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Transverse Momentum (GeV/c)

P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV

D S/ THE UNIVERSITY OI
Belle IT e

+ MELBOURNE



Time-of-Propagation(TOP) Detector

At 3 GeV Timing (100 ps)
required to separate m & K

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

22 :

- Bellel MmcC - |ll~

- i TestBeam i |||~

time/ns

2 & Preliminary’

Time in ns

21

L K '
."'-{;s‘f\]\ ‘- v%- ‘,f’ ]: ' Y.
a . . 3

o T

e,

ANy o TR TN 8 o e e
BAES L

20.5

20

| SSLI EEN S B R B B B PO 225 7

19.5

500ps| |

Critical path for Belle II . (T PO S RSl il R e e O

§ 300 350 400 450 500
1st module produced. Channel number
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Aerogel RICH: Endcap PID

PID in the forward endcap
2-layer aerogel radiator

420 Hybrid-Avalanche
Photo-detectors (HAPD)

Increases the number of photons
without degrading resolution

= - Belle Il MC 3 p%

| =2 TOP + 400  Preliminary ﬁ ::::Y Belle

- : » - Y (TOP+ARICH)

. N ARICH _ Belle |
- PID :
" 200
N1 N2 " i

(n1<n2) I B

-04 -0.2 0 02 04

NIM A548 (2005) 383 AE
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Trigger & Data FIOW Cha”enge Belle Il TDR, arXiv:1011.0352

_ Physics process Cross section (nb) Rate (Hz)
2 stage trigger: Hardware (L1) T(4S) = BB s 960
then Software. eT e~ — continuum 2.8 2200
ut 0.8 640
Ttr— 0.8 640
Bhabha (glab 2 170) 44 350 ¢
e 30 kHz L1 trigger rate, 2ns vy Bran > 17°) 2.4 19 @
. b
bunch spacing 27y processes ~ 80 ~ 15000
Total ~ 130 ~ 20000
40 x Belle, ke
o o “ The rate 1s pre-scaled by a factor of 1/100.
>99A) EffICIGHCV fOr bb b Qlab Z 1705~ Dy Z OlGeV/c

P. Urquijo, Belle |l

Hardware Physics

Trigger rate | output rate ST
Belle 500 Hz 90 Hz 40 kB
Belle I 30 kHz 3-10kHz 200kB (max)
ATLAS 0.2kHz 1.6MB
Experiment, Flavour @ 100 TeV 23 B ,I\XIFL:;;;J'};N;



Grid Computing

Ramping up Grid Computing
Up to concurrent 18k jobs 2014,
Only 10% @ nominal luminosity
= Similar to ATLAS Run-1!
— Critical.

I1 sites

GRID, Cloud, local cluster is available

more than 3ab in total

P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV

60

4o |

L20

oo

80

Running jobs by Site
148 Weeks from Week 52 of 2011 to Week 43 of 2014
T T T T T T

18k concurrent jobs in 1-day average 44,
15 |-
~11B
2nd ard events
. ~ob
£ 10
E 1 st 56‘/663;2/' events
60OM
A evints
0 i i i - i a _..:.'.. = s =,
Feb 2012 Jun 2012 Oct 2012 Feb 2013 Jun 2013 Oct 2013 Feb 2014 Jun 2014 Oct 2014
Feb. 20’] 2 Max: 18 .0, Average: 1.02, Current: 1. 68 Oct. 201 4

Normalized CPU usage by Country
41 Days from 2014-09-21 to 2014-11-01
T T T

150 kHSO6 @ Max
96kHSO6 in avera

2014— 09-28 2014-10-05 2014-10-12
Max: 150, Min: 18.7, Average: 95.6, Current: 84.3

2014-10-19 2014-10-26

W DE 346% @ Sl 35% @O AU 19% H ANY 0.0%
| 157% @O AT 29% O KR 18% HIN 0.0%
@ P 148% @ & 25% MW UA 18% @O MULTIPLE 0.0%
| CA 99% @ RU 24% O TR 0.6%
| us 51% M@ PL 223% B TW 0.2%

T THE UNIVERSITY OF
24 &‘3/ MELBOURNE



Installation and Commissioning

Calendar

Year 2016 2017

All modules installed

TOP

--
CDC_»

ARICH _} Phase-3
FWD/BWD Endcap_»
Global Cosmic Ray Run =) Phase-2

Roll-in @ q

Commissioning
detector (Beast2)

Phas;:l » Q(E}

? THE UNIVERSITY OF
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The first 2-years, “Phases 2 & 3”

Phase 1 2016

Maximise early scientific output:

“BEAST”/S KEKB . :
fsuper diverse program of unique data sets.

& cosmics
Phase 2 Mid Partial Belle |l, B o 5* B
2017- Early commissioning data — — — -yt
2018 up to ~O(200fb-T) (= (R \?4
Full physics Full detector . T’ \FTH/ ” 1\44 k*/l
Oct 2018- | l
2 g . o
Dark forces & light Higgs [ new triggers | 4 34 \?4 ? \"34 “?’
Bottomonium - exotics [ Y(3S), Y(56S)—Y(6S) ] — NS
Experiment |Scans/Off. Res.| 7Y(5.5) T (45) T(35) T(2S5) T(15)
10876 MeV [10580 MeV 10355 MeV 10023 MeV|9460 MeV
fbh—1 fot 10% |fb~t 10% |fb=t 10° |[fb=! 10° |fb~! 109
CLEO 17.1 04 01 |16 17112 5 |12 10 |12 21
BaBar 54 Ry scan |433 471 | 30 122 | 14 99 -
Belle 100 121 36 |711 772 | 3 12 | 25 158 102

P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV 20 - @5’ MELBOURNE



The first 2-years, Dark Sector

|||||||' T T T T T TTTT 10-2
KLOE 2013 Belle }I f dark photons decaying invisibly

Prelimjqary | «

dark photonsic 4% |ﬁ€t/ ged pairs !
\ ‘ \ BABAR I
: v / ‘
1073 N _ Belle A..“ ” 1 103
VAN Y :

\ D8 rKi-id “'

102

|
©
|

Belle 11 50 fb™'

500 fb!

5ab’

50 ab™

| - L

104 Lo Lol P T T A W 10-4----I L0l L1 7 1111
102 10 1 10 107 10 1 10
m,. (GeV) m,. (GeV)
Dark y to Leptons Radiative production of A’ via ee > YA’
Dark Light Higgs Y(2S,3S)— A%y, A0— invisible, single y trigger.
Dark Matter Non-resonant production in ee—A’y, A%—invisible

Dark Higgs-strahlung ee = A'n’, h’—= A'A’(*), I+I- or hadrons.

=/ THE UNIVERSITY OF

P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV 07 Y L BOURNE




The first 2-years, below & above Y(4S)

Y(3S): Bottomonium dynamics
(hyperfine splitting, compact

,'s, %, °p, °P, °p, P, °D, °D, °D, D, 2,

Open flavour threshold n

Z:(10650)
| |

| Z,7(10610)

states).
(2S+1)L
~11000
o Y(5S)
> | |
10800
)
©10600— o
(1°]
=
10400

n,(3S) ; (3S)

10200

10000%

Xpy(3P)

%o2(2P) 3, (2P)

Y(2D)

too(2P) P e
Y(1D) Y(1D,) Y(1 D) 1,(1D)

m
e |
9800 | Xp2(1P) Xb1(1 P) Yool 1P) hb(1 P)
m Established
9600
—=— Theor
9400 ==y (1) D y
My(1S)
9200|||||||||I|||||||I||||

0-+ 1-- 2++ 1++ 0++ 1+- 3-- 2-- 1-- 2-+ ?? JPC
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Above Y(4S): Exotic 4-quark states and
precision my

Voloshin PRD84, 031502 (2011) 12GeV —)
1 1 Y(?S)
\Z;)=50;5<%>1;g—51;5®0;q 11.5GeV
| R
‘Zb>:ﬁ()bb®1@g+ﬁlbb®0gq Y(GS)
B
I’P’m):?Obb@OQg_Elbb@qu
3 Y(5S)
| o3l
pp50>:EObb®OQg+715b®qu : ~~) . ,
H’L}}:(lg@léqbﬂ g )
72)= (1 ® 1) e
T y o p
S S ’ ”,’ ...... ' n — B*B*
mEE | YT IlllYp ’...lYp
m o Yo b7 - Y ’ fY@
Mo®  MpP NpN v
[ /) puesewafas .
EEEE Y.mmm l\[ Yp BB
. fYco
.......... G BB
Zb EEEN WbO Xb Wb1 Wb2
0-(1%) 1*(1*)  0%(0*) 1-(0*) Of(1*) 1-(1*) 0%2*) 1(2*) 0(1) 1S(JP)
D &/ THE UNIVERSITY OF
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Data taking profile & “the competition”

LHCb collect 5-7 fb—1 collect 15 fb-"

-+ttt ) ) 4

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

LHC Run I LHC Run IlI
e ppruns 13TeV @25 ns s pp runs 14 TeV @25 ns

Belle II PrOJectlon (Feb 201 5)

Integrated Luminosity

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year (end)

* We have different golden modes: e.g. Missing energy modes at Belle Il (well-known),
—powerful constraints on the charged Higgs.

* But there are some areas of fierce competition...
P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV 29 &Y risoURNE



Summary of CKM Metrology

Global Fit Belle Il LHCb Upgrade
CKMfitter 50ab! |50 fb*

Q1. CCS

@2: uud

@s3: DK
chbl inclusive
l Vcb l exclusive
qubl inclusive
l Vu b l exclusive

qu b l leptonic

" I
E xperiment Theo ry Moderate precision

Moderate precision

P, Urquijo, Belle Il Experiment, Flavour @ 100 TeV 30 E@EE&S?&




Charged Higgs & Extended Gauge Sectors Belle.B—1v(Had) PRL110 131801 (2013)

Belle, B— 1 v (SL) Preliminary (2014 CKM)

H* Search: B*->tu, pu b T

Helicity suppressed - very small in SM.
NP could interfere e.g. charged Higgs.

u %
2
G2 f3 Vi : mj
BR(B, — Tv;) = = TBmBm?‘ 1 - —; 1 - QB AbpArr
7 m m
B H~
BFswm
Type ADD ALL
_ | I cot cot 3
120: Belle 2015 II — tanﬁ - ta}nﬁ
< 100 I11 —tan 3 cot 3
S o Signal IV cot 3 —tan (8
S L
E 601
E: 40:E
- 202_' Belle 2013
L ST S S o 05 1.0
0 02 04 Ech’ig' o) 0.8 1 1.2 Eyeyp (GeV)
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B—>t/e/uv(y) Projections

+0.102
0.052

2014: 0.753

old

CKM

old

I N—

—_——

——

2014

Babar Comb.:1.76+0.49
arXiv:1008.0104

PRD82:071101(2010)

Belle SL:1.25 + 0.28 + 0.28
CKM Preliminary

. +0.27
Belle Had.:0.72"/+0.11

PRL110:131801(2013)

Belle Comb.:0.93+0.24
Private combination CKM 2014

PDG 2014: 1.14 = 0.22

WA 2014: 1.10 = 0.21
Private combination CKM 2014

0.5 1

3 3.5 4

BR(B — t v)x 10*

No “Discovery” in a single measurement yet
30% — <5% Precision on B—> t v at Belle Il
<10% Precisionon B> pv&evy

P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV

(v))

BR(B — | v

107

-5

—
o

10°®

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

I lllll'l

LI | llllll

LI llllll

L L) ' L L) L) L l L) 1 L) L) l i L) L) Ll l L) L) 1 L)

¢ _HA

WA

Belle Had Tag
5 ab-1

50 ab-1

SM T

L1 llllll

1

- llllll

1

1Ll llllll

1

107~

o
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Weighted events/(0.50 GeV?)

Babar Inc. 2008

0422013
Babar Had. 2012
0.44 2 0.07
Belle Had. 2009
059+0.16
Belle Inc. 2010

034201

Belle Average
0432009
Private W Average
0.436 = 0.056
Babar Inc. 2008
0.30+0.06
Babar Had. 2012
0.33=0.03
Belle Had. 2009
0472010
Belle Inc. 2010

0.38 = 0.08

Belle Average
0.41+0.05
Private W Average
0351+ 0 026

llllllll

lllllll

lllllllll

=)

W
S
T T

L v 15.1/14, p = 36.9%

D¢ -

W
(=]

L % 6.6/12,p = 88.4%

i
+—++ i

D*¢ 1

5 )
q°> (GeV?)

BR(D"

02 03 04 05 06 07 0.8
\v)/BR(D"Iv)

W
=]
T T

=)

L % 11.0/14, p = 68.6% D¢

Weighted events/(0.50 GeV?)
3

L % 6.7/12,p = 87.6%

D*¢

T+++++~H»
I

-o—o—o-

10
g’ (GeV?)

New Belle & LHCDb results anticipated in 2015

>> 2 v (Missing E)

B — DO 1v : WA is ~5 sigma from the SM!
Need differentials and more NP observables.

But, large background (D )lv, D*X)

Belle I| = better low pT tracking, & low p PID.

Weighted events/(0.50 GeV?)

L % 44.5/14,p=0.0049% D/

9,1
=)
T T T

=]
T

L % 8.1/12,p=T774%

W
(=]

D*¢ 1

10
g’ (GeV?)

P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV

5 BF(D tv)

10

;—R(B—>D rv)
- R(B—»Drv) |

BeIIeII
i ||||||

e T e g e

33 M= §Y

10

Integrated Luminosity [ab™]
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IVw | (& |V |): Future

Only Belle Il can resolve |Vub/eh| exclusive/
inclusive puzzles (or - NP). Both 3 ¢!

|Vun| @ 2-3% precision for all approaches!

2 [ TTRT T T
':'_Q 20 bt ........... ?v ...... |"EXC had-tag)-
= ER— IVU"] Ing.) L
= . (IV¥°] Exc. untag )

© e e (IV“bI Eeptomc)
10 ......

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

L L N LI TP

......
T LS : L Aottt O

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

------
eey

A P TR A
d LT T TTPP PP R S

Belle II PrOJectlon

1 |||||||| i i||||||| i ||

1 10
Integrated Luminosity [ab™]

P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV

Belle, Exclusive B— 11/p/w | v (Had), PRD88 032005 (2013)

Had tagged Belle

Phys.Rev.D88, B — X v : A
032005 (2013)

Had tagged BABAR

Phys. Rev. Lett. 13 — XulV ‘ A ‘
104, 021801 Belle Il
Had tagged Belle
—h— B — 7lyy PHYS.REV. D88,

88.032005 (2013)
Untagged BABAR

PHYS. REV. D86,
—h— B — v g6, 092004(2012)

SL tagged BABAR

A = PHYS. REV. D88,
B — wlv 072006 (2013)

— Belle Il Untagged BABAR

A : PHYS.REV. D 87,

11 | L1 1 | 11 1 | 11 1 | 1 1 P Iﬁ Iclelllyl 1 |0§2|0(I)4I- qzlojl-sl)l L1 1
3 3.2 3.4 3.6 3.8 4 4.2 4.4 4.6 48

vV, x107
8 I | I | I | I I | I | I | I
I B8N B > X,lv |HFAG BLNP
Un B—tv |HFAG |

HFAG avg. w/

|Vl x 10°
@,
|

3 - _
= Standard Model — -

2 | | | | | | | | | | | | | |
-04 -03 -02 -01 O 01 02 03

€r

Bernlochner, Ligeti, Turczyk, PRD 90 094003 (2014)
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New sources of CPV: Time Dep. CP Violation

W.

b > > C d b s

— = u,C, <

;}l."-.<c }:,‘_\-‘I< g > Belle Il should
b, , ¢ < dominate

\) .
= . _ - ‘ _ - . - penguin CPV
d d d d d d

JIK§ 9K, xaKs, D™D, D*D" 0K®, K*K K,

K. WKy, J hyn®,D"* D" KKK KK )
/ ") s ™) 0 _0
A SN £33 ok, fo(980)K°

C———————

Increasing Tree diagram amplitude

Increasing NP sensitivity

e K-shorts in most signatures: VXD Larger
acceptance (+30%) for it from Ks

Systematics dominated by vertex resolution:
o(z) on Vertex: Belle~61um < Belle lI~18um

P. Urguijo, Belle Il Experiment, Flavour @ 100 TeV 35 - By oeno



CD1,b$CCS

«— New LHCb result March 2015

sin(2) = sin(29,) frae]

-'2, _I LR L l L L L L l L L L L l L L L L l L L L L l L L L L l L L L L l L L L L l L L L L l LI L I_
PRELIMINARY C B : : : : |
ﬁ\lé%'gge ' : - 0.679 £ 0 020 -g 12— .............. .............. ............... ..... Be”e H- - Projectien (Feb 201 5) ......... —_
""" BaBar =~ TUTTTTUIAT """""'70765’7"’0’636?66'1’2" 8 B : : : : N
PRD 79 (2009) 072009 T - - : : : : : : : 5 5 -
Belle ol 0.670 = 0.029 4 0.013 ) - i i : : : q) i i i -
PRL 108 (2012) 171802 : ’* ! f S 11— -------------- -------------- --------------- --------------- --------- 1 ---------- —
ﬁvﬁr&ge = R B — : : 5  Naive LHCb prOJectlon .
***** o = S IS S T R O on -
Belle 0.642 + 0.047 £ 0.021 < 0.8 A A NN T o S|m|IartoEPJC """"" ]
PRL108 (2012) 171802 *—*—* ; - § 5 : 7
Average !; 0.663 4 0.041 - 73: 2373 2013
""" BaBay ~ T '”",*;*0:8’97"’o*fo*cj’”dose" I e Tt T X N
PRD 79 (2009) 072009 e _ -
Bl 08 (2012) 171802 “—‘—‘S 79p = 0.079 ¢ 0036 B . i
ﬁ\lé%rgge i O807+0067 0.4 S N ST T N S S SRR AR —
""" BaBar | 0 'N:"‘_0’6_1'4"’0"1’6’016'040" B LHCDb : : : : ; , ; ; B
PRD 79 (2009) b72008— ' B : : : : : E : —
El%uems (2012) 171802 * ! 0'640'0'11770'040 0.2} _—Belle " --------------- S --------------- ---------- —
fligrage B S 0652 4 0.099 - Bellell w/K Improvement , , i
***** R, s QA G0 YUTPLTOUIN JUT EUIR DOV OO TR OO P .
E%Barmmvgrmow—*—0§01 023910087 %14 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
0.2 0.3 0.4 05 0.6 07 0.8 0.9 1 1.1 Year (end)
Observables Belle or LHCb* Belle 11 LHCb
(2014) 5ab~! 50 ab—! 8 fb~1(2018) 50 fb~?
UT angles sin 23 0.667 £+ 0.023 £+ 0.012(0.9°) 0.4° 0.3° 0.6° 0.3°
a [°] 85 + 4 (Belle+BaBar) 2 1
v [°] (B — DM K®) 68 & 14 6 1.5 4 1
20s(Bs — J/1¢) [rad] 0.07 £0.09 £ 0.01* 0.025 0.009

o . D £/ THE UNIVERSITY Of
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UT angle Qs=y: Future

Experiment: statistics limited!! Theory Errors?
Belle Il naive scaling: gives A~1.5-2° D mixing, K mixing

(based on D->Ksmut only). CPVin D decay
Higher order EW effects

All < 1°: Golden
Sensitive to NP scenarios.

Many more D modes to explore.

1.5IIII|IIIIIIII|IIIIIIII|IIII

excluded area has CL > 0.95 Y
%

Stage Il
v(@)

—
)]

|!||||
 Bellell  Projection (Feb 2015)

1.0

—h
o
|
|

LHCIZo erroré‘ (numierical .
3 . average of:CKMfitter i
8 o T o N\ - &THCh fitters) T

Belle Il 50ab-1
V| LHCb Upgrade

0.5

¢_[deg] Uncertainty

o ¢ e c ¢
T |
II|IIII|IIII|IIII|IIII|IIII
3
(0))
III

0.0

-0.5

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

-1.0

- —LHCb

~Bele. ]

! 025~ tb S
Y - 0.05 010 015 020 025

| — IIIIilllIillIliIIIIilllIilIllillllillllillllillll
qsloev el o e o e b 1y I014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

D Year (end)
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NP in Bd mixing: CDl, CDZ; Amd’ aCPSL CKMFitter, PRD 89, 033016 (2014)

e Assume NP from Trees (|Vud|,|Vus|, |Veb]|, |Vub], |
®3) negligible, test for NP in loops only (only Mqo = MFZM X (1 + heQM)
enters M1, real part of mixing Hamiltonian.)

2003 2013 LHCb Upg.+ Belle |
p-value
0 = 1.0 30 i T h-I C:_ (;gsl LI L B R I N e 1.0
3.0 excluded area has CL > 0.95 el EL>Ots - i / % : 09
age =
25 0.8
2.5
] 0.7
2.0
2.0 0.6
u pu—
> o O 15 0.5
O 15 0.4
10 0.3
1.0 i
] 0.2
0.5 ]
0.5 0.1
00 |‘\‘| I N | | T I | T I | T |_— 0.0
0.0 - _ 0.0 0.1 0.2 0.3 0.4 0.5
0.0 0.5 1.0 15 2.0 2.5 3.0 0.0 01 02 0.3 0.4 0.5 h,

h hy

. at 95% NP=(many x SM) = NP=(0.3 x SM) = NP=(0.05 x SM)

y o1 s |Cul® 4m)® |Gy (45 TeV\® By Stage I,
UG GEA? T DGR A A~ 20 TeV (tree)
o = arg(Ci; ALY A~ 2 TeV (loop)

o . D "17"‘ THE UNIVERSITY OF
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: Belle, B — n" KO, JHEP 1410, 165 (2014)
b%S PengUIn d)l Belle, B — w Ks0, PRD 90 012002 (2014)

£f =2 !|||||| T !||||||| T 1
° e H ! H H : : H
Sln(zﬁ ) = l |Mor|ond 2014
PRELIMINARY
b—ccs _ World Average : 0.68=0.02
R o BaBar YTt gt 086'=0.17 =007
< Average: : e 0.74 513
BV BaBar v A ST T T 05750085002
x Belle ! : o ' 0.68+0.07 +0.03
=  Average: ; ;n— ; 0.63 = 0.06
o X BgBar T po R 004 *e £ 0.067
 Belle ! : : : 0.30+0.32+0.08
«» Average: : 2K : 0.72 = 0.19
o X T B@Bar v T FT 0552020 0.037
< Belle : —#—  0.670.31+0.08
] Average ; ; i 0.57 +0.17
o o BaBar v etk Ak || S '35’*8%‘5';'0'06’"0’03"
X Bele ; 064+025+009 0.10
°a. Average': : —t 0,54 928
T T BaBar v T R S SA7 055355 £0.02"
X Belle ; & :—0.91+0.32+0.05
8 Average ! ; 2 : 0.71 +0.21
""""" wBaBar+o74*‘8’]§
T Average: o - 069515
N BaBar : 4~ 0522006 = 0.10
o Average : : — : 0.48 = 0.53
TP BaBar YT T R ks ekt 8 "0.20+052'+0.07 £0.07"
P < Average.  j—— e sy | INSRRERUNSITN 0.20 = 0.53
X B et 0722071 0.08
B o Aperaget—+ 0.72 + 071
e X T BaBar ¢ TUTUTUTUTTT FTT — T Toer e
Z %% Average: : S 0.97 To5
TP e BaBar VT -l [T 0010312005 0.09™
Y éveBragef i : 0.01 +0.33
RN T BgBar YT R S 0650125003
‘s i Belle 5 | 076+§35§ 0.005
-2 -1 0 1 2 Integrated Luminosity [ab™]
Observables Belle or LHCb Belle II LHCb
(2014) 5ab~! 50ab~! 8fb~1(2018) 50 fb~!
Gluonic penguins S(B — ¢KY) 0.9079 %5 0.053  0.018 0.2 0.04
S(B — n'K%) 0.68 + 0.07 & 0.03 0.028  0.011
S(B — K2K3KY) 0.30 & 0.32 + 0.08 0.100  0.033
(B, — ¢¢) [rad] +0.18 0.12 0.03
B (B, — K*9K*0) [rad] 40.19 0.13 0.03
Direct CP in hadronic Decays A(B — K°70) —0.05 4 0.14 £ 0.05 0.07 0.04
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b—>s Penguin ¢1: 10 yr Timeline

e Belle Il but not LHCb does modes with Ks mesons
big fraction of b—>s penguin modes (surprise) |

> rrrryrrrryrrrrrrrrr|rrrrrrrrreprrrrrrrrrrrprrrrrrrrd ]
RO S AR MRS AR MRS RS AN RAASE MR RS-
£ - . Bellell PRrojection (Feb 2015)
8 018 __ .......... .............. .............. .............. ............... ............... ............... ............... .......... __
2 - : : : : : : : : : -
:)1_ 0.16 bbb b\ —
< - .
< 0.14f
g —
B 0.12 :—
<, 0.1F
X -
T 0.08
M u
0.06
0.04 ; - _Belle " .............. .............. ............... .............. ............. ............... ..........
0.02 :_ . Belle IIw/KSImprovement ............... ............... ............... ......
:IIIIillIlilIIliIllliIIIIillIlillllillllillllillll
%14 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year (end)
* NB: Belle Il projection based on naive extrapolations
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Direct CPV in B—>Krt: Future

B'— K*n

Acp in hadronic modes cannot be
understood w/out full isospin
analysis.

B*— K*n°

Need neutral modes.

—

“

Belle 11

Belle, PRD 87 031103 (2013)
Private Scan (ignore correlations) |

)
Ir BB’ — Ktn™) ol;%) 06
_ - o :
= Aé{;” BB’ — Ktn7) + Aé{;” -B(BT — KO?T_)TBJF <
B
TRO 04
— 24K . B(B® — K°7°) + 245" . B(BT — K%O)—T;
0.2
Scenario AK 7 Tpr 0
Value Stat. (Red., Irred.)
Belle 0.14 0.13 (0.06,0.02) 0.27+0.14
Belle + B — K99 at Belle I1 5 ab™! 0.05 (0.02,0.02) 0.27+0.07 —0.2
Belle II 50 ab~! 0.01 (0.01,0.02) 0.27 +£0.03
-04

Explore this for 7K™, pK, pK™!
P. Urguijo, Belle Il Experiment, Flavour @ 100 Tev
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Inclusive Radiative B decays (BF)

Theory precision near experimental in b—=>s y
b->d can only be done well at Belle |I. f Large CPV

t l%‘ - source!
Belle, B— sy Sum Excl, (Submitted to PRD) 1411.7198 b \- _\ <

SM prediction
3.153023

) T T BRI T T
CLEO[9.11b"] ; s ; 3.28+0.53 = BRI N __BF(X . y)Ine. @
Inclusive > 305 ....... i ............ BF(x::d Y) Had tag—
Babar[429fb] - & - 3.5240.55 2| R BF g((s %Eﬂ Excl
Semi-inclusive S o
Buhur[}.ﬂ.?_] ﬂ'_'l |] ) ) 3 12_'_[J 15 o= 20 .................................................................
Inclusive, lep-tag ¢ A Ef.:
Babar[210fb'] . ° 3.90X1.11 & SR I
Inclusive, Breco-tag 5 ©
Belle[5.8fb"]| @ e n 11
Semi-inclusive 10 o LR N
Belle{ 605fb'] | e
Fullnclsive . SRS N
HFAG2012 h
(Average) - 355026 o

PDG2013
(Average) —8— 340%0.21

Our result - & ' 3.7410.39 4

2.5 3 3.5 4 Bf-lFS X 150_4

Integrated Luminosity [ab™]
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Direct CPV in Inclusive decays

Precise probes of CPV & flavour structure!

Belle, Acp(b—s+d y) arXiv:1501.01702
Babar, Acr(b—s y), PRD 90 092001 (2014)

—_ 1 ) Belle preliminary
X g ® G NP S ) Ttus measurement,
g’ . eneric cenarios E ,>2.1 GeV —e—| Belle (772M BB)
? 4 Error @ 50ab! m
Q_ 2
< BABAR (383M BB
0 I ® i PRD 86,( 112008)
-2
-4 —
CLEO (10M BB
-8 I ® : PRL 8%, 5661)
-8
-10 I B B B |
-10 -8 -6 -4 -2 0 2 4 6 b s? 10 -0.2 0.1 0 0.1 0.2
A v (°/o) Acp(B— Xs+d7) X 10-2
Observables Belle or LHCb Belle 11 LHCb
(2014) 5ab~! 50 ab~! 8 fb~1(2018) 50 fb~!
Radiative B(B — X,v) 3.45-1074(1 £ 4.3% + 11.6%) % 6%
Acp(B — Xg47v) [107%]  2.24+4.0+0.8 1 0.5
S(B — K%n0v) —0.10 £ 0.31 £ 0.07 0.11 0.035
(B, — ¢7) +0.20 0.13 0.03
S(B — pv) —0.83 £ 0.65 £ 0.18 0.23 0.07
B(Bs — ~vv) [107°] < 8.7 0.3 —
Electroweak penguins B(B — K*Tvw) [1079] < 40 <15 30%
B(B — Ktvw) [1079] < 55 <21  30%
C7/Cy (B — X0 ~20% 10% 5%
@ Ars(B — K*up) 10% 30%  10% 5% 2%
B(Bs — 77) [1073] — <2 —
B(Bs — pp) [1079] +1.0 0.5 0.2
N , 'y ») St/ THE UNIVERSITY Of
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b—>s{d} Radiative Penguins ¢1 (Null test!)

Belle, B— Ks n’ y Preliminary (2014)
S=-2(ms/my)sin(2¢1)~-0.03

0
K TE S vS C Winter 2000
CP S Y cpP CcpP PHELTMIMAFW
HHHHI\
SM favored SM disfavored, Belle
Vi enhanced with RH current vF Average
b/:; /\j\"{‘ bL (E
helicity flip e
= m, ~ 4.8 GeV \ “m o
o "Gy Sn 5 ab-1
- @ Sk - S, |
bL / bR
%YR j YL
R-handed current is a signature of NP 50 ab-1 /
N8 L i | i -
-0.8 -0.4 0 0.4 0.8

C.f. S=O.5 |n L'R SymmetrIC NP mOdE| Contours give -24(Ih L) = Ax” = 1, carrespending to 60.7% CL for 2 dof SCP

Belle Il will also precisely
study b—->d penguins

P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV 44 53 il ibs
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b—>s{d} Radiative Penguins ¢1 (Null test!)

Belle, B— Ks n’ y Preliminary (2014)

S=-2(ms/my)sin(2¢1)~-0.03

SM favored
br

N
helicity flip
x m, ~4.8 GeV

St

Y s
b, -

W&”"\/\ YA

SM disfavored,

enhanced with RH current

by

2

R-handed current is a signature of NP

c.f. 5=0.5 in L-R symmetric NP model

YR

YL
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Belle Il will also precisely
study b—->d penguins
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Neutrino EWP decays

Babar, B — K(*) v v, PRD 87, 112005 (2013)
Belle, B — K(*)/m/p v v, PRD 87, 111103(R) (2013)

B(B = K*'vv)sy = (9.2 4+ 1.0) x 107°
B(B - K*vo)sy = (4.0 £0.5) x 1078

C 10
E 14; + + E QE 0 0., <
- 12 B —-—K vv ' 3 B—>KSVV
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T
201 ,
LH: (-(}):—(-(’]>()1‘ Vi
RH v, 4 4
RH or LH: LFV,
p - T ~ N
/ \
L5 RH:v, \ .
I
RH LFU: disfavoured AN N
’ AN
‘' Z',LFU
)
/
7
<10
X
Z penguins
0.5 .
BG-NNS, arXiv: 1409.4557
theoretically inaccessible

® Ultimate test of Belle Il.
B-Tag efficiency, beam-background,

better K, ID.
® We aim for 50 on B=> K" v v!
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T Lepton Flavour Violation: m—>mgur

LFV is a theoretically clean null test of the
SM: BF~10%°

T decays uniquely studied at B-factories.

-
NP may induce LFV at one-loop: Vr "X Vy
V. % v,
N7
reference DUy TOHMM
SM + heavy Maj vy PRD 66(2002)034008 10° | 10-10
Non-universal Z’ PLB 547(2002)252 10° 10-8
SUSY SO(10) PRD 68(2003)033012 108 | 1010
MSUGRA+seesaw PRD 66(2002)115013 107 10°
SUSY Higgs PLB 566(2003)217 1070 | 107
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Lepton Flavour Violation

2 orders of magnitude improvement.

Belle Il Flavour Prospects (B2TiP 2014)

Hadron machines not competitive- trigger and track pr limiting (even pup).

V30 30303y 1®i®i® i‘i’lﬁ BB\

Big program of t physics in preparation!
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Summary

50 x integrated luminosity @ Belle Il will probe significantly into > 1 TeV mass scale

Quark Lepton Proton CPT, Lorentz
my  EWP  Flavour Flavour decay violation
W\ WWN\—

102 104 108 1015 1016 Mpi  GeV

Rich physics program at SuperKEKB/Bellell in preparation
Precision CKM
New sources of CPV
Lepton Flavour Violation
Dark Sectors
QCD exotics

SuperKEKB commissioning starts 2016
Belle Il sub-detectors partially built, and DAQ, integrated.
Belle Il first physics in 2017 (Phase2)—2018(Phase3)!
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The Belle Il Collaboration
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Belle experiment@KEKB
(1999-2010)
[400 collaborators, 15 nations]

P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV

Nea

Jeslard

International collaboration from:
Saudi Arabia, Australia, Austria,
Canada, China, Czech, Germany,

India, Italy, Japan, Korea, Malaysia,
Mexico, Vietham, Poland, Russia,
Slovenia, Spain, Taiwan, Thailand,
Turkey, USA, Ukraine

Belle Il experiment@SuperKEKB

(online in 2016)
[~650 collaborators, 99 institutions,

23 nations/regions]
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Golden modes: B physics

SuperKEKB TDR (2014)
Observables Belle Belle 11
(2014) 5ab~t 50 ab~!
UT angles sin 23 0.667 4 0.023 £ 0.012 [64] 0.012 0.008
a [°] 85 4 4 (Belle+BaBar) [24] 2 1
v [°] 68 + 14 [13] 6 1.5
Gluonic penguins S(B — ¢K") 0.9010%9 [19] 0.053 0.018
S(B — n'KY) 0.68 £ 0.07 4 0.03 [65] 0.028 0.011
S(B — KYKYK?) 0.30 & 0.32 £ 0.08 [17] 0.100 0.033
A(B — K1) —0.05 4 0.14 £ 0.05 [66] 0.07 0.04
UT sides V| incl. 41.6-1073(1 £ 1.8%) [8] 1.2%
V| excl. 37.5-107%(1 £ 3.0%ex. £ 2.7%:n.) [10]  1.8% 1.4%
V| incl. 4.47-1073(1 £ 6.0%ex. £ 2.5%wm.) [5]  3.4% 3.0%
V| excl. (had. tag.) 3.52-1073(1 £ 8.2%) [7] 4.7% 2.4%
Missing E decays B(B — Tv) [107Y] 96(1 & 27%) [26] 10% 5%
B(B — uv) [1079] < 1.7 [67] 20% 7%
R(B — Drv) 0.440(1 + 16.5%) [29]' 5.6% 3.4%
R(B — D*ruv)f 0.332(1 £ 9.0%) [29]1 3.2% 2.1%
B(B — K*tvp) [107%] <40 [30] <15 30%
B(B — K*Tvp) [1079] < 55 [30] <21 30%
Rad. & EW penguins B(B — X,7v) 3.45-1074(1 £ 4.3% £ 11.6%) 7% 6%
Acp(B — Xsq7v) [1072]  2.2+4.0+0.8 [68] 1 0.5
S(B — K2n%) —0.10 £ 0.31 £ 0.07 [20] 0.11 0.035
S(B — pv) —0.83 4 0.65 £ 0.18 [21] 0.23 0.07
C7/Cy (B — X 0) ~20% [36] 10% 5%
B(Bs — vv) [1079] < 8.7 [42] 0.3 -
B(Bs — 1) [1073] - <2 [44]1 -
A THE UNIVERSITY OI
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Golden modes: D and Tau physics SE TR TER (01

Observables Belle Belle I1
(2014) 5ab™! 50 ab~!
Charm Rare  B(Ds — uv) 5.31-1073(1 £5.3% £ 3.8%) [46] 2.9%  0.9%
B(D, — Tv) 5.70-1073(1 £ 3.7% £ 5.4%) [46] 3.5%  2.3%
B(D° — ~v) [1079] < 1.5 [49] 30% 25%
Charm CP Acp(DY — KTK~) [1072]  —0.32 4 0.21 4 0.09 [69] 0.11 0.06
Acp(D° — 107 ) [1072] —0.03 = 0.64 & 0.10 [70] 0.29 0.09
Acp(DP — K379 [107%]  —0.21 4 0.16 4 0.09 [70] 0.08 0.03
Charm Mixing (D" — ngﬂr—) [1072]  0.56 £ 0.19 + 097 [52] 0.14  0.11
y(D° — K%rt7~) [1072]  0.30 £0.15 £ )02 [52] 0.08  0.05
lq/p|(D° — K%ntn—) 0.90 £ o1 i 0% [52] 0.10  0.07
p(D° — Kdrtm=) [°] —64+ 114 ¢ [52] 6 4
Tau T — py [107Y] < 45 [71] <147 <47
T — ey [1079] < 120 [71] <39 <12
T — ppp [1079] < 21.0 [72] <30 <03
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Dark Sector

Dark matter suggests the presence of a dark sector, neutral under all Standard
Model forces (i.e. non-WIMP)
? : \

Standard Model ) " Dark Sector

g Wtz v ﬁ

A

N

Known Forces

(

forces + particles
dark matter?

strong, weak, EM
YA ac=Sipver,
One way: Dark 2 H
Photons. '\/\W' o L,
“Kinetic Mixing

Holdom
Galison, Manohar
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Absolute normalisation: Bs

e5 ab 1 Bs SL or Full recon. @ Y(5S) similar precision to B°

T
studies / 325 fb™1 of Y(4S) /
. Dif—¢
ofs will be well measured: WA=15% — O(1)% _
o B >X
o SU(3) Symmetry heavily relied upon at LHC, Y(558) —> o @
e.g. in Bs—pp normalisation, needs to be By =T ,
rigorously tested. *X
Bs Yields
Tag Method 121/tb
Untagged 2.000 fs/fa,u=0.25 1.4E+07 6.0E+08
Lepton tag 0.100 fs/fa,u=0.25 7.0E+05 3.0E+07
Ds: O, KsK,K'K 0.040 10-fs/fa,u 2.8E+05 1.2E+07
Bs Full Recon. 0.004 >10 2.8E+04 1.2E+06
P. Urquijo, Belle Il Experiment, Flavour @ 100 TeV 564 Ej MELBOURNE



. Belle, B— Xs | |, arXiv:1402.7134 (2014)
Le ptO nic EWP Babar, B— Xs | |, PRL 112, 211802 (2014)
—— . |

" Belle Preli%ary//

—h
a N
T |

o
=S

— : 1402.7134

| [ L . to PRL
JI¥, ¥(2S) veto (e'e)

20 N//RL32 l‘I’(ZS) ve/to (W) V%

dB / dq? (10 / [GeV/c*])

N

S

q? (GeV/c?y 194 5 10 15 20
o? [GeV?/c?]
Inclusive B->X; {ee,up} Exclusive B>{K*,K} {e e, p n}

® More precise theory. e Lepton Universality.

® Sum of exclusive hadronic final states * Photon Polarisation (low g2).

® Lepton “universality”. e TDCPV - Bg=>K'(Ksmt®)l+l-  arXiv: 1502.05509

-> Third generation
® B-Ktt<3x10“in 50/ab
® B:>tt<2x103in 5/ab @ Y(55)
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