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Introduction

SuperKEKB & Belle |l

New intensity-frontier flavour facility
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2010

Channel Belle BaBar  Belle II (per year)
BB 7.7 x10% 4.8 x 108 1.1 x 1010
BMBY | 7.0 x 108 — 6.0 x 108
T(19) 1.0 x 10® 1.8 x 10!
T(2S) | 1.7x10% 0.9 x 107 7.0 x 1019
T (35) 1.0 x 107 1.0 x 108 3.7 x 1010
T(55) | 3.6 x107 — 3.0 x 10°
TT 1.0 x 10° 0.6 x 10? 1.0 x 1010

Outline

1.Case for a Super Flavour Factory

2.Upgrading KEKB to a “Super
Flavour Factory”

3.Belle 1l Detector
4.Physics @ Belle Il
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The case for new physics manifesting in Bl

Introduction

Issues (addressable at a Flavour factory)

e CP asymmetry in cosmology
— CPV in quarks and charged leptons

® Quark and Lepton flavour & mass hierarchy
— higher symmetry

e 19 free parameters
— Extensions of SM relate some, (GUTs). Study “NP DNA”

Lvikawa = 95 GpH' Q) —gf dg H' Q] —g? e H' L], +h.c.,

92 y /
Lyy+ quark int. — NG WJ ur, Y Verm dy, +h.c.,

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

® Finite neutrino masses
— Tau LFV.

— NP beyond the direct reach of the LHC
May 2014, Capri Flavour W/S Phillio URQUIJO 3 BY Lo
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Introduction

Searches for New Phenomena

e Energy Frontier: Production of new SM

particles from collisions at high-
Energy (LHC)

e Limited by EBecam

e Flavour Frontier: virtual production
to probe scales beyond energy frontier.

e Often first clues about NP

o [(KOL—=puu)<I"(K—=pv) = Charm [GIM, 1970]
e Amk = me~1.5 GeV [Gaillard-Lee, 1974]
» ex20 = 3 generations [KM, 1973]

e Amg = mi>» mw [~1986]

Meay 2014, Capri Flavour W/S Phillip URQUIJO

NP

&1:; THE UNIVERSITY OF
2% MELBOURNE



Introduction

Searches for New Phenomena

e Energy Frontier: Production of new SM NP
particles from collisions at high-
Energy (LHC) ——
e Limited by Eeam

e Flavour Frontier: virtual production SM /‘\ SM
to probe scales beyond energy frontier. « us .I\If;. '

e Often first clues about NP

o [(KOL—=puu)<I"(K—=pv) = Charm [GIM, 1970]
e Amk = me~1.5 GeV [Gaillard-Lee, 1974]
» ex20 = 3 generations [KM, 1973]

e Amg = mi>» mw [~1986]
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Introduction

Searches for New Phenomena

e Energy Frontier: Production of new
particles from collisions at high-

Energy (LHC) g
o Limited by Egeam ;: 102 Belle Il
7,
9
Egw
e Flavour Frontier: virtual production -5»6
to probe scales beyond energy frontier. g 0 .
e Often first clues about NP n E 7 Mg&‘&‘_
z '.q-" : ‘\\\\\\\“‘\
o Tevatron
°* Amk = mc~1.5 GeV [Gaillard-Lee, 1974] 10 3 ‘ 10 ‘ ;02
» ek20 = 3 generations [KM, 1973] NP flavour violating (8 /8)
* Amp = mt> mw [~1986] couplings
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Introduction

Searches for New Phenomena

e Energy Frontier: Production of new
particles from collisions at high-
Energy (LHC)

TA
e Limited by EBecam
LHC
e Flavour Frontier: virtual production T
to probe scales beyond energy frontier.
e Often first clues about NP
o)
CKM-Iik — — '
° (KL= pp) <l (K—=pv) = Charm [GIM, 1970] ﬂavourlv{ieolation 1%2?/?)?1? structure

e Amk = me~1.5 GeV [Gaillard-Lee, 1974]
» ex20 = 3 generations [KM, 1973]

e Amg = mi>» mw [~1986]
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B factory Achievements

Introduction

BaBar (PEPII@QSLAC) and Belle (KEKB@KEK)
Together recorded over 10° e*te-— Y(4S)— BB events.

 Discovery of CPV in B

* Measurements of UT sides and angles
* Rare B decays

e Mixing in charm

» Searches for rare T decays
* New hadrons
UT @ 2000 [J.Phys.G:Nucl.Part.Phys.27,1101] UT @ 2011 [CKMfitter]
Am

= ! : 7 95% lmi g :pa Iﬂlmnl Affiadin, EIH N m&;; 3
08 :_ - -1 Sensitiv. _g
I — R
I E A7 2 _E
041 ; \ -
; - i ¢ =
0.‘.|...|..‘|"..|...'.‘.'||...||..‘|...|... . - |.|.|.n_|.||||1|||uz
-1 -08 -06 -04 -02 0 02 04 06 0.8 1 0.0 0.2 0.4 0.6 0.8 1.0

b ) p
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Introduction

Flavour @ Belle Il (SuperKEKB@KEK)

Driving Questions
* Are there new CPV phases?
* Right-handed currents from NP?
* Quark FCNCs beyond the SM?
« Sources of LFV beyond the SM?
- New operators with quarks enhanced by NP?
 Multiple Higgs bosons?

Meay 2014, Capri Flavour W/S Phillip URQUIJO 6
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Introduction

Flavour @ Belle Il (SuperKEKB@KEK)

New physics amplitudes 10-20% the size of the Standard Model contributions allowed by data

. =]
1= .

| Still ~10% room for NP

<l -
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Flavour @ Belle Il (SuperKEKB@KEK)

Introduction

New physics amplitudes 10-20% the size of the Standard Model contributions allowed by data
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Flavour @ Belle Il (SuperKEKB@KEK)

New physics amplitudes 10-20% the size of the Standard Model contributions allowed by data
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SuperKEKB Collider
& Belle 11



How to make a Super Flavour Factory

Beam-beam parameter

Lorentz Beam current
factor /
\ . .
Y.. O, - Lumi. reduction factor
- e, = ‘- -' L (crossing angle)&
()

. I Tune shift reduction factor

(hour glass effect)
Classical electron 0.8 ~1
radius (short bunch)

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

Lfl'f

Brute force: Increase beam currents by a factor of 5-10 ! Increase the
beam-beam parameter by a factor of a few (crab cavities).
Too hard, too expensive (power, melt beam pipes)

B Factories = Super Flavour Factory

May 2014, Capri Flavour W/S Phillip URQUIJO 3 B L EBOURNE



How to make a Super Flavour Factory

Beam-beam parameter
Lorentz Beam current

factor
N " ' |
Yes o, |\ 1.5 R, Lumi. reduction factor
L=_1+— (crossing angle)&

Zf,’} O /3‘\- R ]~ Tune shift reduction factor
/ (hour glass effect)
Classical electron / \ 0.8 ~1
radius (short bunch)

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

2 (1) Smaller §,” (20 x)

(2) Increase beam currents (~2-3x)

Hourglass condition:
ﬁy*>~ L=0X/(|)

(wio crab)

B Factories = Super Flavour Factory

22mrad

Tum

‘“I Tum A

/‘ 1 100um /-
'\-‘ 100um o >, .f

5mm
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How to make a Super Flavour Factory

ictories = Super Flavour Factory

Lorentz
factor

Beam-beam parameter

Beam current /

\

1

Lumi. reduction factor
(crossing angle)&

E
\ Tune shift reduction factor

Classical electro
radius

/

Beam size ratio@IP
1 ~2 % (flat beam)

(1) Smaller §,” (20 x)

(2) Increase beam currents (~2-3x)

1

(hour glass effect)
0.8 ~

(short bunch)

Vertical beta function@|P

Houralass condition:

E(GeV) | B* (mm) 3%, (cm) 0 | (A) L (cm2s)
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 | 2.1x10%
SuperKEKB 4.0/7.0 0.27/0.30 3.2/2.5 41.5 3.6/2.6 | 80X 10%
5mm T - A
D . - &9/ THE UNIVERSITY Of
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B Factories = Super F lavour Factory

3 Colliding bunches

KEKB to SuperKEK

_—C—
e~
|e-2.3A

" New beam pipe LI \

& bellows KEKB e+ 4.0 A

'\n
_’/ L/

Add / modify RF systems
for higher beam current

S =
— __~v€7

New IR ‘_ﬁé ﬁ*

New superconducting /
\ permanent final focusing

quads near the IP

Belle |l

Redesign the magnetic lattice to

reduce the emittance (replace
short dipoles with longer ones,
increase wiggler cycles) j

: Low emittance positrons
to inject

vNew LER
'1 Positron source & HER

mping ring “‘\\- " New positron target / Wi g9 ler
. | ‘ capture section ca Vi tieS
Replace beam pipes with u ”/
TiN-coated beam pipes wit installed
Low emittance gun

antechambers (reduced
Sync Rad.)

Low emittance electrons

w/DampInQ to inject
Ring Built

L=8-1035 s-lcm-2

X 40 Gain in Luminosity

Completion end of 2014




Belle || Construction

Belle Il Detector Requirements

Beam-related backgrounds are 10-20 x KEKB.

ExpMC 2 Exp 25 Run 1886 Event 1
Eher B.0D Eler 3.50 Dote 1031120 Time 90351
BELLE TrglD O DetVer 1 MaglD 21 BField 1.50 DspVer 7.50
Ptot(ch) 0.0 Etot(gm) 0.0 SVD—M DCDC—M 2KLM—M O
+

* Touschek scattering

e Radiative Bhabha

e 2-photon

Fake hits, pile up, radiation damage

Higher trigger rate: L1 trigger rate: ~20kHz

Important improvements

* Hermeticity for full B reconstruction

* Vertex resolution
* Ks and 1t ID efficiency
e K/1t separation

May 2014, Capri Flavour W/S

100ns, shown E>1MeV

Red: e-, Blue: e+
A : primary loss positio

200 -

-0
-300 -200 -100 0 100 200 300 400 cm

L«
10cm

I
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Belle || Construction

Belle Il Detector Requirements

Beam-related backgrounds are 10-20 x KEKB.
* Touschek scattering
e Radiative Bhabha
e 2-photon
Fake hits, pile up, radiation damage

Higher trigger rate: L1 trigger rate: ~20kHz

Important improvements
* Hermeticity for full B reconstruction
* Vertex resolution
* Ks and 1t ID efficiency
e K/1t separation

May 2014, Capri Flavour W/S Phillip URQUIJO 1V, ¥, MELBOURNE



Belle |l Detector

KL and muon detector: A
Resistive Plate Counter (barrel outer layers)
. Scintillator + WLSF + MPPC (end-caps , inner 2
. - (barrel layers) )
4 ~» — r
EM Calorimeter:
Csl(Tl), waveform sampling electronic
Pur(;-()DsI + waveform s%mglin .\\\i\\\“\\\\‘
T N - ~N
' fication
electrons (7Ge ation counter (barrel)
’ erogel RICH (forward) )

-~

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

DSSD \ \
S
Ch

-
Central Drift Chambe ~

kSmaIIer cell size, long lever arm

Belle Il Construction

positrons (4GeV)

See backup slides for
further details

&5/ THE UNIVERSITY OF
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Belle || Construction

Vertex Detectors

Layers 1-2: Pixel Detector
Layers 3-6: Strip Detector

Closer fo IP
“VXD-only” tracking

cmarinas@unk

May 2014, Capri Flavour W/S

DSSD strip layrs

_1_\1;3‘:,.4/ pixel layers

L b w g a sy

-10 0 10 20 30 40

[em]

Philip URQUIJO
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Belle |l Vertex Detector

Belle || Construction

PXD: excellent spatial granularity (resolution ~15 pm)

low material (0.16%Xo for layer 1) ~10 million channels!
but significant amount of background hits, huge data rate.

SVD: precise timing (2-3 ns RMS) few 100k channels!

but has ambiguities in space due to 1D strip.

At much larger radius (~100->140 mm)
Combining both yields a very powerful device!

(Successful test beam January 2014) : To reduce Gbit/s data from PXD,
Mechanical Set-up read out only Regions Of Interest from projected SVD tracks

Event display of
Belle Il SVD and
PXD modules

* SVD real data
* Track reconstrulon

- May 2014, Capri Flavour W/S Phillio URQUIJO 13 BY Lo




Belle Il Construction

Performance

Closest approach resolution

e Less multiple
-\ scattering

1 2
) .

oo
D
5}

L S “"“'—-—.._______
Bellell
10
0”‘‘0.5IIII‘|‘‘II"I.SIII‘ZI“I2.5‘‘II3‘II_I
pBsin(0)3/2[GeV /(]

= N \\ \
o N\ & L\
LN :\:\\\ | \

Z resolution
. PXD close to the
= beam pipe
Belie
" \\\ {
Y N \
Be”e ” "'""""’-’-‘*1':,-_:;;;_-_;;_-_;_-:_:_;:: S E—— \r —
10 o s
o 05 1

5 Sm( )5/2[GeV/C]

2) Larger acceptance (by 30%) for detection of pions from Ks decay —
e.g. improves Time Dependent CP Asymmetry 8S(KsmPy)

Ks track v

3\/

B vertex ::

cz;> IP profile

b,
.....
L
.A'Y

B decay point reconstruction
Using the K trajectory

May 2014, Capri Flavour W/S

21 |

@ 250MBB

N2\ 535MBB
30% -> ~2% 3

precision
0" / .

Larger radial
coverage of

SVD
10" ! 10 .
sl 14
. THE UNIVERSITY O}
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Particle Identification

Endcap PID: Aerogel RICH(ARICH)

Barrel PID: Time of Propagation Counter (TOP)

. 200mm ::]
Focus mirror <
MCP-PMT (sphere, r=7000) oton
f — crere™” 7 ::]
Backward . Forward
Quartz radiator , , AN
Focusing mirror ”
measure t, x and y i
/ ',"' / /S
/ /S S/ #’/ ' / A
| [ [/ /SS9 [ L L e
LLEEALAAALLANAAAANANANLS
' \ . . T = B ~--; -------- .\’ '— -’
: \_TOF support bracket \_TOP QBB(Quartz bar box) / 7L
g 227min. / 800max. 1590
1000 1650 (20)
E CcDC _280 ;‘l\--"'i:
& IDS(Inner detector support) and CDC-SC(Su 1
u'&-l (=] TS .
= | & -"*%P_
g §. o[
S E L
| m |
« Hamamatsu HAPD + readout
— | \>(/ - 200




PID: Principle of operation of iTOP detector

Simulation of a 2 GeV pion and kaon interacting in a quartz bar.

Incoming
track

Bar/mirror width
450 mm

fﬁm
".-___.-' ‘—______‘_-‘-_--‘
—

Belle || Construction

“" Length 2600 mm
2x1250mm+100mm

/./ Thickness 20mm
Prism width 456 mm :

MCPPMT width 444 mm = plc heisht 51mm 16 bar modules arranged in

a “‘roman arch”

&5/ THE UNIVERSITY OF
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Belle || Construction

Kaons vs pions: Integrated distributions

Channel Vs, time for 3GeV prons/kaons with beam test setup

time/ns
1 | 1
Y
L i
) A -
4“3
e e
§

- A - ~
21 : gz 4

S5 ’ % %, . ’
S F o i s o { e o

- ~ t ¥ A v e 3 -,
-t . Ly ” . ‘:‘ v

~ % R - - [

ek ki o £ 2 %

[ - - ” - -

. O U \ ) @ -
53 i X & 3
.- &

$) -

Time 1n
ns

20

19.5

500ps

__18.5—1111.11111-]illllll-lllli.ll]‘
300 350 400 450 500
Channel number

X position

May 2014, Capri Flavour W/S

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

Quartz Bar
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Belle Il Construction

Kaons vs pions: Integrated distributions

Time 1
ns

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

At 3 GeV Timing at the ~100 ps level is

needed to separate pion and Kaon

2 "I‘-_~ A D)
B % 34 g
-~ - ek Lt Plons
e Ny 0 A
=1 - 8 iV, E
.- R ok ;‘51 '_’
5 & §.'| Kaons
- SR X2 ;
% X 0 w7 7
21.5_ ;'" * \ 3 :{ . / ‘J:" ¥
RS e £ s v -
ArA L. b b " 3 T 2y
T % S 2 ~ 9.
- L » Y 4 P, s )
< N » . -
s 2% AR .
w A e - ~a
v ': -\,_'.} . ;." ."." - v
,_"“ £ l. = ‘ " . ) )
s XA ) ~* f‘ L ;
21k L3 F £ a

0 20 40 60 80 100 120
coordinate

450

Channel number

X position

May 2014, Capri Flavour W/S

40 B0 dil 1 0 130

Phillip URQUIJO

coordinate

n the test beam data and MC simulation
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ITOP impact on Rare b—d Penguins: B—p r, K*r

Belle || Construction

Rare leucistic penguin,
observed in a 2012 expedition

0

pt
K
”

-2

o O

vy Belle

-

S 5[

-
400
- / (TOP+ARICH)

I
Belle |l

The Background

B—K" y (Belle / Bellell ) ~30X
more abundant than the signal
B—py.

200

lllll

04 -0.2 0 02 04
AE
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The Belle |l Collaboration

Belle || Construction

Sversge

e .
-
KADMLTan % N
MEHIOn ¥ ne . vt - \
1w
O'rh . 2 Bk
O IS0y v inty v : =
~ »
L3¢ 1l »
A

e ’
= rdoeers Senais

Tonzarss | (Poges tew International collaboration from:

wools o Saudi Arabia, Australia, Austria, Pess
LTS e < , Canada, China, Czech, Germany, "
e Madopeshars o India, Italy, Japan, Korea, Malaysia,
s N Mexico, Vietnam, Poland, Russia,
Q ~ @ Slovenia, Spain, Taiwan, Thailand,

@ - Turkey, USA, Ukraine 5

Jeslard

®Belle experiment@KEKB e Belle Il experiment@SuperKEKB
(1999-2010) (online in 2016)

[~600 collaborators, 96 institutions, 23

[400 collaborators, 15 nations] . :
nations/regions]

May 2014, Capri Flavour W/S Phillio URQUIJO 19 BY oo

X B



B Factories = Super Flavour Factory

Data collection timeline®

; [HE UNIVERSITY Ol

1 2015 Accelerator commissioning
2 2016 Belle Il “Beast” and partial detector commissioning
3 2017 First runs with full detector
70,
> 00 Goal of Belle 1l/SuperKEKB
S 50
5 40
IS
g 30
3% 20
£
10 9 months/year
o Current B factories | 20 days/month N
x10%° gf Commissioning s
> - .
= 6 in-early-2015.
S = Shutdown U
€ 4 for upgrade
im'cn 2| < >
sc F . . N ; . 1
2 S N2 2014 2016 2018 2020 2022
= , Calendar Year
May 2014, Capri Flavour W/S Phillip URQUIJO 20
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Belle || Construction

Golden modes of Belle |l

e Unique capabilities of Belle lI:
* Exactly 2 B mesons produced (at Y(4S))
* High flavour tag efficiency (10 x better than LHC)
 Detection of photons, n% p*, n'), KL.: complete strong phase surveys,
* Clean (“see” decays with several neutrinos)

“Golden” modes? * Missing energy:

» | o B-ly, l=e,,T
Sensitive to different NP .
. e B-D*tv, B—Xycdlv, B2KOwv
Measurements to improve by

5-100 x precision. e CPVin tree level decays Vs. penguins (inc. neutrals)

* Not Iimi_tec_i by hadronic ® Acp in radiative decays, Sksnoy
uncertainties

® |Inclusive measurements, b—sy, b—sltl,

e CPV in D® mixing

® Charged LFV, T—=py, Teee

® Improved CKM elements

e + Dark matter, new QCD states, Light Higgs.

34 THE UNIVERSII
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Semi(Leptonic)
B Decays

Extended Higgs & Gauge Sectors?
FCNCs with quarks?



H+ Search: B*> T v, yv

(Decays with Large Missing Energy)

b T
Helicity suppressed - very small in SM.
NP could interfere e.g. charged Higgs, H+ WY+
and change the branching fraction y—— - —
w
% - /
g u v
S
z BFsm
LLJ
g
% 2 £2 2 2\ 2 2 2
= G V. m m
= BR(B, — Tv;) = £/ BVub TBmBmz <1 — 27> {1 — ( 2B > )\bb)\w}
8T mpy My
Type AUU ADD ALL
I cot (3 cot 3 cot 3
2HDM I1 cot 3 —tan (3 —tan (3
scenarios I11 cot 3 —tan 3 cot 3
1A% cot 3 cot (3 —tan (3
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B—>7T v : Experimental Challenge

Reconstruct one B meson (Btag)
€(Btag) = 0.20 - 0.25% @
Purity(Btag) = 200/0

Missing Energy Decays

No residual activity (neutrinos)

May 2014, Capri Flavour W/S

1201
> 100}
Q
S B
g 80— 1 T e
> S eof eiTe
2 L Belle 2013
g 40"
= sor PRL 110 (2013) 131801
0: P el el T S BT ST R T
0 0.2 04 0.6 0.8 1 1.2
EECL (GeV)
Signal (B—1v):
Zero or small value of EgcL
arising only from beam
background
No residual tracks from the IP.
(R0 E UNIVERSITY OF
Phillio URQUIJO 24 BY L houRne




B—>7T v : Experimental Challenge

| | | | | | | | | | | | | | | | |
Reconstruct one B meson (Btag) | | |
— - o . , Babar SL:1.70= 0.8+0.2
L] o - M
Purlt Bta = 20 /O =5 +0.57
Y(Btag) 8% . ., Babar Had.:1.80%)3:0.26
”H 3 arXiv:1008.0104
% |+ e  BabarComb.:1.76:0.49
Q o~ ' ' arXiv:1008.0104
(=)
8 N
= oy A :
= ] 0.38 +0.29
= e, s L . Belle SL:1.54*0:38 +0.28
o) X PRD82:071101(2010)
? signal” 7 v Belle Had.:0.72"27+0.11
- JE— ellie nad.:0.72 _, ,-+0.
”;) B " : PRL110:131801(2013)
= Belle Comb.:0.960.26
3 — h=—e— PRL110:131801(2013)
=
n(p.a,)
“tag” Q/'
"R/ PDG 2012: 1.14 = 0.22
D
I | | | | I | | | | I | |

No residual activity (neutrinos)

BR(B — t v)x 10*
- T

May 2014, Capri Flavour W/S Phillip URQUIJO 24 gy oo




B— Tt /e/uv (r) Projections

C 80F =
0 Belle Il Projection ;
m 70F E
TR 1 ]
o0 - Exp.L =46 ab ’
o 60F sys —
N — Total
50 -\ @ e Statist —
. -.-. Systematics .
40 Theory (expected) ]
E ----. Theory (current) fB E
O 20F :
O - Tl .
(R 10 el TR n
> E................................................::'.-.‘.-.'.'.'.'.'.‘.'.".'.'.'.-.-.-.-n-.--t'.n-E
) 0 ' |
o) 1 10
- Integrated Luminosity [ab™]
LLI
> .
I BF Systematics
9p]
D

NorW

Rec on

b—ulv

Signa

May 2014, Capri Flavour W/S

L WA L L
4 O _HA -
107 Belle Had Tag*
: 5 ap-1 :
50 ab-1
10°F SM T3
" 1 Ab
1 QCD
6 B-meson
10 3 T T ] light-cone
. 1 distribution
i [T | amplitude
AN AN AN
~ I o
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Charged Higgs Ay 22 tanj3

Charged Higgs in 7 + jets at ATLAS & B — 70,

S
3
+

100

Ll

_“ATLAS Preliminary -
mra {s=8 TeV 1l 7
, Data 2012 1 E ]
a5 f Ldt=195f" - : Vos|2 :
40:_ R — — - Median expected exclusion __ B e I I e o Ub _—
: - Observed exclusion 95% CL E __ e m e d I, o b e 40/0 _
35 :— ------ Observed +10 theory —: - l
L e -1o ] PR T WO W W ST VNN VR YN N WNNN WNNN TN NN NN N ) = I l l l
30_| v b Py I |O|blsler|'v|e(ii |1| |tl;le|c>|r)|/| [ 200 400 600‘ 800 1000 Cb 200 H4(It§[}ass (Gef{?jg ) 800 1000
200220 240 260 280 300 320 340 360 380 400 H™ Mass (GeV/e®)
m,. [GeV] Super B-factory exclusion plot

B-factories exclusion plot
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Missing Energy Decays

B — DO T

14

Babar Inc. 2008
0.42+0.13
Babar Had. 2012
0.44 = 0.07
Belle Had. 2009
0.59=+0.16
Belle Inc. 2010
0.34 = 0.11

Belle Average
0.43 = 0.09
Private W Average
0.436 + 0.056
Babar Inc. 2008
0.30 = 0.06
Babar Had. 2012

0.33 = 0.03
Belle Had. 2009

0.47+0.10

Belle Inc. 2010
0.38 = 0.08

Belle Average
0.41+ 0.05
Private W Average

0.351+ 0.026

lllllllllllllIlllillllllllllllliilllll

- % -
——

llllllllllllllllvllllllllllllllllllllll

01 02 03 04 0.5* 0.6 0.7* 0.8
BR(D"wv)BR(D"v)

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

But, large background (D 7lv, D*X)

May 2014, Capri Flavour W/S
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Vr

D+

>|nvolves > 2 v (Missing E):

\[IIIIIII I I IIIIIII
oo ! : A

5 BF(D \v)

B . . i . . . .
................................................

H H H H .~ H H H H

: : . : : :

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

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

Podoiiiiil Pl oo

1 10

Integrated Luminosity [ab™]
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Deciphering NP @ Belle Il (Aside)

e Only resolved through decay differentials & New M. Tanaka et al., PRD 88, 094012 (2013)

observables: Polarisation, Ars...

O, = cryY"br TLYWVLL
e Explore new Scalar, Vector or Tensors & CPV! 1 a
L - _
- e “flavour blind” Type Il 2HDM ruled out. Oy, = erY"br LYWV 1L
>
. . O — G bnT |
§ e Wilson Coefficients Cn ~ A/m?2 51 CLYR TRVLI
> Ol52 = Crbr, TRVLI,
g Oclr = Cro"br TRO LV,
g 0.2p T T 0.67 T i 06 T
= 05 / 051 v /

00!

_ 7 0.4 ] 04 N |
3. -02 s LS \ |
03] ] 03 ]
, : | l \\ ]
04" G, : - | Cs, |
, 02! |mcr : 02 moc \\ )
- SM | |mm Cs,=78Cr ] | |mm Cs,=738Cr ]
a - |mm Cs,=-738Cr ] - |mm Cs,=-78Cr ]
-06L o1 . 1 0.1\
-0.10 -005 000 005 0.10 ~0.10 -005 0.0 0.05 0.10 ~06 -04 —-02 0.0 0.2
A% A% P
D . - i{j THE UNIVERSITY OF
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Missing Energy Decays

‘Vub‘ (&

|Veb|)

e Only Belle Il can resolve |Vub/en| exclusive/

inclusive puzzles (or = NP). Both 3 ¢!

® — Measure decay differentials to test
models & hadronisation in inclusive.

e |Vuw| @ 2-3% precision for all approaches!

2 ISR AR o
':'_Q 20F ....... ..... ‘__ '|V ...... IExchadtag)-
S IR RS ~(IV**IInc.) | P
= o IV“"’I Exc. untag)

Ze)

o SR

Belle II

IVu I leptonlc)

Pro;ectlon

|V,,| averages (10-3)

4,8

4,4

3,6
3,2

2,8

Indirect Inclusive
determination
} G. Ricciardi
> & * R ¥ » &
R & 2 a © O )
& 3 o ‘gsc- R < w
C

L & R current admixture

1

10
Integrated Luminosity [ab™]

May 2014, Capri Flavour W/S

4Gp _ ~ —
off = 2 uy* | (1 +eL)V Py + GRVPR} d ({ryuvr) + hec.
© e A D
B=E B > X,lv |HFAG GGOU
Un B-tv |HFAG ’
B - —--B-onxlv |HFAG avg. w/ ttwe
o 6— - B- plyv |Belle taggge FaVOUI’S NTeV R
S Bl - handle_d \‘Vlth 15%
57 | coupling!
54&4'2
//’ //'// - ’/
3 ~ .
Standard Model —
—20.4 | —([).3 | —(‘).2 | —(‘).1 | 0 | 0‘.1 | 01.2 | 01.3
. *"" [THE UNIVERSITY Ol
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EWP & Radiative decays

Di-neutrino EWP decays

W
b r M
t.c
z

BF(B*— K+ v v)=(4.4+0.7)106

[Buchalla, NPPS 209, 137]

5

v
v

BF(B+—K** v v)=(6.8+10.1.1)10-6

[Altmannshofer, JHEP 0904, 022]

¢ Ultimate test of Belle L.
Further improvements to
consider: tag efficiency, Calo.
timing, better K. ID.

May 2014, Capri Flavour W/S

>A00,
5350

04 9B K* \/ \lll

n 0.0
-0.2

-0.4 e.g.see A

0.0 0.5 1.0

300~

- 5M signal
assumed

B o K'vVv

Ny, = 91.5+32.2

__+_

Belle Il projection
Lint= 50ab-1

*‘ N LT ST T

|||||

.0 02 0.4 ﬂﬁ ﬂﬂ 10 12
- [GeV]

Phillip URQUIJO

(Theoretical uncertainties)

A VICT > +]C% _ —Re(CICF)
(CF)SM] ICY 12+ |CRI12°
Lhofer Buras, & Straub
1.5 2.0 2.5 3.0

Nsig @ Belle Il ~100+30
based on Belle 2013
(had tag only)
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Leptonic EWP

1.Inclusive B—Xs I* I, I=e,u
® More precise theory.

e Sum of exclusive hadronic final
states BF, Acp, Al FL, ArB)

2.B—{K*,K} et e-
* Lepton Universality.
* Photon Polarisation (low g?).

EWP & Radiative decays

3.Third generation
e B-Ktrt <3x104in 50/ab
e Bs—1T<2x103in 5/ab @ Y(5S)

May 2014, Capri Flavour W/S

~ [Aliet al.,.EPJ,C47(2006) 625]

Ars iIn B2 Xs I I

K*¢*e X

[Huber et al., NPB 802 (2008) 40]

0.15

oz - (."-'l,r;-.."".}q" - (1t 1l 0.10

AAAAAAAAAAAAAAAAAA

0 1 2 3 + h G
2 = (3.504+0.12) GeV?
(q..)M‘ ) Ge
(95),, =(3.38£0.11) GeV-

is/ HE UNIVERSITY OF
2922 MELBOURNE

@ = (107319) Gev?
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CP Violation
in B Decays

New sources of CPV?
Right handed currents?



CP Violation

in B Decays

New sources of CPV?
Right handed currents?

=] © ¢ ¢ o ©

o [ ©w B 3] o
I|IIII|IIII/{.V|IIII

ded area has CL >

|||||||||||||

llllll

|IIII|IIII|IIII|IIII|

UT 2014
a 4

B
Y

0.8

8.5
14

Belle |l
.

0.2
1-1.5



New Sources of CP Violation

UT angle 7r: Trees

Least well measured mode:
Based on Tree-Level B—+DK methods.

e.g. GLW+ADS, DK, D*K, DK* v
®* No model error, expt. stat. error dominates @ 50ab' vy
e Combined with Dalitz, Gamma precision of 1.5° z

BaBar] = (69 £ 17)°
Belle] = (68 £ 14)°
LHCb] = (69*1.13)°

‘combined] = (68.0%80.55)°

1.5 B T |CI (; d| hISCIL Iogl T 177 | T T T T | T 1T T T | T 177 | 1-5 | I‘-:‘deuc:edlarea hElis C;L>|0.9| | T T T T | |||||||| | 1T 171 |
1.0 - - y(a) - 1.0 - C y(a) T
- - Belle Il 5ab-1 - - Belle Il 50ab-11
- LHCb Run2 - - LHCb Upgrade
05 [ | Vi - - 051 |Vio| i

= o.o:

05| 05 V&v(0) & [Vl

-1.0 : -1.0 :— v(c)

IS 0.0 R S h\

_1.5_ _1-5_IIII|IIIIiIII
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 -1.0 -0.5 0.0

-l

Meay 2014, Capri Flavour W/S Phillip URQUIJO
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UT angle B: Loops

New Sources of CP Violation

e The B-factory golden mode stat. limited - then vertex resolution

® Improvements expected on both.
o(z) on Vertex: Belle~61um < Belle II~18um

c% - 1 1 LI I 1 1 1 r rrri I =
~0.051~ —
7 \ Belle Il  Projection i
© | -
Source Irreducible Error on S Error on A 0.04 B Exp.L =6 b N
Vertexing X +0.007 +0.007 i sys T
At resolution +0.007 +0.001 i — Total ]
Tag-side interference X +0.001 +0.008 0.03 . —
DR N tatisti .
Flavor tagging +0.003 - aHStes ]
Possible fit bias - -.-.. Systematics 4
) , 0.02}~= —
Signal fraction - -
Background At PDFs - -
Physics parameters 0.01+ -
Total +0.012 COns - LI 7
Ve e - =
S 1 I 1 1 1 L1 111 I
"mat O 1 10

Integrated Luminosity [ab™]
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New sources of CPV: b — sgq

New Sources of CP Violation

J K3y 2)Ks, xaKs,  D™*D,D*D" 0K°, K*KK,
_ ) ) % % - - - - -
T]{..ﬁs,qffwﬂl_:, J:"rulﬂ:ﬂ_, D +D - figﬁgﬁgﬁ]’ﬁﬂ, ﬁgﬁ IIII1

PtV PR | B | |

. increasing tree diagram amBIitude

increasing NP sensitivity

SM: b—s Penguin + New Physics
phase = (cc) K° with New Phase
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U



New Sources of CP Violation

Penguin

|O'
30.5
D 04
0.3}

0.2

Firm SM upper bound required

— i E - 7
£3(980) K° W\ including LD amplitude

0.1

0.02

ey, : -0.3 -(.2 -0.1 0 0.1 0.2 0.3
e, Theory uncertainty on A S %SEM

B QCDF Beneke, PLB620, 143 (2005)

SCET/QCDF, Williamson and Zupan, PRD74, 014003 (2006)
B QCDF Cheng, Chua and Soni, PRD72, 014006 (2005)
B SU(3) Gronau, Rosner and Zupan, PRDT4, 093003 (20086)

0.01

0.005 l illiiii i i iiiiiii i i
1 10

Integrated Luminosity [ab™]

5(S,.) ~ 0.012 @ 50ab
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New Sources of CP Violation

Mixing induced CPV in Radiative Penguins

A(At) = Ssin(AmAt) + Acos(AmAt) . Kgn'ySg, vs C,

' HHBHI\
< Belle

Average

- SM EW is purely L-handed.
- y from b—s(d)y is almost L-handed.

- R-handed current is a signature of NP
S=-2(ms/mp)sin(2¢1)~-0.03 — 0.5 in NP
\ 50 ab-1 /
08 s 0.4 0 0.4 dg
0.2 oo § -
IEERE BeIIe II Prolectnoi 2 MSUGRA (non-d(eggnerell-\;e) [
002 | | |||||| i I ||ii|| i i | _0202thl—1th 6,7“""10 ;---; 0.2
1 10 0 [TeV] 2 gluino mass (TeV/cQ) (tanp=30)

Integrated Luminosity [ab” b

&I=3 \iay 2074, Capri Flavour W/S Phillio URQUIJO 37 B L ourm




Direct CPV In Radiative B decays

New Sources of CP Violation

Precise probes of CPV
Test flavour structure!

0 Acp(X v) [% relative]

Dipole operators

oY) = ; (SUWPR(L)b) Frv

Constraints on (160 GeV) from

1 10 , B — Xspp
Integrated Luminosity [ab™] : ‘
—~ 10
O o)
& 8
5 6 Generic NP Scenarios
a 4 ~
) - 9
b , :
0 Error @ 50ab-! /
2 ~0.5¢
4
6 \\\ 4
-8 “—(‘).5““0‘.0““015““
10 Re(C7")
10 8 g 4 2 0 2 4

AT (0%)
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Direct CPV in B—K r (KO 77 0)

New Sources of CP Violation

® Acrp in hadronic modes cannot be
understood without complete B— K*w
Isospin analyses.

® Sum rule approach needs neutrals
B*— K*n?

expected — A
error 03 ¢ 0 A0~ -

expected I
(sum rule)

: Discrepancy in isospin sum rule may be
' significant with 10ab™"
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New Sources of CP Violation

Direct CPV in B—K r (KO 77 0)

® Acrp in hadronic modes cannot be
understood without complete B'— K'w
Isospin analyses.

® Sum rule approach needs neutrals
B*— K*n?

. o Br(K’x")t, . 0, 2Br(K x°) 1, o o0y2Br(K’=")
Ap(Kn )+ A (K )BI‘(K+ 7). =A(K'n") Br(K =) . + Ag(K'n”) Br(K =)
Q’% -
) A p(K*) - Agp(K*n0) = -0.122 + 0.022
osE - (5.60 difference from zero)
expected 1‘. —— < o . A(KOTEO) = 0.006= 0.06 (Stat limited
e . v &7 AO(;;"'.T') A(K%*) = -0.015+ 0.019

A(K*n0) = 0.040= 0.021
A(K*) = -0.082+ 0.006

expected I
(sum rule)

= :;,. , Discrepancy in isospin sum rule may be
' significant with 10ab™"
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Charm

Analogous tests for up type NP.



Direct CPV In Charm

CPV from Production+detection+physics

Araw(f) =ACP(f) +AD (ns) +AP(D*+)

LHCb measures the diff. to cancel
systematics.

AAcp = ACP(K— K+) - ACP(T‘_ 75+)

=(~0.34 + 0.15 + 0.10 )%, 1T tagged
=(+0.49 + 0.30 + 0.14)%, u tagged
=(+0.14+0.16stay£0.08sys1)% . SLB

S 0.02 HFAG-charm
©

CHARM 2013

AR, Balar

< 0.015 ] e sascor
(SNES AAL, LHCD prompt prel
N FZLD AAo, LMCb semil.
e i
0.005 2 4
T rAd T
0f NS

= e e § e 5, m T
-0.005 | AN 5 _ ‘\ S

SM prediction unclear however.

—Problems Analogous to DCPV
In B system.

requires Acp & measure of long
distance effects.
e.g. D—mr’r®, m*n’, D—h*h-y

Using Belle(1 ab~1),0(Anor0)~1%
= 0(0.1%) at Belle li

-0.01 :—
-0.015 |- N
_0.0_ | '..‘"\'A‘lAA..l.Ali 2 3
% 02 -0 015 -0 01 -0 005 0 0.005 0.01 0.015 0 02
D . - &9/ THE UNIVERSITY Of
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Direct CPV In Charm

Charm

CPV from Production+detection+physics

Araw(f) =ACP(f) +AD (ns) +AP(D*+)

LHCb measures the diff. to cancel
systematics.

AAcp=Acp(K'K') = Agp(n a')

=(~0.34 + 0.15 + 0.10 )%, 1T tagged

SM prediction unclear however.

—Problems Analogous to DCPV
In B system.

=(+0.49 = 0.30 + 0.14)%, u tagged
— (0) -
=(+0.14+0. 16 stax=0.08syst)) % . SLB requires Acr & measure of Iong
- 0.02 .
58 o distance effects.
< 0.015 G Aoy COF
- B st e.g. D—r’nd, % D—hth-y
o B i L
0005 2% [Congmamez b
0 of [ |A Belle2 | @ ;“'7' inibi et ) _
: : Using Belle(1 ab~1),0(Anor0)~1%
-0.005 0005 -
.l : = 0(0.1%) at Belle II
'0.015 _; -0'01-8.;1‘ H -0605 T (‘)E‘ — 0605 | ‘0.01 -
- alt?gz'Ar —
_0.0%”111 PP R NRE O N -
-0.02 -0.015 -0.01 -0.005 O 0.005 0.01 0.015 0.02
age
D . - S/ THE UNIVERSITY Of
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Charm mixing and CPV in mixing

eBelle Il good in Acp due to symmetric D-meson production; sensitivity
would reach 0.03% level. (LHCb may provide competition, arXiv:1405.2797)

* Belle || competitive in x'2, y’ and ycp

—_

* 15 CPV allowed
= , |

(x.y) = (0.8, 0.7)Bsleusou’

1

0.5
S |
—
@© 0
- B« . | KT
O s
3u
-05_ ] :‘x -0.5- |"-
-0.5 0 0.5 1 15 -05 0 0.5 1 15
!(9’0) X (%)
§ . E’ | Bele N 50 ab™’
Z 60— g | ol W 50 ab™" |
z = 60|
s |
% 49 " % a0
< ' —
20 < . (la/pl,¢) = (0.9, 0)
-20 _mf
-40 '40. 810
- :
02 04 06 08 1 12 14 16 1.8 02 04 06 08 1 12 14 16 .15.5‘
Ig/pl lo/pl
D . - &0/ THE UNIVERSITY OF
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Charm

Charm Recoil Technigues

e Based on B-beam techniques.
® Powerful, precise tests of LQCD and NP in (semi)leptonics.

ete” — ¢cC — Diag Xirag Dﬁ:(zoﬂ
o F ® Many modes to explore, e.g.
< 60—
§ | * Ds—uv(@1%), TV(@3%)
5 a0 ‘, precision
2 Ll » D—vv: New scalars
g T T (e.g. Dark Matter).
N
S et s it i ettt * D—yy: Expect to reach ~1077
o G .
B - N N (Measures long distance
Miiss(DogiiragXiragt 1) (GEV/e") contributions to 2-py mode.)
*Rare modes: py, ®y = 1% (NP up to 10%)
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T-lepton

Sources of LFV?
New sources of CPV?



T Lepton Flavour Violation: m—magur

®LFV is a theoretically clean null test of the SM: BF~10-2°
o2 /3 lepton “mixing” types studied at Belle II.

e
=
D
T
v, vV, v,
<+—> <4+—>
e ) U ; T
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Tau LFV

T Lepton Flavour Violation: m—magur

o FV is a theoretically clean null test of the SM: BF~10-2°
o2 /3 lepton “mixing” types studied at Belle II.

e ?M . (5

May 2014, Capri Flavour W/S

(Siersnes uy T ppp
SM + heavy Maj vy PRD 66(2002)034008 109 10-10
Non-universal Z' PLB 547(2002)252 109 108
SUSY SO(10) PRD 68(2003)033012 108 10-10
mSUGRA+seesaw PRD 66(2002)115013 -7 109
SUSY Higgs PLB 566(2003)217 107
0.05 eV 1 TeV 10 GeV

|

L

_.
<,

strong couplin
.%DIOOOr S ]
2, .
= 01r neutrino masses i
S are too large
c 10°F 1
2 0
gy vii & (CiyMn) < 0.1 eV-
;E 107" neutrino masses are too small;
0—17 I . al l w "l
107" 107 0.1 10 10" 107
LSND T \% MSM[T ?LHC GUTTl see—saw
Majorana mass, GeV
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Tau LFV

LFV decays

May 2014, Capri Flavour W/S

Up to 50x improvement: very clean!

LHC not so competitive- trigger and
track pt limiting (even pyup).

CPV in T: comparable limits on NP.

v'slo's0 iwiwimimim o BB BB\

(72] L 0] 0] 0] ]
> C P IS \Y Il lhh Ah ]
m
5L —
§ 10 E n® ..Illll L T g
~ mE = C I = .
- . —
> 10-6_ | EE - . —
LL = 3
— - v -
| - B v va v v v v ]
®) B vy v v v Vov v ]
y— 10-7_ Vv M \ v v —
n = v Y v y V3
= F v Y v’ v Iy v .
£ - v Yyl :
= 8l e
- 10°F =
) = =
o m -
o - 7]
:. 10-9_ e o ° ° °® - —
= ® ) ) E
(—-l). = ....0‘..00 e o o .. ° . ® . ° ®e o oo o7
= ® [ ] g Y e L ]
o
o — ° -
o~ 10-10 N I o
8 T ERETERRAAALTEULRKET T 38 00’350 3 W BEMARAIRE M e <I<<I<
Gi'm'iwimimimjmimimim j‘mimwiiiw ggggxxxxoco!mmimimiﬁ By v
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0.4}
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= CLEO
v BaBar
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First year physics
plans



First year Physics Plan (2016-2017)

e May not have full PID. B physics requires PID more than other topics.
Considering alternatives to Y(4S) for the first run, Maybe few hundred fb'.

® Y(2S): dark forces, light Higgs
® Y(3S): conventional bottomonium
® Scan around Y(5S) and b quark mass determination

® Y(6S): bottomonium, rs scan

> 1 ab-! Early impact with

On resonance : unique data-sets
Y(5S): 121 b

Y(4S): 711 b ;

T (ideas welcome)

Y(2S): 25 b

Y(1S): 6 fb*

Off reson./scan:
~100 b

~ 550 fb™!
On resonance:
Y (4S): 433 b’
Y (3S): 30 fb !
Y(2S): 14 fb!

Off resonance:

o_,./ ~54 b7
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beyond Y(4S)

Dark Sector (Aside)

Dark photon A’, motivated

Hidden Photon — 1nvisible (m4 > 2 m,))

be in MeV — GeV mass 1072 T
1.Probe leptonicaly decaying ANY BaBar
IX] - : P Ly d— K-rA' |
dark photons through mixing . /E%M |
2. Probe sub-GeV dark matter ;-3 N Bagar Y
in invisible decays * DarkLight |
W Y
K-rA
Radiative decays of Y(2S), Y(3S) 104 ORIA Belle II
e : - B
AR R. Essig |
> p 107> | | | i
e T 2 S R EEEE Rt R
By = e 0.001 0.01 0.1 1 10
s my [G@V]
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Summary

Summary

® Rich physics program at SuperKEKB/Bellell (mostly complementary to LHCb)

Extended Higgs sectors
New sources of CPV
_epton Flavour Violation
Precision CKM

Dark Sectors

QCD exotics

e Belle Il full physics program to start in 2017! precision 10-100 times better
than B-factories!
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Belle Il Theory Interface Platform

https.//belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP

Inviting Theorist Participation: Kickoff in June, 1st Workshop in Nov.

Belle Il Theory Interface Platform (B2TIP)

2014 November/December
2015 June (External Workshop)
2015 November (KEK)

2016 June (External Workshop)

May 2014, Capri Flavour W/S

2014 June 16-17 at KEK workshop indico  B2GM June 18-21, BGM June 22-23
B2GM November 3-6, BGM November 7-8

Theory TBC

Christoph Schwanda HEPHY Vienna

Phillip URQUIJO
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Overview Committees
The "Belle |I-Theory Interface Platform” is an initiative to coordinate a joint -experiment effort to Advisory Committee
4 ' o ' Joint theory-exp Organising Commitee '

study the potential impacts of the Belle |l program. g Tim Gershon Warwick
Toru Goto KEK

We plan to organize meetings twice a year gathering theory experts and Belle || members, starting Emi Kou LAL Bostjan Golob L{S i

from June 2014 until the end of 2016. Ljubjana
Karim Trabelsi KEK/ Shoji Hashimoto | KEK

One of the expected outcomes of the project is a "KEK Report”, summarizing all the important Lausanne Francois Lo

observables which will be measured at Belle |, their experimentally achievable precision and their Phillip Urquijo (B2 Physics Diberder LAL

impact on our understanding of the theory (Standard Model and New Physics). This report should also | Coord.) Melboume

include a "milestones table® clarifying the targets for the first 5 to 10 ab-1 of data as well as for the Zoltan Ligeti LBL

final goal at 50 ab-1. Ex Officio Hitoshi U

iroaki Aih i Tokyo Murayama
This project is an official activity of Belle Ii, approved by the executive board of the Belle II Hiroski Alhars (52 £ Chal) e
» s '

Collaboration, in February 2014. Thomas Browder (B2 Hewai Matthias Mainz
Spokesperson) Neubert

Workshop Dates Marco Ciuchini (KEK FF — Yoshihide Sakai = KEK
Advisory)

The 2014 meetings will be held at KEK in June and November, as a sateliite meeting of the Belle and J”’f"‘° ) Ohio

Belle Il General meetings. There is a possibility of holding one workshop in 2015 at an external Thomes Mennel (KEK FF Siegen | Longemisy

location. Individual working groups may choose to hold additional meetings. Please register for the Aavisory)

meetings on the linked indico pages.

Report Editors

THE UNIVERSITY OF
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https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP

Summary

(Semi)Leptonic, EWP & Radiative

Type Observable Current precision LHCb 2018 Upgrade
(50 fb= 1)
L H C b Right-handed currents 28T(BY — ¢y) - 0.09 0.02
(U rad e) t(B) — ¢y)/Tpo - 5% 1 %
pg Electroweak penguins S3(BY - K¥utpu=;1<¢g?<6GeV?/c*)  0.08 [68] 0.025 0.008
soApg(BY — K*0ut ) 25 % [68] 6 % 2 %
Al(Kptp=;1<g?<6GeV?/c*) 0.25 [77] 0.08 0.025
BBt - atutu™)/B(Bt - Ktutu™)  25%[86] 8 % 2.5 %
Higgs penguins B(B? — putu) 1.5 x 1072 [13] 0.5 x 107 0.15x 107°
BB — utpu=)/B(BY — utu) - ~100 % ~35 %
Observables Belle Belle 11
(2014) 5ab~t 50 ab~!
UT sides |V,p| incl. 41.6 -1073(1 £ 1.8%) [8] 1.2%
V5| excl. 37.5-1073(1 & 3.0%ex. £2.7%m.) [10] 1.8% 1.4%
| V| incl. 4.47-1073(1 £ 6.0%ex. £2.5%.) [5]  3.4% 3.0%
Belle || V| excl (had. tag)  3.52-1073(1 + 8.2%) [7] 4.7% 2.4%
Missing E decays B(B — 7v) [1079] 96(1 + 27%) [26] 10% 3%
B(B — uv) [1079] < 1.7 [67] 20% %
R(B — D1v) 0.440(1 + 16.5%) [29]" 5.2% 2.5%
R(B — D*ru)f 0.332(1 £ 9.0%) [29] 2.9% 1.6%
B(B — K**vp) [1076] <40 [30] <15 30%
B(B — KTvp) [1079] < 55 [30] <21 30%
Rad. & EW penguins B(B — Xv) 3.45-1074(1 £ 4.3% + 11.6%) % 6%
Acp(B — Xsqv) [107%]  2.24+4.0+£0.8 [68] 1 0.5
S(B — K3%n%) —0.10 £ 0.31 & 0.07 [20] 0.11 0.035
S(B — py) —0.83 4 0.65 4 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 — 77) [1073] — < 2 [44]f -
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CPV & mixing

Type Observable Current precision LHCb 2018 Upgrade
(50 fb~ 1)
BY mixing 2B85(BY — J/¥r¢) 0.10 [139] 0.025 0.008
LHCDb 2B, (BY = J /v £(980)) 0.17 [219] 0.045 0.014
(upgrade) a, 6.4 x 103 [44] 0.6 x 107> 0.2x 1073
Gluonic penguins 2,B§ff(B§) — PP) — 0.17 0.03
2% (BO — KHK™) - 0.13 0.02
2°M(B® — ¢ K9) 0.17 [44] 0.30 0.05
Unitarity triangle angles  y (B — D™ K®) ~10-12° [252,266] 4° 0.9°
y(BY — DyK) = 11° 2.0°
B(BY — J/YKQ) 0.8° [44] 0.6 0.2°
Bel |e I I Observables Belle Belle 1T
(2014) 5ab\!  50ab”!
UT angles sin 23 0.667 £ 0.023 & 0.012 [64] 012 0.008 [0.2°]
a |°] 85 £+ 4 (Belle+BaBar) [24] 1
v [°] 68 4+ 14 [13] 1.5
Gluonic penguins S(B — ¢K°) 0.9019 %9 [19] 0.053 0.018
S(B — nKY) 0.68 & 0.07 & 0.03 [65] 0.028 0.011
S(B — KIKIKY) 0.30 £ 0.32 £ 0.08 [17] 0.100 0.033
A(B — K%7%) —0.05 4 0.14 & 0.05 [66] 0.07 0.04

May 2014, Capri Flavour W/S
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Charm and Tau

Type Observable Current precision LHCb 2018 Upgrade
LHCb (50 671
(upgrade) Charm CP violation Ar 2.3 x 1077 [44] 040 x 1077 0.07 x 107
AAcp 2.1 x 1073 [18] 0.65x107%  0.12x 1073
Observables Belle Belle 11
(2014) 5ab~!  50ab~!
Charm Rare  B(Ds; — uv) 5.31-1073(1+£5.3% £ 3.8%) [46] 2.9%  0.9%
B(D, — 1v) 5.70 - 1073(1 £ 3.7% £ 5.4%) [46] 3.5%  3.6%
B(D® — ~~) [1079] < 1.5 [49] 30% 25%
Belle Ii Charm CP Acp(DY — KTK~) [1072] —0.32 £0.21 £ 0.09 [69] 0.11 0.06
Acp(D® — 7070) [1072] —0.03 £ 0.64 £ 0.10 [70] 0.29 0.09
Acp(D® — Ko7%) [107%]  —0.21 £ 0.16 £ 0.09 [70] 0.08 0.03
Charm Mixing 2(D° — K%777) [1072]  0.56 £ 0.19 & V% [52] 0.14  0.11
y(D° — K2r+ta™) [1072]  0.30 £0.15 & oo [52] 0.08  0.05
lq/p|(D° — K9ntz™) 0.90 £ 010 £ 000 [52] 0.10  0.07
(D° — Konta—) [°] —64+ 11+ 1 [52] 6 4
Tau T — py [107Y] < 45 [71] <46 <05
T — ey [1077] < 120 [71] <12 <12
T — s [107°] < 21.0 [72] <45 <05
D . - S/ THE UNIVERSITY Of
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Construction & Commissioning Schedule

Summary

Feb 2014

2013 2014

installation, assembly and|set-up | w/o Belle II detector
final assenpbly, RF-conditioning w/o QCS

SuperKEKB
Main Ring

fabrication & test of

SuperKEKB | components

Damping
Ring installatjon, assembly
and setqup — |

Phase-1 Phase-2 Physics Run

w/ Belle II detector

Belle 11
Integration

May 2014, Capri Flavour W/S Phillio URQUIJO 57 BY o
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Belle || Construction

Beam Backgrounds

At SuperKEKB with x40 larger Luminosity, beam background will also
increase drastically.

radiation damage, photosensor ageing, pileup

Touschek scattering

Beam-gas scattering E&J
Svnchrotron radiation T’.’.
y =i

_They creates not only EM
4 shower but also neutrons.
AN S

Emitted gamma hit (mag‘héif
at ~15m downstream and -
creates neutrons

Radiative Bhabha
emitted photons
spent electrons

‘ . s mend 2 : 1
e+/e- lose energy by radiative

) * Bhabha process and hit -
’ IV/ R downstream beam pipes. -

2-photon process: ere-—ete-ete- N
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Central Drift Chamber

Wire Configuration

L s
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Belle Il Construction
51 1
®
®

Wire stringing Iin
® aclean roomin
N Fuji Hall
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Central Drift Chamber

CDC wire stringing is complete (~51k wires)

Expected performance

using a Kalman filter
and GEANT4

. LA S S S S S B R S LI B B | 1
1= “-ﬁ
i - Belle Il Simulation (Preliminary) |

0.8~ -

Track Efficiency

0.6 %_

Belle Il Construction

0.4 -

2w 17°<B1p<150°

01 | U S SR A ST S T SR SN S SR ST l
0 0.5 1 1.5 2 2.5

P, GeV

CDC viewed from the backward side o0 /p~ 03% 1 0.1% x p(GeV) in B — 15T

o(dE/dz) ~ 6%
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Belle || Construction

Aerogel RICH: Endcap PID

2_|ayer Aerogel HAPD PhOtO‘deteCtOr

N1 N2
(n1<ny)

PID in the forward endcap
2-layer aerogel radiator

420 x 144-channel Hybrid-Avalanche Photo-
detectors (HAPD)

Meay 2014, Capri Flavour W/S Phillip URQUIJO
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Aerogel RICH: Endcap PID

2-layer radiator Increases the number of photons without degrading resolution

4cm aerogel single index

Belle Il Construction

= F ¥/ naf 2467, ¢ 16 "g
a b c1n5 . 14
m | ng ny=n "”':: S Pr RELU 5
- P2 i1, 26615
W P2 0.2072E-01
- il P 85.32 =
| 4000 P 79650 g
Bl T iR
_'E-E-:H [ 0 i e :
I-\-\"-\. R s
e o
“""H—-.__“:-_: nf= 7.69 :
a0 az F s, g
\-\ b= [0 4 g : 53'
-\-\--\-l"-\. ad E
I i dLs [ e trd [ 1] -t {4 i L2 44
0 rad) o txfwend)
2cm+2cm aerogel i cuian ing in cerenkov space
g = om0 |- ¥/ ndf 1093, 4 116 %
Pl w0 | £ o4
P2 0.2074 -
P 0, 1428E-01 i
ny | Ng =N i Iy 24 49 g2 BLE :
PS RS
-
///f;ﬁ D
_ = nf= 7.46
- 0.2
EH“-E,___H oo L b= 0.83
i - :
I'.l 1 i ] - R B BLicr o L
[ (LN} i} i e ] I4 -2 I [l (LR
0 frad) £ raed )

NIM A548 (2005) 383
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Calorimeter

Belle || Construction

Re-use of Belle’s Csl(Tl) crystals, plus W 0BT T Bl i Simuidtion (Prefiminary) |-
barrel: 2MHz wave form sampling to R : 1
o for | ) E ﬁ ds & th 0.2/* EM Calorimeter new |
compensa e. or larger eam— ackgrounds e : waveform sampling/ :
slow decay time of CsI(Tl) signal: 0.151 timing. Csl(Tl) (barrel), | -
2x better resolution at 20x background! I Pure Csl (end-caps) .
S ;
| _ 0_05;_. : ... _ _ : -
amplitude time sampling ! i . i

O 02040608 1 12 1416 18 2 22 2.4

E (v) GeV

r N
‘ Waveform of a 100 MeV vy in Csl(Tl) calorimeter

1 £ b includes 600 MeV of E

trigger i trigger i > [ background photons :

4 ]

forward endcap: Csl(Tl) =Csl for faster s -

performance and better radiation hardness (no< 2 E

from the beginning of data-taking) 1 -
0001500010000 5000 0 5000 '(1'0';“,0

\.

Ol
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Belle Il Construction

Muon/KL Detector

Endcap RPCs and two layers of the barrel have to be replaced with
scintillators to handle higher backgrounds (mainly from neutrons)
K. momentum measured by layer timing coincidence.

o
3 9 ‘
et ‘r( W I,

Barrel KLM installation complete -
first Belle Il sub detector ready!

May 2014, Capri Flavour W/S

Efficiency (for muons)

o
o)

o
o))

o
~

0.2

—_k
T T

 |Bellelll
={ Simulation
| Preliminary
et . ..... .. ‘._ ............... LR>O;1 .......... , ............................................
I ............... LR>O_9 ........ .............. .............. ..............
o ......................................................................................................... ~2% ........
IIII%I v
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1 15 2 25 3 35 4 45 5
Lab momentum (GeV/c)

Fake rate (for pions)

ﬁ [HE UNIVERSITY O
&7 MELBOURNE



Belle || Construction

LQCD

e attice QCD promises important improvements in precision.

e USQCD “Lattice QCD at the Intensity Frontier”
http//www.usqcd.org/documents/13flavor.pdf

Quantity CKM  Present 2007 forecast  Present 2018
element expt. error lattice error lattice error lattice error
frc/ fr Vs | 0.2% 0.5% 0.5% 0.15%
£7(0) | Vius| 0.2% - 0.5% 0.2%
o Ved 4.3% 5% 2% < 1%
Ip. Ves 2.1% 5% 2% < 1%
D — wly V.4 2.6% — 4.4% 2%
D — Klv Vies 1.1% - 2.5% 1%
B — D*fv Vep 1.3% - 1.8% < 1%
B—mlv |V 4.1% ~ 8.7% 2%
fB V)| 9% - 2.5% < 1%
& Vs /Vidl 0.4% 2-4% 4% < 1%
AM; ViV 0.24% 7-12% 11% 5%
Bk Im(V3)  0.5% 3.5-6% 1.3% < 1%

® + other rare processes, e.g. B—K*y, B=2K*I*I-

[HE UNIVERSITY Ol

May 2014, Capri Flavour W/S Phillip URQUIJO 65 Y MELBOURNE

-


http://www.usqcd.org/documents/13flavor.pdf

Belle Software Framework

* New framework with dynamic module loading, parallel
processing, python steering, root 1/0, and use of GRID with Dirac

e Full detector simulation with Geant4

e Tracking with GenFit

e Alignment with Millepede Il

e Employed for test beam studies

=/ THE UNIVERSITY OF
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Belle || Construction

Computing

Hardware Physics

. event size
Trigger rate | output rate
~similar amount of raw data
Belle 500 Hz 90 Hz 300kB (max) ‘0 ATLAS!
Belle Il 30 kHz 3.6kHz 300kB (max)
ATLAS 0.2kHz 1.6MB

Belle : Centralised computing —> Bellell: Distributed computing

50 ab'data
* Non-Grid sites Main Center

». Non-Grid sites
) -
£\ ) 3 4 \
J ’/’
I\ "

' = Non-Grid sites
’ . '
T \ f'e. M&

MELBOURNE

Grid si

MC production
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Belle | Construction

Computing

1,800
1,600
1,400

200

Hardware Physics :
. event size
Trigger rate | output rate
Belle 500 Hz 90 Hz 300kB (max)
Belle Il 30 kHz 3.6kHz 300kB (max)
ATLAS 0.2kHz 1.6MB

~Similar amount of raw data
to ATLAS!

Belle : Centralised computing —> Bellell: Distributed computing

CPU (kHEPSpec)

| m Anatysis
1,200 -
1,000 -
800 -
600 -
400 -

total integrated

1

2014 2015 2016 2017 2018 2019 2020 2021 2022

May 2014, Capri Flavour W/S

50 ab'data
160
110 | Disk space (PB)
~ total integrated
120
100 | Analysis
n M
80 ¢
Data
60
Challenge
40
20 e
[ ]
0 I
2014 2015 2016 2017 2018 2019 2020 2021 2022
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Complementarity to High pt

» Clearly demonstrated sensitivity to tA
scales beyond EW that

complement LHC direct searches.
LHC

Flavour constraints in CMSSM in (m+/2, mo) I
[F. Mahmoudi, 1310.2556]

CKM-like «——  —— generic
flavour violation flavour structure

CMSSM - tan =30, Aﬂ=-2 m, CMSSM - tan =50, Aﬂ=-2 m,

S :
? 2000

2000

1500 F
>
D
91 000 - A_(B 5K py)lg?
£ [ BR(B, - )
500 [ Bl eree - X, 1
I - BR(E - K ), I
T -BFI(Dg—ww]
500 1000 1500 2000 500 1000 1500 2000 BR(B — X, uy), he'

m,, (GeV) m,, (GeV)
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Inclusive Radiative B decays: Archetypal NP mode

EWP & Radiative decays

/4
Many new particles may enter loop: e.g. H* g
Theory precision near experimental precision in b— s, 7
b— d may be fragmentation error limited. by [ _{@i \
Zl_\
AR 1) B I 1 R A

.......... y)i-ladtag—

S
Large CPV
source!

Limit to charged Higgs mass.

W
o
w
M
—
. (7]

i BE(X®*9) Sum Exel. |
- BE(X y) Sum Excl.

Assuming theoretical uncertainty
becomes half:

0.30:_ - 10 ............. ‘ .......
s | o LN R I
* 0.5} 508 r r l i L.
'::j [ :I. + ---------

E W [ BRI e

; L O N O O 0 O s =~

- aEE < Belle  Bellell  Projecton

00

\ \ \ \Iﬂrll{ll
e

| SRS Gl el

32 34 36 38 40 42 1 10

BR,y, » 10°

N
o
i

d BF(X y) [% relative]

0. 10————=
28 3.0

Integrated Luminosity [ab™]
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Charm

DO-anti-D® mixing and C

PV (global fit via HFAG)

10 parameters: x, Y, 5, 8. R, Ap, A, Ay, |a/pl,

41 observables: y.o, Ar, (X, ¥, 19/Pl, ®) gete’sn > % Y) Bagark®snn s Rm)wv > X' ¥") k

+_

(Acp™ =AcP™ LHcbe »b°ux)

s (Rp, X%y, €088, 8iN0) yarrg s (Ros Aoy X™*, Y*)gagar» (Ros Ap, X'*, y'*
Y)eors (Ros X' Y)ihon s (Ace’s AceMeagar» (Ace™s Acpaelie s (Ack = Acp™Mcor » (Acp™ —Ack™ Licop )

)Betie» (Rp» X,

*

1
R, = —(x?4+ y°
" 2( ¥°)
2yc.p = (lg/pl+ Ip/ql)ycose - (Iq/pl - Ip/ql)xsin ¢
2A, = (lq/pl— Ip/ql)ycoscp - (Iq/pl+ Ip/ql)xsinqp
XK'3nrr = X
yK“:nn = Yy
19/plgon, = 19/pi
Arg(q/p)}(cnn = ¢
(x”' _ (cosé,(,”r sind, . \(x
Y ) e o - \-sing,,, cosd, . y

("x") _ cosd sind)\ [x
y') - -sind cosd ) \y

_ Ig/plF - Ip/qF
o 19/ pl2 + Ip/ql?

i 174
. ( + A,
1A, )

e (1IAM\”4
¥/ = \iza,,)

MDD K*m )+ MD°>K-m*)

MDo—=K-n+)+ MN(Do—= K+m-)
MD°—=K*m)-TM(D°= K-mn*)

MD°—=K+*nm-)+ M(D°=> K-m*)
MD°-+K*K-)-T(D°=K*K")

May 2014, Capri Flavour W/S

indirect _
2ACP -

MD°— K*K-)+ (D°> K*K-)
Mo°-nm*m)-r(D°—=nm* )

Moo= mn )+ MDD n* )

Rp

Ap

(x'cosgp = y'sin ¢)

(y'cos@ ¥ x'sin ¢)

<t> indir
A

Tp

(t)

T

(1g/pl+ Ip/ql)xsing - (lg/pl - Ip/ql )y cos @

Philip URQUIJO
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LFV Impact On Models

Seesaw SUSY

CMSSM model point with 3 massive RH TeV scale slepton
N for various m(N3) and 613 mls < My 2
. Belle Ii Belle
10- E o TorrrTTT o L . T WU UUUUY 10—6
F SPS 1a ' E
(09l  mMy=10"GeV, my,=10" GeV . _
- my, =100 eV d 107
1010 I 0 <104l =n/4 5
= g 0 <105l = w/4 = 1078}
[ _ ; ". -.." = r
o 10'11 - ""::‘_-3 : i A i
g ! : e | £ g
-2 10712 | '
oC : ;
M : {014 GeV i
10-13§ i . ........ :-;
F 1 613= !10 ° : : ~11
14 | : O13=13° o [ 10716
10 " @ 8132 15° o |1
12 . B = 100 .o | BR(u—e y)
e T T [ T B Eur.Phys.J. C72 (2012) 2126

BR(t = uv)
MEG Phys. Rev. Lett. 110, 201801 (2013)
S. Antush et al. JHEP, 11:090 (2006)
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http://arxiv.org/pdf/1204.0688v1.pdf

Bs Physics

beyond Y(4S)

e5 ab1Bs SL or Full recon. @ Y(5S) similar

precision to B studies / 325 fb™! of Y(4S) | / g
ofs will be well measured: WA=(19.9+3.0)% '/,D;* —> ¢
¢ SU(3) Symmetry heavily relied upon at LHC, BY==---- »X

but needs to be rigorously tested.

~§
~
.Q
-

Tag Method 121/fb

Untagged 2.000 fs 1.4E+07 6.0E+08

Lepton tag 0.100 fs 7.0E+05 3.0E+07

D 0.040 10 2.8E+05 1.2E+07

B 0.004 >10 2.8E+04 | 1.2E+06
B(Bs — ~v) [1079] < 8.7 [42] 0.3 -
B(B; — 77) [1077] — <2 [44]f -
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beyond Y(4S)

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

+ ﬁ forces + particles
- gk\WA?;VW/ y dark matter? )

Known Forces

strong, weak, EM
/
Y A" ac=tpvep
One way: 2 H
Dark Photons. V\IXV\’
€ “Kinetic Mixing”
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