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Introduction

Physics case for Belle Il

o Accelerator — Super KEKB
o Detector — Belle Il

o Status and prospects

Super
KeKB

Belle IT =
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B-factories v1.0: test of the Flavor Sector of the SM

@ BaBar (PEPIIOSLAC) and Belle (KEKBOKEK)

o Together recorded over 10° eTe™ — T(4S) — BB events
@ among others made:
@ discovery of CPV in B meson system
@ measurements of the CKM matrix elements
and angles of the unitarity triangle
measurements of rare (semi-)leptonic B decays
observation of mixing in charm system
searches for rare T decays
observations of new hadrons

UT @ 2000 [J.Phys.G:Nucl.Part.Phys.27,1101] UT @ 2011 [CKM fitter]
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B-factory v2.0: quest for New Physics

Belle Il at Super-KEKB:
@ an intensity frontier experiment being built in Tsukuba, Japan
e aims to collect ~50x larger data sample compared to Belle+-BaBar in
the next decade to reveal new physics through precision studies of rare
or suppressed decays
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B-factory v2.0: quest for New Physics

Belle Il at Super-KEKB:
@ an intensity frontier experiment being built in Tsukuba, Japan

e aims to collect ~50x larger data sample compared to Belle+-BaBar in

the next decade to reveal new physics through precision studies of rare
or suppressed decays

D.Straub@Wednesday
Energy vs. Intensity frontiers
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B-factory v2.0: quest for New Physics

Belle Il at Super-KEKB:
@ an intensity frontier experiment being built in Tsukuba, Japan
e aims to collect ~50x larger data sample compared to Belle+-BaBar in
the next decade to reveal new physics through precision studies of rare
or suppressed decays

D.Straub@Wednesday
Energy vs. Intensity frontiers

- /\ AF=2 | & %Li Spectacular examples from history:
N}
E @ IN(KY — pp) < M(K — pvy) = Charm
§
| Lhe GFea % £ [GIM, 1970]
@ Amkg = mc ~ 1.5 GeV [Gaillard -Lee,

\ 7r N 1974]

f "\ @ ek # 0 = 3 generations [KM, 1973]

2 @ Amg = m: > myy [various, 1986]
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B-factory v2.0: quest for New Physics

Belle Il at Super-KEKB:
@ an intensity frontier experiment being built in Tsukuba, Japan
e aims to collect ~50x larger data sample compared to Belle+-BaBar in

the next decade to reveal new physics through precision studies of rare
or suppressed decays

Belle Il

Key observables

SMtheorn, Current measurement Belle I SMtheor Precision LHCb | LHCb Upgrade
Observable Y el Observable v Z1 o
(early 2013) (0ab™1) uncertainty | asof2013 | (65=") | (s0b=1)
S(B — 6KV) 0.68 0.56 £0.17 £0.03 285(Bs — J/vd) ~ 0.003 0.09 0.025 0.008
S(B - 1K) 0.68 0594007 Z0.02 (B DK <1° P © 0.0°
afom B — 77, pp +5.4° +1.5° ~(Bs — DsK) <1° — ~11° 2°
ylrom B — DK +11° +1.5° 8(B° = J/wKd) small 05° 0.6° 0.2°
S(B = Kgn%) <005 —0.15£0.20 +0.03 25 (Bs  00) 002 16 o7 003
. S(BB “\{'” <0°;)‘;{ ’0“0? ioo")i’ 13 ;: 285 (Bs = K*OR0) <0.02 013 0.02
Acp(B = Xsrd) <000 06 £ 0. +0.02 265 (Bs = ¢v) 0.2% 0.00 0.02
A —5%10 —0.0049  0.0038 £0.001 25 (50 - o10) 0.0 o1r 0.30 0.05
— - : o e 2 9 17 . .05
BB =) L0761 £030) X 10 £0.05 % 107 0y 0035 10-3 | 6x10-3 | 1x10-3 | 0.5 10-3
B(B = ) 1.7 x 1077 <1.0x 10~ 0.2 x 10~ ey w0 v =7 =7
B(B = Xsv) 3|'.><1n’_" (3.55£0.26) x 1074 | +0.13 x 10~ BUEO > it /BBy > ) o 100% 35%
B(B = XatF7) 1.6 %1076 | (3.66+0.77) x 1076 | +0.10 x 10=6 [ iaencIntglle ; . . e
BB — Kup) 3.6 x 106 <13x 1070 1.0 % 10-6 s App(B° 5 K*%*um) % 18% % 2%
LKt § - 7 y
App(B = K*CHT) 5y o 0.00 027+0.14 +0.04
soApp(B® = K*0rtem) 0.16 0.029 0.008 [arXiv 1311 1076]
[Vl from B = wtFw (g2 > 16GeV?) | 9% — 2% 1% 21% . .

Need both LHCb and super B factory (as well as precise theoretical
predictions!) to cover all aspects of precision flavor physics.
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Super-KEKB

Increase luminosity by factor of 40 by:

@ double the beam currents
@ squeeze the beam at IP by 1/20

* et — =L
Vet gy le+ y Ry
L= 1+ —= —_—
e (1 2) (5) () Spenere

(Nano-beam design by P. Raimondi for SuperB)
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Super-KEKB

Increase luminosity by factor of 40 by:

@ double the beam currents
@ squeeze the beam at IP by 1/20

I 8,:half crossing angle
1y

—

* et
Vet gy le+ y Ry
L = 1 —_ _ e
2ere ( - ox ) ( B; ) ( Rfy ) SuperkE®

(Nano-beam design by P. Raimondi for SuperB)

Luminosity Projection

ILdt
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SuperKEKB

New superconducting
/permanent final

focusing quads near the
P

Replace short dipoles
with longer ones (LER)

. > ]
HHH «

. Add | modify RF system:
HAHH T e

for higher beam current
positrons to inject

Redesign the |attices of HER

& LER to squeeze the Damping ring f ~—
emittance —_— ;
W wt®/
{NEG Pums] b Low emittance gun

Low emittance
electrons to inject New positrontarget/

capture section

[SR Channel]
[Beam Ghannel]

TiN-coated beam pipe with antechambers
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SuperKEKB
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SuperKEKB

Installation of 100 new long
LER bending magnets done
. —
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SuperKEKB

Installation of 100 new

long LER bending 3 — = o ot
magnets done \ L Installation of HER and LER wiggler | *
— F - chambers in Oho straight sectionis | ¢
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Belle Il Detector

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

EM Calorimeter:
Csl(Tl), waveform samp \, 3
Pure Csl + waveform sa

)pagation counter (barrel)

electron (7GeV) 5 Aerogel RICH (fwd)

Beryllium beam pipe
2cm diameter

il

\

.

L

Vertex Detector
2 layers DEPFET + 4 |ayg 5D

=5

Central Drift Chamb \
He(50%):C2Hs(50%), Small cells, long
lever arm, fast electronics

"

i)

positron (4GeV)

)

A. Zupanc (JSI) Belle Il La Thuile, 01



Belle Il Collaboration

sssss

uuuuuuuu

599 Collaborators, 97 institutes, 23 countries
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Belle II — benchmark physics modes

Methods and processes where Super B-factory can provide important insight into
NP complementary to other experiments:

@ Missing energy modes

o BT = (Ty, (tr=et, put, )

o B— D*rv,, B— Xlvy, B— Xylve, B— K®uw
Inclusive measurements

e B— X5y, B— X4

@ Decay modes with neutrals in the final state

° B—>K27707, B—)n'Kg
e B— vy

excellent flavor tagging performance (10x better than at hadron colliders)

Lepton Flavor Violating 7 decays

Detailed description of physics program at Super B-factories described in
arXiv: 1002.5012 and arXiv: 1008.1541.
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Missing gy modes

Example Belle B —> 7v candidate
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“signal”

“tag”

A. Zupanc (JSI)
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© Reconstruct one of the B mesons (Biag) in the event

o typically (Biag) ~ 0.20% — 0.25% at 20% purity




Missing energy modes

Example Belle B —> 7v candidate

© Reconstruct one of the B mesons (Byag) in the event
o typically (Biag) ~ 0.20% — 0.25% at 20% purity
@ All remaining particle(s) in the detector originate from the decay of other B

o What is the number of remaining charged tracks?
e Is it kaon, pion, electron, or ....7
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Missing gy modes

Signal

“signal”

¢
™
< "
N
Arbitrary units

Egc (GeV)

@ Reconstruct one of the B mesons (Bag) in the event
o typically (Biag) ~ 0.20% — 0.25% at 20% purity
@ All remaining particle(s) in the detector originate from the decay of other B

e What is the number of remaining charged tracks?
e Is it kaon, pion, electron, or ....7
o Is there any additional activity in the calorimeter?

A. Zupanc (JSI) Belle Il La Thuile, 01/03/2014 11 / 32



B-factories

I T I I I
Belle, hadronic tag: 0.72 7 =0.11
——
Belle, semileptonic tag: 1.54 ﬁ; :f *gi?
—_——
Belle, combined: 0.96 = 0.26

—_—n

World average: 1.15 = 0.23

0

|
05 1 15 2 25
B(B—tv)[10%]

ry =1.14+0.40

using V,, = 3.95 & 0.54 and

fg =101+9
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B-factories

I T I I I
Belle, hadronic tag: 0.72 )’
——
Belle, semileptonic tag: 1.54 ﬁ; :f *gi?
—_——
Belle, combined: 0.96 = 0.26
—_——

World average: 1.15 = 0.23

0

|
05 1 15 2 25
B(B—tv)[10%]

Aim to measure
B(B — Tv) with

precision of 3-5%

A. Zupanc (JSI)
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EM Calorimeter

Re-usage of the Belle's Csl(Tl) crystal calorimeter, but with

@ barrel: new electronics with 2MHz wave form sampling to compensate for
the larger beam-related backgrounds and the long decay time of Csl(TI)
signals

o forward endcap: Csl(TI) =Csl for faster performance and better radiation
hardness (not from the beginning of data-taking)

time sampling

™

0.25
% “F Belle Il Simuidtion (Prefminary) | ]
v [ ]
0.2/ ]
trigger t 0_15: :
= 2 - 4
z 2x improved [ = ]
LS o at 20x bkg, 0.1f- §
_ [ . 1

* H 0.05
. - - l}_._ 4
e i i s P .
0 02040608 1 121416 18 2 22 24

0 5 10 15 20 15
barrel bacground (rel. units)

E (y) GeV
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Muon /K| detection

@ Endcap RPCs and two layers of the barrel have to be replaced with
scintillators to handle higher backgrounds (mainly from neutrons)

— Expected to improve K; and muon detection efficiency
beyond Belle performance

Virginia Tech crew

Barrel KLM installation completed — first new Belle Il detector subsystem
installed.
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Particle identification detectors

Quartz bar

measure t and x of
single y with
pixelated PMT

time (ns)

need resolution
<100 ps

500 ps

@ Procurement of precision optical components has been difficult, but
production is now under way
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Particle identification detectors

Quartz bar

Barrel: Time of Propagation counter ‘ BN N

@ Pattern in the coordinate-time space ('ring’) is different for kaons and pions

time time
GOOR T R data - x mnfﬂ. w ® = MC
3 - HDDM‘M‘QQL .
1600
10

1200 —

1 o . IED ”aa 60 - Elﬂ - \:;o. - |2()
0 col)%g'mate coordinate

101

Excellent agreement between beam test data and MC simulated patterns

A. Zupanc (JSI) Belle Il



Particle identification detectors

Barrel: Time of Propagation counter

Decay mode

1t efficiency with
2% K fakes m rate
100ps electronics
jitter

wt efficiency with
4% K fakes m rate
100ps electronics
jitter

1t efficiency with

4% K fakes n rate

50ps electronics
jitter

B> mny vs Ky 84.28 +/-0.91 94.13 +/-0.57 |93.22 +/-0.52
Br=>py vs K*y 80.71+/-1.07 93.19+/-0.67 92.55 +/- 0.62
B> py vs K*y 81.50+/-0.78 92.63+/-0.49 92.13 +/- 0.46
B> mmnly vs Ky 83.55+/-0.76 94.03+/-0.46 93.47 +/-0.43
B> mmmvy vs Koy 79.50 +/- 0.67 91.48+/-0.45 92.56 +/- 0.38
B*2> %y vs Kol | 75.00+/-0.72 90.50 +/-0.44 91.01 +/- 0.38
B> mmroy vs Krtoury 76.33+/-0.37 90.00+/-0.33 92.20 +/-0.31
S———o

Beam test performance adequate to do 1-2% measurement of |Viy|/| Vis|

A. Zupanc (JSI)

Belle Il

La Thuile, 01/03/2014
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Neutrals: t-dependent CP asymmetry in B — K*(K2r%)y

A(At) = Ssin(AmAt) + Acos(AmAt)

Possible due to interference with mixing between dominant decay helicities
b—sy o b—3yg

and suppressed decay helicities:
b—syr or b3y

In SM one naively expects:
ms .
Skoxoy = —2m—25m2¢1 ~ —0.03

Sensitive to helicity-changing NP contributions.
Example: Left-Right symmetric model — SKgﬁov ~ 0.67 cos2¢; ~ 0.5

A. Zupanc (JSI) Belle Il La Thuile, 01/03/2014
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Neutrals: B — K*(K2x%)y at B-factories

A. Zupanc (JSI)

K " YSep v8 Cep

Cep FRELIMINARY
0.8
BaBar
7 Belle
" Average
0.4
0
0.4+
08 L . L |
-0.8 -0.4 ] 0.4 0.8

Contors give 241 L] - 4" ~ 1, canespending to 60.7% CLor 2t

C=-0.04+0.14

S=-0.16+£0.22

Measurements stat. limited

Belle Il

Sce

Winter 2000

La Thuile, 01/03/2014
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Neutrals: B — K*(K2x%)y at B-factories

0
. KgT7SepvsCep e
08 T T

PRELMINARY

BaBar
7 Belle
"l Average
04
5 ab-1
0 3y
04+
08 L L L |
-0.8 -0.4 0 0.4 0.8

SCP
Contors g 211 L) - 17 - 1, arissponing 0 60.75 CL kr 2 o

5=-0.16+£0.22 C=-0.04+0.14

Measurements stat. limited

4
o(Sk+)~0.09 @ 5ab!
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Neutrals: B — K*(K2x%)y at B-factories

S

K b ySCP Vs CCPE

Cacp PRELIMINARY
Bull r
Belle
" Average
0.4
5 ab-1
0 1
04}
50 ab-1
08k . L J
-0.8 -0.4 ] 0.4 0.8
Gontouragie -24(h L) = ar* 1, correspondig fo 60.7% CL for 2 dof P

—0.16 £0.22 C=-0.04+0.14

Measurements stat. limited
A8
0(Sk+) ~0.09 @ 5ab!
~0.03 @ 50 ab~! (~ SM prediction)

A. Zupanc (JSI)

Belle Il La Thuile, 01/03/2014
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Vertex detectors

« 2 layers of DEPFET pixel sensors in the innermost part
» 4 layers of double-sided silicon strip sensors

« Low material VXD (0.16% X, for layer 1)

Closer to the IP
Vertex detector only tracking possible

DSSD strip lay)

pixel layers
1 1 1 1 1 ]
-30 -20 -10 0 10 20 30 40
[em]
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Vertex detectors

arXiv:1002.5012

fo )
peto Uy 20004 BB 502

Less Coulomb scattering
due to lower material

70 impact parameter resolution 04 - N Phgilis
T N - T 03 ., (SUSY GUT, Warped Extra Dimension,

= PXb+éVD String-inspired MSSM, ...

Closer to beam pipe

i Pl
100 7‘.‘ AN s Bl
50 ° A —

AS Uncertainty

{30um

. [15um 004

0 04 08 12 16 20
pPsin(6) [GeVic] 002

o= a+b/(pfsin*6)

1 10
Integrated luminosity (ab™)

@ in addition, bigger fraction of Kg that have both
pions with VXD hits

Belle Il can provide precision measurements of
AS = S¢ss — Sces, up to the limit of hadronic
uncertainties, which will be at a few percent level.

Zupanc (JSI) elle 11



Vertex detectors

DESY Beam Test in January '14

Mechanical Set-up

Read out " Region Of Interest” scheme in PXD works!
(To reduce the Gbit/s data volume from pixels)
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Construction and Commissioning Schedule

Calendar| 2013 2014 2015 2016 2017
fabrication & test of components
installation, jassembly and|set-up | w/o Belle II detector
Sup.erKI_EKB final assen}bly, RF-condifioning C e
Main Ring —
QCS-L
QCS-R
fabrication & test of » » —
SuperK_EKB components Ph 1 i
Damping ase- Phase-2 Physics Run
Ring installafjon, assemblyj
and setqup — |
w/ Belle II detector
B-KLM except for VXD
— |E-km  ARICH
Belle II —_—
Integration ECL _ToP
_CDC VXD
A. Zupanc (JSI) Belle II La Thuile, 01/03/2014
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Belle Il physics program summary

@ rich physics program, complementary to existing experiments

@ physics benchmark modes and methods are known from B factories,
however we also need to think about modification of those and try to
identify new ones more appropriate for huge statistics

Observable SM theory Current measurement Be\le_ll1
(early 2013) (50ab™")
S(B = ¢KY) 0.68 0.56 £ 0.17 £0.03
(B — 7 KY) 0.68 0.59 £ 0.07 £0.02
afrom B — mr, pp +5.4° +1.5%
~ from B = DK +11° +1.5°
8B = Kgn'y) < 0.05 —0.15 £ 0.20 £0.03
S(B = py) < 0.05 —0.83 % 0.65 +0.15
Acp(B = X4pq7) < 0.005 0.06 + 0.06 +0.02
agd, —5x 10™4 —0.0049 + 0.0038 +0.001
B(B — ) 11x 1077 | (164 £034) x 1007 | £0.05 x 1077
B(B = pv) 4.7 %1077 <1.0x 1078 +0.2 % 1077
B(B = Xgv) 315x 1074 | (355 +026) x 1071 | £oazx 1074
B(B = XgtTe) 16% 1070 | (366+0.77) x 1070 | £o.10 %100
B(B — Kuvw) 3.6 x 1076 <13 x107° +1.0 x 10~0
App(B — K*£+8_)q2<d>3ch2 —0.00 0.27 £0.14 +0.04
soApp(BY = K0t 0.16 0.029 0.008
[Vl om B = e+ (g% > 16Gev?) | 9% — 2% 1% 2.1%
A. Zupanc (JSI) Belle Il La Thuile, 01/03/2014




Conclusions

@ Belle Il detector construction is proceeding according to schedule
@ SuperKEKB commissioning starts in Jan 2015

@ Belle Il roll-in in 2016 with first physics runs. This will inaugurate a
new era of flavor physics.

(D Super
</ KEKB
Belle IT o

A. Zupanc (JSI) Belle Il La Thuile, 01/03/2014 26 / 32




Backup
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Particle identification

E;Iraoygeerl photo-detector
To distinguish kaons S g
and pions in the forward
endcap, use an aerogel Ny N2
RICH.
(n1<n2)

HAPD

+ PID in forward endcap.

* Two-layer aerogel as radiator

» 420 of 144-channel Hybrid
Avalanche Photo Detector

/" (HAPD).

A. Zupanc (JSI) Belle Il La Thuile, 01/03/2014



Particle identification
Aerogel RICH (endcap PID

Increases the number of photons without degrading the resolution

4cm aerogel single index |

o |

o [ 0 o o4

s 04 02 o az 04
0 (rad) exfrad)
theta cerenkoy ring in cerenkov space
= o F o/ ndf 09, 7 1] 3 : :
Pl EES I
P2 07|
p L&) 0.1428E-01
P 49 uz
Ps a4
000
nf= 7.46
o
o 2
1 +
->NIM A548 (2005) 383 omer s
0 frad) axfrad)
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Central Drift Chamber

Wire Configuration

Present CDC

fe— 250 mm —|

1200 mm

Upgrade CDC

Wire stringing in a clean
room in Fuji Hall

A. Zupanc (JSI) Belle Il



Central Drift Chamber

CDC wire stringing 1s done (~51k wires done)

Expected performance using Kalman
filter and GEANT4 simulation

T T

g 1_“ T T

‘E _ - -u8uate .“

& L - Belle Il Simulation (Preliminary)

t 08 - T

& ¥ 1

" os, ]
0.4; .:
025 ]

< 0 L I | I |
0 0.5 1 1.5 2 25

CDC viewed from
the backward side
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Raw data storage and processing at KEK; duplicated at
PNNL. Physics data distributed for analysis. Grid + cloud

for MC production.

+ Hardware requirements are comparable LHC.

[ CPU (KHEPSpec)

’ total Integrated
1,400 {-grAmalyst

1,200

1,000
800

600
400
200

2014 2015 2016 2017 2018 2019 2020 2021 2022

160
140
120
100
80
60
40
20

Disk space (FB)
total Integrated

2014 2015 2016 2017 2018 2019 2020 2021 2022
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