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The Super B Factory Project

Upgrade of KEKB/Belle

KEKB SuperKEKB
Luminosity: 2.1x103% — 8x103%¥cm=2s-1 (x 40)

Total Data: 1 ab- — 50 ab-’ (x 50)

Detector: Belle — Belle ll

Super
KeKkB
Doris Y Kim, Soongsil University Belle II




Physics at a Super B Factory
* Precision test of CKM unitarity matrix
— More data — Over-constraining of unitarity triangle

— Search for deviations from the Standard Model

 There is a good chance to see new phenomena:
— CP Violation from the new physics .
— Lepton flavor violations in T decays.
— Search for the charged Higgs boson in B->tv, D(*)tv decays.
— New particles affecting the flavor changing neutral current.
— More topics: CP Violation in charm mesons, new hadrons, ...
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Examples of Belle

Il Expectation

hsoriEie SM theory Current measurement Belle 1T *
(early 2013) (50 ab—1)
S(B — ¢K") 0.68 0.56 +0.17 +0.018
S(B = n'K") 0.68 0.59 +£0.07 +0.011
a from B — 7w, pp +5.4° 5 ud L
~ from B — DK LT =l B
S(B — Ksm'%) < 0.05 —0.154+0.20 +0.035
S(B — py) < 0.05 —0.83 +0.65 +0.07
Acp(B = Xetd?) < 0.005 0.06 £+ 0.06 +0.005
Ad, - Ex10* —0.0049 £ 0.0038 +0.001
B(B — 1v) Ldsednrt (1.6440.34) x 1074 +3%
B(B — ) 4.7 % 1077 < 10109 > bo
B(B — X;7) 3152107 | {3.551026) x10~* +6%
B(B — K™*up) 3.6 % 107" = e [ +30%
B(B— X.1¢7) (1 < ¢ < 6GeV?) 1.6 x 10— (4.54+1.0) x 107 1+0.10 x 1076
App(B® — K*°¢*¢~) zero crossing 7% 18% 5%
V.| from B — 7ltv (¢2 > 16 GeV?) | 9% — 2% 11% 2.1%

Courtesy: Youngjoon Kwon @ Beauty2014

Snowmass (arXiv:1311.1076) + BPAC 2014 update(*)
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SuperKEKB
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Luminosity Increase by a Factor 40

« “Nano-Beam” scheme of Pantaleo Raimondi for SuperB.

2 times
better—s, |Beam current Beam-beam
Lorentz factor parameter
B . N L
[ Vot gy I 54 Ry, Geometrical reduction
1 P — 5 = factors (crossing angle,
26?“8 5 Rg hourglass effect)
y\ y

v

Classical electron Beam size ratio at IP Vertical beta | <20 times
radius 1-2% (flat beam) function at IP | better

o, ®>5-6mm o* =10 - 12 um
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SuperKEKB Upgrade Status

Colliding bunches
® Redesign the lattices of both e+ 4 GeV 30 A = -
rings to reduce the emittance = L #® Bellell ——
. e . \ @ New Interaction region
® Replace short dipoles - T GeVIiER rE—
with | LER 2 : Mo
onger ones (LER) > Nikko s, H #® Mew superconducting

Tsukuba™ W

final focusing quads near
the IP

® New beam pipe
& bellows

Fuji 8 - \
. *;

Low emittance positrons

?L?7?q

-

Oho

® Add / modify RF systems
for higher beam current

[1 # MNew positron source

Intensity up

® Flectron cloud J

mitigation for LER ® Low emitiance gun

beam pipes Low emittance electrons
1o inject

F

Planned completion
by the end of 2014

July 29, 2014 Courtesy: Ken-ichi Kanazawa @ ICHEP2014
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Belle lI: The Detector
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The Belle Il Detector -

€ 7.4 m Resistive Plate Counter (barrel outer
---------------- » layers)

Scmtlllator + WLSF + MPPC (end-caps ,
________ ; inner 2 barrel layers) i

KL and muon detector: i

EM Calc

CsI(Tl), waveform
Pure Csl + waveform s

le Identification
dagation counter (barrel)

lectrons
electrons ing Aerogel RICH (fwd)

(7GeV)

p
Beryllium beam pipe
2cm diameter

Vertex Detec! _ _
2 layers DEPFET S
i DSSD g = :

positrons
(4GeV)

Central Drift C

He(50%):C2Hs(50%), small ce
lever arm, fast electronics
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Vertex Detector

-Slant structure for SVD layers * Beampipe r=10 mm

* DEPFET (Pixels): Emphasis on low material budget.
Sensor and assembly module production finished.
Final electronics being tested.

Layer 1& 2 r=14 & 22 mm
c ~ 15 um, time resolution 20 pus

* DSSD (Double sided silicon detectors)
Mass production will start August 2014.

Layer 3to 6 r =38, 80, 115, & 140 mm
Time resolution 3 ns

* PXD + SVD: Use SVD to reduce PXD data size.
Decay position resolution 10 um

Depleted p-channel VXD only tracking is possible.
Field Effect i
Transistor

* 25 um wire

* APV25 readout connected
by Origami technique.

256 x 250 pixels 512 x 250 pixels

» 55x 50 um? (L1) » 60 x50 pm? (L1
+ 70 x50 um? (L2) + 85x50 pm? (L2
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Central Drift Chamber

o,/ p~0.3%+0.1%x p(GeV) in B=1.5T
o (dE | dx) ~ 6%

Belle I

Inner radius 77fmm 160mm
Outer radius 880mm 1,130mm
No of sense 8,400 14,330

Present CDC Pyl i I

2

'-'I (&}

|

1200 mm

Upgrade CDC off e ._:-:,-_o'.‘_-«-.‘.'_'-'.",'B-‘.e-l.!'-e-‘.‘-I.I IE
‘_:__H.". o g
i |

50000

40000 |
30000 |

20000
10000

Inner chamber Small-cell to
counter high background.

Wiring is finished in June 2014
Currently checking gas leak

Planned cosmic ray test coming.

updated on 1/14

5 HilMber of Total Wires = 57456
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Particle Identification (TOP)

TOP (Time of Propagation counter): A RICH type detector (c < 100ps)
A GEANT4 event display of a 2 GeV pion and kaon interacting in a TOP quartz bar.

/Focusmg

mirror

Readout end cosd,=1/n6B

Testbeam data

« Successful prototype in 2013.

100

 PMT : Mass production is completed. ' 2GeV Positron beami&
Inspection on-going.

60

 FEE: High-speed waveform sampling
ASICs. Final electronics production and
validation starts late 2014.

* Quarz optics: Mass production is on-
going.

* Quartz bar box: Al honeycomb panels
+PEEK material to support the optics. channel

B 40

20

0

July 29, 2014 Doris Y Kim, Soongsil University 14



Particle Identification (ARICH)

_ Testbeam: K/n separation = 5.5¢
Aerogel Ring Image Cherenkov Detector for 120 GeV/c, 0° hadron beam

L]

amefic -

for forward endcap

Z0mm 20 mm
oo 160 mm

LR Ny

e W
=]

FL

n1 = 1.045, n2 = 1.055

0F 0L 67 0. W

Proximity focusing ' x PID efficiency K
due to limited space g TOP+ARI
« HAPD: Mass production started last September. ;

* Readout: ASIC production completed. Front-
end board design being finalyzed. " _“
+ Radiator: Mass production of aerogel finished. o N B S

Inspection on-going. e

efficiency for kaons

0.8

0.6

04

0.2

0
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EM Calorimeter

« Barrel

— CsI(TI) crystals reused. New electronics with 2MHz wave form sampling. All 6624
channels tested with new electronics and alive.

— Cosmic ray test this summer.
- Endcap

— The old crystals will be refurbished with new preamplifiers and readout.

— Bias filter is modified. Pedestal, test pulse position, cosmic peak position tested.
— The system will be installed in 2015.

— Upgrade planned to pure Csl to deal high background issue. Ongoing R&D.

025

o(E)/E

T Blele i St PreimnaR) | Forward-endcap modificationst
0.2f

0.15f

0.1}

gy (PP

S T I
14 16 1.8 2 22 24
E (y) GeV

obaiovuiviiiiaioeiion
0 02 040608 1 1.
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K, + Muon Detector

- Barrel
— Belle RPC’s will be reused.
— Two inner layers are replaced by scintillator strips in 2013.
— Various integration test with new FEE going on in 2014 (@KEK later).

« Endcap
— RPC'’s are replaced with scintillators to fight neutron background.
— 56 forward sectors were installed in April 2014.
— 46 backward sectors will be installed this summer.
— ~99% geometrical acceptance. Better PID efficiency. o < 1ns.

Layer 2 (RPCs)
Kite

Layer 0 Layer 1
(scintillators) i

End view

Scintillator
or RPC wodule

July 29, 2014 Doris Y Kim, Soongsil University 17



Belle Il: Offline Computing & Software

July 29, 2014 Doris Y Kim, Soongsil University
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The Offline Software System

« A“framework” system with dynamic module loading, parallel processing,
Python steering, and ROOT 1I/O. Use of GRID with Dirac.

e Full detector simulation with Geant4

« Code management systems at KEK: The Subversion software

* All common linux operating systems supported: SL, Fedora, Ubuntu, etc

« C++ 11 and gcc4.7

« Formatting tool: astyle

« Building: scons, buildbot

* Documentation: Doxygen, Twiki

* Issue tracking: Redmine

* |deas from ILC, LHCb, CDF, Alice

Development Build
By

e | LOtEgration Build

£ 20738

« 3 party: ROOT, boost, CLHEP, etc. Global Developers

July 29, 2014 Doris Y Kim, Soongsil University 19



In Development: Tools & Event Display

Tracking with

« Display: basf2 + ROOT with OpenGL
support

— Finder: Old Belle algorithm or
New including Legendre.

— New fitting

Alignment with Millepede I

— The framework successfully
applied to VXD testbeam data.

Dedicated Database studies
PID tools in testing.

Analysis tools are being
created.

Full cycle of
gen / sim / rec / analysis tested.

July 29, 2014 Doris Y Kim, Soongsil University 20



HS06

MC Campaigns

Normalized CPU usage by Site
76 Weeks fromn Week 52 of 2012 to Week 23 of 2014

AR ord
60,000
6200M
2 nd events
50,000
40,000 -
events
woo|l 15t
20,000
events
10,000 | N
g™ i 1
Jan 2013 Apr 2013 Oct 2013 Jan 2014 Apr 2014
Max: 66,686, Average: 6,973, Current: 3.54
B LCG.DESY.de 18.6% W LCG.CMAFit 36% [0 OSG.FNAL us 18%
B LCG KIT.de 11.9% @ DIRAC.PNNLus 29% @ LCG.ULAKBIM.tr 12%
B LCG KEKZ jp 11.6% [] LCG SIGNETsI 28% [@ OSG.PNNLus 1.0%
O LCG.KMLjp 53% M LCG.Pisa.it 2.8% W DIRAC KrakowCloud.pl 09%
B LOG UA-ISMA ua 4.8% [ DIRAC UVic.ca 2.4% W LCG. McGill.ca 0.6%
B LCG CYFRONET.pl 4.4% [0 LCG.KISTLkr 2.3% [@ LCG.Torino.it 0.6%
W LCG.CESNET.cz 4.3% @ 05G.Nebraska.us 2.3% @ LCG.MPPMU.de 0. 5‘3’
W DIRAC BINPru 4.0% W LCG Frascati.it 22% [ LCG. Legnaro.it 0.5%
O LOG Napoli it 39% W LCG Melbourne au 2.0% plus 12 more

July 29, 2014

Generated on 2014-06-17 13:07:26 UTC

the DIRAC framework.

15 countries/regions
27 sites (+ 2 non-Bellell sites)

HEPHY (Vienna) and MPPMU (Munich)
joined recently

GRID, Cloud, local cluster
is available

First official release of MC samples

BB generic decay/continuum
tau pair
(corresponding to 1 OOfb w/ and w/o BG)

Trans-pacific / trans-atlantic
network data tranfer challenge

Roughly two MC campaigns per year as challenge data sets.
Latest set: ~ 6 billion MC events generated in April and May in

Doris Y Kim, Soongsil University 21
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Final Remarks

,,,,,,,,,,

Bstrmana L

Belle Il (June 30, 2014): ~ 600 scientists, 97 institutions, 23 countries
Many projects going on actively.
Physics run expected in 2017.

Many thanks for the colleagues who provided valuable ideas, data and
plots for this talk.

D

Super
KEKB Doris Y Kim, Soongsil University @
Belle I
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Integrated luminosity

Peak luminosity

July 29, 2014

(ab™)

=
[
an

(cm2s)

Luminosity Projection

é‘GoaI of Belle Il / SuperKEKB

9 months/year

10

b | 20 daysimonth
8 Commissioning starts

6= Shutdown N 2015. Physics in 2017

4

- for upgrade

2— = >

ST R BT I B
212 2014 2016 2018 2020 2022

Calendar Year

Doris Y Kim, Soongsil University
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Beam Parameters: KEKB vs SuperKEKB

KEKB KE.KB SuperKEKB
Design Sl Nano-Beam
(Crab)
Energy (GeV) (LER/HER) 3.5/8.0 3.5/8.0 4.0/7.0
B, (mm) 10/10 5.9/5.9 0.27/0.30
B, (mm) 330/330 1200/1300 32/25
g, (Nm) 18/18 18/24 3.2/4.6
gy /ey (%) 1 0.85/0.64 0.27/0.28
c,(mm) 1.9 0.94 0.048/0.062
&, 0.052 0.129/0.090 0.088/0.081
o, (mm) 4 6~7 6/5
lpeam (A) 2.6/1.1 1.64/1.19 3.6/2.6
Niunches 5000 1584 2500
Luminosity (1034 cm2 s°1) 1 2.1 80

July 29, 2014 Courtesy: Ken-ichi Kanazawa @ ICHEP2014
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Challenges to Belle I

Higher background ( x 10~20 of KEKB).
— Touscheck scattering

— Radiative Bhabha

— 2-photon

— More radiation damage, fake hits, pile-up
Higher event rate ( x10)
— L1 trigger rate: ~20 kHz

Improvements planned:
— Better hermitricity.

— Better IP and secondary vertex resolution.
— Better PID.

i
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The Computing Model till 34 Data Year

—> Raw data
—> mdst Data
—» mdst MC

dashed inputs for
—>> Ntuple

i
3le
i pure e =t
ik N
__l:‘ — -
i - =8
= Z Local resource

More raw data centers from 4t year
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