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Belle-II is now a collaboration of ~400 physicists 
from 57 institutions in 13 countries.

USA(42)
Germany

(50)
Russia
(33) China (17) Korea (41)Austria(11)

J

US Groups:
PNNL
Cincinnati
Hawaii Japan

(122)
Hawaii
Indiana
Luther College
South Alabama
VPIVPI
Wayne State

India(10) Australia
(10)

Taiwan(23)Czech(7)Slovenia
(14)

Poland(12)



Belle II Physics Program
Precision Science complementary to LHC
► B-factories Is the CKM description in the Standard Model correct?

► Super B-factories In what way is the Standard Model wrong?

B ll II S KEKB i h i hi h l i i (40 KEKB)► Belle II at SuperKEKB, with its very high luminosity (40x KEKB),                
provides opportunities to make unique and important discoveries
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Measurement of CP violating asymmetries 
in rare penguin-dominated B meson 
decays

Precision determination of CKM 

50 ab-1 in
5 year run
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Sensitive searches for lepton flavor 
violation (LFV) & lepton number violation 
(LNV) in rare and forbidden B D decays P ( c(LNV) in rare and forbidden B, D decays

Searches for CP-violating asymmetries in 
decays involving mixing
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Deviation/consistency with SM expectations across Belle II 
physics program will elucidate New Physics observed at LHC



Belle-II

Belle

SVD: 4 DSSD lyrs 2 DEPFET lyrs + 4 DSSD lyrs
CDC: small cell  long lever armCDC: small cell, long lever arm
ACC+TOF  TOP+A‐RICH
ECL: waveform sampling, pure CsI for end‐caps
KLM: RPC  Scintillator +SiPM (end‐caps)



Belle detector today – ready for upgrade



US Contributions to Belle II
US contributions to critical particle identification systems

iTOP system (barrel PID)
Providing quartz optical elementsProviding quartz optical elements

KLM (muon system upgrade, endcap and barrel)
Providing replacement of inner layers of BKLM

ASICs and front end electronicsASICs and front end electronics
Hawaii-designed “oscilloscope on a chip” ASIC
Front end electronics for iTOP, KLM, beamstrrahlung monitor

US to provide beamstrrahlung monitors for acceleratorUS to provide beamstrrahlung monitors for accelerator
Primary feedback mechanism for understanding beam spot at IP

US proposing to lead commissioning detector effort
C iti l t id d t i d t t l t t t tCritical to avoid damage to new inner detector elements at start-up

US (PNNL) hosting “tier 1” computing facility for Belle II
10% demonstration system being brought on line for Belle

Part of US response to Fukushima disaster
PNNL is lead lab coordinating DOE response efforts

6



iTOP: an imaging time-of-propagation detector
Space constrained by existing calorimeters
Quartz radiator + mirror + expansion block + MCP‐PMT
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Metrology report from Okamoto prototype
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Metrology report from Okamoto prototype
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TDR reviewer’s comment

Prototype quartz bar from US vendor delivered to Nagoya recently

Follow-up Review Report for Belle II TDR http://b2comp.kek.jp/~twiki/bin/view/Public/WebHome

Main concern is meeting chip specification
RFI process fro quartz production completed in July

Three vendors have responded; a fourth was on summer holiday
RFP is in preparation

Will include full production of all optics
Single vendor and multi-vendor awards are under consideration

Prototype quartz bar from US vendor delivered to Nagoya recently
Main concern is meeting chip specification

RFI process for quartz production completed in July
Three vendors have responded; two others have are interested in RFP

RFP is in preparationRFP is in preparation
Will include full production of all optics
Single vendor and multi-vendor awards are under consideration



Test Beam Data (cosθ=0.3)
y

Tilted incidence

Focus M P

Complicated ring image
Expected time distribution along y-channel

M
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Good time resolution : ~95ps
By simulation: ~103ps
Without dispersion resolution is ~170ps for 2900mm propagationch1

No T0 calib.

Without dispersion, resolution is ~170ps for 2900mm propagation.

ch2

ch3
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Performance for different T0 jitter

B ππ B ργ

GEANT-based MC, cross-checked using analytical simulation

T0 jitter
B ππ
Efficiency(%) Fake rate(%)

B ργ
Efficiency(%) Fake rate(%)

25ps 94.5 5.9 98.4 2.3

50 93 1 7 3 98 1 2 850ps 93.1 7.3 98.1 2.8

75ps 91.2 9.0 97.4 3.5

100ps 89.4 10.7 96.7 4.3p

200ps 84.0 15.9 93.7 7.6

‐ Results of cross‐check show consistent trendResults of cross check show consistent trend
‐ 2x worse fake rate for 100ps T0 jitter compared to 25ps
‐ For reference <= 40ps in Belle TOF
‐ Add dedicated (independent) Beam Position Monitor timing



Test Beam (cosθ=0.5)
Number of p.e.

Tilted incidence
Data
Simulation

Nhit for each MCP-PMT
Distributions normal (QE variations)
PMT6 shows large Nhit. g hit

Large cross talk due to high gain and low discriminator thresholds

Basic agreement in (scaled) # of detected photo-electrons



Production photo-cathode (Super Bi-Alkali)

MCP-PMT with super bi-alkali photo-cathode technique
Provided by HPK (28% for Bi-alkali and 24% for Multi-alkali)
Specification is 28-32% nominal, 24% minimum for production

QE distributions for recent samples

XM0061
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MCP-PMT (SL-10) Lifetime

Multi-alkali

Bi-alkaliOld type Bi alkaliOld type

Recent status
1~2 C/cm2 for 80% QE drop



iTOP electronics package – highly integrated

After a number of design iterations:
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After a number of design iterations:
Incompressible @ 68.5mm height



KL and muon (KLM) System Upgrades

Virginia Tech was responsible for RPC system in Belle
Natural to take leadership role on upgrade to KLMNatural to take leadership role on upgrade to KLM

Belle II background rates are too high for some elements
Solution: Replace RPCs with plastic scintillatorsp p

Also update electronics throughout system

Belle’s endcap KLM is 
bombarded by beam-induced 
soft neutrons ... not enough 
exterior shieldingexterior shielding
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Endcap needs complete replacement
High-resistivity glass electrodes in existing RPCs cause efficiency to 
drop with increasing ambient neutron rate

Projects to 100% 
dead-time in Belle II

L0, L1 <95% 
efficiency in Belle II
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Barrel L0 and L1 Replacement
Latest background projections say parts of inner layers of Barrel RPCs will be 
subjected to high rates (mainly Touschek-related background).

• Loss of barrel hits at forward end for hard muons is recovered in endcap• Loss of barrel hits at forward end for hard muons is recovered in endcap
• Loss of barrel hits at backward end for soft muons: low µ ID efficiency
• Would be prudent to use scintillators/WLS fiber/SiPM in barrel layers 0, 1
✓ relatively easy to extract/insert these without dismantling iron supportsy y g
✓ plastic in layer 0,1 will better shield outer barrel layers from neutrons



Utilize Fermilab Scintillator Extrusion Facility

Scint & TiO2 co-extruderScintillator-strip extrusion with exterior TiO2 coating 
and a channel for wavelength-shifting fiber

Production line

Custom die

Used forUsed for
★MINER  A
★T2K near detector
★ILC R&D★ILC R&D



SuperKEKBSuperKEKB ScheduleSchedule
CY2010 CY2011 CY2012 CY2013 CY2014 CY2015 CY2016

C i i i

US-FY2010 US-FY2011 US-FY2012 US-FY2013 US-FY2014 US-FY2015 US-FY2016

Disassemble KEKB/Belle

Beam pipe
Manufacturing

Commissioning 
without Belle-II

Manufacturing
Coating and baking

Installation
Magnets

Field mapping

Physics run

Manufacturing
Installation

Alignment
RF system

Manufacturing and installation Belle II

Manufacturing

Manufacturing and installation

Belle-II detector

Belle-II
roll-in

Installation

Cosmic ray testManufacturingPrototype test and detailed design

Quartz bar production



Summary

Belle-II Detector upgrade is underway to provide 
improved performance at x50 luminosity
US contributions to critical particle identification systems

iTOP system (barrel PID)
KLM (muon system upgrade endcap and barrel)KLM (muon system upgrade, endcap and barrel)
ASICs for front ends of these systems and beam monitors

US (PNNL) hosting “tier 1” computing facility for Belle II
10% demonstration system being brought on line for Belle

US Belle II at CD-0 (imminent)
CD1 planned for early 2012CD1 planned for early 2012
CD2/3 timely for construction funding in FY13-14

SuperKEKB scheduled for 2015 startup
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Belle II Technical Design Report

• 480 pages
• ~400 authors
• Numerous revisions
• Almost all technology 
decisions finalizeddecisions finalized
• In Belle, published a 
Progress Report 2 
years into construction

TDR submitted to external reviewers April 13, 2010
Initial review held May 21 – 24, 2010
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y
Revised, published Oct 28, 2010 [KEK “green book” and arXiv:1011.0352]
Follow-up Nov. 7, 2010
Further questions addressed in February, 2011 Belle PAC meeting



Quartz Optics Specifications Developed
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iTOP Simulation Studies
Independent simulations:

Geant4 (Hawaii) 
Standalone code (Ljubljana)Standalone code (Ljubljana)
Belle Geant3 + standalone code (Nagoya)

All utilize a log(likelihood) approach 
to determine particle classificationto determine particle classification.

PDFs are defined in x,y, and t
Geant-based versions take probability 
distribution functions (PDFs) from simulateddistribution functions (PDFs) from simulated 
events.

Extremely time consuming to generate the 
PDFs, but can include all the effects 
(scattering, ionization, delta-rays, etc.) that πK

Classified as K
Classified as π

( g y )
Geant provides.

Ljubljana code utilizes analytical expressions 
for the likelihood functions.

Much faster!Much faster!  
Used for evaluating performance of different  
optics geometries etc.

25 NIM A623 (2010) 297-299. 



Belle II Integrated Luminosity Projection
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