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e+e-@ Y(4S) is Still a Profitable Ore

Many of the B-factories measurements are statistically 
limited.

Some of them can provide precious informations:

if the New Physics is discovered at high Pt what is its 
model?

if not :’-(  provide hints of New Physics

Some of them are hard / impossible for LHCb  
(even though, guys! you are very clever! i.e. Vub )
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Semi-leptonic B decays

Semi-tauonic decay modes are highly sensitive to new physics  


B → D(*) τν : WA is ~5 sigma from the SM! 


19

Tantalizing Discrepancies With the SM

3

B ! D(⇤)⌧ ⌫̄
An R(X) reminder

R(X) =
�(B ! X⌧ ⌫̄)
�(B ! X`⌫̄)

original goal: 2HDM H±

• deviation first seen at BaBar, later results from Belle and LHCb
BaBar/Belle full datasets ⌧ ! `⌫⌫̄ to minimize lepton reco systematics

R(D) R(D⇤)
BaBar 0.440 ± 0.058 ± 0.042 0.332 ± 0.024 ± 0.018

Belle (B
(had)
tag ) 0.375 ± 0.064 ± 0.026 0.293 ± 0.038 ± 0.015

Belle (B
(`)
tag ) 0.302 ± 0.030 ± 0.011

LHCb 0.336 ± 0.027 ± 0.030
Exp. average 0.397 ± 0.040 ± 0.028 0.316 ± 0.016 ± 0.010

SM expectation 0.300 ± 0.010 0.252 ± 0.005
Belle II, 50/ab ±0.010 ±0.005
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BaBar, PRL109,101802(2012)
Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)
Belle, arXiv:1603.06711

) = 67%2χHFAG Average, P(
SM prediction

 = 1.02χ∆

R(D), PRD92,054510(2015)
R(D*), PRD85,094025(2012)

HFAG
Prel. Winter 2016

I clean SM observables: heavy quark symmetry relates FFs
Caprini, Lellouch, Neubert, hep-ph/9712417

cancellation of hadronic uncertainties, |Vcb| in ratios
lattice QCD for R(D) only [MILC, 1503.07237; HPQCD, 1505.03925]

I R(D) — 1.9�, R(D⇤) — 3.3�
total significance — 4.0� largest deviation from SM right now!

• similar ratios before Belle II: LHCb: R(D)? ⇤b ! ⇤(⇤)
c ⌧ ⌫̄?

BaBar/Belle: hadronic ⌧ decays?

4/ 18

50 ab-1 .
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A Typical Υ(4s) Event 
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1nb production cross section.  
(~ for τ pairs and c cbar events )

Average multiplicities

~ 11 charged tracks

~5 neutral pions

~1 neutral kaon

The center of mass Lorentz boost  
will be smaller than in Belle 1

7 GeV e- on 4 GeV e+: βγ ~ 0.28

The charged track momentum  
spectrum is soft

From pt ~ tens of MeV/c (soft pion from the D*) up to a few GeV/c (2 body B decay, 
tau pairs, muon pairs, Bhabha)
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SuperKEKB: The 2nd generation B-factory

5

Now.
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Nice complementarity with LHCb
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29 May 2015 M. Barrett - Belle II - FPCP 2015 25

The angle f
1
 (∫b)

BELLE2-NOTE-PH-2015-02:
LHCb projections taken from:
HL-LHC ECFA Workshop 2014,
LHCb-PUB-2014-040,
LHCb EPJC 73, 2373.

Belle II projection for sin 2f
1
 from BÆJ/yK

S
: 



The SuperKEKB 
collider
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Highest luminosity Collider x 40

A. Numerator ⤴	(Currents) 1.6A/1.2 A ⤴3.6/2.6 A 

Fundamental limit:  the wall plug power ~  
 proportional to current + Longitudinal Fast Instability 

B. Denominator ⤵ ( bunch cross section )  
KEKB vertical size ~1.1 μm ⤵ SuperKEKB ~50 nm  
How to squeeze down the bunch to 50 nm?

8
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Down To 50 nm: Hour Glass Effect

• KEKB emittance ~ 0.2nm x radiant  
Angular divergence ~ 4 mradiant = 4000 nm / mm

• SuperKEKB emittance ~ 0.010nm x radiant  
Angular divergence ~ 0.2 mradiant = 200 nm / mm = 50 nm / 0.25mm  
How to preparare an ultra short bunch: L ~ 0.25 mm??

9

Angular Divergence 
x 

 Cross Section Size @ IP 
=  

 Emittance (Characteristic of the Ring)
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The Nano Beam Collision Scheme

10

0.4 mm

0.4 mm

~10 mm

~0.25 mm

20 micron  83 mRad

~0.25 mm

Pantaleo Raimondi id
ea  

as he explained it t
o me 

ten years ago. 

Bunch Length 
x 

 Energy Spread 
=  

Characteristic Constant of The Ring 
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The Nano Beam Collision Scheme
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The Nano Beam Collision Scheme
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0.4 mm

~10 mm

~0.25 mm

20 micron  83 mRad

~0.25 mm

Pantaleo Raimondi id
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o me 

ten years ago. 



Eugenio Paoloni Pasadena  FPCP 2016

From KEKB

11
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From KEKB to SuperKEKB
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Machine Parameters
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Machine Parameters
2013/July/29 LER HER unit

E

I

Number of bunches

Bunch Current

Circumference

εx/εy

Coupling

βx*/βy*

Crossing angle

αp

σδ
Vc

σz

νs

νx/νy

U0

τx,y/τs

ξx/ξy

Luminosity

4.000 7.007 GeV

3.6 2.6 A

2,5002,500

1.44 1.04 mA

3,016.3153,016.315 m

3.2(1.9)/8.64(2.8) 4.6(4.4)/12.9(1.5) nm/pm ():zero current

0.27 0.28 includes beam-beam

32/0.27 25/0.30 mm

8383 mrad

3.18x10-4 4.53x10-4

8.10(7.73)x10-4 6.37(6.30)x10-4 ():zero current

9.4 15.0 MV

6.0(5.0) 5(4.9) mm ():zero current

-0.0244 -0.0280

44.53/46.57 45.53/43.57

1.86 2.43 MeV

43.2/21.6 58.0/29.0 msec

0.0028/0.0881 0.0012/0.0807

8x10358x1035 cm-2s-1

%
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From KEKB to SuperKEKB

14

e- 2.6 A

e+ 3.6 A

To obtain x40 higher luminosity

Colliding bunches

Damping ring

Low emittance gun

Positron source

New beam pipe 
& bellows

Belle II

New IR

TiN-coated beam pipe with 
antechambers

Redesign the lattices of HER & LER 
to squeeze the emittance 

Add / modify RF systems for 
higher beam current

New positron target / 
capture section

New superconducting /
permanent final focusing  
quads near the IP

Low emittance electrons to 
inject

Low emittance positrons to 
inject

Replace short  dipoles with 
longer ones (LER)

KEKB ! SuperKEKB

6
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SuperKEKB Master Schedule

15Now.

Ready.

GO!
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Phase1 Commissioning Histor y

16

History of Phase 1 operation

BT	tuning
LER	injection	tuning

HER	injection	tuning Short	break	for
Injector	work

Short	break

e-

e+

Red:	total	beam	current
Purple:	vacuum	pressure
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Funakoshi-san Report @ IPAC
Much faster startup than KEKB

 KEKB beam currents achieved after first 3 months  
 LER: ~300mA, HER: ~200mA

 SuperKEKB beam currents achieved after first 3 months  
 LER: ~650mA, HER: ~590mA 

Compared with KEKB... 

Each hardware component has been upgraded with experiences at KEK and has 
worked fine (RF, Magnet, Vacuum...) 

 The bunch-by-bunch feedback system has more effectively suppressed instabilities. 

 Operational tools (such as closed orbit correction system) has worked fine based 
on experiences at KEKB. 

  Less machine troubles than KEKB so far 

17
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Work	for	calibration	of	X-ray	monitor	beam	size	monitor	is	on	the	way.

Beam size measurement by using X-ray monitor

Target	vertical	emittance	in	Phase	1	is	10pm.



The Belle2 Detector

19
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Belle2 in a nutshell

20

Belle II Detector

10

electron  (7GeV)

positron (4GeV)

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

Particle Identification  
Time-of-Propagation counter (barrel) 
Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber 
He(50%):C2H6(50%), Small cells, long 
lever arm,  fast electronics

EM Calorimeter: 
CsI(Tl), waveform sampling (barrel) 
Pure CsI + waveform sampling (end-caps)

Vertex Detector 
2 layers DEPFET + 4 layers DSSD

Beryllium beam pipe 
2cm diameter
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Superconducting Solenoid

21

triaxial 
Hall probe
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Tracking Detectors

22
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PXD ( T he Pixel Silicon Detector)

Final devices extensively tested in DESY in April 2016

DAQ chain for PXD + SVD + High Level Trigger  (HLT) + Event builder (PXD & SVD data merger) 

Selection of hits on the Region Of Interest determined  from the HLT

Analysis of the data (efficiency and resolution) are ongoing

23

13 

PXD on the SCB 

cmarinas@uni-bonn.de 
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14 

SVD Cartridge 

cmarinas@uni-bonn.de 

SVD T he Silicon Vertex Detector
A complete ladder set of SVD was tested in DESY 

24
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Preliminary results for ine�ciencies v-direction

very high e�ciencies

some ine�ecies by known defects, new defects and selection

shown are only
strips which
see beam
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Thomas Lück for the Pisa-group

First Preliminar y Results
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PXD Hit Maps 

cmarinas@uni-bonn.de 
24 

Threshold = 5 (~ 1200 electrons) 

Outer Backward 

Inner Backward 

5.6 cm2 

7.7 cm2 
Trigger on 4 scintillators 
Collimated beam 
No magnetic field 

Pre
lim

ina
ry

PXD Hit Maps (B=1T) 

cmarinas@uni-bonn.de 
26 

Threshold = 5 (~ 1200 electrons) 

Outer Backward 

Inner Backward 

5.6 cm2 

7.7 cm2 Trigger on 2 big scintillators 
No collimation system 
1 T magnetic field 

Pre
lim

ina
ry

Pre
lim

ina
ry

PXD Cluster Charge

SVD typical strip inefficiency < 0.5%

Telescope 
shadow

Pre
lim

ina
ry

Pre
lim

ina
ry
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Impact Parameter Resolution

26

B2TiP,'Pi(sburgh'2016 Phillip3URQUIJO

ReconstrucLon3Performance

• See.3J.3BenneG’s3talk

14

J.	BennettBelle	II	Performance B2TiP,	05/2016

• Tracking	performance	study	based	on	a	sample	of	10k	Y(4S)	generic	decays		
• Release-00-06-00	standard	reconstrucCon	plus	MC	informaCon	(no	background)	
• New	CDC	Track	Finder	replaced	Trasan	(comparable	pa(ern	recogniCon	efficiency)	
• New	low	momentum	tracking	under	development

Tracking efficiency vs. pT

Tracking
3

Tracking IP resolution

*release-6 (December 2015)

B2TiP Chapter

30% Completion

Pre
lim

ina
ry

Factor 2 improvement over BaBar!

σd0 ≃ rt · σϕ

σd0

σϕ

track
PXD
layer

be
am

pi
pe
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CDC the Central Drift Chamber

27

CDC stringing completed
Commissioning using cosmic rays is 
ongoing
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ECL: T he Electromagnetic Calorimeter

Higher backgrounds (Machine +  Physics)

Electronic upgrade: improved waveform features 
extraction ( ADC & fitting )

Cosmic rays commissioning ongoing

28

EM Calorimeter
Cope with higher particle rate 

1. Electronics upgrade: waveform sampling & fitting 
2. Endcap crystal update: (baseline option) pure CsI (short decay time)+ 

photopentode

15

Early prototype tested at Belle
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Barrel PID: TOP ( T ime Of Propagation)

29

Cherenkov ring imaging with precision time measurement (better than 100ps)

Installation completed!  2016, May 11 

Kaon/Pion
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Forward PID:ARICH (Aerogel RICH)
Focusing by refractive index grading. Readout by 144 channels HAPD 

Kaon / Pion separation: 6 sigma @ 4 GeV/c

Successful test in magnetic field

Installation in Autumn

30

Marko Stari�, Ljubljana 

4cm aerogel single index 

2+2cm aerogel  

Focusing configuration – data 

"NIM A548 (2005) 383, NIMA 565 (2006) 457 

Marko Stari�, Ljubljana 

144 channels HAPD

PID Tools  

August 6, 2015

Central track + muon hits
with Kalman filter

Tools in development:
• Neutrals (π0, photon, KL, KS)

• Charged (e, µ, π±, K±, p), deuteron

Doris Y Kim, Soongsil University 13

BG
 ×

1
no

 B
G

K/π separation

TOP+ARICH+dE/dx
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KLM: K Long and Muon system
The end-caps and the two innermost layers of the barrel  were replaced 

with scintillators to cope with increased backgrounds

Installation completed

Commissioning in progress with cosmic rays data

31



The Belle2 Software
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BaBar TrkRecoTrk CVS log

33

1.1 ( Aug 30, 1996 )  [ XXX, Undisclosed author]
A few scattered pieces of newly designed tracking code.Nothing worth looking at 
yet. 

1.2 ( Oct 10, 1996 )
More bits and pieces.  Someday it will compile . . . 

1.3 ( Oct 24, 1996 )
A couple of files compile now.  Whoopee. 

1.4 ( Oct 30, 1996 )
First set of files that will compile. 

1.5 ( Oct 30, 1996 )
Untimely commit so I can move development to 1.2.3. 

1.6 ( Nov 5, 1996 ) 
Added a version of the helix fitter (currently implemented with unmodernized 
HOTs).  Compiles. 

April 1998: I joined the experiment. The track reconstruction was ( painfully ) working.  
There were no vertexing tools nor composition tools  neither the map from reco objects to true 
MC particles on official MC production was available (because we were short on disk space).

May 26, 1999: first hadronic event.  [ XXX left the HEP business ]
Aug 9, 1999: Lepton Photon talk: 2 (slowly spell it out: two) B to J/ψ Ks events ( ~150 pb

-1 
)
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Reconstruction Software: BASF2

BASF2: Belle2 AnalysiS Framework 2 +

~ 650k C++ lines (excl. comments) 
+ python steering files + external 
libraries and tools (Root, Geant, g+
+, python + …)

Track reconstruction, kalman filtering, 
vertexing, neutral reconstruction, PID, 
vertexing, analysis 

34

The Basic Structure of BASF2

August 6, 2015

• Module: The basic processing unit

− Examples: As simple as reading data from a file
to complex ones like simulation or tracking

− All the works are done in modules.

− Selection and arrangement of the modules are done by a user.

• A typical event processing = a linear chain of modules on a path

• Datastore: A common storage for data

ROOT based Datastore

Module 
#1

Module 
#2

Module 
#3

Module 
#4

Module 
#N

basf2 
path

User defined module chain

Doris Y Kim, Soongsil University 7

  

Vertexing
Tag side vertex fit: Using RAVE Adaptive 
Vertex Fit (AVF) algorithm:

Down-weights outliers dynamically, instead of 
using hard cutoffs (important for 3+ track 
vertices). CMS NOTE 2008/033.

Kinematic fit: J/y → m m 

Tag side vertex fit

Belle II
Bias = 2.0 mm

Resolution = 22 mm

Belle
Bias = 0.2 mm

Resolution = 63 mm

Belle II
Bias = 1.0 mm

Resolution = 63 mm

Belle
Bias = 29 mm

Resolution = 89 mm

All tracks apart from 
the ones from Ks

Dt resolution

Details in F.Abudinen@B2TIP

Belle II
Bias = 0.04 ps
Resolution = 0.86 ps

Belle
Bias = 0.20 ps
Resolution = 0.92 ps

KEK-FF 2015 Luigi Li Gioi 10



Eugenio Paoloni Pasadena  FPCP 2016

Computing Model

35

reprocess

Data
DAQ  unit

DAQ  unit
DAQ  unit

Online  disk

Offline  storage

(Sequential  root)

(Sequential  root
       J  raw  data  in  root : merge)

first  process
mDST

Raw  data  center
outside  KEK

mDST

Belle II
Detector

Event  generation

Detector  simulation

Digitization

Reconstruction

mDST

BG  effect
(sim)

(data)

300kB / event

20kB / event 25kB / event

MCprocessed @  
“raw  data  center”

produced  on  the  world-wide
distributed  computing

distributed  to  each  region

No  intermediate  stage
is  saved

“coordinated”  group  skimming

group  official  skim : mDST,  mDST,  index
mDST : reconstruction  level  info.,  
mDST : mDST + particle  level  info,  
index : collection  of  pointers  to  events

User  distributed  analysis

index User  job

mDST

Ntuple User  job

mDST

Ntuple“Conceptual” “another
possibility”less  disk  requirement

more  chaotic  network  access
more disk  requirements
less  network  requirements

Data  flow  diagram
2
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Scaled Version of the Full Belle2 DAQ

36

20 

COPPER 

COPPER 

FTB 

FTSW ttdcpu 

DHP DHE 

ONSEN 

R/O 
PC 
1 hltin 

hltwn1 hltwn2 hltwn3 

hltout 

R/O 
PC 
2 

ExpReco 

Event 
display 

FTB 

FADC 

FADC 

TLU 

Sw
itc

h 

Switch 

SVD 
4 layers 

IB 

Scinti. 

POCKET DAQ 

HLT 

HLT RoI 

DATCON RoI 

EVB2 
 ExpressReco 

Belle2link 

“Pocket TTD” 

DHP DHE 

DHP DHE 

DHP DHE 

OB 

IF 

OF 

DHHC 

VXD-Test Beam DAQ Structure 

cmarinas@uni-bonn.de 

FTB FADC 

FTB FADC 

PXD R/O 

* DATCON 

* 

* 
* 

* 

Scaled version of the DAQ system and of the High 
Level Trigger dataflow tested in DESY (April 2016)

High Level Trigger 
3 nodes, trigger rate 
3KHz
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Grid MC production

37

Mar 2012

MC1
Mar 2013

MC2
Aug 2013

MC3
May 2014

MC4
Nov 2014

Test  prod.
since  Mar.  2015

MC5
on-going

more  than  5-month  continuous  production

Aug. 7 :  Pre-official  production  has  begun.
Aug. 17 :  Collaboration-wide  official  prod.  started
Dec.  18 : Scheduled  production  was  finished
 but  extra  campaign  continues  even  today.

(~10  months  operation  including  test  production)

(generator-skim,  Y3S,  beast2  MC,  etc.)

Belle II  library : release-00-05-03

Expert shift : H.Miyake (KEK), I.Ueda (ICEPP/KEK), K.Hayasaka (Nagoya), 
Y.Kato (Nagoya),  V.Bansal (PNNL), S.Pardi (Napoli), J.Strube (PNNL),  T.Bloomfield (Melbourne), 
M.Schram (PNNL), J.Bennet (CMU),  M. Villanueva (CINVESTAV), T.Hara (KEK)

17  countries / region
Australia 10 15 (+2) 150%

Austria 6 6 100%

Canada 14 14 (+1) 100%

China 12 19 (+5) 158%

Czech R. 4 8 200%

Germany 51 47 92%

India 15 13 (+2) 87%

Italy 32 14 44%

Japan 85 65 (+3) 76%

Korea 24 20 (+3) 83%

Malaysia 4 0 100%

Mexico 6 8 133%

Poland 6 8 150%

Russia 24 31 129%

Saudi Arabia 3 0 0%

Slovenia 10 22 220%

Spain 2 0 0%

Taiwan 16 23 144%

Thailand 1 0 0%

Turkey 1 1 100%

Ukraine 1 0 0%

U.S.A. 43 50 (+5) 116%

Viet Nam 1 0 0%

Total 371 365 (+21) 98%

Country
/region

# of Expected
shift

# of sh ifts
taken + France 

(+
ex

tr
a 

 s
hi

ft
  d

ur
in

g 
 ye

ar
-e

nd
/n

ew
-y

ea
r  

ho
lid

ay
s)

as  of  August  4,  2015
external  library : v00-05-09

MC5  campaign  overview
5

mode Ratio ...

without

N(events) MC production status

4S quark
B+/B- @ Y(4S) 80.:20. 2.83E+09 merge step1

B0/anti-B0 @ Y(4S) 80.:20. 2.67E+09 merge step1

u/anti-u @ Y(4S) 80.:20. 8.03E+09 merge step1

d/anti-d @ Y(4S) 80.:20. 2.01E+09 merge step1

s/anti-s @ Y(4S) 80.:20. 1.92E+09 merge step1

c/anti-c @ Y(4S) 80.:20. 6.65E+09 merge step1

Rare MC:
working on B+ → Xu l ν, l v 20.:80. 7.07E+07 released on KEKCC local disk

B0 → Xu l ν, l v 20.:80. 6.68E+07 released on KEKCC local disk

B+→Xs h, Xd h 80.:20. 3.53E+08 merging step1

B0→Xs h, Xd h 80.:20. 3.34E+08 merging step1

Btag skim
B+/B- @ Y(4S), Generator skim 80.:20. 1.41E+09 in production

B0/anti-B0 @ Y(4S), Generator skim 80.:20. 1.34E+09 in production

3S
Y(3S) inclusive 100.:00. 6.00E+08 being checked on KEKCC local storage

5S
Bs(*) anti Bs(*) @ Y(5S) 0.00E+00 not scheduled

B+/B- @ Y(5S) 0.00E+00 not scheduled

B0/anti-B0 @ Y(5S) 0.00E+00 not scheduled

"6S"
q/anti-q @ 11 GeV w. Phase 2 conditions100.:0. 0.00E+00 to be produced locally at PNNL

Low Multi
ττ(γ) 20.:80. 4.60E+09 event production was done, wait for next step

µµ(γ) 80.:20. 8.60E+08 event production was done, wait for next step

µµ(γ) 0.:100. 2.87E+07 under check

µµ(γ) 100.:0. 2.87E+07 released on KEKCC local disk

ee(γ) (15-165 degrees CM) 80.:20. 9.38E+07 released on KEKCC local disk

ee(γ) (15-165 degrees CM) 0.:100. 6.25E+07 released on KEKCC local disk

ee(γ) (15-165 degrees CM) 100.:0. 6.25E+07 released on KEKCC local disk

γγ(γ) (15-165 degrees CM) 80.:20. 3.89E+07 released on KEKCC local disk

γγ(γ) (15-165 degrees CM) 0.:100. 1.95E+07 released on KEKCC local disk

γγ(γ) (15-165 degrees CM) 100.:0. 1.95E+07 released on KEKCC local disk

eeee (W’> 0.5 GeV) 80.:20. 0.00E+00 not scheduled

eemm (W’> 0.5 GeV) 80.:20. 0.00E+00 not scheduled

Totals
TOTAL 3.41E+10
4S hadronic 2.41E+10

Subtotals Rare 4S 8.25E+08

Btag skim 2.75E+09

3S 6.00E+08

5S 0.00E+00

Tau pairs 4.60E+09

Low Multiplicity 1.21E+09

BB  generic + continuum
 w/o  BG :  4/ab
 w/  BG : 1/ab
 (in  total : 5/ab)

but  in  reality,  we  produced
 w/ BG : 5/ab  more

}
Released  MC (Generic)

BB  generic + continuum : released
 w/o  BG :  0.8/ab
 w/  BG : 0.2/ab
 (in  total : 1/ab)
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First attempts of distributed  
analysis on the Grid.
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Conclusions
The present status of superKEKB and of the Belle2 Hardware 
and Software had been sketched

The whole system will gradually be ready for the big Physics 
run starting end of 2017, beginning of 2018

Join us now! Enjoy the heavy flavor in the cleanest 
environment ; ) avoid the line.
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