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BESIII is scheduled to run another 8-10 years from now

BES-III Datasets and 
 Future Plans     (Xiaoyan Shen) 

•  2009:   106M ψ(2S)      (4*CLEO‐c ψ(2S) sample  

              225M J/ψ            4*BESII J/ψ  sample 

•   2010:   900 pb‐1 ψ(3770)               

•   2011:   1800 pb‐1 ψ(3770)              (3.5*CLEO‐c ψ(3770) sample) 

                 470 pb‐1  ψ(4040)  

•   2012:   tau mass, ψ(2S): 0.4 billion, J/ψ: 1 billion, R scan 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BINP Super c/τ Factory  (B. Shwartz, Tau2012 Nagoya) 
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•  High statistic spectroscopy and search for exotics 
•  Charm and charmonium spectroscopy 
•  Spectroscopy of the highly excited Charmonium states 

(complementary to Bottomonium) 
•  Light hadron spectroscopy in charmonium decays   

•  Precision charm physics 
•  Precision charm→ precision CKM (strong phases, fD, fDs ,form-

factors…) 
•  Unique source of coherent D0/D0bar states (D0 mixing, CPV in 

mixing, strong phases for φ3 measurements at SuperB and LHC) 
•  Precision τ-physics with polarized beams 

•  Lepton universality, Lorentz structure  of τ-decay… 
•  CP and T-violation in τ and Λc decays 
•  LFV decays (τ->µγ) 
•  Second class currents (with kinematical constraints  at 

threshold) 
•  Two photon physics and light hadronic cross section via ISR  

Physics program: 
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•  Two rings with Crab Waist collision scheme and single 
interaction point 

•  Sub-mm beta-y at IP 
•  Preserving of damping parameters (by 4 SC wigglers) 

through the whole energy range to optimize the 
luminosity  

•  5 Siberian snakes to obtain the longitudinally polarized 
electrons for the whole energy range 

•  Highly effective positron source (50 Hz top-up injection) 
•  Polarized electron source 
•  2.5 GeV full energy linac 

Main design features: 

Technical specifications: 
•  Beam energy from 1.0 to 2.5 GeV  
•  Peak luminosity is 1035 cm-2s-1 at 2 GeV 
•  Electrons are polarized longitudinally at IP 
•  On-line energy monitoring (~5-10 x 10-5) 

BINP Super c/τ Factory  (B. Shwartz, Tau2012 Nagoya) 
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Artistic view of future machine 

Accelerator Complex                              200 MEuro  
Detector                                                    80 MEuro 
Buildings Construction and Site Utilities    50 MEuro 

Conceptual Design Report: 
200 signatories from 
Germany, Israel, Italy, 
Slovenia, Russia 

In 2012: project was 
included in top list of the 6 
projects approved for 
further development by 
the Russian Governmental 
Commission on the 
Innovations and High 
Technologies  

BINP Super c/τ Factory  (B. Shwartz, Tau2012 Nagoya) 
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BINP Super c/τ Factory  (B. Shwartz, Tau2012 Nagoya) 
MOU between Cabibbo Lab and BINP 
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Overview 

•   e+e- collider with centre-of-mass near ϒ(4S) 
▫   just above threshold for B-meson pair production 

– no fragmentation 
•  Luminosity 100x previous generation e+e- 

collider  L=1034  ->  1036 cm-2 s-1 

▫   5-10 x 1010 b, c, τ pairs (50-75 ab-1) 
• Operate with asymmetric beam energies to give 

boost to CM allowing for time dependent CPV 
measurements     
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Physics at e+e- Super Flavour Factories 
•  Test CKM at 1% level 
▫  CPV in B decays from new physics (non-CKM) 

•  B-recoil technique for B->K(*)ll, B->τν, B->D*τν 
•  τ physics: lepton flavour violations, g-2, EDM, CPV,Vus... 
•  Charm: mixing,  CPV,… 
•  Many other topics:
▫  ϒ(5S) physics, , ISR radiative return, spectroscopy, Dark 

Sector probe, low mass Higgs… 
•  With polarised beam: Precision EW physics  
•  Physics motivation is independent of LHC 
▫  If LHC finds NP, precision flavour input essential 
▫  If LHC finds no NP, high statistics B and τ decays are 

unique way of probing >TeV scale physics 
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Need both LHCb and e+e- 
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Benefit from polarised e− beam 

very precise with improved detector 

Statistically limited: Ang  anal with >75ab-1 
Right handed currents 
SuperB measures many more modes 
systematic error is main challenge 
control systematic error with data 

SuperB measures e mode well, LHCb does µ 

Clean NP search 

Theoretically clean 
b fragmentation limits interpretation 
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LHCb can only use ρπ 

βtheory error Bd 
βtheory error Bs 

Need an e+e− 
environment to do a 
precision measurement 
using semi-leptonic B 
decays. 

Need both LHCb and e+e- 

LHCb 
• Modes where the final 

states are charged 
only. 

• Bs 
• Bc, Λb 
• ….. 

B factories 
• Modes with γ, π0 .  
• Modes with ν . 
• τ decays. 
• KS vertex. 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Need both LHCb and e+e- 

Belle II  Collaboration 
comparisons with LHCb 
assuming  integrated 
luminosities: 
Belle II: 50 ab-1 

LHCb: 10 fb-1 
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From  
Meadow’s et al 
arXiv:1109.5028v2 
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From  
Meadow’s et al 
arXiv:1109.5028v2 

Need both LHCb and e+e- 
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…there are a few 3σ effects in the flavour sector 
that can only be probed with e+e-machines 

Most recently:  BABAR’s 3.4σ evidence for 
an excess of B decays to D(*)τν  
compared to SM expectations 

(see D. Lopes Pegna’s talk on BABAR,  D. Zander is showing 
the Belle result & S. Fajfer’s on the theory  in WG II Sun. am ) 

  

€ 

BF(B→ D(*)τυ) /BF(B→ D(*)
υ)

Measure the ratios 
to minimize  
systematic errors 

NB:this result kills 
Type II 2HDM 
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Rare Leptonic Decays 

•                     &                       directly 
sensitive to charged higgs. 

•   important SM parameters Vub and 
fB.  
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€ 

B± →τ ±ν

€ 

B± → µ±ν
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BF(B→ µν )SM ~ 5 ×10−7   will be measured to ~ 5 - 6%
Measure BF(B→τν)SM /BF(B→ µν )SM
removes fB |Vub |   →  search for new physics



 B+→τ+ντ  Sensitive to charged Higgs 
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Can use ratio of tau:mu BFs  to remove common  
factors and systematics. Errors on ratio dominated 
 by muon measurement ~5-6%   



Lepton Flavour Violation 

•  e.g.                       or   
•  Polarization helps suppress 

backgrounds, mainly       
and identify nature of signal if 
observed 
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cf 90% cl Limits on B(τ → µγ):   <4.5x10-8 (Belle) 
                                                         <4.4x10-8 (BaBar) 

SuperB, 75 ab-1 

€ 

τ ± → µ±γ   

€ 

τ ± → ±




±

€ 

e+e− → γ ISRτ
+τ−
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SuperB polarised beam 

•  SuperB is the only e+e-  high-L B-factory with a polarised beam: has a 
unique, and rich, precision electroweak program 

•  Left-Right Asymmetries (ALR) yield measurements of unprecedented 
precision of the neutral current vector couplings (gV) to each of five fermion 
flavours, f : 
▫  beauty (D) 
▫  charm (U) 
▫  tau 
▫  muon 
▫  electron 

€ 

Recall :  gV
f  gives θW  in SM

gA
f = T3

f

gV
f = T3

f − 2Qf sin2θW

 
 
 

  

€ 

ALR =
σ L −σR

σ L +σR

∝ gV
f = T3

f −Qf sin2θW

Driven by γ − Z interference at s =10.58 GeV
Similar to SLD's measurement at the Z pole 
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SuperB polarised beam 
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Comparisons with present neutral 
current vector coupling uncertainties 

J.M. Roney - EW Programme at SuperB 

Physics Report Vol 427, Nos 5-6 (2006), ALEPH, OPAL, L3, DELPHI, SLD 

c-quark:  SuperB ~7 times more precise     b-quark:  SuperB ~5 times more precise 

SuperB polarised beam 
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Existing tension in data from the Z-Pole: 
For a 125GeV Higgs, 

gVb  2.8σ   from SM 
gAb  3.1σ   from SM 

gRb    = (gVb -  gAb )/2 is 3σ from SM  

Physics Report Vol 427, Nos 5-6 (2006) 
 ALEPH, OPAL, L3, DELPHI, SLD 

SuperB is the only 
facility in foreseeable 

future that will be able 
to experimentally 
address this 3σ 
     deviation 

SuperB polarised beam 

J. Michael Roney 
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Colliders… luminosity trends 

30 

SuperB 
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J. Seeman, HEPAP, May 2009 

• Crossing angle IR with large Piwinski angle (DAΦNE, KEKB) 

• Very low IR vertical and horizontal beta functions (ILC) 

• Low horizontal and vertical emittances (Light sources) 

• Ampere beam currents (PEP-II, KEKB) 

• Crab waist scheme (Frascati, DAΦNE) – SuperB only 

How to get to L=1036 cm-2s-1 … 
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Crab waist off 
Future Prospects at 

e+e- Machines 
J. Michael 
Roney 

Waist line is orthogonal to the axis of one bunch  

32 
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Crab waist on 

33 

All particles in both beams collide in the 
 minimum βy region, with a net luminosity gain 

Future Prospects at 
e+e- Machines 

J. Michael 
Roney 

Waist line aligned to the axis of the other beam  
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• DAΦNE  e+e- collider at Frascati with Ecm @  Φ (1020 MeV)  
• Upgraded to test crab waist  scheme 
• Crab Waist effectiveness successfully demonstrated  in working collider 
• Gains of ~ factor of 3 in luminosity  

Crab waist Proven 
 at DAΦNE & being deployed at SuperB 

Luminosity vs Year Luminosity vs Current 

Future Prospects at 
e+e- Machines 

J. Michael 
Roney 
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SuperKEKB – upgrade from KEKB 
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Touschek 
worse at  
lower energies 
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SuperB Parameters 

Baseline +  
other 2 options: 
• Lower y-emittance 
• Higher currents  
 (twice bunches) 

Tau/charm 
threshold 
running 
at 1035 

Baseline:  
• Higher  emittance 
 due to IBS 
• Asymmetric beam 
 currents  

RF power includes  
SR and HOM 

J. Michael 
Roney 
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P. Krizan, CKM 2010 

Future Prospects at 
e+e- Machines 

J. Michael 
Roney 
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SuperB Detector 
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•  Reuse BaBar components: magnet, 
DIRC bars, barrel CsI calorimeter. 

▫  New silicon; add Layer 0 with 
smaller beam pipe 

▫  New way to read out DIRC 
▫  New forward calorimeter 
▫  Possible forward PID 
▫  Likely backward EMC  



Drift Chamber with ionization “cluster 
counting”  improves particle ID 

Prototype in TRIUMF test beam 
with   e+,µ+,π+ at 140–350 MeV/c. 
µ/π separation ≈ SuperB π/K 
separation at 2–3 GeV/c, use TOF 
for independent beam particle ID 
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Drift Chamber with ionization “cluster 
counting”  improves particle ID 
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No. clusters vs 
Truncated 
Mean 
Blue = muons, 
Red = Pions 



Belle II Detector   
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electrons  (7GeV)

positrons (4GeV)

KL and muon detector: 
Resistive Plate Counter (barrel outer layers) 
Scintillator + WLSF + MPPC (end-caps , 
inner 2 barrel layers)

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 



Belle II Detector (in comparison with Belle)
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SVD: 4 DSSD lyrs  2 DEPFET lyrs + 4 DSSD lyrs 
CDC: small cell, long lever arm 
ACC+TOF  TOP+A‐RICH 
ECL: waveform sampling (+pure CsI for endcaps) 
KLM: RPC  Scintillator +MPPC (endcaps, barrel inner 2 lyrs) 
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Aerogel radiator
Hamamatsu HAPD + readout

Barrel PID: Time of Propagation Counter (TOP) 

Aerogel radiator 

Hamamatsu HAPD 
+ new ASIC 

Cherenkov photon 
200mm 

n~1.05 

Endcap PID: Aerogel RICH 
(ARICH) 

200 

PID Devices 

Quartz radiator 
Focusing mirror 

Small expansion block 
Hamamatsu MCP-PMT (measure t, x and y) 
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SuperB Status (Ministerial approval 
            press release, Dec 2010) 
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SuperB Status 
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•  SuperB approved as the first in a list of 14 “flagship” 
projects within the Italian National Research Plan  

•   National Research Plan endorsed by “CIPE”  (institution 
responsible for infrastructure long term plans)  

•  A financial allocation of 256 Million Euros over six years  
approved for the “SuperB Flavour Factory” (total cost and 
request ~twice that, assuming PEP-II equipment re-use) 

•  Cabibbo Lab created on Oct 7 , 2011 
▫  Major step forward: first major particle physics accelerator 

lab to be created in a generation 
▫  legal structure needed in order to spend funds, sign MOUs 
▫  MOUs with various institutions and labs completed or nearing 

completion  
  most recently completed MOU with Budker Institute   



SuperB Status 
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•  SuperB Collaboration formally in place since March 2012 
•  Cabibbo Lab management in place April 2012  
•  First hires in May/June 2012 

•  International Review Committee set up by Italian Ministry 
of Science (MIUR) to examine the Cost and Schedule of 
the SuperB project  
▫  Committee received costing document in July 2012 
▫  Report of the committee expected this autumn 

•  Ministerial review for all Flagship projects in autumn 2012 



SuperB Site 

LNF 

About 4.5 Km 

Tor Vergata University campus 



Detailed site view 

Well within vibration 
budget 



SuperB Status – key milestones 
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•  Site selection: summer 2011 
• Machine and Detector TDR end 2012 
•  Start civil engineering 2013 
•  Start machine installation early 2014 
•  First collisions 2018 
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SuperKEKB/Belle II Status
Funding 
• ~100 MUS for machine approved in 2009 -- Very Advanced Research 
Support Program (FY2010-2012) 
• Full approval by the Japanese government in December 2010; the project 
was finally in the JFY2011 budget as approved by the Japanese Diet end of 
March 2011 
• Most of non-Japanese funding agencies have also already allocated 
sizable funds for the upgrade of the detector. 

construction started in 2010! 
Fortunately little damage during the March 2011 earthquake  no delay 

• Ground breaking ceremony in November 2011 
• SuperKEKB and Belle II construction proceeding according to the schedule. 



•  Installing the 4 m LER dipole 
over the 6 m HER dipole 
(remain in place). 

•  All LER dipoles are scheduled 
to be installed this year. 

J. Michael Roney 
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 Fabrication of the LER arc beam pipe section is completed 

Entirely new LER beam pipe with  
ante-chamber and Ti-N coating 

J. Michael Roney 
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Damping ring construction started in Jan 2012 

e+

primary e-

 Damping Ring 

3.5GeV

LINAC

13/Mar/2012

LINAC18/Jan/2012

LINAC

13/Mar/2012

J. Michael Roney 
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The schedule is likely to shift by a few months because of a new 
construction/commissioning strategy for the final quads.   

Goal of Belle II/SuperKEKB 

We will reach 50 ab-1
 in 2022

9 months/year
20 days/month

Commissioning 
starts in 2015.

Shutdown
for upgrade
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Summary 

•  BES III: 2015-  taking 10 runs another 8–10yrs 
•  Promising developments for c/τ factory in Novosibirsk    
•  SuperB e+e- flavour factories provide extremely broad and 

exciting physics program with sensitivity to new physics 
that is complementary to the LHC. 

•  Flexibility in ways that these machines can  achieve 100× 
luminosity with beam currents and power comparable to 
current facilities 

•  SuperB is hosted in CabibboLab: world’s newest HEP 
accelerator lab – Italian parliament approved funding for ~ 
first half; undergoing cost and schedule review now for 
the balance; ground breaking in 2013 

•  SuperKEKB received Japanese Diet approval for complete 
project in 2011, construction proceeding well! 
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SuperB funding profile: INFN Piano Triennale 2011-13 
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Super Flavour 
Factory Physics 
Program Summary 
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