
  
 

Marcello A. Giorgi 
Università di Pisa & INFN Pisa    

12     Maggio , 2011 

The          Project (first part) 

5/30/2011 1 M.A.Giorgi 

Scuola Rivelatori 
 
VILLA GUALINO 

http://www.unipi.it/princ.html


SuperB is a Super Flavor Factory 
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Relativist ic path Quantum path

5/30/2011 M.A.Giorgi 

         Two Paths to New Physics 
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Why flavour physics 

1.Explore the origin of CP violation 

– Key element for understanding the matter content of our 
present universe  

– Established in the B meson in 2001 

– Direct CPV established in B mesons in 2004 

2.Precisely measure parameters of the standard model 

– For example the elements of the CKM quark mixing matrix 

– Disentangle the complicated interplay between weak 
processes and strong interaction effects 

3.Search for the effects of physics beyond the standard 
model in loop diagrams 

– Potentially large effects on rates of rare decays, time 
dependent asymmetries, lepton flavour violation, … 

– Sensitive even to large New Physics scale, as well as to phases 
and size of NP coupling constants 
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B pp, rp, rr... 

+other 
charmonium 

radiative decays Xsg,Xdg, Xsll 

B DK 

+from Penguins 

  From A.Stocchi talk in Benasque  (Sp)-Jan.2011 

Charm Physics 
(Dalitz) 

? 

theo. clean 

B tn 
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B Physics 



ERICE 29 August 7 September 
2003 

From Quarks to 
Black Holes 
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Experimental ingredients: BaBar optimized for time 
dependent CP asymmetries 
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Fit on Unitarity Triangle  
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Consistence on an 
over constrained fit 

of the CKM parameters 

 h = 0.358 ± 0.012  

 r = 0.132 ± 0.020  

With a precision of  
sr ~15% and sh ~4% ! 

Coherent picture of 

FCNC and CPV 

processes in SM 

Discovery : absence of  
New Particles up to 

the  
~2×Electroweak Scale 

! 

CKM matrix is the dominant source of flavour mixing and CP violation 
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Questions 

Are SuperKEKB and SuperB  discovery 
machines in the LHC era ? 

Why is a luminosity > 1036 required ? 

Why LHCb is not enough for flavor studies ? 

Is it important running at the charm/tau 
threshold ? 

How important to have polarization ? 

5/30/2011 M.A.Giorgi 
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Future Super B Factories 

SuperB  Super KEKB 

Peak Luminosity >1036 0.8 x 1036 

Integrated 
Luminosity 

75 ab-1 50 ab-1 

Site Green Field KEKB Laboratory 

Collisions mid 2016 2015 

Polarization 80% electron beam No 

Low energy 
running 

1035 @ charm threshold No 

Approval status Approved Approved 
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SuperB Luminosity model 
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 Luminosity upgrade projection 

Shutdown 

for upgrade 
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Milestone of SuperKEKB 

Year 

9 month/year 

20 days/month 

Commissioning starts  

mid of 2014 

Plan: reach 50 ab-1 

in 2020~2021 

5 ab-1 in 2016 
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Physics programme in a nutshell 

This is the date Who - title 12 

• Versatile flavour physics experiment 
– Probe new physics observables in wide range of decays. 

• Pattern of deviation from Standard Model can be used to identify 
structure of new physics. 

• Clean experimental environment means clean signals in many 
modes. 

• Polarised e− beam benefit for τ LFV searches. 

 

– Best capability for precision CKM constraints of any 
existing/proposed experiment. 

• Measure angles and sides of the Unitarity triangle 

• Measure other CKM matrix elements at threshold and using τ 
data. 



Data sample 
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• ϒ(4S) region: 
– 75ab−1 at the 4S 

– Also run above / 
below the 4S 

– ~75 x109 B, D and τ 
pairs 

 

 
• ψ(3770) region: 

– 500fb−1 at threshold 

– Also run at nearby 
resonances 

– ~2 x 109 D pairs 



τ Lepton Flavor Violation (LFV) 
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• νmixing leads to a low level of charged LFV (B~10−54). 

– Enhancements to observable levels are possible with new physics. 

• e− beam polarisation helps suppress background. 

Two orders of magnitude 
improvement at SuperB 
over current limits.  
 
Hadron machines are not 
competitive with e+e− 
machines for these 
measurements. 



Precision CKM constraints 
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• Unitarity Triangle Angles 
– ς(α) = 1−2° 
– ς(β) = 0.1° 
– ς(γ) = 1−2° 

• CKM Matrix Elements 
– |Vub| 

• Inclusive ς = 2% 
• Exclusive ς = 3% 

– |Vcb| 
• Inclusive ς = 1% 
• Exclusive ς = 1% 

– |Vus| 
• Can be measured precisely using τ decays 

– |Vcd| and |Vcs| 
• can be measured at/near charm threshold. 

 

• SuperB Measures the sides and angles of the Unitarity Triangle 

The "dream" scenario with 75ab-1 



Bu,d physics: Rare Decays 
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• Example: 

– Rate modified by presence of H+  SM NP
H

SM

r +
B

B



Bu,d physics: Rare Decays 
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• Example: 

– Need 75ab−1 to observe this mode. 

– With more than 75ab−1 we could measure 
polarisation. 

Constraint on (ε, η) with 75ab−1 

e.g. see Altmannshofer, Buras, & Straub 

Sensitive to models with Z 
penguins and RH currents. 

fL not included 



• Can cleanly measure As
SL using 5S data 

 
 
 
 
 
 
 
 
 

• SuperB can also study rare decays with many neutral 
particles, such as              , which can be enhanced by 
SUSY. 

Bs physics 

This is the date Who - title 18 

Little Higgs (LTH) scenario 
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CP Violation in charm 
NOW 

SuperB 

CPV in D system 

negligible in SM 

CPV in D sector is a  

clear indication of New Physics ! 
5/30/2011 M.A.Giorgi 



Charm 

This is the date Who - title 20 

• Collect data at threshold and at the 4S. 
– Benefit charm mixing and CPV measurements. 

 
 
 
 
 
 
 
 
 

– Also useful for measuring the Unitarity triangle angleγ 
(strong phase in DKππ Dalitz plot). 

) 



Precision Electroweak 
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• sin2θW can be measured with polarised e− 
beam 

– √s=ϒ(4S) is theoretically clean, c.f. b-
fragmentation at Z pole 

Measure LR asymmetry in 
 
 
 
 
 
 
at the ϒ(4S) to same precision 
as LEP/SLC at the Z-pole. 
 
Can also perform crosscheck at 
ψ(3770). 
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Is this measurement also possible with 
Charm? 

1.  @ Y(4S) . But hadronization correction.  

2. Operate at a ccbar vector resonance above open charm 

threshold Y(3770), use the same analysis method as  for 

b.  

Polarization at low energies with high luminosity is needed 

 

     That is included in the SuperB design 
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g-2 Reach (Valencia Report 2008) 

Δaμ
 is not in good agreement with SM 

 
Measuring differential cross section of tau 
production would lead to measurement of the 
real part of tau form factor. 

We began considering 1-3 prong  

whose experimental selection is cleaner  

Need to tag the sample: 

Lepton tag: higher purity & higher diluition (at least 3 

 neutrinos) 

Hadronic tag: lower purity & lower diluition (2 neutrinos) 

Systematics come mainly from tracking 

Should be able to measure the  

real part (0.75-1.7)x10-6 
75ab-1 
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Beyond SM:LFV in τ decays 

SM allows LFV: observed in neutral sector. 

   

In charged sector may happen via loops with  

small expected BR (e.g. BRSM(τ→μγ)< 10-54). 

 

Even less in τ→ 3l 

If detected, LFV would imply New Physics with present (and near future) luminosities. 

Many New Physics models predict  τ  LFV BR up to [O(10-8)]. 

If detected in more than one channel it provides 

Useful information on NP flavor structure, by looking at LFV BF Ratios. [arxiv:hep-ph0610344v3] 
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Some  NP predictions 
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τ→3l: expectations 

τ→lll suffers from smaller 

backgrounds than τ→μγ channel, 

and is dominated mostly by 

continuum and QED bkg  

Extrapolating from BaBar expect 

UL  is expected to  scale almost 

linear with untegrated luminosity 

reaching unprecedented 

sensitivities of almost 10-10 
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SuperB limits considereing 
irreducible background, scaling 
from Bfactories as  (L)  -1/2 
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τ→μγ :Bkg extrapolation                 
(using BaBar analysis) 

BaBar expects 5.1 events in the 2σ signal region 

 

1.7 from lepton tags 

1.4 from 3 hadron tags 

2.0 from π+ρ tags 
 

96% comes from real τ decays (86% from μννγ) 

Background from 

taus is considered 

irreducible 

Bkg extrapolated to SuperB gives 

300 events in the signal box. 

It can  be reduced thanks to: 

Improved resolutions 

Improved EMC coverage 

~250 events expected 

Need to reduce backgrounds to an acceptable level to scale 

better than √L 
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τ→μγ with Polarization 

 
Using Polarization a more viable option is exploit hadron 
tags: only one ν in the event ⇒ fixed helicity 
 
Signal helicity angle was studied for signal (both Polarized 
and Unpolarized) and backgrounds. 
 
 

μ-tag 

π-tag 

ρ-tag 

5/30/2011 M.A.Giorgi 
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Polarized beam and tag on leptons and on hadrons
 ( t® p n /t® r n) reduces irreducible background!

75 ab-1

Sensit ivity improves at 

least by a factor 2. 

Equivalent to a factor 4 

increase in luminosity.

17

                       Polarisation is 
-an important issue for LFV 
-opens the possibility of measuring (g-2)
-opens measurement of EW parameters

5/30/2011 M.A.Giorgi 
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A simple analysis 

Trapezoidal Cuts 
eff. on signal: 
 41.6%π             49.4%ρ 
bkg retained  
11.5%π               9.8%ρ   

Using polarization we obtain an improvement equivalent to a  2.6 increase in integrated 

Luminosity albeit using only 25% BF 
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Polarized beam and tag on leptons and on hadrons
 ( t® p n /t® r n) reduces irreducible background!

75 ab-1

Sensit ivity improves at 

least by a factor 2. 

Equivalent to a factor 4 

increase in luminosity.

17

                       Polarisation is 
-an important issue for LFV 
-opens the possibility of measuring (g-2)
-opens measurement of EW parameters

5/30/2011 M.A.Giorgi 



This is the date Who - title 33 

INTERPLAY: Combine measurements to elucidate structure of new physics. 

More information on the golden matrix can be found in 
arXiv:1008.1541, arXiv:0909.1333, and arXiv:0810.1312. 

To complete 

To complete 
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RPV SUSY: ***, non RPV SUSY, correlated with B->s gamma (what classification?) 



Interplay 
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• Combine measurements to elucidate structure of new 
physics. 

More information on the golden matrix can be found in 
arXiv:1008.1541, arXiv:0909.1333, and arXiv:0810.1312. 
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Golden Measurements: CKM 
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•  Comparison of relative benefits of SuperB 
(75ab-1) vs. existing measurements and LHCb 
(5fb-1) and the LHCb upgrade (50fb-1). 

Experiment:            No Result           Moderate Precision          Precise            Very Precise 
 
Theory:                  Moderately clean           Clean Need lattice            Clean 

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. 



Benefit from polarised e− beam 
 
 

very precise with improved detector 
 

Statistically limited: Angular analysis 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 36 

Golden Measurements: General 

Who - title 

Experiment:            No Result           Moderate Precision          Precise            Very Precise 
 
Theory:                  Moderately clean           Clean Need lattice            Clean 



Physics 

• A luminosity of  50 – 100 ab-1  (100 
times that of existing B-Factories) open 
windows on NP: 
– Precision measurements allowing to 

detect discrepancies from the standard 
model 

– Rare decay measurements, Lepton 
flavour violation 

– CP violation in Charm 

• Polarized e- beam:   
– τ CPV, EDM, g-2 

• Possibility to run at tau/charm 
threshold 

• Complementarity and synergy with LHC 
program 

37 

© by Ciuchini
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Parameter Requirement Comment 

Luminosity (top-up mode) 1036 cm-2s-1 @ (4S) Baseline/Flexibility with headroom at  
4. 1036 cm-2s-1  

Integrated luminosity 75 ab-1 Based on a “New Snowmass Year” of 
1.5 x 107 seconds 
(PEP-II & KEKB experience-based) 

CM energy range t threshold to  
 (5S) 

For Charm special runs (still 
asymmetric……) 

Minimum boost bg  ≈0.237 
~(4.18x6.7GeV) 

1 cm beam pipe radius. First 
measured point at 1.5 cm 

e- Polarization ≥80% Enables t CP and T violation studies, 
measurement of t g-2 and improves 
sensitivity to lepton flavor-violating 
decays. Detailed simulation, needed 
to ascertain a more precise 
requirement, are in progress. 

         REQUIREMENTS FROM PHYSICS 
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arXiv:1008.1541v1 

 arXiv:1007.4241 

arXiv:1009.6178v1  

In   Preparation of TDR 

Since September 2010 the three 

SuperB Progress Reports have been 

published, it was an important step 

forward to the completion of the 

TDR , in time during 2011. 

Machine parameters are fixed 

including the tunnel length , a 

Physics update after the 2008 

Valencia document, the Detector is 

almost frozen. 

5/30/2011 39 M.A.Giorgi 

http://arxiv.org/abs/1008.1541v1
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I.P. 

HER 

arc 

LER 

arc 

e- 

e+ 

RF FF 

FF 

l  *~ 0.5m 

LER 

arc 

HER 

arc 

HER Energy: 

6.7 GeV 

LER Energy: 

4.2 GeV 

Polarization 

80% for e- 

Collider Parameters are “stable”         
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New PDG table for SuperB 
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Large Piwinsky angle 

• Bunches are “long”  (σz ~ 5 mm), 
 “natural” aspect ratio σy /σx  ~ 0.5%  

• The collision region is short (Σz  ~ 400 μm),  

very small aspect ratio Σy /Σx  ~ 0.01 %   
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Crab Waist 

• Crab waist: modulation of the y-waist position, particles collides a same βy  
realized with a  sextupole upstream the IP.  

• Minimization of nonlinear terms in the beam-beam interaction: reduced 
emittance growth, suppression of betatron and sincro-betatron coupling 

• Maximization of the bunch-bunch overlap:  
luminosity gain 



Polarization in SuperB: Spin Rotation 

IP HER 

HER LER 

LER 

S.r. solenoids 
   (90° spin) 

S.r. dipoles 
(270° spin) 

• 90° spin rotation about x axis 
– 90° about z followed by 90° about y 

• “flat” geometry => no vertical emittance growth 
• Solenoid scales with energy => LER more economical 
• Solenoids are split & decoupling optics added. 

45 M.A.Giorgi 

P.Raimondi 
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            END of first part 


