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The τ /Charm Task Force

It is beyond a cliché that a (Super)B Factory is also a 
(Super)τ/charm or (Super)Flavo(u)r Factory
Thus SuperB can do a great deal of τ /charm physics in addition 
to B physics
The question arises as to whether there is a motivation to 
provide the capability to take data in the 4 GeV region,
as well as in the 10 GeV region

That is, are there specific physics topics that substantially 
benefit from threshold kinematics?

The purpose of the τ /charm Task Force is to address this 
question and make recommendations as to whether to 
include low energy running capability in the SuperB design

The work of the Task Force is proceeding well, but is not yet 
complete

The is a progress report: the Task Force has not yet reached 
any collective conclusions
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τ /charm Task Force Members

David Asner, John Back, Jose Bernabéu, 
Marcello Giorgi, David Hitlin (chair), 
Antimo Palano, Frank Porter, Patrick Roudeau
Conference calls are held (almost) weekly 
The goal is to produce a set of comparison tables 
and a recommendation on including the capability 
of running SuperB at energies below the ϒ (4S)

A related question is whether or not to include 
the capability of longitudinal polarization of the 
electron beam to facilitate new physics 
searches in τ physics
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Working assumptions
CLEO-c: .75 fb-1 at ψ(3770) and .75 fb-1 at ψ(4170) by 2008
BESIII:  20 fb-1 at ψ(3770) and 12 fb-1 at ψ(4170) (8 years)

BABAR+Belle: 2 ab-1 total in ~2009
SuperB: at Ecm=10.58: 1036,  1 year:  15 ab-1

5 years: 75 ab-1

in 4 GeV region: ~1035; 1 year: 1.5 ab-1

Ecm(GeV) 4.24 10.58 

σττ (nb) 3.5 0.89
L (cm-2s-1) 1.6x1035 1036

ττ pairs per 
Snowmass 
year 
(1.5x107 s)

8.4x109 13.4x109

σττ
(nb)

Εcm

τ production cross section
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SuperB sample sizes

Ecm(GeV) 4.24 10.58 

σττ (nb) 3.5 0.89

L (cm-2s-1) 1.6 x 1035 1036

ττ pairs per 
Snowmass year

8.4x109 1.34x1010

Ecm(GeV) 3.77 10.58 

σDD or σcc (nb) 6 .34

L (cm-2s-1) 1.3 x 1035 1036

DD (cc) pairs 
per Snowmass 
year

1.2x1010 5x109
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Charm cross section

ECM (GeV)σττ
(nb)

Εcm

Running strategy:
Time divided between:
ψ, ψ(2S), ψ(3770), ψ(4040),
ψ(4160), charmed baryons,
τ threshold scan, ……..
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Charmed mesons
Absolute branching fractions
CKM physics
Dalitz plots
Rare decays    
DD mixing
CP violation

Charmed baryons
Λc Absolute Branching Fractions

Form factors
Precision R scan
Charmonia

Study of J/ψ , ψ’, χcj

Y(4260), ψ(4160), ψ(4040)

Which topics are 
better addressed at 
Ecm~4 GeV, and 
which at ~10 GeV ?

Charm physics opportunities
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QCD tests + αs

Non-strange spectral function (much better resolution!)
Strange spectral function (real measurement, v/a, … )
Second class currents
Chiral perturbation theory

Exclusive decays
Branching ratios
Light meson spectroscopy

Michel parameters
τ  lifetime – universality tests
Vus from inclusive decays
CP violation in τ production and decay
Rare decays LFV
Neutral current couplings
ντ mass

Which topics are 
better addressed at 
Ecm~4 GeV, and 
which at ~10 GeV ?

τ physics opportunities
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Methodology

Measurement capability is mainly evaluated by 
scaling from existing data sets

In, for example, rare decays with little or no 
anticipated background, scaling is done as
When background is expected, as
Systematic limits are also being considered

With high statistics, can trade statistics
for reduced systematic errors, but this is
difficult to estimate with any degree of
precision 

In some rare decay cases, naïve scaling by 
sample size may favor high energy, but 
background may be better at the ψ(3770)

1/ dt
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Rare Charm Decays 

I.Shipsey DIF06
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Charm FCNC Branching Fraction Limits

(preliminary)

Upper limits on BF (x10-6)  at 90% CL

P. Jackson, 
Charm 2006

L (fb-1) BF Limits

BABAR 250                    1-3 x 10-5

SuperB 50000                  6 – 18 x 10-7
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Theoretical expectations for τ − LFV

Olga Igonkina DIF06

David Hitlin SuperB III             June 16, 2006



13
David Hitlin SuperB III

SuperB : >50 times more data

BR sensitivity: ~1/n for negligible BG case
~1/√n for BG dominated modes
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Hadronic               decays

David Asner

0 , , sD D D± ±
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Exclusive semileptonic decays

David Asner
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Semileptonic, leptonic decays

David Asner
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Rare decays

David Asner
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Charm mixing, CP,T violation, Λc

David Asner
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CKM

David Asner
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D0 → π +π −π 0

D0 → KS
0π −π 0

John Back

D0 Dalitz plot examples
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D branching fractions

Frank Porter

BABAR or Belle             BABAR+Belle final       SuperB 1 year            SuperB 5 years
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D branching ratios

Frank Porter

BABAR or Belle            BABAR+Belle final       SuperB 1 year            SuperB 5 years
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D0 mixing, CP violation

Frank Porter

BABAR or Belle         BABAR+Belle final          SuperB 1 year             SuperB 5 years
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τ decay
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David Hitlin
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τ EDM limits with a polarized beam
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J. Bernabéu, 
G.A. González-Sprinberg, 
J. Vidal

Polarized: 

where

Unpolarized

Polarized beam
limits

BABAR+Belle
Total (2 fb-1)

SuperB
1 year

SuperB
5 years

e-cm <10-19 <3.4x10-20 <1.5x10-20( )Te d γℜ

Υ(4S)
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CP violation in τ  decay
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CP violation in τ  decay

Unpolarized τ’s
Measure B’s of τ decays with two or more hadrons

Interpretation of any observed CPV requires understanding 
of inelastic final state interactions
Measure CP or T-violating correlations in τ+τ- decays

Polarized τ’s
Search for T-odd rotationally invariant products, e.g.

in τ+ and τ-decays such as

Search for T-odd correlation between τ polarization and μ
polarization in                   decay 

0 0( ) ( )B Bτ ττ π π ν τ π π ν− − + +→ ≠ →

μ ττ μ ν ν− −→

( )0e
w p p

π π− +⋅ ×

  τ
− → π −π 0ντ ,τ − → K −π 0ντ , τ − → π −π +π −ντ ,τ − → K −π +π −ντ
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0.6

0.95

0.9

0.8

0.7

we-

we+

0.99

Y.S. Tsai, Phys Rev D55, 3172 (1995)
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Comparison of τ/charm and SuperB
BEPCII L=1033      SBF L=1036      SBF(4GeV) L  ≅ 1035

FOM for measuring CPV in τ decay (Tsai): 
z component of τ polarization averaged over cross section:

For equal longitudinal polarization

2 2FOM ( ) 1 (1 2 ),  where 2 /
e e

w w a a a a m sτ− += × + × − + =L

Machine FOM/FOM BEPCII

BESIII@     =4 GeV 1

SBF @ ϒ (4S) 178

SBF @      =4 GeV 100s

s
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Producing longitudinal polarization at the IP requires a series of 
systems, which must be designed in from the start

Longitudinally polarized e- source (90% polarization)
Rotate e- spin to vertical and inject into e- ring
Lattice must be designed to avoid depolarizing resonances
Rotate e- spin to longitudinal before IP and restore to transverse 
after IP
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Longitudinal polarization at the IP

VEPP-4 (4.7 GeV)
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See presentation by I. Koop

e- ring

Interaction Region



Conclusion

The Task Force will complete the tables in the 
next few weeks, will then identify specific physics 
topics of interest, and then evaluate the merits of 
running in the 4 GeV region and the additional 
capital cost, if any, for doing so
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