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My	
  Context	
  

•  Starting ~2015, we have at least 10 years of exciting 
physics to do with the 12 GeV upgrade. 

•  I personally am convinced that the most exciting 
project for QCD physics in the U.S. beyond 2020 is 
an Electron-Ion Collider 
  Construction start 2020, Physics start 2025 
  Luminosity, polarization, hermetic detectors are the critical 

parameters (in decreasing order). 
  Maximum CM energy is not the critical parameter. 

•  If an EIC is built elsewhere, or delayed by >5 years, 
is there a future for QCD physics at JLab that will 
still appear new and exciting in 2020++? 
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A	
  Polarized	
  Electron-­‐Electron	
  Collider	
  @	
  JLab	
  

•  Is it exciting? 
•  Is it unique? 

  What is the advantage/distinction vis à vis e+e– colliders 
•  Is it (relatively) inexpensive? 

  ≤ 12 GeV upgrade. 
•  Is it the only (or best) option? 

  I am just trying to present an option. 
•  I have only initial, tentative, and partial answers to 

these questions 
  Invitation to dialog. 
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A	
  Straw-­‐Man	
  Design	
  
•  Double Energy Recirculation 

  [100 mA x 6 GeV e– ] × [ 1A x 0.59 GeV e–] √s = 3.8 GeV 
•  100mA polarized is 10x current achievements 
•  2MW RF power  600:1 ERL is 15x current achievements 

•  e–e– Luminosity  2•1035/cm2/s  500 fb–1/month 
  Normalized transverse emittance 10–6 meter•radian 
  β*x,y = (10,0.25) mm  Beam spot at IP =  (3,0.5)µm 
  Quasi-real γγ luminosity > (1031/cm2/s) (dsγ/sγ) 
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Accelerator	
  Context	
  
•  B-factories √s ≈ 10 GeV 
•  BaBar  

  Final Luminosity 1034/cm2/sec 
   integrated luminosity ≥ 500 fb–1  

•  Belle 
  5 years to reach 1034/cm2/sec 
  Luminosity record 2•1034/cm2/s 
  Integrated luminosity 1000 fb–1  

•  Belle-II/SuperKEKB  
  Ground breaking 11/11 
  Design 8•1035/cm2/sec 

•  SuperB 
  Italy, France, SLAC… 
  Design 1036/cm2/sec 

•  (3 A)2 

•  βy
* ≈ 0.3 mm 

•  RF power ~10MW  

SuperKEKB luminosity projection

Goal of Be!e II/SuperKEKB

We will reach 50 ab-1

 in 2021

9 months/year

20 days/month

Commissioning starts

in early 2015.

Shutdown

for upgrade
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Physics	
  Program	
  

•  Parity Violating Møller Scattering 
  ee  ee, free of nuclear background 
  B-factories are not polarized 

•  Two photon QCD physics 
  Transition Form Factors 

•  γ*γ  π0, η, or η’… ηC	



•  γ*γ*  π0, η, or η’…	



  t-channel Compton scattering 
•  γγ  π+π–, π0π0, K+K–, or K0K0	



•  γ*γ π+π–,…	
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Parity	
  ViolaHng	
  Møller	
  ScaJering	
  

•  Møller Figure of Merit (FOM) 
  PV asymmetry  

Ay ~ [Q2/MZ
2 ] (¼–sin2θW )  ~  [s/MZ

2] (¼–sin2θW ) 
  Møller cross section σ ~ 1/Q2 ~ 1/s 
  FOM =  σAy

2 ~ s 
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ee	
  
Collider	
  

12	
  Gev	
  
Møller	
  

s	
  (GeV2)	
   14	
  	
   0.011	
  

L	
  (cm–2s–1)	
   2•1035	
   3•1039	
  

L•FOM	
   2.8	
   33	
  

δsin2θW	

 0.002*	
   0.0003	
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Figure 1.3: Current and proposed weak mixing angle measurements vs. the energy
scale µ. The three future measurements are located at appropriate µ values but the
vertical locations are arbitrary.

An additional advantage of the proposed measurement, which was not relevant
to the discussion above, is that it would be undertaken at a low 4-momentum transfer
scale, in contrast to the SLC and CERN measurements, both of which were carried
out at the top of the Z0 resonance. This difference in energy scales enhances the
sensitivity of the proposed measurement dramatically to as yet undiscovered super-
weak interactions at the TeV scale, which we discuss in the next section.

A convenient way to track various electroweak measurements is to use sin2 θW

as a bookkeeping parameter. As mentioned earlier in the discussion of the theoret-

*1	
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  3	
  yrs	
  



	
  Two	
  Photon	
  Physics	
  

•  Projected e–e– luminosity =2•1035 at √s~4 GeV  
•  Previous e+e– B-factory luminosity  = 1034 at 
√s~10 GeV 

•  Projected SuperKEK and/or SuperB luminosity 
1036 

•  B-factory detectors and triggers are not 
optimized for two-photon physics 
  Belle measured γγππ	



  BaBar measured γ*γ  π0, η,  η’ and γ*  p p-bar 
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Two-­‐Photon	
  Physics:	
  Scalars	
  

•  γγ  scalars 
  Possible contribution to muon g–2 anomaly 
  Search for new physics is limited by hadronic corrections 

•  Scalar-Isoscalar spectrum 
  σ(600)	


  f0(980) 
  f0(1370) 
  … 
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γ*γ  π0	
  TransiHon	
  Form	
  Factor	
  

•  Rosetta Stone of pQCD  
  until BaBar spoiled the party  

[Phys Rev D80 05002]. 
•  Strong intrinsic kT corrections? 

  e.g. A. Radyushkin PRD80 094009 
•  Universal scaling for  γ*γ*  π0	



  [Q1
2+Q2

2] F(Q1
2,Q2

2) = f(ω) 
•  Q2

1,2 = Q2(1±ω)/2 
  Violated by strong kT corrections? 

•  γ*γ*  π0  
  Rough projection of error bars in e–e– collisions 
δF(2GeV2,Q2) ~ 0.025/Q2 for ΔQ2=4GeV2,  Q2<14 GeV2 
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FIG. 2: Handbag diagram for photon-pion transition form factor.

Thus, if one would know the function J(ω), one could (in principle) obtain the pion DA ϕπ(x) by inverting the integral
transform (15). However, as already mentioned, this kinematics is very difficult for experimental study. If one of the
photons is real, i.e. ω = 1, the leading-order pQCD prediction is

F pQCD
γ∗γπ (Q2) =

√
2

3Q2

∫ 1

0

ϕπ(x)

x
dx ≡

√
2fπ

3 Q2
J . (16)

Information about the shape of the pion wave function is now accumulated in the factor J . It equals 2 for the
infinitely narrow ∼ δ(x− 1/2) DA, for asymptotic DA (8) we have Jas = 3, while CZ model (12) gives JCZ = 5. The
intermediate distribution (13) produces JMR = 4. Thus, in addition to 〈ξ2〉, we have another measure of the width of
the pion DA, the value of J . Note, that for the DA’s listed above, the ordering in J values is the same as the ordering
in 〈ξ2〉 values. However, the flat DA, for which 〈ξ2〉 is smaller than that for the CZ model DA, generates infinite
value for J , which is a consequence of the fact that it does not vanish at x = 0. This divergence of the integral for
J formally means that the standard perturbative QCD factorization approach is not applicable for the flat DA case.
But, since the divergence is only logarithmic, one may hope that some minimal fix, like a cut-off, might be sufficient.
The question, of course, is whether there is a real need to use the flat DA to describe the data on the photon-pion
transition form factor.

B. Logarithmic model

Recent data on γ∗γ → π0 form factor reported by BaBar collaboration in Ref. [12] are well fitted by the formula

Q2 Fγ∗γπ0(Q2) ∼=
√

2fπ

(

Q2

10 GeV2

)0.25

≡
√

2fπ

3
Jexp(Q2) (17)

for the range 4GeV2 < Q2 < 40GeV2. The most startling observation is that Jexp(Q2) does not show a tendency to
flatten to some particular value. The specific (Q2)β power-law parametrization of the growth is, of course, a matter
of choice. In this region, Jexp(Q2) is in fact very close to the logarithmic function

JL(Q2) = ln

(

1 +
Q2

M2

)

, (18)

if one takes M2 = 0.6GeV2, see Fig. 3. The two curves practically coincide for Q2 ! 15GeV2.
It is easy to notice that JL(Q2) can be obtained if one uses the flat DA ϕπ(x) = fπ and changes xQ2 → xQ2 + M2

in the pQCD expression for the γ∗γ → π0 form factor:

JL(Q2) = Q2

∫ 1

0

dx

xQ2 + M2
. (19)

As discussed above, the idea to modify propagators 1/k2 → 1/(k2 + M2) in integrals over the light-cone momentum
fractions is rather old. The parameter M in such modifications is usually treated as the average transverse momentum
of the propagating particle. However, the immediate observation is that the value M = 0.77GeV is a little bit too
large to be interpreted in such a way. Furthermore, the 1/xQ2 → 1/(xQ2 +M2) modification is equivalent to bringing
in, before the integration over x, a tower of (M2/xQ2)n power corrections, i.e., higher twists. But it is known [32]
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FIG. 21: The e+e− → e+e−π0 differential cross section ob-
tained in this experiment compared to that from the CLEO
experiment [12].

tion by a smooth function, reweight the Q2 distribution
in simulation to be consistent with data, and calculate
the weighted average (Q2) for each mass interval. The
values of Q2 are listed in Table II.

Since the requirement on cos θ∗eπ limits the momentum
transfer to the untagged electron, we measure the cross
section for the restricted q2

2 range |q2
2 | < amax. The value

of amax is determined from the q2
2 dependence of the de-

tection efficiency (ε(amax) = 50%) and is equal to 0.18
GeV2.

To extract the transition form factor we compare the
measured and the calculated values of the cross section.
The simulation uses a constant form factor FMC. There-
fore the measured form factor is determined from

F 2(Q2) =
(dσ/dQ2)data

(dσ/dQ2)MC
F 2

MC. (8)

The calculated cross section (dσ/dQ2)MC has a model-
dependent uncertainty due to the unknown dependence
on the momentum transfer to the untagged electron.
We use a q2

2-independent form factor, which corresponds
to the QCD-inspired model F (q2

1 , q2
2) ∝ 1/(q2

1 + q2
2) ≈

1/q2
1 [23]. Using the vector dominance model with the

form factor F (q2
2) ∝ 1/(1 − q2

2/m2
ρ), where mρ is ρ me-

son mass, leads to a decrease of the cross section by
3.5%. This difference is considered to be an estimate of
model uncertainty due to the unknown q2

2 dependence.
However, it should be noted that this estimate depends
strongly on the limit on q2

2 . The value of 3.5% is obtained
with |q2

2 | < 0.18 GeV2. For a less stringent q2
2 constraint,

for example |q2
2 | < 0.6 GeV2, the difference between the
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FIG. 22: The γγ∗ → π0 transition form factor multiplied by
Q2. The dashed line indicates the asymptotic limit for the
form factor. The dotted curve shows the interpolation given
by Eq.(9).

calculated cross sections reaches 7.5%.
The values of the form factor obtained, represented in

the form Q2|F (Q2)|, are listed in Table II and shown
in Fig. 22. For the form factor we quote the combined
error, for which the statistical and Q2-dependent sys-
tematic uncertainties are added in quadrature. The Q2-
independent systematic error is 2.3%, and includes the
uncertainty on the measured differential cross section,
and the model-dependent uncertainty due to the un-
known q2

2 dependence.

VIII. CONCLUSIONS

We have studied the e+e− → e+e−π0 reaction in the
single tag mode and measured the differential cross sec-
tion (dσ/dQ2) and the γγ∗ → π0 transition form factor
F (Q2) for the momentum transfer range from 4 to 40
GeV2. For the latter, the comparison of our results with
previous measurements [11, 12] is shown in Fig. 22. In
the Q2 range from 4 to 9 GeV2 our results are in rea-
sonable agreement with the measurements by the CLEO
collaboration [12], but have significantly better precision.
We also significantly extend the Q2 region over which the
form factor is measured.

To effectively describe the Q2 dependence of the form
factor in the range 4–40 GeV2, we fit the function

Q2|F (Q2)| = A

(

Q2

10 GeV2

)β

(9)

√2fπ	
  



BaBar	
  Anomaly	
  in	
  γ*γ  π0 TFF	
  

•  No anomaly seen in γ*γ  η, η’	



•  Maybe BaBar γ*γ  π0  
data are wrong 
  Update with future super B-factories 
  Expect to observe scaling in γ*γ*  π0	



•  Map out pion DA from ‘inversion’ ω = (Q1
2–Q2

2)/Q2 dependence 

•  Maybe BaBar γ*γ  π0 data are correct 
  We understand the pion even less than we thought 
  Violations of scaling in γ*γ*  π0 are possible signatures of 

kT effects or qqg higher twist correlations. 
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quark flavor basis [26]:

|n〉 =
1√
2
(|ūu〉+ |d̄d〉), |s〉 = |s̄s〉,

|η〉 = cosφ |n〉 − sinφ |s〉,
|η′〉 = sinφ |n〉+ cosφ |s〉, (17)

where φ is the mixing angle. The η and η′ transition form
factors are related to the form factors for the |n〉 and |s〉
states:

Fη = cosφFn−sinφFs, Fη′ = sinφFn+cosφFs, (18)

which have asymptotic limits for Q2 → ∞ [27] given by

Q2Fs(Q
2) =

2

3
fs, Q2Fn(Q

2) =
5
√
2

3
fn, (19)

where fn and fs are the decay constants for the |n〉
and |s〉 states, respectively. For the π0 form factor, the
corresponding asymptotic value is

√
2fπ. The pion de-

cay constant is determined from leptonic π decays to be
130.4 ± 0.2 MeV [16]. For the |n〉 and |s〉 states, we
use the “theoretical” values from Ref. [26]: fn = fπ and
fs =

√

2f2
K − f2

π ≈ 1.36fπ (fK/fπ = 1.193± 0.006 [16]),
which agree to within 10% with the “phenomenological”
values [26] extracted from the analysis of experimental
data, for example, for the two-photon η and η′ decays.
The currently accepted value of the mixing angle φ is
about 41◦ [28]. Under the assumption that the |n〉 and
π0 distribution amplitudes are similar to each other, the
only difference between the |n〉 and π0 form factors is
a factor of 3/5 that arises from the quark charges. In
Fig. 18 the form factor for the |n〉-state multiplied by
3Q2/5 is compared with the measured γ∗γ → π0 form
factor [1] and the results of the QCD calculations per-
formed by A. P. Bakulev, S. V. Mikhailov and N. G. Ste-
fanis [29] for the asymptotic DA [30], the Chernyak-
Zhitnitsky π0 DA [31], and the π0 DA derived from QCD
sum rules with non-local condensates [32]. The horizon-
tal dashed line indicates the asymptotic limit for the π0

form factor.
The Q2 dependencies of the measured |n〉 and π0 form

factors are significantly different. This indicates that the
distribution amplitudes for the |n〉 and π0 are signifi-
cantly different as well. The data for the |n〉 form factor
are well described by the model with DA from Ref. [32],
while the data for the π0 form factor is reproduced by
the models with a significantly wider DA [21, 22] or a
flat DA [23–25].
The form factor for the |s〉 state is shown in Fig. 19.

The dotted curve shows the QCD prediction [29] for the
asymptotic DA [30], defined by multiplying the π0 curve
in Fig. 18 by a factor of (

√
2/3)fs/fπ. The data lie sys-

tematically below this prediction. This may indicate,
in particular, that the distribution amplitude for the |s〉
state is narrower than the asymptotic DA. However, due
to the strong sensitivity of the result for the the |s〉 state
to mixing parameters, other interpretations are possible.
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FIG. 18: The γγ∗ → |n〉 transition form factor multiplied by
3Q2/5 in comparison with the γγ∗ → π0 transition form fac-
tor [1]. The dashed line indicates the asymptotic limit for the
π0 form factor. The dotted, dash-dotted, and solid curves
show predictions of Ref. [29] for the asymptotic DA [30],
the Chernyak-Zhitnitsky π0 DA [31], and the π0 DA from
Ref. [32], respectively.
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FIG. 19: The γγ∗ → |s〉 transition form factor multiplied by
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form factor. The dotted curve shows the prediction [29] for
the asymptotic DA [30].



t-­‐channel	
  Compton:	
  γγ  ππ,…	
  

•  Asymptotic pQCD high mass(ππ) 
  gluon exchange to balance momenta 

•  Brodsky Lepage, Phys. Rev. D 24, 1808 
(1981) 

•  ‘Feynman’ Mechanism 
  Soft interactions generate high 

momentum quarks 
•  Diehl, Kroll, & Vogt PL B532 (2002) 99 

•  Belle Data (200 fb–1) 
  Phys Rev D79 052009 (2009). 
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FIG. 10: (a) The cross sections for the γγ → π0π0 (solid circles) and γγ → π+π− (triangles, [2])
for | cos θ∗| < 0.6. The curve is a fit to the cross section for γγ → π0π0 with a ∼ W−n functional
shape. (b) Ratio of the cross section for the π0π0 process to the π+π− process. The error bars

are statistical only. The shorter horizontal line is the average for 3.1 GeV < W < 4.1 GeV.
The horizontal line (0.5) is an expectation from isospin invariance for a pure I = 0 component.
In (a) and (b), the estimated charmonium contributions are subtracted in both π+π− and π0π0

measurements. The results in the W region 3.3 - 3.6 GeV (plotted with gray circles) are not used
for the fits.

behavior changes above 3.1 GeV, where the two processes have similar W−n dependence,
which results in the almost constant ratio. The average of the ratio in this energy region is
0.32 ± 0.03 ± 0.05, where the data in the 3.3 - 3.6 GeV region is not used when calculating
this average. This ratio is significantly larger than the prediction of the leading-order QCD
calculations [9, 10, 11] and is somewhat smaller than the value of 0.5, which is suggested by
isospin invariance [12].
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Introduction. The production of pion or other hadron pairs in two-photon collisions at high
energies has long been a subject of great interest. Recently it has been shown [1, 2, 3] that in
kinematics where one of the photons has a virtuality much larger than the squared invariant
mass s of the hadron pair the transition amplitude factorizes into a perturbatively calculable
subprocess, γ∗γ → qq̄, and a soft qq̄ → ππ transition matrix element. The latter was termed the
two-pion distribution amplitude in order to emphasize its close connection to the single-pion
distribution amplitude introduced in the standard hard scattering approach [4]. The two-
pion distribution amplitude is the timelike version of a generalized parton distribution, which
encodes the soft physics information in processes such as deeply virtual [5] or wide-angle [6, 7]
Compton scattering.

Here we are interested in the complementary kinematical region of large s, large momen-
tum transfer from the photons to the pions, and vanishing photon virtuality. It has long been
known [8, 9] that for asymptotically large s the process is amenable to a leading-twist perturba-
tive treatment, where the transition amplitude factorizes into a hard scattering amplitude for
γγ → qq̄ qq̄ and a single-pion distribution amplitude for each pion. This distribution amplitude
is constrained by the photon-pion transition form factor [10, 11, 12], and it has recently become
clear [13] that the perturbative contribution evaluated with such a distribution amplitude is
well below experimental data.

In this letter we propose an approach which is complementary to the perturbative one for
large but not extremely large energies and momentum transfers. The mechanism we investigate
is similar to the one in two-photon annihilation at large Q2 but small s. The corresponding
diagrams have the handbag topology shown in Fig. 1a, and we will express them as a hard
scattering γγ → qq̄ times a form factor describing the soft transition qq̄ → ππ and given by
a moment of the two-pion distribution amplitude in the kinematical region of interest. The
handbag contribution to γγ → ππ formally represents a power correction to the leading-twist
perturbative one, which will dominate at asymptotically large scales. The approach advocated
here is analogous to the handbag contribution to wide-angle Compton scattering [6, 7].

π (p)+

π (p’)

π (p)+

π (p’)k’ k’

(a) (b)   

− −
(q’)

(q)γ 

γ

k

(q’)

(q)γ 

γ

k

p k−

Figure 1: (a) Handbag factorization of the process γγ → ππ for large s and t. The hard
scattering subprocess is shown at leading order in αs, and the blob represents the two-pion
distribution amplitude. The second contributing graph is obtained by interchanging the photon
vertices. (b) The handbag resolved into two pion-parton vertices connected by soft partons.
There is another diagram with the π+ and π− interchanged.
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‘DVCS’	
  in	
  e–e–e–e–ππ,…	
  

•  Time-like GPDs  
•  γ* γ  ππ,…pp	



•  Single and double γ* polarization 
observables 
  Dynamics of super-fast quarks  
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kinematics where one of the photons has a virtuality much larger than the squared invariant
mass s of the hadron pair the transition amplitude factorizes into a perturbatively calculable
subprocess, γ∗γ → qq̄, and a soft qq̄ → ππ transition matrix element. The latter was termed the
two-pion distribution amplitude in order to emphasize its close connection to the single-pion
distribution amplitude introduced in the standard hard scattering approach [4]. The two-
pion distribution amplitude is the timelike version of a generalized parton distribution, which
encodes the soft physics information in processes such as deeply virtual [5] or wide-angle [6, 7]
Compton scattering.
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tum transfer from the photons to the pions, and vanishing photon virtuality. It has long been
known [8, 9] that for asymptotically large s the process is amenable to a leading-twist perturba-
tive treatment, where the transition amplitude factorizes into a hard scattering amplitude for
γγ → qq̄ qq̄ and a single-pion distribution amplitude for each pion. This distribution amplitude
is constrained by the photon-pion transition form factor [10, 11, 12], and it has recently become
clear [13] that the perturbative contribution evaluated with such a distribution amplitude is
well below experimental data.

In this letter we propose an approach which is complementary to the perturbative one for
large but not extremely large energies and momentum transfers. The mechanism we investigate
is similar to the one in two-photon annihilation at large Q2 but small s. The corresponding
diagrams have the handbag topology shown in Fig. 1a, and we will express them as a hard
scattering γγ → qq̄ times a form factor describing the soft transition qq̄ → ππ and given by
a moment of the two-pion distribution amplitude in the kinematical region of interest. The
handbag contribution to γγ → ππ formally represents a power correction to the leading-twist
perturbative one, which will dominate at asymptotically large scales. The approach advocated
here is analogous to the handbag contribution to wide-angle Compton scattering [6, 7].
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Figure 1: (a) Handbag factorization of the process γγ → ππ for large s and t. The hard
scattering subprocess is shown at leading order in αs, and the blob represents the two-pion
distribution amplitude. The second contributing graph is obtained by interchanging the photon
vertices. (b) The handbag resolved into two pion-parton vertices connected by soft partons.
There is another diagram with the π+ and π− interchanged.
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Fig. 4. Measured cross sections for γ γ → pp̄. For the Belle, CLEO [8] and VENUS [9] results, the error bars are purely statistical; while for
OPAL [10] and L3 [11], both statistical and systematic uncertainties are included. Theoretical prediction curves shown are from [14] (diquark)
and [4] (three-quark).

larger than 135◦, two or more TOF hits as well as the
ECL timing signal, using experimental events passing
the high energy trigger based on a 1 GeV threshold
for an ECL total energy sum [18,30]. The trigger effi-
ciency depends on the average transverse momentum
of the two tracks in the laboratory frame,

p̄t
∼= p

γγ
t ≡

[(
Wγγ

2

)2
− m2

p

]1/2(
1−

∣∣cos θ∗∣∣2)1/2,

where the latter is the transverse momentum of p(p̄)

in the γ γ c.m. frame. We determine the trigger effi-
ciency as a function of p

γγ
t , since each of the two-

dimensional bins inWγγ and | cos θ∗|, where the num-
ber of events is measured, is associated with a p

γγ
t

value using the relation above. From the data, the trig-
ger efficiency is 0.83±0.02 at pγγ

t = 0.55 GeV/c and
0.95± 0.05 at pγγ

t = 0.95 GeV/c. Corrections for the
Monte Carlo trigger efficiency are implemented ac-
cording to the data, with a systematic error within 5%.

The accuracy of the PID efficiencies has been
checked by comparing Monte Carlo estimates to those
based on data. The efficiency associated with each of
the four PID conditions (Section 2) is studied, using
events passing all selection criteria except the condi-
tion in question. The overall PID efficiency is ∼92%,
∼88% and down to ∼78% at Wγγ = 2, 3 and 4 GeV
respectively, with a systematic error less than 6% in
the whole Wγγ range. The fake rate is ∼0.01%–0.3%
for Wγγ = 3–4 GeV, respectively.
Monte Carlo studies indicate that the PID require-

ments are very efficient in rejecting electrons and
other relativistic particles, so that events from γ γ →
π+π−, µ+µ− and e+e− do not survive the selection,
leaving those from γ γ → K+K− as the main resid-
ual background. From Monte Carlo simulation and
the measured cross sections for γ γ → K+K− [27,
31], the fraction of data that can be attributed to resid-
ual K+K− background, fm, is evaluated. Based on
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Energy	
  and/or	
  PolarizaHon	
  Upgrade	
  

•  As described, one Hall e–e– collisions could be 
compatible with fixed target running in other 
Halls 

•  Use 500 MHz or 750 MHz separator to divide full 
energy 6 (or 11 GeV) beam for full energy 
double polarized collisions: 
  Full polarization study of γ*γ π+π–,…	



  10✕10 GeV2 extends physics reach to b-threshold 
  Luminosity ≥ 2•1034/cm2/s 
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Conclusions	
  Points	
  for	
  further	
  discussion	
  

•  Novel and exciting QCD and EW physics 
opportunities with a dedicated ee Collider 

•  More discussion required to establish range of 
conservative to aggressive-but-possible machine 
parameters. 
  What is a reasonable cost estimate? 

•  How does detector design, triggering, 
polarization affect the comparison with beauty- 
or charm-factories? 
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