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By	  believing	  passionately	  in	  something	  
that	  s2ll	  does	  not	  exist,	  we	  create	  it.	  	  
The	  nonexistent	  is	  whatever	  we	  have	  	  
not	  sufficiently	  desired.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Franz	  Ka@a	  

The	  Dark	  Photon	  is	  highly	  desirable,	  	  
but	  we	  have	  to	  find	  out	  if	  it	  does	  exist.	  
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-‐	  Light	  Meson	  Decays	  in	  CLAS	  

-‐	  Dalitz	  Decay	  π0	  -‐>e+e-‐γ	  
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Light	  Meson	  Decays.	  CLAS	  Approved	  Analysis.	  
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	  Decays	  to	  e+e-‐	  can	  be	  used	  for	  A’	  search	  
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Figure 3: The reconstructed e+e− invariant mass q = IM(e+e−): a) before and b) after
the cuts for reducing the conversion background. The experimental data are denoted by
black points. Results of simulations for π0 → γγ (blue line) and π0 → e+e−γ (green line)
decays are normalized according to the known branching ratios. The normalization of random
coincidences (dotted line) was fitted in order to reproduce the IM(e+e−) > 150 MeV range.
The sum of all simulated contributions is given by the red line.

3. Data analysis

The first stage of data analysis is to extract a clean signal of π0 → e+e−γ
decays. The results shown in the previous section suggest that at this en-
ergy electron-positron pairs come nearly exclusively from the π0 meson decays.
Therefore, in order to maximize the yield of the π0 → γe+e− events we use
an inclusive data sample requesting events with (i) at least one proton iden-
tified in the FD, (ii) an e+e− pair identified in the CD. There is no request
of an additional photon cluster and we have included events from both trig-
gers corresponding to phase space regions (1) and (2). The distribution of the
reconstructed invariant mass of the electron-positron pair, q = IM(e+e−), is
shown in Fig. 3a. This spectrum is well described by the sum of π0 → e+e−γ
and π0 → γγ (with photon conversion). The data sample contains 1.8×106

reconstructed events.
The π0 → γγ events are efficiently removed by a condition on the recon-
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Fig. 2. φ → η e+e−, η → π0π0π0 events: data-MC comparison for Mee (top) and
cosΨ∗ distributions (bottom) after the Mrecoil(ee) cut.

timing capabilities of the calorimeter. When an energy cluster is associated
to a track, the time of flight (ToF) to the calorimeter is evaluated both using
the track trajectory (Ttrack = Ltrack/βc) and the calorimeter timing (Tcluster).
The ∆T = Ttrack−Tcluster variable is then evaluated in the electron hypothesis
(∆Te). In order to be fully efficient on signal, events with either an e+ or an
e− candidate inside a 3σ window around ∆Te = 0 are retained for further
analysis.

At the end of the analysis chain, 30577 events are selected, with ∼ 3% back-
ground contamination (Fig. 3). The analysis efficiency, defined as the ratio
between events surviving analysis cuts and generated events, is ∼ 15% at low
e+e− invariant masses, increasing up to 30% at higher Mee values.

The analysis of the decay channel η → π+π−π0 is the same as described in
[10], with the addition of a cut on the recoil mass to the e+e−π+π− system,
which is expected to be equal to the π0 mass for signal events. In Fig. 4 top,
data-MC comparison shows some residual background contamination in the
tails of the distribution, which are not well described by our simulation. A cut
100 < Mrecoil(eeππ) < 160 MeV is then applied. The effect of this cut on the
Mee variable is shown in Fig. 4 bottom. The total number of selected events
is 13254, with ∼ 2% background contamination.
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6. Results
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Fig. 6.10: Experimental spectrum of the squared transition form factor,
|Fη|2, as a function of the Ml+l−. The green, solid line is the fit to all
experimental points. The black, solid line is the QED model assumption
of a point-like meson.

one of the CODATA compilation of physical constants, < r2P >1/2= (0.8768±
0.0069) fm [73]. The CODATA values of the radius of the proton are deter-
mined via the Lamb shift in electronic [73] hydrogen and via unpolarized [74]
and polarized [75] electron scattering. The discrepancy between the CODATA
and the value extracted using the Lamb shift method in muonic [72] hydro-
gen is under a world-wide discussion with a tendency to see the cause of the
problem in a not sufficiently exact QED calculations [76].

6.3 Charge Radius of the η Meson 79

World	  Data	   CLAS	  g12	  Data	  

preliminary	  
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NA60	  

CLAS	  syst.	  err.	  ~	  0.05	  
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TransiAon	  Form	  Factor	  	  	  ωèe+e-‐π0	  

The pole parameter of the electromagnetic transi-
tion form factor of the Dalitz decay η → µ+µ−γ

is measured to be Λ−2η =1.95±0.17(stat.)±0.05(syst.)
GeV−2. It perfectly agrees with the previous mea-
surement of the Lepton-G experiment Λ−2η =1.90±0.40
GeV−2 as well as with predictions from VMD, Λ−2η =1.8
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Figure 4: Experimental data on the η-meson electromagnetic transi-
tion form factor (red triangles), compared to the previous measure-
ment by the Lepton-G experiment (open circles) and to the expecta-
tion from VMD (blue dashed line). The solid red and black dashed-
dotted lines are results of fitting the experimental data with the pole
dependence Eq. (1). The normalization is such that |Fη(M = 0)|=1.

GeV−2 [2]. The characteristic mass Λ is equal to
Λη=0.716±0.031(stat.)±0.009(syst.) GeV, as compared
to the value from Lepton-G of Λη=0.724±0.076 GeV
or to the VMD value of Λη=0.745 GeV. Our result im-
proves the Lepton-G error by a factor of 2.3, equivalent
to a factor of 5 larger statistics. The error improvement
to be expected from the difference in sample sizes (9 000
vs. 600) would have been larger (a factor of 3.8), but
this is only found if the ω Dalitz decay is frozen in the
fit [18].
The pole parameter of the electromagnetic transi-

tion form factor of the Dalitz decay ω → µ+µ−π0

is measured to be Λ−2ω = 2.24±0.06(stat.)±0.02(syst.)
GeV−2. Within errors, it agrees with the Lepton-
G value of Λ−2ω =2.36±0.21 GeV−2. Both experimen-

tal results differ from the expectation of VMD of
Λ−2ω =1.68 GeV−2 [2]. The anomaly is therefore fully
confirmed. The characteristic mass Λ is found to be
Λω=0.668±0.009(stat.)±0.003(syst.) GeV, as compared
to the value from Lepton-G ofΛω=0.65±0.03GeV or to
the VMD value of Λω=Mρ=0.770 GeV. The confirma-
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Figure 5: Experimental data on the ω-meson electromagnetic transi-
tion form factor (red triangles), compared to the previous measure-
ment by the Lepton-G experiment (open circles) and to the expecta-
tion from VMD (blue dashed line). The solid red and black dashed-
dotted lines are results of fitting the experimental data with the pole
dependence Eq. (1). The normalization is such that |Fω(M = 0)|=1.

tion of the anomaly receives particular weight through
the fact that the statistical errors are improved by a fac-
tor of nearly 4, equivalent to a statistics larger by a factor
of >10. Referred to Λ−2, the previous measurement dif-
fered by three standard deviations (3σ) from the VMD
expectation, while our newmeasurement differs by 10σ.
The error improvement to be expected from the differ-
ence in sample sizes (3 000 vs. 60) would have been
still larger (by a factor of 7), but this is only found if the
η Dalitz decay is frozen in the fit [18].
The branching ratio of the ω Dalitz decay BR(ω →
µ+µ−π0) is found to be larger by a factor of
1.79±0.26(stat.)±0.15(syst.) than that of the PDG [16],
i.e. Lepton-G [6], corresponding to a new absolute
value of (1.72±0.25(stat.)±0.14(syst.))·10−4. Taking ac-
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	  	  	  	  	  	  	  Significant	  improvement	  in	  stat.	  error	  with	  CLAS	  Data	  	  	  	  
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SUMMARY	  

Dalitz	  Decay	  of	  Light	  Mesons	  in	  CLAS	  	  is	  a	  powerful	  source	  	  
of	  e+e-‐	  pairs	  

Preliminary	  studies	  of	  π0	  and	  η	  decays	  show	  expected	  upper	  
limit	  from	  CLAS	  to	  be	  below	  world	  data	  in	  a	  wide	  range	  up	  	  
to	  η	  (and	  possibly	  	  ω	  mass)	  

Data	  analysis	  of	  all	  Dalitz	  Decay	  channels	  	  is	  in	  progress	  

AddiAonal	  efforts	  are	  needed	  to	  extend	  Light	  Meson	  Decay	  	  
Program	  to	  12GeV	  era	  at	  JLAB	  with	  CLAS12	  and	  GlueX	  
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Fig. 2. φ → η e+e−, η → π0π0π0 events: data-MC comparison for Mee (top) and
cosΨ∗ distributions (bottom) after the Mrecoil(ee) cut.

timing capabilities of the calorimeter. When an energy cluster is associated
to a track, the time of flight (ToF) to the calorimeter is evaluated both using
the track trajectory (Ttrack = Ltrack/βc) and the calorimeter timing (Tcluster).
The ∆T = Ttrack−Tcluster variable is then evaluated in the electron hypothesis
(∆Te). In order to be fully efficient on signal, events with either an e+ or an
e− candidate inside a 3σ window around ∆Te = 0 are retained for further
analysis.

At the end of the analysis chain, 30577 events are selected, with ∼ 3% back-
ground contamination (Fig. 3). The analysis efficiency, defined as the ratio
between events surviving analysis cuts and generated events, is ∼ 15% at low
e+e− invariant masses, increasing up to 30% at higher Mee values.

The analysis of the decay channel η → π+π−π0 is the same as described in
[10], with the addition of a cut on the recoil mass to the e+e−π+π− system,
which is expected to be equal to the π0 mass for signal events. In Fig. 4 top,
data-MC comparison shows some residual background contamination in the
tails of the distribution, which are not well described by our simulation. A cut
100 < Mrecoil(eeππ) < 160 MeV is then applied. The effect of this cut on the
Mee variable is shown in Fig. 4 bottom. The total number of selected events
is 13254, with ∼ 2% background contamination.
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