
Igor Danilkin: wÆ3p, fÆ3p [Preliminary]
The double differential decay rate is determined by
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Below are the results for the one unknown parameter (in both methods), which is fitted to the
experimental partial decay width
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Transition to X and Y variables
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Below are Dalitz plots d2 G
d s d t  divided by the p-wave phase space factor P.
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events in the Dalitz plot) than the latter (close to 8 × 104

events); furthermore, the energy resolution in the KLOE
measurement was significantly better than the bin size (in
the range 1–2 MeV compared to a bin size of 8.75 MeV),
such that smearing effects were found to be negligible, and
we could fit our amplitudes to efficiency-corrected data di-
rectly (with purely statistical errors based on data and Monte
Carlo statistics), while for the comparison with the CMD-2
data, they had to be convoluted with efficiency matrices by
the collaboration before. While consistency with both data
sets is clearly desirable, we will present the comparison to
the KLOE data in some more detail in the following.

Our first goal is to perform a fit to the Dalitz plot distri-
bution with our most predictive theoretical representation,
Eq. (22), employing a single subtraction, such that the nor-
malization is the only free parameter of the fit. The shape
of the Dalitz plot is thus purely a prediction, and we can
compare the χ2 of the fit with and without crossed-channel
rescattering. There are two caveats to this procedure, which
we need to discuss beforehand.

First, our calculations are performed in the isospin limit
of equal charged and neutral pion masses; we use the
charged pion mass, not least for consistency reasons due to
the fact that the ππ phase shifts are only available in the
isospin limit, with the charged pion mass used as the refer-
ence quantity. The effect of this approximation on the am-
plitude is expected to be small (compare e.g. Ref. [7] for
a detailed study in the context of η → 3π ), with the main
difference due to different charged and neutral pion masses
showing up in the available phase space: the true physi-
cal Dalitz plot is slightly larger than in our calculation. To
account for this dominant isospin-breaking correction, we
therefore multiply the amplitude (squared) with the physical
phase-space factor:

∣∣Mφ→3π (s, t, u)
∣∣2 = s

16
κ2

0 (s) sin2 θ0
∣∣F (s, t, u)

∣∣2
, (36)

where in contrast to Eq. (4) we have cos θ0 = (t − u)/κ0(s)
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Numerically, we employ Mπ0 = 134.98 MeV. Furthermore,
in order to avoid distortions due to threshold effects in the
decay amplitude, we omit data bins that cross the bound-
ary of the Dalitz plot, see Fig. 9, thereby ensuring that our
amplitude is never evaluated below the isospin-symmetric
threshold, that is, for (Mπ± + Mπ0)2 ≤ t, u ≤ 4M2

π± .
The second caveat, discussed in Ref. [23], concerns the

fact that the φ is produced in e+e− collisions at DAΦNE,
e+e− → φ → π+π−π0, which allows for the background
process e+e− → ωπ0 → π+π−π0, the ωπ0 invariant mass

Fig. 9 Selected data from the KLOE measurement [23]. Shown is the
efficiency-corrected number of counts in the respective bin, divided by
the phase-space factor in Eq. (36) and normalized to 1 in the Dalitz plot
center

equalling the mass of the φ, with the ω subsequently de-
caying into π+π−. As the decay ω → π+π− violates
isospin, with the branching fraction suppressed to the per-
cent level [44], the overall modification of the Dalitz plot
is small.5 However, it is entirely concentrated in the narrow
band s = M2

ω, and leaves a visible effect there. There are two
possible strategies to deal with this issue: one could simply
omit the corresponding horizontal band in a fit of the Dalitz
plot; or, alternatively, add a resonance term of the form (see
Ref. [23])

Aωπ (s) = a × aωeiφω
M2

ω

M2
ω − i

√
sΓω − s

(38)

to Eq. (9) after the iteration. (Note that we have factored
out the normalization constant a for reasons of comparison
with the fit results in Ref. [23].) Mω and Γω are fixed to the
particle-data-group values [44], and aω and φω are dimen-
sionless fitting parameters. We follow the latter strategy, in
particular since the resonance term also has a small impact
on bins adjacent to the horizontal band at 83.7 MeV.

Our standard χ2 fit is performed with 1834 data points
and three free parameters. We perform separate fits for
the upper and lower boundaries of the theoretical uncer-
tainty band as discussed in Sect. 4.4, both with and with-
out crossed-channel rescattering effects included. The re-
sults are listed in Table 3. The data set fitted to is given in
arbitrary normalization, such that the constant ã does not
correspond to the real subtraction constant a and is only
shown for comparison of the changes between different fits.

5Note that this is an isospin-violating effect specific for the 3π produc-
tion in e+e− collisions. If we interpret the decay ω → π+π− in terms
of a ρ–ω mixing angle θρω (see e.g. Ref. [48]), this effect is linear
in θρω due to the fact that the photon has both isoscalar and isovector
components. In contrast, isospin breaking due to ρ–ω mixing in ππ
scattering is necessarily suppressed to second order in θρω and hence
irrelevant.

Let us compare scattering amplitudes:
(5)FHs, t, uL = FHsL + FHtL + FHuL
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