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Outline

• Opportunities

• modern experiments provide clean, high statistics data samples

• Challenge:  how to analyze/publish data in a meaningful way

• technical/computing issues

• challenges from theoreticians

• challenges from experimental colleagues

• long term challenges

• Disclaimer:  not all the opinions expressed in this talk are my personal 
opinions!
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Why J/ψ→γπ0π0?

• The prototypical glueball hunting channel

• Only J++ with J even

• Only two strongly interacting hadrons

• Experimentally cleaner than J/ψ→γπ+π-
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J/ψ→γπ0π0:  Opportunities
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Technical Challenges
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Modeling Challenges

• Experimenters understand:

• Kinematics:  D functions, spin sums,

• Breit-Wigner distributions, masses, widths, branching fractions

• Quantum coherence
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Modeling Challenges

• Experimenters understand:

• Kinematics:  D functions, spin sums,

• Breit-Wigner distributions, masses, widths, branching fractions

• Quantum coherence

• Solution:  dynamical amplitude is an coherent semi-infinite sum of Breit-
Wigner distributions with complex-valued couplings

• Theorists say:

• This violates conservation of probability, causality, T symmetry, … (gasp)

• OK to parameterize data, but parameters have no physical meaning

• Is it as bad as it sounds?  How did we discover anything in the past?

• Modern experiments will be statistically sensitive to deficiencies in 
simplistic models — how to go forward?
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Fig. 4. The mass projections of the individual components for J/ψ → π+π− . The crosses are data. The complete 0++ and 2++ contributions are also shown,
including all interferences.

with the masses and widths fixed to those in the PDG, to de-
scribe the contribution of the high mass states in the mass range
below 2.0 GeV/c2.

For the 2++ states, relative phases between different helicity
amplitudes for a single resonance are theoretically expected to
be very small [16]. Therefore, these relative phases are set to
zero in the final fit so as to constrain the intensities further.

After the mass and width optimization, the resulting fitted
intensities are illustrated in Figs. 3 and 4. Angular distributions
in the whole mass range are shown in Fig. 5. Here, θγ is the
polar angle of the photon in the J/ψ rest frame, and θπ is the
polar angle of the pion in the π+π− rest frame.

From Figs. 3 and 5, we see that the fit agrees well with data.
Fig. 4 shows the distributions of the individual components
and full 0++ and 2++ contributions including interferences.
A free fit to f2(1270) gives a fitted mass of 1262+1

−2 MeV/c2

and a width of 175+6
−4 MeV/c2. The fitted masses and widths of

the f0(1500) and f0(1710) are Mf0(1500) = 1466 ± 6 MeV/c2,
Γf0(1500) = 108+14

−11 MeV/c2 and Mf0(1710) = 1765+4
−3 MeV/c2,

Γf0(1710) = 145 ± 8 MeV/c2, respectively. The branching
fractions of f2(1270), f0(1500), and f0(1710) determined
by the partial wave analysis fit are B(J/ψ → γf2(1270) →
γπ+π−) = (9.14 ± 0.07) × 10−4, B(J/ψ → γf0(1500) →
γπ+π−) = (6.65±0.21)×10−5, and B(J/ψ → γf0(1710) →
γπ+π−) = (2.64 ± 0.04) × 10−4, respectively. For the
f2(1270), we find the ratios of helicity amplitudes x = 0.89 ±
0.02 and y = 0.46 ± 0.02 with correlation factor ρ = 0.26,
where x = A1/A0, y = A2/A0, A0,1,2 correspond to the three
independent production amplitudes with helicity 0, 1 and 2.
The errors here are statistical errors. An alternative fit is tried
by replacing f0(1500) with a 2++ resonance. There are three
helicity amplitudes fitted for spin 2, while only one amplitude

Fig. 5. Projections in cos θγ and cos θπ for the whole mass range. The crosses
are data (J/ψ → γπ+π− sample), and the histograms are the fit results.

for spin 0, which means the number of degrees of freedom is in-
creased by 2 in the JP = 2+ case. However, the log likelihood
is worse by 108. This indicates that f0(1500) with JP = 0+ is
strongly favored. If the f0(1710) is removed from the fit, the
log likelihood is worse by 379, which corresponds to a signal
significance much larger than 5σ .

BES Collaboration / Physics Letters B 642 (2006) 441–448 447

Table 2
Fit results for J/ψ → γπ+π− . The first error is statistical, and the second is
systematic

J/ψ → γX,X → π+π−

Mass (MeV/c2) Γ (MeV/c2) B (×10−4)

f2(1270) 1262+1
−2 ± 8 175+6

−4 ± 10 9.14 ± 0.07 ± 1.48

f0(1500) 1466 ± 6 ± 20 108+14
−11 ± 25 0.67 ± 0.02 ± 0.30

f0(1710) 1765+4
−3 ± 13 145 ± 8 ± 69 2.64 ± 0.04 ± 0.75

Table 3
The branching fraction measurements of J/ψ → γπ0π0, where the masses
and widths of the resonances are fixed to the values determined from J/ψ →
γπ+π−. The first error is statistical, and the second is systematic

J/ψ → γX,X → π0π0

Mass (MeV/c2) Γ (MeV/c2) B (×10−4)

f2(1270) same as charged channel 4.00 ± 0.09 ± 0.58
f0(1500) same as charged channel 0.34 ± 0.03 ± 0.15
f0(1710) same as charged channel 1.33 ± 0.05 ± 0.88

Table 2 shows the mass, width, and branching fraction mea-
surements for f2(1270), f0(1500), and f0(1710), where the
first error is statistical and the second is systematic, determined
by adding all sources in quadrature. In order to compare the
branching fractions of f2(1270), f0(1500), and f0(1710) in
γπ+π− and γπ0π0, we fix the mass and width of each compo-
nent in γπ0π0 to those of the charged channel and re-calculate
the branching fractions and estimate the systematic errors. The
results are shown in Table 3. The branching fractions deter-
mined from the two channels agree with each other within er-
rors after considering isospin corrections.

6. Discussion

The measured mass of the f2(1270), 1262+1
−2 ± 8 MeV/c2,

is lower than the PDG value, and the branching fraction of
J/ψ → γf2(1270), f2(1270) → π+π− is a bit higher than the
PDG value [2]. A fit with the PDG mass and width is visibly
poorer, and the log likelihood is worse than the optimum fit
by 44. In this analysis, the S-wave contribution on the high
mass shoulder of the large f2(1270) peak is well separated,
which may explain this mass difference. The ratios of the he-
licity amplitudes of the f2(1270) from the present analysis are
x = 0.89 ± 0.02 ± 0.10 and y = 0.46 ± 0.02 ± 0.19 with cor-
relation ρstat = 0.26 and ρsys = 0.29. The values of x and y are
in agreement with predictions [16,18] within the errors. Com-
paring to the results determined by DM2 [4], Mark III [3], and
Crystal Ball [19], there is a difference in the value of y. The
main reason for this difference may be that we consider influ-
ences from other states in the 1.0 to 2.3 GeV/c2 ππ mass range,
while previous analyses by DM2 and Mark III ignored these
and only considered the f2(1270) in the 1.15–1.4 GeV/c2 ππ

mass range.
The most remarkable feature of the above results is that three

0++ states at the ππ mass ∼ 1.45, 1.75, and 2.1 GeV/c2 are ob-
served from the partial wave analysis. For the high mass state at
∼ 2.1 GeV/c2, we use the f0(2020), which is listed in the PDG,

to describe it. No further efforts are made on the measurements
of its resonant parameters due to the difficulties described in
Section 4.

The lower 0++ state peaks at a mass of 1466 ± 6 ±
20 MeV/c2 with a width of 108+14

−11 ± 25 MeV/c2, which is
consistent with the scalar glueball candidate, f0(1500). Spin
0 is strongly preferred over spin 2. Therefore we interpret
the small but definite shoulder on the high mass side of the
f2(1270) in the π+π− mass distribution as originating from the
f0(1500), which interferes with nearby resonances in the par-
tial wave analysis. However, due to the uncertainties of the mass
and width determinations and large interferences between the
S-wave states, the existence of the f0(1370) in J/ψ → γππ

cannot be excluded by present data.
Strong production of the f0(1710) was observed in the par-

tial wave analysis of J/ψ → γKK̄ , with a mass of 1740 ±
4+10
−25 MeV/c2, a width of 166+5+15

−8−10 MeV/c2, and a branch-
ing fraction of J/ψ → γf0(1710), f0(1710) → KK̄ of (9.62±
0.29+2.11+2.81

−1.86−0.00) × 10−4 [17]. Interpreting the 0++ state in the
mass region ∼ 1.75 GeV/c2 as coming from the f0(1710)

and using the branching fraction of f0(1710) → ππ deter-
mined from f0(1710) → π+π− after isospin correction and the
branching fraction of f0(1710) → KK̄ in Ref. [17], we obtain
the ratio of ππ to KK̄ branching fractions for the f0(1710) as

Γ (f0(1710) → ππ)

Γ (f0(1710) → KK̄)
= 0.41+0.11

−0.17.

The ratio is consistent with the PDG value (0.200 ± 0.024 ±
0.036) [2] within the errors. An alternative interpretation for
this 0++ state is the f0(1790). Data on J/ψ → φπ+π− and
φK+K− show a definite peak in π+π− at 1790 MeV/c2 but
no significant signal in K+K− [20]. If the mass and width of
the 0++ state are fixed to 1790 MeV/c2 and 270 MeV/c2 found
in [20], the log likelihood is worse by 47. This 0++ state may
also be a superposition of f0(1710) and f0(1790).

Due to the uncertainty of the high mass region, we do an
alternative fit removing the f4(2050) and re-optimizing the
masses and widths of f2(1270), f0(1500), and f0(1710) for the
J/ψ → γπ+π− sample. The log likelihood is worse by 160.
The fit gives a f2(1270) mass of 1259 ± 2 ± 6 MeV/c2 and a
width of 175+4

−5 ± 8 MeV/c2. The measured masses and widths
of the f0(1500) and f0(1710) are Mf0(1500) = 1466 ± 6 ±
17 MeV/c2, Γf0(1500) = 118+14

−15 ± 28 MeV/c2 and Mf0(1710) =
1768+5

−4 ± 15 MeV/c2, Γf0(1710) = 112+10
−8 ± 52 MeV/c2, re-

spectively. The branching fractions of the f2(1270), f0(1500),
and f0(1710) are B(J/ψ → f2(1270) → γπ+π−) = (9.04 ±
0.07 ± 0.89) × 10−4, B(J/ψ → γf0(1500) → γπ+π−) =
(0.68 ± 0.02 ± 0.28) × 10−4, and B(J/ψ → γf0(1710) →
γπ+π−) = (1.40 ± 0.03 ± 0.55) × 10−4, respectively.

The light-meson spectroscopy of scalar states in the mass
range 1–2 GeV/c2, which has long been a source of contro-
versy, is still very complicated. Overlapping states interfere
with each other differently in different production and decay
channels. More experimental data are needed to clarify the
properties of these scalar states.
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J/ψ→γπ0π0
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Physics Opportunities

• Experiment independent information about scattering amplitude 
with minimal model assumptions:  ideal for model development (?)

• no experimental knowledge is needed
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Physics Opportunities

• Experiment independent information about scattering amplitude 
with minimal model assumptions:  ideal for model development (?)

• no experimental knowledge is needed

• Combine results with data from other experiments in a common fit

• same poles but different couplings?

• Combine results with other reactions from the same experiment

• J/ψ→γKK, J/ψ→γηη, …

• controlled study of coupled channel effects

• ψ’→γππ, …

• explore J/ψ and ψ’ differences

10
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J/ψ→γπ0π0
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• Two (or more) solutions:

• We know there is only one physical solution so publishing two solutions is 
misleading, especially when multiple solutions have never been observed in 
Breit-Wigner based fits.

• When higher partial waves (4++) are included, the number of multiple solutions 
increases making this analysis strategy unsustainable as statistics increase.

• Ownership of discovery:

• By publishing amplitudes only, we lose the opportunity make important 
conclusions about resonances based on data.

• This is equivalent to handing our data over to theorists so they can make 
discoveries.  

• Are theorists really qualified to analyze our data? (Can’t we do it better?)

• Should we allow this?
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Errors in the Errors

• Systematic errors

• some experimentally intensive

• frequently correlated between bins

• truncation or model errors that 
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Errors in the Errors

• Systematic errors

• some experimentally intensive

• frequently correlated between bins

• truncation or model errors that 
can be hard to evaluate

• Challenging statistical behavior

• non-Gaussian

• strong correlations

• cusps in likelihood distribution

• Desire to properly handle errors 
competes with desire to 

• make results easy to consume

• get results in the public domain
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Neglecting a real 4++ Component

14
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• Conjecture:  The most accurate result and uncertainty of a 
model parameter will always be obtained when the model is fit 
directly to the raw data by someone who understands the 
potential experimental systematic effects.

• This must be the ultimate goal

• How do we decide when major features of an analysis are 
interesting enough to warrant publication even if minor 
features have large uncertainties?

• How do we convince our colleagues that this is acceptable?

• How do we avoid over-interpreting relatively uncertain 
minor features?
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• Practical problem:  loss of the theory/experiment “parallel processing”

• Other concerns:

• Theorists didn’t build the experiment or take shifts, why should 
they have the right to analyze the data and publish it?

• Theorists should be insulated from experiment so there is no 
doubt that a theory passes the key test of being predictive.

• In a collaboration with 50-100 concurrent analyses, how to 
allow access to part of the private information but not all of it?
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• Best practices to allow asynchronous progress of theory and experiment

• Experimenters need to educate their colleagues, and theorists shouldn’t 
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Summary

• New experiments provide unprecedented opportunities, but pose significant challenges 
that are not easy to overcome.

• Experimenters need to understand the needs of phenomenologists to develop the next 
generation of models for describing data

• Best practices to allow asynchronous progress of theory and experiment

• Experimenters need to educate their colleagues, and theorists shouldn’t 
underestimate this need.  

• If you think this particular approach to J/ψ→γπ0π0 is productive tell me 
(mashephe -at- indiana.edu) and I’ll pass the message along

• Debate the right thing the right time

• understand when statistical precision exceeds model precision

• understand when assumptions are likely to affect ultimate conclusions

• there is great cost in quantifying uncertainties
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