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Strategy and Goals

Focus on resonance region
Fit in bins of m(π0η) → drop energy dependent part of the
amplitude
Simultaneous fit to all different beam polarization data sets

→ Understand Zm
l amplitudes (defined as: Zm

l (Ω,Φ) = Ym
l (Ω)e−iΦ)

and nucleon spin non-flip amplitudes (four coherent sums total):
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Finally we arrive at a formulation of the intensity that involves four coherent sums for each configuration
of nucleon spin:
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These expressions can be easily implemented into AmpTools by absorbing a factor of
p

1 ± P� into

the definition of the amplitude. One would then fit for the [`]
(±)
m;k coe�cients in the four separate coherent

sums, where repeated [`]
(±)
m;k are constrained to be the same using the constrain keyword in the AmpTools

configuration file. The overall factor 2 is irrelevant as the intensity will be renormalized in the fitting
procedure. It would be useful to define an amplitude for the function Zm

` with appropriate flags such that
the calcAmplitude function returns, as a complex double data type, the real or imaginary part of Zm

` (which
is a purely real number).

Since there are no kinematic variables to distinguish between the spin flip (k = 1) and spin non-flip
(k = 0) amplitudes, it is anticipated that these two contributions to the intensity will result in an poorly
constrained fit. The contributions from two k values are not purely ambiguous since the coherent sums for
each k may contain a di↵erent set of interfering amplitudes depending that depends on k. Nevertheless, fit
instability seems highly likely for the general case where both k = 0 and k = 1 is included for all amplitudes.

Acknowledgement: I would like thank Vincent Mathieu for his help with checking and also independently
deriving the formulas above.
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Event Selection γp → π0ηp

Standard skim cuts
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Reminder: Binned Fit with Zm
l Amplitudes - 0◦

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
]

2
 Invariant Mass [GeV/c0πη

0

500

1000

1500

2000

2500

 S0πη  S0πη

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
]

2
 Invariant Mass [GeV/c0πη

0

500

1000

1500

2000

2500

 P(0)0πη  P(0)0πη

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
]

2
 Invariant Mass [GeV/c0πη

0

500

1000

1500

2000

2500

 P(1)0πη  P(1)0πη

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
]

2
 Invariant Mass [GeV/c0πη

0

500

1000

1500

2000

2500

 D(20)0πη  D(20)0πη 

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
]

2
 Invariant Mass [GeV/c0πη

0

500

1000

1500

2000

2500

 D(21)0πη  D(21)0πη

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
]

2
 Invariant Mass [GeV/c0πη

0

500

1000

1500

2000

2500

 D(22)0πη  D(22)0πη

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
]

2
 Invariant Mass [GeV/c0πη

0

500

1000

1500

2000

2500

 All Waves0πη  All Waves0πη

Data: 2018-01 and
2018-08

All y -axes:
Entries/26MeV

All four polarizations
and unpolarized in
one combined fit
Shown here: 0◦

Hypothesis: S-, P-
and D-waves, positive
and negative
reflectivity

To study:

→ Leakage D → S-wave

→ Negative reflectivity
contribution

→ Extension of waveset
(negative m)
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New Binned Fit with Zm
l Amplitudes: Extended Waveset
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New Binned Fit with Zm
l Amplitudes: Extended Waveset
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Hypothesis: S-, P-
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Update: Fit to Reconstructed Toy MC

Generated using AmpTools w/ Zm
l amplitudes (Polarization: 0◦)

Hypothesis: a0(980), a2(1320) and non-resonant S-wave component
(overlapping!)
Dynamics: Breit-Wigner description
Reconstruction: same settings as for 2018-08 data
100M events flat MC generated and reconstructed
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Binned Fit with Zm
l Amplitudes to Reconstructed Toy Data
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Binned Fit with Zm
l Amplitudes to Reconstructed Toy Data
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Binned Fit with Zm
l Amplitudes to Reconstructed Toy Data
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Fit Hypothesis: ONLY
S±

0 ,D
±
0 ,D

±
1 ,D

±
2

waves

→ NO S → D-wave
leakage any more

→ Some D → S-wave
leakage
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Binned Fit with Zm
l Amplitudes to Reconstructed Toy Data
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Fit Hypothesis: ONLY
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→ NO S → D-wave
leakage any more

→ Some D → S-wave
leakage

→ Further investigation
in progress
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