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Figure 83: Summary of the current SM prediction for aµ in comparison to experiment (red band and data points). The final WP25 prediction is
denoted in black and via the blue band, it derives from the LO HVP result defined by the lattice-QCD “Avg. 1” shown in blue, see Eq. (3.37). The
gray band indicates the WP20 result, based on the e+e→ experiments above the first dashed line. These experimental ranges, as well as the ones for
SND20 and CMD-3 that appeared after WP20, are produced as in Fig. 27; they are meant to illustrate the current situation, but cannot be interpreted
as uncertainties with a proper statistical meaning. The ω point refers to Eq. (2.23), the numerical results are collected in Table 5. In all cases except
for the gray WP20 band the LO HVP results are combined with WP25 values for the remaining contributions, as summarized in Table 1. The figure
has been updated after the announcement of the final results from the Fermilab experiment, including the corrections to the previous experimental
points as detailed in Ref. [8].

obtain
aHLbL
µ = 112.6(9.6) ↑ 10→11 (phenomenology + lattice) , (9.2)

where the uncertainty includes a scale factor S = 1.5. With this average, the NLO contribution in Eq. (5.70) slightly
changes to aHLbL, NLO

µ (phenomenology + lattice) = 2.8(6) ↑ 10→11, and the total HLbL contribution becomes

aHLbL
µ + aHLbL, NLO

µ = 115.5(9.9) ↑ 10→11 (phenomenology + lattice) . (9.3)

Combining Eqs. (9.1) and (9.3) with the QED and EW contributions from Eqs. (7.27) and (8.12), we obtain for the
final SM prediction

aSM
µ = 116 592 033(62) ↑ 10→11 , (9.4)

which can be compared to the current experimental average [5–8, 10–13]48

aexp
µ = 116 592 071.5(14.5) ↑ 10→11 . (9.5)

At the current level of precision there is no tension between the SM prediction and the experimental world average:

∆aµ ↓ aexp
µ → aSM

µ = 38(63) ↑ 10→11 . (9.6)

This marks a significant shift from the conclusions of WP20, which is driven by the developments relating to the HVP
LO contribution, as can be seen in Table 33 and Fig. 83.

48This paper was posted on arXiv on May 28, 2025. Sections 2 to 8 and all numbers pertaining to the SM prediction have remained unchanged,
but the experimental world average has been updated according to the E989 announcement on June 3, 2025 [8], and the description in Secs. 0, 1,
and 9 has been adapted accordingly. In particular, the experimental results in abstract, Table 1, Figs. 27, 40, and 83, and Sec. 9 have been updated.
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Anomalous magnetic moment of the muon (  )aμ

• Deviation between data-drive dispersive prediction & 
experimental results & lattice prediction


• Discrepancies among values within data-driven approach

Motivation :
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Anomalous magnetic moment of the muon (  )aμ

• Source of error  hadronic part 


    Hadronic vacuum polarization (HVP)


    Hadronic Light-by-Light (HLbL)


→

↪

↪

• Deviation between data-drive dispersive prediction & 
experimental results & lattice prediction


• Discrepancies among values within data-driven approach

Motivation : 
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Agreement for HLbL 

• necessary precision improvement

• still systematic deviations for certain contributions
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Tensor meson contribution
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• still systematic deviations for certain contributions

• no model-independent description so far

Construction of dispersive description 

• minimize error to the 
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Motivation : tensor meson contribution



• Data-driven approach for HVP : main error contribution
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 FsQED : not sufficient, need to account for important intermediate states↪
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 focus in the tensor-meson effects↪
 then consider hard photon case : useful for HVP ↪
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HLbL : 4-point vs triangle kinematics framework
ω→

µ

q1 q3

q4
ω

ω→
ε

q2

ϑ ω→

ω→

Usual approach  dispersions relations for HLbL tensor in general four-point kinematics→

• dispersion relations for singly-on-shell limit for basis of scalar functions 



HLbL : 4-point vs triangle kinematics framework
ω→

µ

q1 q3

q4
ω

ω→
ε

q2

ϑ ω→

ω→

Usual approach  dispersions relations for HLbL tensor in general four-point kinematics→

• dispersion relations for singly-on-shell limit for basis of scalar functions 

 take limit  after writing dispersion relations


 kinematic singularities in the tensor basis  redundant set of structures

↪ q4 → 0

↪ →

4



HLbL : 4-point vs triangle kinematics framework
ω→

µ

q1 q3

q4
ω

ω→
ε

q2

ϑ ω→

ω→

Usual approach  dispersions relations for HLbL tensor in general four-point kinematics→

 spurious singularities in  : problem for individual contributions (spin-2 resonance)


       

↪ q2
i

• dispersion relations for singly-on-shell limit for basis of scalar functions 

 take limit  after writing dispersion relations


 kinematic singularities in the tensor basis  redundant set of structures

↪ q4 → 0

↪ →

sum rules not necessarily satisfied        

4



ω→
µ

q1 q3

q4
ω

ω→
ε

q2

ϑ ω→

ω→

HLbL : 4-point vs triangle kinematics framework

ω→
µ

q1 ω

q3
ω

ω→
ε

q2

ω→

New approach  dispersions relations for HLbL tensor in three-point kinematics→

Usual approach  dispersions relations for HLbL tensor in general four-point kinematics→

• dispersion relations for singly-on-shell limit for basis of scalar functions 

 take limit  after writing dispersion relations


 kinematic singularities in the tensor basis  redundant set of structures

↪ q4 → 0

↪ →

• first take  limit then write dispersion relationsq4 → 0

 spurious singularities in  : problem for individual contributions (spin-2 resonance)


       

↪ q2
i

sum rules not necessarily satisfied        

4



ω→
µ

q1 q3

q4
ω

ω→
ε

q2

ϑ ω→

ω→

 need to take both cuts  reconstruct additional hadronic sub-processes↪ →

New approach  dispersions relations for HLbL tensor in three-point kinematics→

Usual approach  dispersions relations for HLbL tensor in general four-point kinematics→

HLbL : 4-point vs triangle kinematics framework

ω→
µ

q1 ω

q3
ω

ω→
ε

q2

ω→

ω→
µ

q1 ω

q3
ω

ω→
ε

q2

ω→

• dispersion relations for singly-on-shell limit for basis of scalar functions 

 take limit  after writing dispersion relations


 kinematic singularities in the tensor basis  redundant set of structures

↪ q4 → 0

↪ →

• first take  limit then write dispersion relationsq4 → 0

 no spurious singularities  evaluation of additional contributions↪ →

 spurious singularities in  : problem for individual contributions (spin-2 resonance)


       

↪ q2
i

sum rules not necessarily satisfied        

4



5

Equivalent unitary cuts in three-point kinematics

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

ω→

ω

ω→ ω→

ω→

ω

ω→ ω→

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

ω→

ω→

ω

ω→

ω→

ω→

ω

ω→

ε

ε

ω→

ω→

ω

ω→

ε

ε



Equivalent unitary cuts in three-point kinematics

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

ω→

ω

ω→ ω→

ω→

ω

ω→ ω→

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

ω→

ω→

ω

ω→

ω→

ω→

ω

ω→

ε

ε

ω→

ω→

ω

ω→

ε

ε
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Equivalent unitary cuts in three-point kinematics

• 5-particle process
<latexit sha1_base64="pO5lBEHoY7FgV756z3CRfFI/jPs=">AAACLHicbVDLTgIxFO34RHyNunTTSEzABZlBgy4xbFxiIo+EQXKnFGhoZ8a2oyGExN9x46+YGBcS49bvsDwWCJ6k6bnnnpv2Hj/iTGnHGVkrq2vrG5uJreT2zu7evn1wWFFhLAktk5CHsuaDopwFtKyZ5rQWSQrC57Tq94rjfvWRSsXC4E73I9oQ0AlYmxHQRmraRa8DQsD9Wfqh6Wbmitx8cZ7xJOt0NUgZPmEvYulo7J7cuUzTTjlZZwK8TNwZSaEZSk373WuFJBY00ISDUnXXiXRjAFIzwukw6cWKRkB60KF1QwMQVDUGk2WH+NQoLdwOpTmBxhN1fmIAQqm+8I1TgO6qxd5Y/K9Xj3X7qjFgQRRrGpDpQ+2YYx3icXK4xSQlmvcNASKZ+SsmXZBAtMk3aUJwF1deJpVc1s1n87cXqcL18zSOBDpGJyiNXHSJCugGlVAZEfSC3tAnGlmv1of1ZX1PrSvWLMIj9AfWzy90hKZT</latexit>

ω→(q1)ω
→(q2)ω

→(q3) → ε(p1)ε(p2) : no helicity partial-wave expansion

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

ω→

ω

ω→ ω→

ω→

ω

ω→ ω→

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

ω→

ω→

ω

ω→

ω→

ω→

ω

ω→

ε

ε

ω→

ω→

ω

ω→

ε

ε
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Equivalent unitary cuts in three-point kinematics

 reconstruct dispersively via hadronic sub-processes↪

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>= <latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

• 5-particle process
<latexit sha1_base64="pO5lBEHoY7FgV756z3CRfFI/jPs=">AAACLHicbVDLTgIxFO34RHyNunTTSEzABZlBgy4xbFxiIo+EQXKnFGhoZ8a2oyGExN9x46+YGBcS49bvsDwWCJ6k6bnnnpv2Hj/iTGnHGVkrq2vrG5uJreT2zu7evn1wWFFhLAktk5CHsuaDopwFtKyZ5rQWSQrC57Tq94rjfvWRSsXC4E73I9oQ0AlYmxHQRmraRa8DQsD9Wfqh6Wbmitx8cZ7xJOt0NUgZPmEvYulo7J7cuUzTTjlZZwK8TNwZSaEZSk373WuFJBY00ISDUnXXiXRjAFIzwukw6cWKRkB60KF1QwMQVDUGk2WH+NQoLdwOpTmBxhN1fmIAQqm+8I1TgO6qxd5Y/K9Xj3X7qjFgQRRrGpDpQ+2YYx3icXK4xSQlmvcNASKZ+SsmXZBAtMk3aUJwF1deJpVc1s1n87cXqcL18zSOBDpGJyiNXHSJCugGlVAZEfSC3tAnGlmv1of1ZX1PrSvWLMIj9AfWzy90hKZT</latexit>

ω→(q1)ω
→(q2)ω

→(q3) → ε(p1)ε(p2) : no helicity partial-wave expansion

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

ω→

ω

ω→ ω→

ω→

ω

ω→ ω→

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
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ω→

ω

ω→

ω→

ω→

ω

ω→

ε

ε

ω→

ω→

ω

ω→

ε

ε

ω→
ω

ω→

ε

ε

ω→
ω

ω→

ε

ε

ω→
ω

ω→
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Subprocesses for  
• Basis for                       in the soft photon limit : constructed

<latexit sha1_base64="DXW5Ogu3PXs2TLBHP1t9dtd2I4Q=">AAACEnicdVDLSgMxFM34rPVVdekmWAR1McyMtdVd0Y3LCvYBnVrupGkbmswMSUYppd/gxl9x40IRt67c+TemD8GKHhLu4Zx7Se4JYs6UdpxPa25+YXFpObWSXl1b39jMbG1XVJRIQssk4pGsBaAoZyEta6Y5rcWSggg4rQa9i5FfvaVSsSi81v2YNgR0QtZmBLSRmplDvwNCwM3RbMW+ZJ2uBimjO+zHzJxmJuvYzpnnHRewY3teIefmx+TE8xzs2s4YWTRFqZn58FsRSQQNNeGgVN11Yt0YgNSMcDpM+4miMZAedGjd0BAEVY3BeKUh3jdKC7cjaW6o8Vj9OTEAoVRfBKZTgO6q395I/MurJ7p92hiwME40DcnkoXbCsY7wKB/cYpISzfuGAJHM/BWTLkgg2qSYNiF8b4r/JxXPdvN2/iqXLZ5P40ihXbSHDpCLCqiILlEJlRFB9+gRPaMX68F6sl6tt0nrnDWd2UEzsN6/AHeYngY=</latexit>

ω→ω→ω → εε

<latexit sha1_base64="cWBAqFtTYVbEgeUAkXKaURZKX+Y="></latexit>

ω

ωq3ω
Mµεϑ

reg (p1, p2, q1, q2)

∣∣∣∣
q3=0

=
27∑

i=1

Bµεϑ;ω
i (q1, q2, q5)Āi(s, t→ u, q21 , q

2
2)

• Projectors for                       : constructed
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

[arXiv:2302.12264]

ω→
ω

ω→

ε

ε



Subprocesses for  

[arXiv:2302.12264]

<latexit sha1_base64="DXW5Ogu3PXs2TLBHP1t9dtd2I4Q=">AAACEnicdVDLSgMxFM34rPVVdekmWAR1McyMtdVd0Y3LCvYBnVrupGkbmswMSUYppd/gxl9x40IRt67c+TemD8GKHhLu4Zx7Se4JYs6UdpxPa25+YXFpObWSXl1b39jMbG1XVJRIQssk4pGsBaAoZyEta6Y5rcWSggg4rQa9i5FfvaVSsSi81v2YNgR0QtZmBLSRmplDvwNCwM3RbMW+ZJ2uBimjO+zHzJxmJuvYzpnnHRewY3teIefmx+TE8xzs2s4YWTRFqZn58FsRSQQNNeGgVN11Yt0YgNSMcDpM+4miMZAedGjd0BAEVY3BeKUh3jdKC7cjaW6o8Vj9OTEAoVRfBKZTgO6q395I/MurJ7p92hiwME40DcnkoXbCsY7wKB/cYpISzfuGAJHM/BWTLkgg2qSYNiF8b4r/JxXPdvN2/iqXLZ5P40ihXbSHDpCLCqiILlEJlRFB9+gRPaMX68F6sl6tt0nrnDWd2UEzsN6/AHeYngY=</latexit>

ω→ω→ω → εε

• Contributions :

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

• Basis for                       in the soft photon limit : constructed
<latexit sha1_base64="cWBAqFtTYVbEgeUAkXKaURZKX+Y="></latexit>

ω

ωq3ω
Mµεϑ

reg (p1, p2, q1, q2)

∣∣∣∣
q3=0

=
27∑

i=1

Bµεϑ;ω
i (q1, q2, q5)Āi(s, t→ u, q21 , q

2
2)

• Projectors for                       : constructed
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε
ω→

ω

ω→

ε

ε

ω→
ω

ω→

ε

ε

ω→
ω

ω→

ε

ε

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+ <latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+ <latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

ω→

ω→

T

ω

ε

ε

ω→

ω→

ω
ε

ε

ε

ε

ω→

ω→

ω
ε

ε

ε

ε
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Subprocesses for  
<latexit sha1_base64="DXW5Ogu3PXs2TLBHP1t9dtd2I4Q=">AAACEnicdVDLSgMxFM34rPVVdekmWAR1McyMtdVd0Y3LCvYBnVrupGkbmswMSUYppd/gxl9x40IRt67c+TemD8GKHhLu4Zx7Se4JYs6UdpxPa25+YXFpObWSXl1b39jMbG1XVJRIQssk4pGsBaAoZyEta6Y5rcWSggg4rQa9i5FfvaVSsSi81v2YNgR0QtZmBLSRmplDvwNCwM3RbMW+ZJ2uBimjO+zHzJxmJuvYzpnnHRewY3teIefmx+TE8xzs2s4YWTRFqZn58FsRSQQNNeGgVN11Yt0YgNSMcDpM+4miMZAedGjd0BAEVY3BeKUh3jdKC7cjaW6o8Vj9OTEAoVRfBKZTgO6q395I/MurJ7p92hiwME40DcnkoXbCsY7wKB/cYpISzfuGAJHM/BWTLkgg2qSYNiF8b4r/JxXPdvN2/iqXLZ5P40ihXbSHDpCLCqiILlEJlRFB9+gRPaMX68F6sl6tt0nrnDWd2UEzsN6/AHeYngY=</latexit>

ω→ω→ω → εε

• Contributions : tensor-meson pole & two-pion cut

• Basis for                       in the soft photon limit : constructed
<latexit sha1_base64="cWBAqFtTYVbEgeUAkXKaURZKX+Y="></latexit>

ω

ωq3ω
Mµεϑ

reg (p1, p2, q1, q2)

∣∣∣∣
q3=0

=
27∑

i=1

Bµεϑ;ω
i (q1, q2, q5)Āi(s, t→ u, q21 , q

2
2)

• Projectors for                       : constructed
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>= <latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+ <latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>= <latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+ <latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .
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ω→
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ω

ε

ε

ω→
ω

ω→

ε

ε

ω→
ω

ω→

ε

ε

ω→

ω→

ω
ε

ε

ε

ε

ω→

ω→

ω
ε

ε

ε

ε

[arXiv:2302.12264]
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ω

ω→

ε
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ω→

ω→

T

ω

ε

ε

The tensor-meson cut

Construct bases for sub-processes :
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ω→

ω→

T

ω

ε

ε

The tensor-meson cut

Construct bases for sub-processes :


• tensor meson TFFs [arXiv:2004.06127] : 5 BTT 
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ω→

ω→

T

ω

ε

ε

The tensor-meson cut

Construct bases for sub-processes :


• description of scattering amplitude for                   
<latexit sha1_base64="uMCG+sY/HvFZ6kNxh2RPkqyf0JQ=">AAACBnicbVDLSgMxFM34rPU16lKEYBHERZkRqS4rblxW6As6Y7mTptPQZGZIMkoZCoIbf8WNC0Xc+g3u/BvTx0JbD/fC4Zx7Se4JEs6Udpxva2FxaXllNbeWX9/Y3Nq2d3brKk4loTUS81g2A1CUs4jWNNOcNhNJQQScNoL+1chv3FGpWBxV9SChvoAwYl1GQBupbR9UsReCEHB7gj3Jwp4GKeN77CXMVNsuOEVnDDxP3CkpoCkqbfvL68QkFTTShINSLddJtJ+B1IxwOsx7qaIJkD6EtGVoBIIqPxufMcRHRungbixNRxqP1d8bGQilBiIwkwJ0T816I/E/r5Xq7oWfsShJNY3I5KFuyrGO8SgT3GGSEs0HhgCRzPwVkx5IINoklzchuLMnz5P6adEtFUs3Z4Xy5cMkjhzaR4foGLnoHJXRNaqgGiLoET2jV/RmPVkv1rv1MRldsKYR7qE/sD5/AJh1mQE=</latexit>

Tω→ → εε

 BTT prescription : gauge invariance, remove poles, eliminate redundancies

                                   8 structures 
↪

 in the soft-photon limit: only 2 survive ↪
<latexit sha1_base64="FH6bdUUtSmawCCyrpmxgudiN5Xg="></latexit>

Mµωε
Tϑ→ϖϖ =

8∑

k

Tµωε
k F̂k

• tensor meson TFFs [arXiv:2004.06127] : 5 BTT 

7



ω→

ω→

T

ω

ε

ε

The tensor-meson cut

Compute imaginary parts:


Construct bases for sub-processes :


<latexit sha1_base64="1Dwb78kxTcakGzkw3RaNyX4cyeI="></latexit>

ImT
s Āi(s, t→ u, q21 , q

2
2) = ωε(s→m2

T )
5∑

j=1

8∑

k=1

1

m3
T

tij,k FT
j (q21 , q

2
2)F̂k(q

2
5 , 0)

• dispersion relations for contribution : possibly reconstruction theorem 

• description of scattering amplitude for                   
<latexit sha1_base64="uMCG+sY/HvFZ6kNxh2RPkqyf0JQ=">AAACBnicbVDLSgMxFM34rPU16lKEYBHERZkRqS4rblxW6As6Y7mTptPQZGZIMkoZCoIbf8WNC0Xc+g3u/BvTx0JbD/fC4Zx7Se4JEs6Udpxva2FxaXllNbeWX9/Y3Nq2d3brKk4loTUS81g2A1CUs4jWNNOcNhNJQQScNoL+1chv3FGpWBxV9SChvoAwYl1GQBupbR9UsReCEHB7gj3Jwp4GKeN77CXMVNsuOEVnDDxP3CkpoCkqbfvL68QkFTTShINSLddJtJ+B1IxwOsx7qaIJkD6EtGVoBIIqPxufMcRHRungbixNRxqP1d8bGQilBiIwkwJ0T816I/E/r5Xq7oWfsShJNY3I5KFuyrGO8SgT3GGSEs0HhgCRzPwVkx5IINoklzchuLMnz5P6adEtFUs3Z4Xy5cMkjhzaR4foGLnoHJXRNaqgGiLoET2jV/RmPVkv1rv1MRldsKYR7qE/sD5/AJh1mQE=</latexit>

Tω→ → εε

 BTT prescription : gauge invariance, remove poles, eliminate redundancies

                                   8 structures 
↪

 in the soft-photon limit: only 2 survive ↪
<latexit sha1_base64="FH6bdUUtSmawCCyrpmxgudiN5Xg="></latexit>

Mµωε
Tϑ→ϖϖ =

8∑

k

Tµωε
k F̂k

• tensor meson TFFs [arXiv:2004.06127] : 5 BTT 

7



The two-pion cut

8

Construct bases for sub-processes :
 ω→

ω→

ω
ε

ε

ε

ε



The two-pion cut

Construct bases for sub-processes :


• —scattering : partial-wave decomposition for fixed isospin  amplitudeππ I

 for                        : only odd partial waves↪
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

ω→

ω→

ω
ε

ε

ε

ε

8



The two-pion cut

Construct bases for sub-processes :


• sub-process                        : Omnès problem  
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

 no helicity partial-wave expansion : general expansion over ↪ Pj(z)

• —scattering : partial-wave decomposition for fixed isospin  amplitudeππ I

 for                        : only odd partial waves↪
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

<latexit sha1_base64="HoYEAL81P8L4rCoK7LFgrLJQTFI="></latexit>

Āi =
∑

j

aij(s) · Pj(z)

ω→

ω→

ω
ε

ε

ε

ε

8



The two-pion cut

Construct bases for sub-processes :


• sub-process                        : Omnès problem  
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

 no helicity partial-wave expansion : general expansion over ↪ Pj(z)

• —scattering : partial-wave decomposition for fixed isospin  amplitudeππ I

 for                        : only odd partial waves↪
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

<latexit sha1_base64="HoYEAL81P8L4rCoK7LFgrLJQTFI="></latexit>

Āi =
∑

j

aij(s) · Pj(z)

 inhomogeneous contribution from tensor-pole↪

ω→

ω→

ω
ε

ε

ε

ε

ω→

ω→

T

ω

ε

ε

ω→

ω→

ω
ε

ε

ε

ε

<latexit sha1_base64="VqQ7wV57Cd3YlApwNbSJ2WUWc7E="></latexit>

Āfull
i→ (s, z→) = Āresc.

i→ (s, z→) + Ātensor
i (s, z→)

8



9

Compute imaginary parts: for only P-wave contributing to —scatteringππ
<latexit sha1_base64="WwKjt6fTmsJ8iuKKmbe/BWPuEDs="></latexit>

Imωω
s ai resc.0 (s) =

[
ai resc.0 (s) + F̂ inh.

i (s)
]
· sin ω11(s)e→iε11(s)

<latexit sha1_base64="4xLuQqphnUIbe50Z4IYSM+uY2Ww=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KYlIdSNU3eiugn1AE8NkOmmHTh7M3Igl5Bvc+CtuXCji1pU7/8bpY6Gthxk4nHMv997jJ4IrsKxvY25+YXFpubBSXF1b39g0t7YbKk4lZXUai1i2fKKY4BGrAwfBWolkJPQFa/r9y6HfvGdS8Ti6hUHC3JB0Ix5wSkBLnnnoAHuA7DrM7zIn4frlnsKOT2TmhAR6lIjsPM89fuaZJatsjYBniT0hJTRBzTO/nE5M05BFQAVRqm1bCbgZkcCpYHnRSRVLCO2TLmtrGpGQKTcbnZTjfa10cBBL/SPAI/V3R0ZCpQahryuHa6ppbyj+57VTCE7djEdJCiyi40FBKjDEeJgP7nDJKIiBJoRKrnfFtEckoaBTLOoQ7OmTZ0njqGxXypWb41L1YhJHAe2iPXSAbHSCqugK1VAdUfSIntErejOejBfj3fgYl84Zk54d9AfG5w/IDp7O</latexit>

Imωω
s Āi =



Compute imaginary parts: for only P-wave contributing to —scatteringππ
<latexit sha1_base64="WwKjt6fTmsJ8iuKKmbe/BWPuEDs="></latexit>

Imωω
s ai resc.0 (s) =

[
ai resc.0 (s) + F̂ inh.

i (s)
]
· sin ω11(s)e→iε11(s)

<latexit sha1_base64="4xLuQqphnUIbe50Z4IYSM+uY2Ww=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KYlIdSNU3eiugn1AE8NkOmmHTh7M3Igl5Bvc+CtuXCji1pU7/8bpY6Gthxk4nHMv997jJ4IrsKxvY25+YXFpubBSXF1b39g0t7YbKk4lZXUai1i2fKKY4BGrAwfBWolkJPQFa/r9y6HfvGdS8Ti6hUHC3JB0Ix5wSkBLnnnoAHuA7DrM7zIn4frlnsKOT2TmhAR6lIjsPM89fuaZJatsjYBniT0hJTRBzTO/nE5M05BFQAVRqm1bCbgZkcCpYHnRSRVLCO2TLmtrGpGQKTcbnZTjfa10cBBL/SPAI/V3R0ZCpQahryuHa6ppbyj+57VTCE7djEdJCiyi40FBKjDEeJgP7nDJKIiBJoRKrnfFtEckoaBTLOoQ7OmTZ0njqGxXypWb41L1YhJHAe2iPXSAbHSCqugK1VAdUfSIntErejOejBfj3fgYl84Zk54d9AfG5w/IDp7O</latexit>

Imωω
s Āi =

• scalar function contributions : inhomogeneous Omnès solution 
<latexit sha1_base64="oATadE+szgIo+iE5qfa0NiKkZko="></latexit>

Āresc.
i = !1(s)

[
P (s) +

1

ω

∫ →

4M2
ω

ds↑
sin ε11(s

↑)

|!1(s↑)|(s↑ → s)
F̂ inh.
i (s↑)

]
<latexit sha1_base64="VR/q+0EjJhSkWXq1+nmklpOD0Fo=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBAUJOyKRC+CDxCPEYwRsuvSO5mYIbMPZnrFsOzXePFXvHiIiHjzU5zEgBotGCiqupmuChIpNNr2uzUxOTU9M1uYK84vLC4tl1ZWr3ScKsbrLJaxug5AcykiXkeBkl8nikMYSN4IuqcDv3HHlRZxdIm9hHsh3EaiLRigkfzSodsBzM5yX9y4yO8xE1Gnkm/p7UPqBqAyNwTsMJDZcf49gzzSsdqp5X6pbFfsIehf4oxImYxQ80t9txWzNOQRMglaNx07QS8DhYJJnhfdVPMEWBduedPQCEKuvWwYM6ebRmnRdqzMi5AO1Z8bGYRa98LATA6u1uPeQPzPa6bYPvBM8iQ1ydjXR+1UUozpoDPaEoozlD1DgClhbqWsAwoYmmaLpgRnPPJfcrVbcaqV6sVe+ehkVEeBrJMNskUcsk+OyDmpkTph5IE8kT55sR6tZ+vVevsanbBGO2vkF6yPT3jDpwo=</latexit>

F̂ inh.
i (s) = Ātensor,P

i, with 

 account for asymptotic behavior  ↪

9



• tensor-pole contribution: for P-wave case (J=1) : only 1 scalar function       contributes  
<latexit sha1_base64="WPHmghHhGlvxZyfDD0rvi6gl0uw=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRKR6rIoiMsK9gFNCDfTaTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45QcyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEIABJGOWkq6hiZBALAmHASD+Y3RR+/5EISSP+oNKYeCFMOB1TDEpLvll3p6AyNwQ1xcCy2zz3Z77ZsJv2HNYqcUrSQCU6vvnljiKchIQrzEDKoWPHystAKIoZyWtuIkkMeAYTMtSUQ0ikl83D59apVkbWOBL6cWXN1d8bGYRSpmGgJ4uUctkrxP+8YaLGV15GeZwowvHi0DhhloqsoglrRAXBiqWaABZUZ7XwFARgpfuq6RKc5S+vkt5502k1W/cXjfZ1WUcVHaMTdIYcdIna6A51UBdhlKJn9IrejCfjxXg3PhajFaPcqaM/MD5/AGGilUM=</latexit>

F̂k

Compute imaginary parts: for only P-wave contributing to —scatteringππ
<latexit sha1_base64="WwKjt6fTmsJ8iuKKmbe/BWPuEDs="></latexit>

Imωω
s ai resc.0 (s) =

[
ai resc.0 (s) + F̂ inh.

i (s)
]
· sin ω11(s)e→iε11(s)

<latexit sha1_base64="4xLuQqphnUIbe50Z4IYSM+uY2Ww=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KYlIdSNU3eiugn1AE8NkOmmHTh7M3Igl5Bvc+CtuXCji1pU7/8bpY6Gthxk4nHMv997jJ4IrsKxvY25+YXFpubBSXF1b39g0t7YbKk4lZXUai1i2fKKY4BGrAwfBWolkJPQFa/r9y6HfvGdS8Ti6hUHC3JB0Ix5wSkBLnnnoAHuA7DrM7zIn4frlnsKOT2TmhAR6lIjsPM89fuaZJatsjYBniT0hJTRBzTO/nE5M05BFQAVRqm1bCbgZkcCpYHnRSRVLCO2TLmtrGpGQKTcbnZTjfa10cBBL/SPAI/V3R0ZCpQahryuHa6ppbyj+57VTCE7djEdJCiyi40FBKjDEeJgP7nDJKIiBJoRKrnfFtEckoaBTLOoQ7OmTZ0njqGxXypWb41L1YhJHAe2iPXSAbHSCqugK1VAdUfSIntErejOejBfj3fgYl84Zk54d9AfG5w/IDp7O</latexit>

Imωω
s Āi =

• scalar function contributions : inhomogeneous Omnès solution 
<latexit sha1_base64="oATadE+szgIo+iE5qfa0NiKkZko="></latexit>

Āresc.
i = !1(s)

[
P (s) +

1

ω

∫ →

4M2
ω

ds↑
sin ε11(s

↑)

|!1(s↑)|(s↑ → s)
F̂ inh.
i (s↑)

]
<latexit sha1_base64="VR/q+0EjJhSkWXq1+nmklpOD0Fo=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBAUJOyKRC+CDxCPEYwRsuvSO5mYIbMPZnrFsOzXePFXvHiIiHjzU5zEgBotGCiqupmuChIpNNr2uzUxOTU9M1uYK84vLC4tl1ZWr3ScKsbrLJaxug5AcykiXkeBkl8nikMYSN4IuqcDv3HHlRZxdIm9hHsh3EaiLRigkfzSodsBzM5yX9y4yO8xE1Gnkm/p7UPqBqAyNwTsMJDZcf49gzzSsdqp5X6pbFfsIehf4oxImYxQ80t9txWzNOQRMglaNx07QS8DhYJJnhfdVPMEWBduedPQCEKuvWwYM6ebRmnRdqzMi5AO1Z8bGYRa98LATA6u1uPeQPzPa6bYPvBM8iQ1ydjXR+1UUozpoDPaEoozlD1DgClhbqWsAwoYmmaLpgRnPPJfcrVbcaqV6sVe+ehkVEeBrJMNskUcsk+OyDmpkTph5IE8kT55sR6tZ+vVevsanbBGO2vkF6yPT3jDpwo=</latexit>

F̂ inh.
i (s) = Ātensor,P

i, with 

 account for asymptotic behavior  ↪

<latexit sha1_base64="1Dwb78kxTcakGzkw3RaNyX4cyeI="></latexit>

ImT
s Āi(s, t→ u, q21 , q

2
2) = ωε(s→m2

T )
5∑

j=1

8∑

k=1

1

m3
T

tij,k FT
j (q21 , q

2
2)F̂k(q

2
5 , 0)
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• tensor-pole contribution: for P-wave case (J=1) : only 1 scalar function       contributes  
<latexit sha1_base64="WPHmghHhGlvxZyfDD0rvi6gl0uw=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRKR6rIoiMsK9gFNCDfTaTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45QcyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEIABJGOWkq6hiZBALAmHASD+Y3RR+/5EISSP+oNKYeCFMOB1TDEpLvll3p6AyNwQ1xcCy2zz3Z77ZsJv2HNYqcUrSQCU6vvnljiKchIQrzEDKoWPHystAKIoZyWtuIkkMeAYTMtSUQ0ikl83D59apVkbWOBL6cWXN1d8bGYRSpmGgJ4uUctkrxP+8YaLGV15GeZwowvHi0DhhloqsoglrRAXBiqWaABZUZ7XwFARgpfuq6RKc5S+vkt5502k1W/cXjfZ1WUcVHaMTdIYcdIna6A51UBdhlKJn9IrejCfjxXg3PhajFaPcqaM/MD5/AGGilUM=</latexit>

F̂k

Compute imaginary parts: for only P-wave contributing to —scatteringππ
<latexit sha1_base64="WwKjt6fTmsJ8iuKKmbe/BWPuEDs="></latexit>

Imωω
s ai resc.0 (s) =

[
ai resc.0 (s) + F̂ inh.

i (s)
]
· sin ω11(s)e→iε11(s)

<latexit sha1_base64="4xLuQqphnUIbe50Z4IYSM+uY2Ww=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KYlIdSNU3eiugn1AE8NkOmmHTh7M3Igl5Bvc+CtuXCji1pU7/8bpY6Gthxk4nHMv997jJ4IrsKxvY25+YXFpubBSXF1b39g0t7YbKk4lZXUai1i2fKKY4BGrAwfBWolkJPQFa/r9y6HfvGdS8Ti6hUHC3JB0Ix5wSkBLnnnoAHuA7DrM7zIn4frlnsKOT2TmhAR6lIjsPM89fuaZJatsjYBniT0hJTRBzTO/nE5M05BFQAVRqm1bCbgZkcCpYHnRSRVLCO2TLmtrGpGQKTcbnZTjfa10cBBL/SPAI/V3R0ZCpQahryuHa6ppbyj+57VTCE7djEdJCiyi40FBKjDEeJgP7nDJKIiBJoRKrnfFtEckoaBTLOoQ7OmTZ0njqGxXypWb41L1YhJHAe2iPXSAbHSCqugK1VAdUfSIntErejOejBfj3fgYl84Zk54d9AfG5w/IDp7O</latexit>

Imωω
s Āi =

• scalar function contributions : inhomogeneous Omnès solution 

 only -dependence (for )   ↪ s J = 1

<latexit sha1_base64="oATadE+szgIo+iE5qfa0NiKkZko="></latexit>

Āresc.
i = !1(s)

[
P (s) +

1

ω

∫ →

4M2
ω

ds↑
sin ε11(s

↑)

|!1(s↑)|(s↑ → s)
F̂ inh.
i (s↑)

]
<latexit sha1_base64="VR/q+0EjJhSkWXq1+nmklpOD0Fo=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBAUJOyKRC+CDxCPEYwRsuvSO5mYIbMPZnrFsOzXePFXvHiIiHjzU5zEgBotGCiqupmuChIpNNr2uzUxOTU9M1uYK84vLC4tl1ZWr3ScKsbrLJaxug5AcykiXkeBkl8nikMYSN4IuqcDv3HHlRZxdIm9hHsh3EaiLRigkfzSodsBzM5yX9y4yO8xE1Gnkm/p7UPqBqAyNwTsMJDZcf49gzzSsdqp5X6pbFfsIehf4oxImYxQ80t9txWzNOQRMglaNx07QS8DhYJJnhfdVPMEWBduedPQCEKuvWwYM6ebRmnRdqzMi5AO1Z8bGYRa98LATA6u1uPeQPzPa6bYPvBM8iQ1ydjXR+1UUozpoDPaEoozlD1DgClhbqWsAwoYmmaLpgRnPPJfcrVbcaqV6sVe+ehkVEeBrJMNskUcsk+OyDmpkTph5IE8kT55sR6tZ+vVevsanbBGO2vkF6yPT3jDpwo=</latexit>

F̂ inh.
i (s) = Ātensor,P

i

<latexit sha1_base64="dcr3He2ChRWBaK1+LWfxjw+U6aM="></latexit>

F̂ inh.
i (s) = Ātensor,P

i (s) =
ω

m3
T (s→m2

T )

5∑

j=1

tij,1FT
j (q21 , q

2
2)F̂1(m

2
T , 0)

, with 

 account for asymptotic behavior  ↪

9



• tensor-pole contribution: for P-wave case (J=1) : only 1 scalar function       contributes  
<latexit sha1_base64="WPHmghHhGlvxZyfDD0rvi6gl0uw=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRKR6rIoiMsK9gFNCDfTaTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45QcyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEIABJGOWkq6hiZBALAmHASD+Y3RR+/5EISSP+oNKYeCFMOB1TDEpLvll3p6AyNwQ1xcCy2zz3Z77ZsJv2HNYqcUrSQCU6vvnljiKchIQrzEDKoWPHystAKIoZyWtuIkkMeAYTMtSUQ0ikl83D59apVkbWOBL6cWXN1d8bGYRSpmGgJ4uUctkrxP+8YaLGV15GeZwowvHi0DhhloqsoglrRAXBiqWaABZUZ7XwFARgpfuq6RKc5S+vkt5502k1W/cXjfZ1WUcVHaMTdIYcdIna6A51UBdhlKJn9IrejCfjxXg3PhajFaPcqaM/MD5/AGGilUM=</latexit>

F̂k

Compute imaginary parts: for only P-wave contributing to —scatteringππ
<latexit sha1_base64="WwKjt6fTmsJ8iuKKmbe/BWPuEDs="></latexit>

Imωω
s ai resc.0 (s) =

[
ai resc.0 (s) + F̂ inh.

i (s)
]
· sin ω11(s)e→iε11(s)

<latexit sha1_base64="4xLuQqphnUIbe50Z4IYSM+uY2Ww=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KYlIdSNU3eiugn1AE8NkOmmHTh7M3Igl5Bvc+CtuXCji1pU7/8bpY6Gthxk4nHMv997jJ4IrsKxvY25+YXFpubBSXF1b39g0t7YbKk4lZXUai1i2fKKY4BGrAwfBWolkJPQFa/r9y6HfvGdS8Ti6hUHC3JB0Ix5wSkBLnnnoAHuA7DrM7zIn4frlnsKOT2TmhAR6lIjsPM89fuaZJatsjYBniT0hJTRBzTO/nE5M05BFQAVRqm1bCbgZkcCpYHnRSRVLCO2TLmtrGpGQKTcbnZTjfa10cBBL/SPAI/V3R0ZCpQahryuHa6ppbyj+57VTCE7djEdJCiyi40FBKjDEeJgP7nDJKIiBJoRKrnfFtEckoaBTLOoQ7OmTZ0njqGxXypWb41L1YhJHAe2iPXSAbHSCqugK1VAdUfSIntErejOejBfj3fgYl84Zk54d9AfG5w/IDp7O</latexit>

Imωω
s Āi =

• scalar function contributions : inhomogeneous Omnès solution 

 only -dependence (for )   ↪ s J = 1

 need TFFs and        Emilis’ talk ↪ →
<latexit sha1_base64="WPHmghHhGlvxZyfDD0rvi6gl0uw=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRKR6rIoiMsK9gFNCDfTaTt0MgkzEyGE+CtuXCji1g9x5984abPQ1gMDh3Pu5Z45QcyoVLb9bVTW1jc2t6rbtZ3dvf0D8/CoJ6NEYNLFEYvEIABJGOWkq6hiZBALAmHASD+Y3RR+/5EISSP+oNKYeCFMOB1TDEpLvll3p6AyNwQ1xcCy2zz3Z77ZsJv2HNYqcUrSQCU6vvnljiKchIQrzEDKoWPHystAKIoZyWtuIkkMeAYTMtSUQ0ikl83D59apVkbWOBL6cWXN1d8bGYRSpmGgJ4uUctkrxP+8YaLGV15GeZwowvHi0DhhloqsoglrRAXBiqWaABZUZ7XwFARgpfuq6RKc5S+vkt5502k1W/cXjfZ1WUcVHaMTdIYcdIna6A51UBdhlKJn9IrejCfjxXg3PhajFaPcqaM/MD5/AGGilUM=</latexit>

F̂k

<latexit sha1_base64="oATadE+szgIo+iE5qfa0NiKkZko="></latexit>

Āresc.
i = !1(s)

[
P (s) +

1

ω

∫ →

4M2
ω

ds↑
sin ε11(s

↑)

|!1(s↑)|(s↑ → s)
F̂ inh.
i (s↑)

]
<latexit sha1_base64="VR/q+0EjJhSkWXq1+nmklpOD0Fo=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBAUJOyKRC+CDxCPEYwRsuvSO5mYIbMPZnrFsOzXePFXvHiIiHjzU5zEgBotGCiqupmuChIpNNr2uzUxOTU9M1uYK84vLC4tl1ZWr3ScKsbrLJaxug5AcykiXkeBkl8nikMYSN4IuqcDv3HHlRZxdIm9hHsh3EaiLRigkfzSodsBzM5yX9y4yO8xE1Gnkm/p7UPqBqAyNwTsMJDZcf49gzzSsdqp5X6pbFfsIehf4oxImYxQ80t9txWzNOQRMglaNx07QS8DhYJJnhfdVPMEWBduedPQCEKuvWwYM6ebRmnRdqzMi5AO1Z8bGYRa98LATA6u1uPeQPzPa6bYPvBM8iQ1ydjXR+1UUozpoDPaEoozlD1DgClhbqWsAwoYmmaLpgRnPPJfcrVbcaqV6sVe+ehkVEeBrJMNskUcsk+OyDmpkTph5IE8kT55sR6tZ+vVevsanbBGO2vkF6yPT3jDpwo=</latexit>

F̂ inh.
i (s) = Ātensor,P

i

<latexit sha1_base64="dcr3He2ChRWBaK1+LWfxjw+U6aM="></latexit>

F̂ inh.
i (s) = Ātensor,P

i (s) =
ω

m3
T (s→m2

T )

5∑

j=1

tij,1FT
j (q21 , q

2
2)F̂1(m

2
T , 0)

, with 

 account for asymptotic behavior  ↪
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Conclusions & Outlook

10

• Dispersive construction of scalar functions for                     : tensor-meson pole & two-pion cut 
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε



Conclusions & Outlook

• Dispersive construction of scalar functions for                     : tensor-meson pole & two-pion cut 
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

 set up dispersion relations for tensor-meson pole contribution              ↪

10



Conclusions & Outlook

• Dispersive construction of scalar functions for                     : tensor-meson pole & two-pion cut 
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

 necessary input for scalar functions :                    ,                   for                ↪
<latexit sha1_base64="8ow5rXDTg4c/x3LCs4Sx3Z4dd9g=">AAACB3icbVDLSgMxFM34rPU16lKQYBHERZkRqS6LblxW6AvaWu6kmWlokhmSjFJKd278FTcuFHHrL7jzb0wfgrYeuNzDOfeS3BMknGnjeV/OwuLS8spqZi27vrG5te3u7FZ1nCpCKyTmsaoHoClnklYMM5zWE0VBBJzWgt7VyK/dUaVZLMumn9CWgEiykBEwVmq7B2XcVCzqGlAqvsfNCISA25Of3nZzXt4bA88Tf0pyaIpS2/1sdmKSCioN4aB1w/cS0xqAMoxwOsw2U00TID2IaMNSCYLq1mB8xxAfWaWDw1jZkgaP1d8bAxBa90VgJwWYrp71RuJ/XiM14UVrwGSSGirJ5KEw5djEeBQK7jBFieF9S4AoZv+KSRcUEGOjy9oQ/NmT50n1NO8X8oWbs1zxchpHBu2jQ3SMfHSOiugalVAFEfSAntALenUenWfnzXmfjC4405099AfOxzc3+Jjp</latexit>

T → ω→ω→ <latexit sha1_base64="g3J0H8RUWJa7H8kxEjgloGv4Fig=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUIFcYKFsYi9SU1UXXjOq1VO4lsB1RFHVj4FRYGEGLlI9j4G9w2A7Qc3SsdnXOv7HuChDOlHefbKqytb2xuFbdLO7t7+wf24VFbxakktEViHstuAIpyFtGWZprTbiIpiIDTTjC+mfmdeyoVi6OmniTUFzCMWMgIaCP17XITe0MQArAn2XCkQcr4AXsJM9W3K07VmQOvEjcnFZSj0be/vEFMUkEjTTgo1XOdRPsZSM0Ip9OSlyqaABnDkPYMjUBQ5WfzI6b41CgDHMbSdKTxXP29kYFQaiICMylAj9SyNxP/83qpDq/8jEVJqmlEFg+FKcc6xrNE8IBJSjSfGAJEMvNXTEYggWiTW8mE4C6fvEra51W3Vq3dXVTq13kcRVRGJ+gMuegS1dEtaqAWIugRPaNX9GY9WS/Wu/WxGC1Y+c4x+gPr8wdKB5fm</latexit>

Tω → εε

 set up dispersion relations for tensor-meson pole contribution              ↪

10

<latexit sha1_base64="fkna8BUAN1cbcV5F6OQ+WU2LbMk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspukdZj0YvHCvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9u533miSrNIPphpTH2BR5KFjGBjpcdwUC171bp7OSiW3Iq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhNd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2teLVKrX7q1LjJosjD2dwDmXwoA4NuIMmtICAgGd4hTdHOS/Ou/OxbM052cwp/IHz+QOIfI7x</latexit>

f2(1270)



Conclusions & Outlook

• Dispersive construction of scalar functions for                     : tensor-meson pole & two-pion cut 
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

 necessary input for scalar functions :                    ,                   for                ↪
<latexit sha1_base64="8ow5rXDTg4c/x3LCs4Sx3Z4dd9g=">AAACB3icbVDLSgMxFM34rPU16lKQYBHERZkRqS6LblxW6AvaWu6kmWlokhmSjFJKd278FTcuFHHrL7jzb0wfgrYeuNzDOfeS3BMknGnjeV/OwuLS8spqZi27vrG5te3u7FZ1nCpCKyTmsaoHoClnklYMM5zWE0VBBJzWgt7VyK/dUaVZLMumn9CWgEiykBEwVmq7B2XcVCzqGlAqvsfNCISA25Of3nZzXt4bA88Tf0pyaIpS2/1sdmKSCioN4aB1w/cS0xqAMoxwOsw2U00TID2IaMNSCYLq1mB8xxAfWaWDw1jZkgaP1d8bAxBa90VgJwWYrp71RuJ/XiM14UVrwGSSGirJ5KEw5djEeBQK7jBFieF9S4AoZv+KSRcUEGOjy9oQ/NmT50n1NO8X8oWbs1zxchpHBu2jQ3SMfHSOiugalVAFEfSAntALenUenWfnzXmfjC4405099AfOxzc3+Jjp</latexit>

T → ω→ω→ <latexit sha1_base64="g3J0H8RUWJa7H8kxEjgloGv4Fig=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUIFcYKFsYi9SU1UXXjOq1VO4lsB1RFHVj4FRYGEGLlI9j4G9w2A7Qc3SsdnXOv7HuChDOlHefbKqytb2xuFbdLO7t7+wf24VFbxakktEViHstuAIpyFtGWZprTbiIpiIDTTjC+mfmdeyoVi6OmniTUFzCMWMgIaCP17XITe0MQArAn2XCkQcr4AXsJM9W3K07VmQOvEjcnFZSj0be/vEFMUkEjTTgo1XOdRPsZSM0Ip9OSlyqaABnDkPYMjUBQ5WfzI6b41CgDHMbSdKTxXP29kYFQaiICMylAj9SyNxP/83qpDq/8jEVJqmlEFg+FKcc6xrNE8IBJSjSfGAJEMvNXTEYggWiTW8mE4C6fvEra51W3Vq3dXVTq13kcRVRGJ+gMuegS1dEtaqAWIugRPaNX9GY9WS/Wu/WxGC1Y+c4x+gPr8wdKB5fm</latexit>

Tω → εε

✦ Fully study and understand the results of scalar functions  

 set up dispersion relations for tensor-meson pole contribution              ↪

<latexit sha1_base64="vM1FslXOWzPuPEqV4JD/P5dLyX4=">AAAB+nicdVDLTgJBEJzFF+IL9OhlIjHxtNldFPFG9MKBAybySADJ7DDAhNlHZnpVsvIpXjxojFe/xJt/47BgokYr6aRS1Z3uLjcUXIFlfRippeWV1bX0emZjc2t7J5vbbaggkpTVaSAC2XKJYoL7rA4cBGuFkhHPFazpji9mfvOGScUD/womIet6ZOjzAacEtNTL5kiv40XXHWB3EFeqbnXay+Yt03JKhWIRW6ZTsK1CQpzSyZmDbdNKkEcL1HrZ904/oJHHfKCCKNW2rRC6MZHAqWDTTCdSLCR0TIasralPPKa6cXL6FB9qpY8HgdTlA07U7xMx8ZSaeK7u9AiM1G9vJv7ltSMYlLox98MImE/niwaRwBDgWQ64zyWjICaaECq5vhXTEZGEgk4ro0P4+hT/TxqOaRfN4uVxvny+iCON9tEBOkI2OkVlVEE1VEcU3aIH9ISejXvj0XgxXuetKWMxs4d+wHj7BMFelFs=</latexit>

aHLbL

µ

<latexit sha1_base64="smOMi8IlOXjrmtMpgUjbOvPNj1Y=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuhsxUa91V3bisYB/QlnInzbShmQdJRijD+CtuXCji1g9x59+YPgQVPRA4nHMv9+R4seBKE/JhLS2vrK6t5zbym1vbO7uFvf2mihJJWYNGIpJtDxQTPGQNzbVg7VgyCDzBWt74auq37phUPApv9SRmvQCGIfc5BW2kfqHY9UCm3QD0iIJIL7Ksz/uFErGJWy1XKpjYbtkh5Rlxq6fnLnZsMkMJLVDvF967g4gmAQs1FaBUxyGx7qUgNaeCZfluolgMdAxD1jE0hICpXjoLn+EjowywH0nzQo1n6veNFAKlJoFnJqcp1W9vKv7ldRLtV3spD+NEs5DOD/mJwDrC0ybwgEtGtZgYAlRykxXTEUig2vSVNyV8/RT/T5qu7VTsys1JqXa5qCOHDtAhOkYOOkM1dI3qqIEomqAH9ISerXvr0XqxXuejS9Zip4h+wHr7BKx4lXg=</latexit>

Āi

10

<latexit sha1_base64="fkna8BUAN1cbcV5F6OQ+WU2LbMk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspukdZj0YvHCvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9u533miSrNIPphpTH2BR5KFjGBjpcdwUC171bp7OSiW3Iq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhNd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2teLVKrX7q1LjJosjD2dwDmXwoA4NuIMmtICAgGd4hTdHOS/Ou/OxbM052cwp/IHz+QOIfI7x</latexit>

f2(1270)

 compute contribution to             (including tensor-meson effects) ↪
 further reduction of error↪



Conclusions & Outlook

• Dispersive construction of scalar functions for                     : tensor-meson pole & two-pion cut 
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

 necessary input for scalar functions :                    ,                   for                ↪
<latexit sha1_base64="8ow5rXDTg4c/x3LCs4Sx3Z4dd9g=">AAACB3icbVDLSgMxFM34rPU16lKQYBHERZkRqS6LblxW6AvaWu6kmWlokhmSjFJKd278FTcuFHHrL7jzb0wfgrYeuNzDOfeS3BMknGnjeV/OwuLS8spqZi27vrG5te3u7FZ1nCpCKyTmsaoHoClnklYMM5zWE0VBBJzWgt7VyK/dUaVZLMumn9CWgEiykBEwVmq7B2XcVCzqGlAqvsfNCISA25Of3nZzXt4bA88Tf0pyaIpS2/1sdmKSCioN4aB1w/cS0xqAMoxwOsw2U00TID2IaMNSCYLq1mB8xxAfWaWDw1jZkgaP1d8bAxBa90VgJwWYrp71RuJ/XiM14UVrwGSSGirJ5KEw5djEeBQK7jBFieF9S4AoZv+KSRcUEGOjy9oQ/NmT50n1NO8X8oWbs1zxchpHBu2jQ3SMfHSOiugalVAFEfSAntALenUenWfnzXmfjC4405099AfOxzc3+Jjp</latexit>

T → ω→ω→ <latexit sha1_base64="g3J0H8RUWJa7H8kxEjgloGv4Fig=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUIFcYKFsYi9SU1UXXjOq1VO4lsB1RFHVj4FRYGEGLlI9j4G9w2A7Qc3SsdnXOv7HuChDOlHefbKqytb2xuFbdLO7t7+wf24VFbxakktEViHstuAIpyFtGWZprTbiIpiIDTTjC+mfmdeyoVi6OmniTUFzCMWMgIaCP17XITe0MQArAn2XCkQcr4AXsJM9W3K07VmQOvEjcnFZSj0be/vEFMUkEjTTgo1XOdRPsZSM0Ip9OSlyqaABnDkPYMjUBQ5WfzI6b41CgDHMbSdKTxXP29kYFQaiICMylAj9SyNxP/83qpDq/8jEVJqmlEFg+FKcc6xrNE8IBJSjSfGAJEMvNXTEYggWiTW8mE4C6fvEra51W3Vq3dXVTq13kcRVRGJ+gMuegS1dEtaqAWIugRPaNX9GY9WS/Wu/WxGC1Y+c4x+gPr8wdKB5fm</latexit>

Tω → εε

✦ Fully study and understand the results of scalar functions  

✦ Steps towards the hard-photon case : 5-particle process

 set up dispersion relations for tensor-meson pole contribution              ↪

 compute contribution to             (including tensor-meson effects) ↪
<latexit sha1_base64="vM1FslXOWzPuPEqV4JD/P5dLyX4=">AAAB+nicdVDLTgJBEJzFF+IL9OhlIjHxtNldFPFG9MKBAybySADJ7DDAhNlHZnpVsvIpXjxojFe/xJt/47BgokYr6aRS1Z3uLjcUXIFlfRippeWV1bX0emZjc2t7J5vbbaggkpTVaSAC2XKJYoL7rA4cBGuFkhHPFazpji9mfvOGScUD/womIet6ZOjzAacEtNTL5kiv40XXHWB3EFeqbnXay+Yt03JKhWIRW6ZTsK1CQpzSyZmDbdNKkEcL1HrZ904/oJHHfKCCKNW2rRC6MZHAqWDTTCdSLCR0TIasralPPKa6cXL6FB9qpY8HgdTlA07U7xMx8ZSaeK7u9AiM1G9vJv7ltSMYlLox98MImE/niwaRwBDgWQ64zyWjICaaECq5vhXTEZGEgk4ro0P4+hT/TxqOaRfN4uVxvny+iCON9tEBOkI2OkVlVEE1VEcU3aIH9ISejXvj0XgxXuetKWMxs4d+wHj7BMFelFs=</latexit>

aHLbL

µ

<latexit sha1_base64="smOMi8IlOXjrmtMpgUjbOvPNj1Y=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuhsxUa91V3bisYB/QlnInzbShmQdJRijD+CtuXCji1g9x59+YPgQVPRA4nHMv9+R4seBKE/JhLS2vrK6t5zbym1vbO7uFvf2mihJJWYNGIpJtDxQTPGQNzbVg7VgyCDzBWt74auq37phUPApv9SRmvQCGIfc5BW2kfqHY9UCm3QD0iIJIL7Ksz/uFErGJWy1XKpjYbtkh5Rlxq6fnLnZsMkMJLVDvF967g4gmAQs1FaBUxyGx7qUgNaeCZfluolgMdAxD1jE0hICpXjoLn+EjowywH0nzQo1n6veNFAKlJoFnJqcp1W9vKv7ldRLtV3spD+NEs5DOD/mJwDrC0ybwgEtGtZgYAlRykxXTEUig2vSVNyV8/RT/T5qu7VTsys1JqXa5qCOHDtAhOkYOOkM1dI3qqIEomqAH9ISerXvr0XqxXuejS9Zip4h+wHr7BKx4lXg=</latexit>

Āi

 useful hadronic modeling for radiative corrections↪
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<latexit sha1_base64="fkna8BUAN1cbcV5F6OQ+WU2LbMk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspukdZj0YvHCvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9u533miSrNIPphpTH2BR5KFjGBjpcdwUC171bp7OSiW3Iq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhNd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2teLVKrX7q1LjJosjD2dwDmXwoA4NuIMmtICAgGd4hTdHOS/Ou/OxbM052cwp/IHz+QOIfI7x</latexit>

f2(1270)

 further reduction of error↪



Thank you for your attention!



B1. Bardeen-Tung-Tarrach

• Bardeen-Tung-Tarrach (BTT) prescription for the scattering amplitude


 Lorentz decomposition of the amplitude Mμνλ = ∑
i

T μνλ
i Ai

2. ensure gauge invariance (via projectors):   Iμν = gμν −
vμqν

i

v ⋅ qi

3. remove poles (via linear combinations)

4. consider physical properties of the process

5. identify and deal with Tarrach redundancies in the basis

 photon crossing symmetry, Bose symmetry ↪

1. consider all possible combinations of Lorentz structures
 building blocks: external momenta, metric, Levi-Civita↪



B.2 Construction of                     basis

Focusing on the process                       in the soft photon limit
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

<latexit sha1_base64="MCjOq9X7XbXs4w3M7mwFWyX6W38="></latexit>

0 = (t→ u)2T̃µωε;ϑ
22 → (q21 → q22 → s)(q21 → q22 + s)T̃µωε;ϑ

27 + (q21 + q22 → s)T̃µωε;ϑ
28

 with one redundancy raining:↪
[arXiv:2302.12264]

<latexit sha1_base64="jI34eySY0LcK14f0+dgROy7fQHg="></latexit>

ω

ωq3ω
Mµεϑ

reg (p1, p2, q1, q2)

∣∣∣∣
q3=0

=
28∑

i=1

T̃µεϑ;ω
i (q1, q2, q5)Ãi(s, t→ u, q21 , q

2
2)

 with certain kinematic constraints for scalar functions↪
<latexit sha1_base64="kdkDbNS5Mr36oMJZHll71c7m2Ys="></latexit>

Ā22 = (q21 + q22 → s)Ã22 → (t→ u)2Ã28

Ā27 = (q21 + q22 → s)Ã27 → (q21 → q22 → s)(q21 → q22 + s)Ã28

Āi = Ãi for i ↑ {1, · · · , 21, 23, · · · , 26}

<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

ω→
ω

ω→

ε

ε

• Change of basis
<latexit sha1_base64="cWBAqFtTYVbEgeUAkXKaURZKX+Y="></latexit>

ω

ωq3ω
Mµεϑ

reg (p1, p2, q1, q2)

∣∣∣∣
q3=0

=
27∑

i=1

Bµεϑ;ω
i (q1, q2, q5)Āi(s, t→ u, q21 , q

2
2)



B.3 Projectors for 

Building projectors for 
<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε

<latexit sha1_base64="4ZsD2oZlzONEWCMFz17kfU127BI="></latexit>

PjµωεϑB
µωε;ϑ
i = ωij

<latexit sha1_base64="PkSE9p1yOt//y8QDDBmm0kh2BfI="></latexit>

ω

ωq3ω
Mµεϑ

reg (p1, p2, q1, q2)

∣∣∣∣
q3=0

=
27∑

i=1

Bµεϑ;ω
i (q1, q2, q5)Āi(s, t→ u, q21 , q

2
2)

• isolate each scalar function: 

Definition of projectors :
<latexit sha1_base64="iHmTGRkeK/PJX/d0ks53JyqWnug=">AAACMHicbVDLSgMxFM34rPVVdekmWARXZUZE3QhiF7qsYG2hMw53MmmNTTJDkhHKMJ/kxk/RjYIibv0K08dCrQcCh3PuTXJOlHKmjeu+OjOzc/MLi6Wl8vLK6tp6ZWPzWieZIrRJEp6odgSaciZp0zDDaTtVFETEaSvq14d+654qzRJ5ZQYpDQT0JOsyAsZKYeXcF2BuCfC8UYT5XXGT+yLzZeZze0cMvmY9AcUJrluzX+CrsP//RFipujV3BDxNvAmpogkaYeXJjxOSCSoN4aB1x3NTE+SgDCOcFmU/0zQF0oce7VgqQVAd5KPABd61Soy7ibJHGjxSf27kILQeiMhODuPpv95Q/M/rZKZ7HORMppmhkowf6mYcmwQP28MxU5QYPrAEiGL2r5jcggJibMdlW4L3N/I0ud6veYe1w8uD6unZpI4S2kY7aA956AidogvUQE1E0AN6Rm/o3Xl0XpwP53M8OuNMdrbQLzhf35fTq78=</latexit>

Pµωεϑ
j = CjkT

µωεϑ
k

 contracting & inverting matrix of coefficients :↪

 preservation of matrix rank: ↪

<latexit sha1_base64="DQdKDDIHkdsU6EzYaHyQj8eeSFo=">AAACCHicbVC7SgNBFJ2NrxhfUUsLB4NgoWE3SGIjBNNoIUTIC5K4zE4myZjZBzN3xbBsaeOv2FgoYusn2Pk3Th6FJh64cDjnXu69xwkEV2Ca30ZiYXFpeSW5mlpb39jcSm/v1JQfSsqq1Be+bDhEMcE9VgUOgjUCyYjrCFZ3BqWRX79nUnHfq8AwYG2X9Dze5ZSAluz0fsmO7gbx+ZUd5Qpx6xi3gD1AVKpcx7fRiRXb6YyZNcfA88Sakgyaomynv1odn4Yu84AKolTTMgNoR0QCp4LFqVaoWEDogPRYU1OPuEy1o/EjMT7USgd3fanLAzxWf09ExFVq6Dq60yXQV7PeSPzPa4bQPWtH3AtCYB6dLOqGAoOPR6ngDpeMghhqQqjk+lZM+0QSCjq7lA7Bmn15ntRyWSufzd+cZooX0ziSaA8doCNkoQIqoktURlVE0SN6Rq/ozXgyXox342PSmjCmM7voD4zPH2xPmPo=</latexit>

Cjk = I27 CTM
→1

<latexit sha1_base64="rRPFSI8yHdBP2Kihj3r/D/OvPbg="></latexit>

CTM(27→27) := TkµωεϑBµωε;ϑ
i

✅ inversion of matrix via C++ program   [arXiv:1904.00009v2]

<latexit sha1_base64="8OXanU4sW4JuOoOg0FZ0PcRYoD8=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCKJQZkeqy6MZlBXuBzljOpJlpaDIzJBmlDH0IN76KGxeKuHXhzrcxvSy09ZDAx/+fQ3L+IOVMacf5thYWl5ZXVgtrxfWNza1te2e3oZJMElonCU9kKwBFOYtpXTPNaSuVFETAaTPoX4385j2ViiXxrR6k1BcQxSxkBLSROvaJF4EQcHeMZ8CTLOppkDJ5wNhLmTkdu+SUnXHheXCnUELTqnXsL6+bkEzQWBMOSrVdJ9V+DlIzwumw6GWKpkD6ENG2wRgEVX4+XmqID43SxWEizY01Hqu/J3IQSg1EYDoF6J6a9Ubif1470+GFn7M4zTSNyeShMONYJ3iUEO4ySYnmAwNAJDN/xaQHEog2ORZNCO7syvPQOC27lXLl5qxUvZzGUUD76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+Jq0L1nRmD/0p6/MH4lieIA==</latexit>

ω→ω→ω → εε



<latexit sha1_base64="HoYEAL81P8L4rCoK7LFgrLJQTFI="></latexit>

Āi =
∑

j

aij(s) · Pj(z)

<latexit sha1_base64="trAD5Ti4RC19Try4yHj3NaUSxFI="></latexit>

→ aij(s) =
2j + 1

2

∫ +1

→1
dz Pj(z) Āi(z)

• Taking Imaginary part:
<latexit sha1_base64="QsDZ31vtD4UqUnqRmaTpIUrY+yY="></latexit>

Imωω
s aij(s) =

2j + 1

2

∫ +1

→1
d z Pj(z) Im

ωω
s Āi(z)

=
2j + 1

2

∫ +1

→1
d z Pj(z) Im

ωω
s

(
Pi, µεϑ;ϖ ·

27∑

k=1

Bµεϑ;ϖ
k Āk

)
→

Imωω
s aij(s) =

2j + 1

2

∫ +1

→1
d z Pj(z)Pi, µεϑ;ϖ ·

27∑

k=1

Bµεϑ;ϖ
k · Imωω

s Āk(s, z)

replace the unitarity 

relation in here

B.4 Expansion with Legendre polynomials



B.5 Tensor-meson pole cut (extra results)
<latexit sha1_base64="1Dwb78kxTcakGzkw3RaNyX4cyeI="></latexit>

ImT
s Āi(s, t→ u, q21 , q

2
2) = ωε(s→m2

T )
5∑

j=1

8∑

k=1

1

m3
T

tij,k FT
j (q21 , q

2
2)F̂k(q

2
5 , 0)

• s,t,u dependance in the coefficients 
<latexit sha1_base64="umY/IuPK4wXjJTYzFqZUnZAVA7A=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR6DXjxGMA9J1jA7mSRjZmeXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O0vLK6tr67mN/ObW9s5uYW+/bqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXk/8xhPXRkTqDkcx90PaV6InGEUr3eOD6KSPp8Nxp1B0S+4UZJF4GSlChmqn8NXuRiwJuUImqTEtz43RT6lGwSQf59uJ4TFlQ9rnLUsVDbnx0+nBY3JslS7pRdqWQjJVf0+kNDRmFAa2M6Q4MPPeRPzPayXYu/RToeIEuWKzRb1EEozI5HvSFZozlCNLKNPC3krYgGrK0GaUtyF48y8vkvpZySuXyrfnxcpVFkcODuEITsCDC6jADVShBgxCeIZXeHO08+K8Ox+z1iUnmzmAP3A+fwDU2ZBy</latexit>

tij,k

with
<latexit sha1_base64="xGS3AHRbRoC2ypYVz7vay4acgMM=">AAACE3icbZC7SgNBFIZn4y3GW9TSZjAIYhF2RaKNELXRLkJukF2X2ckkGTJ7YeasGJZ9BxtfxcZCEVsbO9/GSbKFJv4w8PGfc5hzfi8SXIFpfhu5hcWl5ZX8amFtfWNzq7i901RhLClr0FCEsu0RxQQPWAM4CNaOJCO+J1jLG16N6617JhUPgzqMIub4pB/wHqcEtOUWj2xgD5Dc+OndlOqpq2yPyMT2CQwoEclFmrr83MRusWSWzYnwPFgZlFCmmlv8srshjX0WABVEqY5lRuAkRAKngqUFO1YsInRI+qyjMSA+U04yuSnFB9rp4l4o9QsAT9zfEwnxlRr5nu4cL6pma2Pzv1onht6Zk/AgioEFdPpRLxYYQjwOCHe5ZBTESAOhkutdMR0QSSjoGAs6BGv25HloHpetSrlye1KqXmZx5NEe2keHyEKnqIquUQ01EEWP6Bm9ojfjyXgx3o2PaWvOyGZ20R8Znz9d9J8T</latexit>

ImT
s Āi = 0

<latexit sha1_base64="FL0RsAz0Mvnnx5QLWNkjUTFr+Ac=">AAACDnicbVA9SwNBEN2L3/ErammzGAIWIdweIbEUbSwVjAnkQtjb7CVL9vaO3TkxHPkFNv4VGwtFbK3t/DduPgpNfMXweG+GmXlBIoUB1/12ciura+sbm1v57Z3dvf3CweGdiVPNeIPFMtatgBouheINECB5K9GcRoHkzWB4OfGb91wbEatbGCW8E9G+EqFgFKzULZR84A+QhbHGYyx8ofyMkDLxyh4pe7ZWy17dH3cLRbfiToGXCZmTIprjulv48nsxSyOugElqTJu4CXQyqkEwycd5PzU8oWxI+7xtqaIRN51s+s4Yl6zSw5OTwlgBnqq/JzIaGTOKAtsZURiYRW8i/ue1UwjPOplQSQpcsdmiMJUYYjzJBveE5gzkyBLKtLC3YjagmjKwCeZtCGTx5WVy51VIrVK7qRbPL+ZxbKJjdIJOEUF1dI6u0DVqIIYe0TN6RW/Ok/PivDsfs9acM585Qn/gfP4AqaOZSw==</latexit>

for i → {11, 12, 21, 22, 24, 27} * structures 22 and 27 do not 

    have contributing terms :)

 21 non-zero 5 8 matrices of coefficients, e.g.↪ ×
<latexit sha1_base64="eKvFIXdim5wFayLkJSPK+fQXYaE="></latexit>

t13,1 = 2m2
T , t14,1 = q21 → q22 →m2

T , t33,5 = (t→ u)2 , t34,5 =
(t→ u)2(m2

T → q21 + q22)

2(q21 → q22)



B.6 Two-pion cut (extra calculation)

Computation of imaginary parts:

<latexit sha1_base64="MRrambKPwRDPR4HZBFvmmm8X6fE="></latexit>(
T (I)(p1p2 → k1k2)

)→
<latexit sha1_base64="hKeW7BNxNqNmqYHCqOhEiYT8Exo="></latexit>

Pi, µωε;ϑ(s, t1 → u1)

<latexit sha1_base64="clBfQisAXoOP/vHVvlP2XhFU+JU=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclaRIdVl047KCfUATwmQyaYdOJmHmRim1n+LGhSJu/RJ3/o3TNgttPTBwOOde7pkTZoJrcJxva219Y3Nru7RT3t3bPzi0K0cdneaKsjZNRap6IdFMcMnawEGwXqYYSULBuuHoZuZ3H5jSPJX3MM6Yn5CB5DGnBIwU2BWPRilgj0vAkdfiQT2wq07NmQOvErcgVVSgFdhfXpTSPGESqCBa910nA39CFHAq2LTs5ZplhI7IgPUNlSRh2p/Mo0/xmVEiHKfKPBNhrv7emJBE63ESmsmEwFAvezPxP6+fQ3zlT7jMcmCSLg7FucCQ4lkPOOKKURBjQwhV3GTFdEgUoWDaKpsS3OUvr5JOveY2ao27i2rzuqijhE7QKTpHLrpETXSLWqiNKHpEz+gVvVlP1ov1bn0sRtesYucY/YH1+QM3wJNX</latexit>

·
∫

d!2

<latexit sha1_base64="4k2FdEYSmT7pHPYvH5nc7B19Lj4="></latexit>

27∑

i→=1

Bi→
µωε(q1, q2, k5) · Āi→(s, t3 → u3)

<latexit sha1_base64="AOX0hJDKxxiQNsRKloFtKR4okuw="></latexit>

Imωω
s ai resc.j (s) =

2j + 1

2

∫ +1

→1
d z Pj(z)

<latexit sha1_base64="VqQ7wV57Cd3YlApwNbSJ2WUWc7E="></latexit>

Āfull
i→ (s, z→) = Āresc.

i→ (s, z→) + Ātensor
i (s, z→)

<latexit sha1_base64="iq2otbEwsFl5Ko5pDsectJlxtEU="></latexit>

Imωω
s ai resc.j (s) =

(2j + 1)

8ω

∑

J

(2J + 1) sin εIJ(s)e
→iεIJ (s)

∫ +1

→1
dz

∫ +1

→1
dz↑

∫ 2ω

0
dϑ↑ Pj(z)PJ(z0)

27∑

i→=1

Cii→(s, z, z
↑, z0)·

<latexit sha1_base64="PnZMrioiCgwRQhKjz1V6sP1ndDk=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbBIK0hJRKorqbhxWcE+oI1hMp20QycPZm7EGuLGX3HjQhG3/oU7/8Zpm4VWDwwczrmXO+e4EWcSTPNLy83NLywu5ZcLK6tr6xv65lZThrEgtEFCHoq2iyXlLKANYMBpOxIU+y6nLXd4MfZbt1RIFgbXMIqo7eN+wDxGMCjJ0XfOnYSV0psu0DtIvJjztCwP70sHjl40K+YExl9iZaSIMtQd/bPbC0ns0wAIx1J2LDMCO8ECGOE0LXRjSSNMhrhPO4oG2KfSTiYJUmNfKT3DC4V6ARgT9edGgn0pR76rJn0MAznrjcX/vE4M3qmdsCCKgQZkekilNCA0xnUYPSYoAT5SBBPB1F8NMsACE1ClFVQJ1mzkv6R5VLGqlerVcbF2ltWRR7toD5WRhU5QDV2iOmoggh7QE3pBr9qj9qy9ae/T0ZyW7WyjX9A+vgHhrpaF</latexit>

Afull
i→ (s, z→)

<latexit sha1_base64="HoYEAL81P8L4rCoK7LFgrLJQTFI="></latexit>

Āi =
∑

j

aij(s) · Pj(z)

<latexit sha1_base64="7HHOiGTpIOr53bSn6dPTVXsNd2M=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YAmlM120y7d7IbdjVJC/4YXD4p49c9489+4aXPQ1gcDj/dmmJkXJpxp47rfzsrq2vrGZmmrvL2zu7dfOThsa5kqQltEcqm6IdaUM0FbhhlOu4miOA457YTjm9zvPFKlmRQPZpLQIMZDwSJGsLGS79+z4chgpeRTuV+pujV3BrRMvIJUoUCzX/nyB5KkMRWGcKx1z3MTE2RYGUY4nZb9VNMEkzEe0p6lAsdUB9ns5ik6tcoARVLZEgbN1N8TGY61nsSh7YyxGelFLxf/83qpia6CjIkkNVSQ+aIo5chIlAeABkxRYvjEEkwUs7ciMsIKE2NjykPwFl9eJu3zmlev1e8uqo3rIo4SHMMJnIEHl9CAW2hCCwgk8Ayv8Oakzovz7nzMW1ecYuYI/sD5/AHNUpGM</latexit>→

<latexit sha1_base64="eUSZpxFApQJfSuqLBy8O7Kzr5Ow="></latexit>

PJ(z0) = PJ(z
→)PJ(z) + 2

J∑

m=1

(J →m)!

(J +m)!
Pm
J (z→)Pm

J (z) cosm(ω→ ω→)

ω→

ω→

ω
ε

ε

ε

ε



<latexit sha1_base64="gt76WOwz85MHC7KPNoNP2kiqfic="></latexit>

s1 = (q1 + q2)
2 = (p1 + p2)

2

t1 = (q1 → p1)
2 = (q2 → p2)

2

u1 = (q1 → p2)
2 = (q2 → p1)

2

<latexit sha1_base64="k1glKYV+8q726LTtm7NJi8LhhiQ="></latexit>

s2 = (k1 + k2)
2 = (p1 + p2)

2

t2 = (k1 → p1)
2 = (k2 → p2)

2

u2 = (k1 → p2)
2 = (k2 → p1)

2

<latexit sha1_base64="d/1WO6pdoEsSnWlUkaXfuc/01j8="></latexit>

s3 = (q1 + q2)
2 = (k1 + k2)

2

t3 = (q1 → k1)
2 = (q2 → k2)

2

u3 = (q1 → k2)
2 = (q2 → k1)

2

<latexit sha1_base64="W1G5mYCgtypcWa5jwRZA1shlZrU="></latexit>

z = cos ω =
t1 → u1

εω(s)ϑ1/2(s, q21 , q
2
2)

z0 = cos ω→ cos ω + cos (ϖ→ ϖ→) sin ω sin ω→ =
t2 → u2

(s→ 4M2
ω)

z→ = cos ω→ =
t3 → u3

εω(s)ϑ1/2(s, q21 , q
2
2)

Kinematics for subprocesses:
ω→

ω→

ω
ε

ε

ε

ε

<latexit sha1_base64="/oatpvBBzfh9l8RLmuJXfJFpIok="></latexit>

ω→(q1)ω→(q2)ω(q3) → ε(k1)ε(k2) → ε(p1)ε(p2)



✅ cross-check for 
<latexit sha1_base64="xgeS+fnyEiOzS4PwPZyShM0nLZM=">AAACDHicbVDLSgMxFM3UV62vqks3wSKIizIjUl0W3bisYFuhM5Y7aWYamswMSUYpQz/Ajb/ixoUibv0Ad/6NaTuCth4S7uHcc0nu8RPOlLbtL6uwsLi0vFJcLa2tb2xulbd3WipOJaFNEvNY3vigKGcRbWqmOb1JJAXhc9r2BxfjfvuOSsXi6FoPE+oJCCMWMALaSN1yxQ1BCLg9+qnYlSzsa5AyvsduwswxLrtqT4DniZOTCsrR6JY/3V5MUkEjTTgo1XHsRHsZSM0Ip6OSmyqaABlASDuGRiCo8rLJMiN8YJQeDmJpbqTxRP09kYFQaih84xSg+2q2Nxb/63VSHZx5GYuSVNOITB8KUo51jMfJ4B6TlGg+NASIZOavmPRBAtEmv5IJwZldeZ60jqtOrVq7OqnUz/M4imgP7aND5KBTVEeXqIGaiKAH9IRe0Kv1aD1bb9b71Fqw8pld9AfWxzdVlJsx</latexit>

ω→ω→ → εε

<latexit sha1_base64="Z/i2/qyTy+GKrOQJR8VffCUXVco="></latexit>

Imωω
s a3 resc.

0 (s) = Imωω
s a4 resc.

0 (s) = Imωω
s a5 resc.

0 (s) = 0

 for  :↪ J = 0

 solution for inhomogeneous Omnès problem :↪
<latexit sha1_base64="pcIaCY/x39xL2N4U8QfgX/Nab50="></latexit>

Aresc.
1 = a1 resc.

0 (s) =
!0(s)

ω

∫ →

4M2
ω

ds↑
sin ε00(s

↑)

|!0(s↑)|
F̂ inh.
1 (s↑)

(s↑ → s)

Aresc.
2 = a2 resc.

0 (s) =
!0(s)

ω

∫ →

4M2
ω

ds↑
sin ε00(s

↑)

|!0(s↑)|
F̂ inh.
2 (s↑)

(s↑ → s)
<latexit sha1_base64="9wJOSr1nbwNlBQ6KjCeDGf4EdVw=">AAACIHicbZDJTgJBEIZ7XBE31KOXiUTjwZAZRfBiAnrxiIksCeCkpymgQ8+S7hojmfAoXnwVLx40Rm/6NDbLQcA/6eTPV1Wprt8NBVdoWd/GwuLS8spqYi25vrG5tZ3a2a2oIJIMyiwQgay5VIHgPpSRo4BaKIF6roCq27se1qsPIBUP/Dvsh9D0aMfnbc4oauSk8kXn7L6B8IixBMUyg8ujxknRyU6zonM+DSwnlbYy1kjmvLEnJk0mKjmpr0YrYJEHPjJBlarbVojNmErkTMAg2YgUhJT1aAfq2vrUA9WMRwcOzENNWmY7kPr5aI7o34mYekr1PVd3ehS7arY2hP/V6hG2L5ox98MIwWfjRe1ImBiYw7TMFpfAUPS1oUxy/VeTdamkDHWmSR2CPXvyvKmcZuxcJnebTReuJnEkyD45IMfEJnlSIDekRMqEkSfyQt7Iu/FsvBofxue4dcGYzOyRKRk/v/t5ouM=</latexit>

Aresc.
3 =Aresc.

4 = Aresc.
5 = 0

<latexit sha1_base64="j4/rYCyOZByhPZpu3CVGMfqXmYo="></latexit>

Imωω
s a1 resc.

0 (s) =
[
a1 resc.
0 (s) + F̂ inh.

1 (s)
]
· sin ω00(s)e→iε00(s)

Imωω
s a2 resc.

0 (s) =
[
a2 resc.
0 (s) + F̂ inh.

2 (s)
]
· sin ω00(s)e→iε00(s)

same to the results from the helicity partial-wave 
approach ( -wave contribution )

[arXiv:1905.13198]

S

<latexit sha1_base64="3rH8WU0zRXOmcGxuvOsC+m6TPso="></latexit>

Afull
i→ (s, z→) = Aresc.

i→ (s, z→) + FV
ω (q21)F

V
ω (q22)A

Born
i (s, z→)

ω→

ω→

ε

ε

ε

ε



<latexit sha1_base64="t+iRP1j0HUqKwQPWLOtxn2pXHXc="></latexit>

I i
Born =

(2j + 1)

8ω

∑

J

(2J + 1) sin εIJ(s)e
→iωIJ (s)

∫ +1

→1
dz

∫
d!↑ Pj(z)PJ(z0)

5∑

i→=1

Cii→(s, z, z
↑, z0) ·ABorn

i→ (s, z↑)

=
(2j + 1)

8ω

∑

J

(2J + 1) sin εIJ(s)e
→iωIJ (s)

∫ +1

→1
dz

∫ +1

→1
dz↑

∫ 2ε

0
dϑ↑Pj(z)

→
(
PJ(z)PJ(z

↑) + 2
J∑

m=1

(J ↑m)!

(J +m)!
Pm
J (z)Pm

J (z↑) cos (m(ϑ↑ ϑ↑))

)
5∑

i→=1

Cii→(s, z, z
↑,ϑ↑) ·ABorn

i→ (s, z↑)

=
(2j + 1)

8ω

∑

J

(2J + 1) sin εIJ(s)e
→iωIJ (s)

[
I(P1)
Born + I(P2)

Born

]

<latexit sha1_base64="iq2otbEwsFl5Ko5pDsectJlxtEU="></latexit>

Imωω
s ai resc.j (s) =

(2j + 1)

8ω

∑

J

(2J + 1) sin εIJ(s)e
→iεIJ (s)

∫ +1

→1
dz

∫ +1

→1
dz↑

∫ 2ω

0
dϑ↑ Pj(z)PJ(z0)

27∑

i→=1

Cii→(s, z, z
↑, z0)·

<latexit sha1_base64="PnZMrioiCgwRQhKjz1V6sP1ndDk=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbBIK0hJRKorqbhxWcE+oI1hMp20QycPZm7EGuLGX3HjQhG3/oU7/8Zpm4VWDwwczrmXO+e4EWcSTPNLy83NLywu5ZcLK6tr6xv65lZThrEgtEFCHoq2iyXlLKANYMBpOxIU+y6nLXd4MfZbt1RIFgbXMIqo7eN+wDxGMCjJ0XfOnYSV0psu0DtIvJjztCwP70sHjl40K+YExl9iZaSIMtQd/bPbC0ns0wAIx1J2LDMCO8ECGOE0LXRjSSNMhrhPO4oG2KfSTiYJUmNfKT3DC4V6ARgT9edGgn0pR76rJn0MAznrjcX/vE4M3qmdsCCKgQZkekilNCA0xnUYPSYoAT5SBBPB1F8NMsACE1ClFVQJ1mzkv6R5VLGqlerVcbF2ltWRR7toD5WRhU5QDV2iOmoggh7QE3pBr9qj9qy9ae/T0ZyW7WyjX9A+vgHhrpaF</latexit>

Afull
i→ (s, z→)

<latexit sha1_base64="3rH8WU0zRXOmcGxuvOsC+m6TPso="></latexit>

Afull
i→ (s, z→) = Aresc.

i→ (s, z→) + FV
ω (q21)F

V
ω (q22)A

Born
i (s, z→)

<latexit sha1_base64="cSDCsa9x8/8FxO75OcmgnSxd4Do="></latexit>

z0 = cos ω→ cos ω + cos (ε→ ε→) sin ω sin ω→ = z→ · z + cos (ε→ ε→) sin ω sin ω→

Two-pion cut (extra calculation) : 
<latexit sha1_base64="xgeS+fnyEiOzS4PwPZyShM0nLZM=">AAACDHicbVDLSgMxFM3UV62vqks3wSKIizIjUl0W3bisYFuhM5Y7aWYamswMSUYpQz/Ajb/ixoUibv0Ad/6NaTuCth4S7uHcc0nu8RPOlLbtL6uwsLi0vFJcLa2tb2xulbd3WipOJaFNEvNY3vigKGcRbWqmOb1JJAXhc9r2BxfjfvuOSsXi6FoPE+oJCCMWMALaSN1yxQ1BCLg9+qnYlSzsa5AyvsduwswxLrtqT4DniZOTCsrR6JY/3V5MUkEjTTgo1XHsRHsZSM0Ip6OSmyqaABlASDuGRiCo8rLJMiN8YJQeDmJpbqTxRP09kYFQaih84xSg+2q2Nxb/63VSHZx5GYuSVNOITB8KUo51jMfJ4B6TlGg+NASIZOavmPRBAtEmv5IJwZldeZ60jqtOrVq7OqnUz/M4imgP7aND5KBTVEeXqIGaiKAH9IRe0Kv1aD1bb9b71Fqw8pld9AfWxzdVlJsx</latexit>

ω→ω→ → εε



<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

ω→

ω

ω→ ω→

ω→

ω

ω→ ω→

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

ω→

ω→

ω

ω→

ω→

ω→

ω

ω→

ε

ε

ω→

ω→

ω

ω→

ε

ε

B.7 Tensor TFFs


