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AMPLITUDE RELATION

The intensity is related to the amplitude via
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I(E) = ⇢(E) |f(E)|2

 : right hand cut at threshold and possibly

 other branch cuts (opening of channels)

f

Analytic continuation can access the unphysical 
Riemann sheet where resonant poles are found
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 : right hand cut at threshold and possibly

 other branch cuts (opening of channels)

f

Analytic continuation can access the unphysical 
Riemann sheet where resonant poles are found

1

Need to reconstruct the analytic structure of the 
intensity from values at energy bins

SPM INTERPOLATOR
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2 SPM ANALYTIC 
CONTINUATION
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CM (E) =
P (E)

Q(E)

and simply let  take on complex values!E

Pole structure will provide an approximation to the 
one of the original intensity

3 Propagate uncertainties through resampling
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BESIII data

AMPLITUDE RELATION

The intensity is related to the amplitude via
<latexit sha1_base64="aObGSqPe4uVHWjNSl1pKkMgEDFA=">AAACDHicjVDLSgMxFM34rPVVdekmWIS6KTOlaDdCQQTdVbAP6Iwlk2Y6oZkHyR2hTPsBbvwVNy4UcesHuPNvzLRdqCh44MLhnHNJ7nFjwRWY5oexsLi0vLKaW8uvb2xubRd2dlsqSiRlTRqJSHZcopjgIWsCB8E6sWQkcAVru8OzzG/fMql4FF7DKGZOQAYh9zgloKVeoXhZOj/Cp9iWfpQxWzAPxtjT3JZ84MP4pqJTVtmcAv9NimiORq/wbvcjmgQsBCqIUl3LjMFJiQROBZvk7USxmNAhGbCupiEJmHLS6TETfKiVPvYiqScEPFW/bqQkUGoUuDoZEPDVTy8Tf/O6CXg1J+VhnAAL6ewhLxEYIpw1g/tcMgpipAmhkuu/YuoTSSjo/vL/K6FVKVvH5epVtVivzevIoX10gErIQieoji5QAzURRXfoAT2hZ+PeeDRejNdZdMGY7+yhbzDePgG4JZjn</latexit>

I(E) = ⇢(E) |f(E)|2

 : right hand cut at threshold and possibly

 other branch cuts (opening of channels)

f

Analytic continuation can access the unphysical 
Riemann sheet where resonant poles are found

1

Need to reconstruct the analytic structure of the 
intensity from values at energy bins

SPM INTERPOLATOR
<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}

<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DNSelect a subset                  to construct the interpolator
<latexit sha1_base64="TqAQfypV5ODkp5FKlfdXQvhlttM="></latexit>

CM (E) =
I1

1 +
a1(E � E1)

1 +
a2(E � E2)

1 +
· · ·

1 +
· · ·

aM�1(E � EM�1)

<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DMwith

2 SPM ANALYTIC 
CONTINUATION

<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)

and simply let  take on complex values!E

Pole structure will provide an approximation to the 
one of the original intensity

3 Propagate uncertainties through resampling
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S-WAVE 
INTENSITY

<latexit sha1_base64="Ocvr06c6GNyhOGF11ZEdQq5FHzE=">AAACBXicbVBLSwMxGMz6rPW16lEPwSJ4qrtS1GPRi3iqYB/QXUs2zbahSTYkWaGUXrz4V7x4UMSr/8Gb/8Z0uwdtHUgYZr6PZCaSjGrjed/OwuLS8spqYa24vrG5te3u7DZ0kipM6jhhiWpFSBNGBakbahhpSUUQjxhpRoOrid98IErTRNyZoSQhRz1BY4qRsVLHPbg5CaSmMDAJDHqIcwQDSe+97Oq4Ja/sZYDzxM9JCeSoddyvoJvglBNhMENat31PmnCElKGYkXExSDWRCA9Qj7QtFYgTHY6yFGN4ZJUujBNljzAwU39vjBDXesgjO8mR6etZbyL+57VTE1+EIypkaojA04filEEbeVIJ7FJFsGFDSxBW1P4V4j5SCBtbXNGW4M9GnieN07J/Vq7cVkrVy7yOAtgHh+AY+OAcVME1qIE6wOARPINX8OY8OS/Ou/MxHV1w8p098AfO5w+0JZdx</latexit>
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BESIII data

AMPLITUDE RELATION

The intensity is related to the amplitude via
<latexit sha1_base64="aObGSqPe4uVHWjNSl1pKkMgEDFA=">AAACDHicjVDLSgMxFM34rPVVdekmWIS6KTOlaDdCQQTdVbAP6Iwlk2Y6oZkHyR2hTPsBbvwVNy4UcesHuPNvzLRdqCh44MLhnHNJ7nFjwRWY5oexsLi0vLKaW8uvb2xubRd2dlsqSiRlTRqJSHZcopjgIWsCB8E6sWQkcAVru8OzzG/fMql4FF7DKGZOQAYh9zgloKVeoXhZOj/Cp9iWfpQxWzAPxtjT3JZ84MP4pqJTVtmcAv9NimiORq/wbvcjmgQsBCqIUl3LjMFJiQROBZvk7USxmNAhGbCupiEJmHLS6TETfKiVPvYiqScEPFW/bqQkUGoUuDoZEPDVTy8Tf/O6CXg1J+VhnAAL6ewhLxEYIpw1g/tcMgpipAmhkuu/YuoTSSjo/vL/K6FVKVvH5epVtVivzevIoX10gErIQieoji5QAzURRXfoAT2hZ+PeeDRejNdZdMGY7+yhbzDePgG4JZjn</latexit>

I(E) = ⇢(E) |f(E)|2

 : right hand cut at threshold and possibly

 other branch cuts (opening of channels)

f

Analytic continuation can access the unphysical 
Riemann sheet where resonant poles are found

1

Need to reconstruct the analytic structure of the 
intensity from values at energy bins

SPM INTERPOLATOR
<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}

<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DNSelect a subset                  to construct the interpolator
<latexit sha1_base64="TqAQfypV5ODkp5FKlfdXQvhlttM="></latexit>

CM (E) =
I1

1 +
a1(E � E1)

1 +
a2(E � E2)

1 +
· · ·

1 +
· · ·

aM�1(E � EM�1)

<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DMwith

2 SPM ANALYTIC 
CONTINUATION

<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)

and simply let  take on complex values!E

Pole structure will provide an approximation to the 
one of the original intensity

3 Propagate uncertainties through resampling
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S-WAVE 
INTENSITY

<latexit sha1_base64="Ocvr06c6GNyhOGF11ZEdQq5FHzE=">AAACBXicbVBLSwMxGMz6rPW16lEPwSJ4qrtS1GPRi3iqYB/QXUs2zbahSTYkWaGUXrz4V7x4UMSr/8Gb/8Z0uwdtHUgYZr6PZCaSjGrjed/OwuLS8spqYa24vrG5te3u7DZ0kipM6jhhiWpFSBNGBakbahhpSUUQjxhpRoOrid98IErTRNyZoSQhRz1BY4qRsVLHPbg5CaSmMDAJDHqIcwQDSe+97Oq4Ja/sZYDzxM9JCeSoddyvoJvglBNhMENat31PmnCElKGYkXExSDWRCA9Qj7QtFYgTHY6yFGN4ZJUujBNljzAwU39vjBDXesgjO8mR6etZbyL+57VTE1+EIypkaojA04filEEbeVIJ7FJFsGFDSxBW1P4V4j5SCBtbXNGW4M9GnieN07J/Vq7cVkrVy7yOAtgHh+AY+OAcVME1qIE6wOARPINX8OY8OS/Ou/MxHV1w8p098AfO5w+0JZdx</latexit>
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BESIII data

AMPLITUDE RELATION

The intensity is related to the amplitude via
<latexit sha1_base64="aObGSqPe4uVHWjNSl1pKkMgEDFA=">AAACDHicjVDLSgMxFM34rPVVdekmWIS6KTOlaDdCQQTdVbAP6Iwlk2Y6oZkHyR2hTPsBbvwVNy4UcesHuPNvzLRdqCh44MLhnHNJ7nFjwRWY5oexsLi0vLKaW8uvb2xubRd2dlsqSiRlTRqJSHZcopjgIWsCB8E6sWQkcAVru8OzzG/fMql4FF7DKGZOQAYh9zgloKVeoXhZOj/Cp9iWfpQxWzAPxtjT3JZ84MP4pqJTVtmcAv9NimiORq/wbvcjmgQsBCqIUl3LjMFJiQROBZvk7USxmNAhGbCupiEJmHLS6TETfKiVPvYiqScEPFW/bqQkUGoUuDoZEPDVTy8Tf/O6CXg1J+VhnAAL6ewhLxEYIpw1g/tcMgpipAmhkuu/YuoTSSjo/vL/K6FVKVvH5epVtVivzevIoX10gErIQieoji5QAzURRXfoAT2hZ+PeeDRejNdZdMGY7+yhbzDePgG4JZjn</latexit>

I(E) = ⇢(E) |f(E)|2

 : right hand cut at threshold and possibly

 other branch cuts (opening of channels)

f

Analytic continuation can access the unphysical 
Riemann sheet where resonant poles are found

1

Need to reconstruct the analytic structure of the 
intensity from values at energy bins

SPM INTERPOLATOR
<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}

<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DNSelect a subset                  to construct the interpolator
<latexit sha1_base64="TqAQfypV5ODkp5FKlfdXQvhlttM="></latexit>

CM (E) =
I1

1 +
a1(E � E1)

1 +
a2(E � E2)

1 +
· · ·

1 +
· · ·

aM�1(E � EM�1)

<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DMwith

2 SPM ANALYTIC 
CONTINUATION

<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)

and simply let  take on complex values!E

Pole structure will provide an approximation to the 
one of the original intensity

3 Propagate uncertainties through resampling
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S-WAVE 
INTENSITY
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BESIII data

AMPLITUDE RELATION

The intensity is related to the amplitude via
<latexit sha1_base64="aObGSqPe4uVHWjNSl1pKkMgEDFA=">AAACDHicjVDLSgMxFM34rPVVdekmWIS6KTOlaDdCQQTdVbAP6Iwlk2Y6oZkHyR2hTPsBbvwVNy4UcesHuPNvzLRdqCh44MLhnHNJ7nFjwRWY5oexsLi0vLKaW8uvb2xubRd2dlsqSiRlTRqJSHZcopjgIWsCB8E6sWQkcAVru8OzzG/fMql4FF7DKGZOQAYh9zgloKVeoXhZOj/Cp9iWfpQxWzAPxtjT3JZ84MP4pqJTVtmcAv9NimiORq/wbvcjmgQsBCqIUl3LjMFJiQROBZvk7USxmNAhGbCupiEJmHLS6TETfKiVPvYiqScEPFW/bqQkUGoUuDoZEPDVTy8Tf/O6CXg1J+VhnAAL6ewhLxEYIpw1g/tcMgpipAmhkuu/YuoTSSjo/vL/K6FVKVvH5epVtVivzevIoX10gErIQieoji5QAzURRXfoAT2hZ+PeeDRejNdZdMGY7+yhbzDePgG4JZjn</latexit>

I(E) = ⇢(E) |f(E)|2

 : right hand cut at threshold and possibly

 other branch cuts (opening of channels)

f

Analytic continuation can access the unphysical 
Riemann sheet where resonant poles are found

1

Need to reconstruct the analytic structure of the 
intensity from values at energy bins

SPM INTERPOLATOR
<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}

<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DNSelect a subset                  to construct the interpolator
<latexit sha1_base64="TqAQfypV5ODkp5FKlfdXQvhlttM="></latexit>

CM (E) =
I1

1 +
a1(E � E1)

1 +
a2(E � E2)

1 +
· · ·

1 +
· · ·

aM�1(E � EM�1)

<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DMwith

2 SPM ANALYTIC 
CONTINUATION

<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)

and simply let  take on complex values!E

Pole structure will provide an approximation to the 
one of the original intensity

3 Propagate uncertainties through resampling
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S-WAVE 
INTENSITY

<latexit sha1_base64="Ocvr06c6GNyhOGF11ZEdQq5FHzE=">AAACBXicbVBLSwMxGMz6rPW16lEPwSJ4qrtS1GPRi3iqYB/QXUs2zbahSTYkWaGUXrz4V7x4UMSr/8Gb/8Z0uwdtHUgYZr6PZCaSjGrjed/OwuLS8spqYa24vrG5te3u7DZ0kipM6jhhiWpFSBNGBakbahhpSUUQjxhpRoOrid98IErTRNyZoSQhRz1BY4qRsVLHPbg5CaSmMDAJDHqIcwQDSe+97Oq4Ja/sZYDzxM9JCeSoddyvoJvglBNhMENat31PmnCElKGYkXExSDWRCA9Qj7QtFYgTHY6yFGN4ZJUujBNljzAwU39vjBDXesgjO8mR6etZbyL+57VTE1+EIypkaojA04filEEbeVIJ7FJFsGFDSxBW1P4V4j5SCBtbXNGW4M9GnieN07J/Vq7cVkrVy7yOAtgHh+AY+OAcVME1qIE6wOARPINX8OY8OS/Ou/MxHV1w8p098AfO5w+0JZdx</latexit>
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BESIII data

AMPLITUDE RELATION

The intensity is related to the amplitude via
<latexit sha1_base64="aObGSqPe4uVHWjNSl1pKkMgEDFA=">AAACDHicjVDLSgMxFM34rPVVdekmWIS6KTOlaDdCQQTdVbAP6Iwlk2Y6oZkHyR2hTPsBbvwVNy4UcesHuPNvzLRdqCh44MLhnHNJ7nFjwRWY5oexsLi0vLKaW8uvb2xubRd2dlsqSiRlTRqJSHZcopjgIWsCB8E6sWQkcAVru8OzzG/fMql4FF7DKGZOQAYh9zgloKVeoXhZOj/Cp9iWfpQxWzAPxtjT3JZ84MP4pqJTVtmcAv9NimiORq/wbvcjmgQsBCqIUl3LjMFJiQROBZvk7USxmNAhGbCupiEJmHLS6TETfKiVPvYiqScEPFW/bqQkUGoUuDoZEPDVTy8Tf/O6CXg1J+VhnAAL6ewhLxEYIpw1g/tcMgpipAmhkuu/YuoTSSjo/vL/K6FVKVvH5epVtVivzevIoX10gErIQieoji5QAzURRXfoAT2hZ+PeeDRejNdZdMGY7+yhbzDePgG4JZjn</latexit>

I(E) = ⇢(E) |f(E)|2

 : right hand cut at threshold and possibly

 other branch cuts (opening of channels)

f

Analytic continuation can access the unphysical 
Riemann sheet where resonant poles are found

1

Need to reconstruct the analytic structure of the 
intensity from values at energy bins

SPM INTERPOLATOR
<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}

<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DNSelect a subset                  to construct the interpolator
<latexit sha1_base64="TqAQfypV5ODkp5FKlfdXQvhlttM="></latexit>

CM (E) =
I1

1 +
a1(E � E1)

1 +
a2(E � E2)

1 +
· · ·

1 +
· · ·

aM�1(E � EM�1)

<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DMwith

2 SPM ANALYTIC 
CONTINUATION

<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)

and simply let  take on complex values!E

Pole structure will provide an approximation to the 
one of the original intensity

3 Propagate uncertainties through resampling
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BESIII data

AMPLITUDE RELATION

The intensity is related to the amplitude via
<latexit sha1_base64="aObGSqPe4uVHWjNSl1pKkMgEDFA=">AAACDHicjVDLSgMxFM34rPVVdekmWIS6KTOlaDdCQQTdVbAP6Iwlk2Y6oZkHyR2hTPsBbvwVNy4UcesHuPNvzLRdqCh44MLhnHNJ7nFjwRWY5oexsLi0vLKaW8uvb2xubRd2dlsqSiRlTRqJSHZcopjgIWsCB8E6sWQkcAVru8OzzG/fMql4FF7DKGZOQAYh9zgloKVeoXhZOj/Cp9iWfpQxWzAPxtjT3JZ84MP4pqJTVtmcAv9NimiORq/wbvcjmgQsBCqIUl3LjMFJiQROBZvk7USxmNAhGbCupiEJmHLS6TETfKiVPvYiqScEPFW/bqQkUGoUuDoZEPDVTy8Tf/O6CXg1J+VhnAAL6ewhLxEYIpw1g/tcMgpipAmhkuu/YuoTSSjo/vL/K6FVKVvH5epVtVivzevIoX10gErIQieoji5QAzURRXfoAT2hZ+PeeDRejNdZdMGY7+yhbzDePgG4JZjn</latexit>

I(E) = ⇢(E) |f(E)|2

 : right hand cut at threshold and possibly

 other branch cuts (opening of channels)

f

Analytic continuation can access the unphysical 
Riemann sheet where resonant poles are found

1

Need to reconstruct the analytic structure of the 
intensity from values at energy bins

SPM INTERPOLATOR
<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}

<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DNSelect a subset                  to construct the interpolator
<latexit sha1_base64="TqAQfypV5ODkp5FKlfdXQvhlttM="></latexit>

CM (E) =
I1

1 +
a1(E � E1)

1 +
a2(E � E2)

1 +
· · ·

1 +
· · ·

aM�1(E � EM�1)

<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DMwith

2

SPM ANALYTIC 
CONTINUATION

<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)

and simply let  take on complex values!E

Pole structure will provide an approximation to the 
one of the original intensity

3

Propagate uncertainties through resampling
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S-WAVE 
INTENSITY

<latexit sha1_base64="Ocvr06c6GNyhOGF11ZEdQq5FHzE=">AAACBXicbVBLSwMxGMz6rPW16lEPwSJ4qrtS1GPRi3iqYB/QXUs2zbahSTYkWaGUXrz4V7x4UMSr/8Gb/8Z0uwdtHUgYZr6PZCaSjGrjed/OwuLS8spqYa24vrG5te3u7DZ0kipM6jhhiWpFSBNGBakbahhpSUUQjxhpRoOrid98IErTRNyZoSQhRz1BY4qRsVLHPbg5CaSmMDAJDHqIcwQDSe+97Oq4Ja/sZYDzxM9JCeSoddyvoJvglBNhMENat31PmnCElKGYkXExSDWRCA9Qj7QtFYgTHY6yFGN4ZJUujBNljzAwU39vjBDXesgjO8mR6etZbyL+57VTE1+EIypkaojA04filEEbeVIJ7FJFsGFDSxBW1P4V4j5SCBtbXNGW4M9GnieN07J/Vq7cVkrVy7yOAtgHh+AY+OAcVME1qIE6wOARPINX8OY8OS/Ou/MxHV1w8p098AfO5w+0JZdx</latexit>
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1st pole (GeV) 2nd pole (GeV) 3rd pole (GeV)

Full exp. error 1.450(15) - i 0.048(11) 1.761(15) - i 0.050(13) /

Experimental data

a) b)
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1.446(18) - i 0.060(19) 1.758(19) - i 0.051(17) 2.018(56) - i 0.072(32) d)

BESIII data

AMPLITUDE RELATION

The intensity is related to the amplitude via
<latexit sha1_base64="aObGSqPe4uVHWjNSl1pKkMgEDFA=">AAACDHicjVDLSgMxFM34rPVVdekmWIS6KTOlaDdCQQTdVbAP6Iwlk2Y6oZkHyR2hTPsBbvwVNy4UcesHuPNvzLRdqCh44MLhnHNJ7nFjwRWY5oexsLi0vLKaW8uvb2xubRd2dlsqSiRlTRqJSHZcopjgIWsCB8E6sWQkcAVru8OzzG/fMql4FF7DKGZOQAYh9zgloKVeoXhZOj/Cp9iWfpQxWzAPxtjT3JZ84MP4pqJTVtmcAv9NimiORq/wbvcjmgQsBCqIUl3LjMFJiQROBZvk7USxmNAhGbCupiEJmHLS6TETfKiVPvYiqScEPFW/bqQkUGoUuDoZEPDVTy8Tf/O6CXg1J+VhnAAL6ewhLxEYIpw1g/tcMgpipAmhkuu/YuoTSSjo/vL/K6FVKVvH5epVtVivzevIoX10gErIQieoji5QAzURRXfoAT2hZ+PeeDRejNdZdMGY7+yhbzDePgG4JZjn</latexit>

I(E) = ⇢(E) |f(E)|2

 : right hand cut at threshold and possibly

 other branch cuts (opening of channels)

f

Analytic continuation can access the unphysical 
Riemann sheet where resonant poles are found

1

Need to reconstruct the analytic structure of the 
intensity from values at energy bins

SPM INTERPOLATOR
<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}

<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DNSelect a subset                  to construct the interpolator
<latexit sha1_base64="TqAQfypV5ODkp5FKlfdXQvhlttM="></latexit>

CM (E) =
I1

1 +
a1(E � E1)

1 +
a2(E � E2)

1 +
· · ·

1 +
· · ·

aM�1(E � EM�1)

<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DMwith

2

SPM ANALYTIC 
CONTINUATION

<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)

and simply let  take on complex values!E

Pole structure will provide an approximation to the 
one of the original intensity

3

Propagate uncertainties through resampling
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S-WAVE 
INTENSITY

<latexit sha1_base64="Ocvr06c6GNyhOGF11ZEdQq5FHzE=">AAACBXicbVBLSwMxGMz6rPW16lEPwSJ4qrtS1GPRi3iqYB/QXUs2zbahSTYkWaGUXrz4V7x4UMSr/8Gb/8Z0uwdtHUgYZr6PZCaSjGrjed/OwuLS8spqYa24vrG5te3u7DZ0kipM6jhhiWpFSBNGBakbahhpSUUQjxhpRoOrid98IErTRNyZoSQhRz1BY4qRsVLHPbg5CaSmMDAJDHqIcwQDSe+97Oq4Ja/sZYDzxM9JCeSoddyvoJvglBNhMENat31PmnCElKGYkXExSDWRCA9Qj7QtFYgTHY6yFGN4ZJUujBNljzAwU39vjBDXesgjO8mR6etZbyL+57VTE1+EIypkaojA04filEEbeVIJ7FJFsGFDSxBW1P4V4j5SCBtbXNGW4M9GnieN07J/Vq7cVkrVy7yOAtgHh+AY+OAcVME1qIE6wOARPINX8OY8OS/Ou/MxHV1w8p098AfO5w+0JZdx</latexit>
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1st pole (GeV) 2nd pole (GeV) 3rd pole (GeV)

Full exp. error 1.450(15) - i 0.048(11) 1.761(15) - i 0.050(13) /

Experimental data

a) b)
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1.446(18) - i 0.060(19) 1.758(19) - i 0.051(17) 2.018(56) - i 0.072(32) d)

BESIII data

AMPLITUDE RELATION

The intensity is related to the amplitude via
<latexit sha1_base64="aObGSqPe4uVHWjNSl1pKkMgEDFA=">AAACDHicjVDLSgMxFM34rPVVdekmWIS6KTOlaDdCQQTdVbAP6Iwlk2Y6oZkHyR2hTPsBbvwVNy4UcesHuPNvzLRdqCh44MLhnHNJ7nFjwRWY5oexsLi0vLKaW8uvb2xubRd2dlsqSiRlTRqJSHZcopjgIWsCB8E6sWQkcAVru8OzzG/fMql4FF7DKGZOQAYh9zgloKVeoXhZOj/Cp9iWfpQxWzAPxtjT3JZ84MP4pqJTVtmcAv9NimiORq/wbvcjmgQsBCqIUl3LjMFJiQROBZvk7USxmNAhGbCupiEJmHLS6TETfKiVPvYiqScEPFW/bqQkUGoUuDoZEPDVTy8Tf/O6CXg1J+VhnAAL6ewhLxEYIpw1g/tcMgpipAmhkuu/YuoTSSjo/vL/K6FVKVvH5epVtVivzevIoX10gErIQieoji5QAzURRXfoAT2hZ+PeeDRejNdZdMGY7+yhbzDePgG4JZjn</latexit>

I(E) = ⇢(E) |f(E)|2

 : right hand cut at threshold and possibly

 other branch cuts (opening of channels)

f

Analytic continuation can access the unphysical 
Riemann sheet where resonant poles are found

1

Need to reconstruct the analytic structure of the 
intensity from values at energy bins

<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DNSelect a subset                  to construct the interpolator

SPM INTERPOLATOR
<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}

<latexit sha1_base64="TqAQfypV5ODkp5FKlfdXQvhlttM="></latexit>

CM (E) =
I1

1 +
a1(E � E1)

1 +
a2(E � E2)

1 +
· · ·

1 +
· · ·

aM�1(E � EM�1)

<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DMwith

2

SPM ANALYTIC 
CONTINUATION

<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)

and simply let  take on complex values!E

Pole structure will provide an approximation to the 
one of the original intensity

3

Propagate uncertainties through resampling
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SPM 
VALIDATION

1.0 1.5 2.0 2.5
0

5000

10000

15000

E / GeV

In
te
ns
ity

[a
.u
.]

<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}
<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DN
<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)
<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DM

1.0 1.5 2.0 2.5

-0.14

-0.12

-0.10

-0.08

-0.06

Re E / GeV

Im
E
/G

eV



SPM 
VALIDATION

1.0 1.5 2.0 2.5
0

5000

10000

15000

E / GeV

In
te
ns
ity

[a
.u
.]

<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}
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DM ✓ DN
<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)
<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DM
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2 Adding uncertainties
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<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}
<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DN
<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)
<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DM



2 Adding uncertainties
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‣ Residue filtering
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<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}
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DM ✓ DN
<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)
<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DM



2 Adding uncertainties
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‣ Residue filtering

‣ Image differencing 
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DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}
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DM ✓ DN
<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)
<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DM
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2 Adding uncertainties
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Need to separate noise poles from signal poles

‣ Residue filtering

‣ Image differencing 

‣ Image filtering +  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DM ✓ DN
<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)
<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DM

𐄂

✓
𐄂

3 Image filtering + pattern recognition

✓ Apply filtering to enhance signal/noise

✓ Apply pattern recognition

✓ Signal is ‘vertical’; noise (mostly) ‘horizontal’

✓ Determine points inside the reconstructed 

regions



SPM 
VALIDATION
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<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}
<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DN
<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)
<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DM
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A. Rodas et al., JPAC, arXiv:2110.00027 [hep-ph]
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SPM 
VALIDATION

<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}
<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DN
<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)
<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DM
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A. Rodas et al., JPAC, arXiv:2110.00027 [hep-ph]
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SPM 
VALIDATION

<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}
<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DN
<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)
<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DM
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A. Rodas et al., JPAC, arXiv:2110.00027 [hep-ph]
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SPM 
VALIDATION

<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}
<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>

DM ✓ DN
<latexit sha1_base64="pgVcSxf+47WyjNJh/EEFMF39f1U=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGSnajVAoghuhBXuBdhgyaaYNzVxIMkIZ6sZXceNCEbe+hTvfxkzbhbYeSPj4/3NIzu/FnEllWd/Gyura+sZmbiu/vbO7t28eHLZklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xvVMr/9QIVkUXivxjF1AjwImc8IVlpyzeOae1e8Ob/u+QKTtK5xkjay2zULVsmaFloGew4FmFfdNb96/YgkAQ0V4VjKrm3FykmxUIxwOsn3EkljTEZ4QLsaQxxQ6aTTDSboTCt95EdCn1Chqfp7IsWBlOPA050BVkO56GXif143UX7FSVkYJ4qGZPaQn3CkIpTFgfpMUKL4WAMmgum/IjLEOgulQ8vrEOzFlZehdVGyL0vlRrlQrczjyMEJnEIRbLiCKtxCHZpA4BGe4RXejCfjxXg3PmatK8Z85gj+lPH5A6DVlRE=</latexit>

CM (E) =
P (E)

Q(E)
<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>

CM (Ei) = Ii8 Ei 2 DM
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A. Rodas et al., JPAC, arXiv:2110.00027 [hep-ph]
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<latexit sha1_base64="8Wwit9hXIrZCyBqbyJXhw4fGvMI="></latexit>

DN = {(Ei, Ii = I(Ei)), i = 1, . . . , N}
<latexit sha1_base64="UTvD0jCUFlId7vkRTG6dc1XF5j0=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJFuyzowo1SwT6gCWEyvWmHTh7OTIQSunbjr7hxoYhbv8Cdf+O0zaK2HrhwOOde7r3HTziTyrJ+jKXlldW19cJGcXNre2fX3NtvyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7gcuy3HkFIFkf3apiAG5JexAJGidKSZx45IVF9GWRXI+/GkakvQcHDjHjrmSWrbE2AF4mdkxLKUffMb6cb0zSESFFOpOzYVqLcjAjFKIdR0UklJIQOSA86mkYkBOlmk1dG+EQrXRzEQlek8ESdnchIKOUw9HXn5MZ5byz+53VSFVTdjEVJqiCi00VByrGK8TgX3GUCqOJDTQgVTN+KaZ8IQpVOr6hDsOdfXiTNs7J9Xq7cVUq1ah5HAR2iY3SKbHSBauga1VEDUfSEXtAbejeejVfjw/icti4Z+cwB+gPj6xdaQptL</latexit>
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CM (E) =
P (E)

Q(E)
<latexit sha1_base64="6iCgsHeUtCa4/sBiG5CAM5JoHG4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAh1YUmkaDdCoQq6KFSwD2hCmEwn7dDJJMxMhBL6FW78FTcuFHEr7vwbp2kX2nphmMM593LPPX7MqFSW9W0sLa+srq3nNvKbW9s7u+befktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/rA20dsPREga8Xs1iokboj6nAcVIacozT2teHRavPQpP4CW81b8TRAIx5kBNOpRDJ0RqIIP0auzVPbNglays4CKwZ6AAZtXwzC+nF+EkJFxhhqTs2las3BQJRTEj47yTSBIjPER90tWQo5BIN83OGsNjzfSgtqMfVzBjf0+kKJRyFPq6M/M4r03I/7RuooKKm1IeJ4pwPF0UJAyqCE4ygj0qCFZspAHCgmqvEA+QQFjpJPM6BHv+5EXQOivZ56XyXblQrcziyIFDcASKwAYXoApuQAM0AQaP4Bm8gjfjyXgx3o2PaeuSMZs5AH/K+PwBg4CdJg==</latexit>
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