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Overview

• Formalism.

• DR results for B-amplitudes.

• CGLN-amplitudes.

• Multipoles.

• Conclusions.
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Formalism

For real part we have:

Ref(z) =
1

π
−
∫ +∞

−∞

Imf(z′)

z′ − z
dz′ (1)

For imaginary part we have:

Imf(z) = − 1

π
−
∫ +∞

−∞

Ref(z′)

z′ − z
dz′ (2)

Where −
∫

is a Principle Value integral and Imf(z) → 0, z → ∞.
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Even functions

f(−z) = f∗(z)

Ref(z) =
2

π
−
∫ +∞

0

zImf(z′)

z′2 − z2
dz′

Imf(z) = − 2

π
−
∫ +∞

0

z′Ref(z′)

z′2 − z2
dz′
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Odd functions

f(−z) = −f∗(z)

Ref(z) =
2

π
−
∫ +∞

0

z′Imf(z′)

z′2 − z2
dz′

Imf(z) = − 2

π
−
∫ +∞

0

zRef(z′)

z′2 − z2
dz′
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Dispersion Relations for Invariant amplitudes

ReB
(I)
1,2,6(ν, t) = B

(I) pole
i (ν, t) +

2

π
−
∫ ∞

νthr

dν′
ν′ ImB

(I)
1,2,6(ν

′, t)

ν′2 − ν2
,

ReB
(I)
8 (ν, t) = B

(I) pole
i (ν, t) +

2ν

π
−
∫ ∞

νthr

dν′
ImB

(I)
8 (ν′, t)

ν′2 − ν2
.

B1, B2, B6 are crossing even functions B8 is crossing odd for π0 and η photoproduction.

6



Dispersion relations MTZ Collaboration Meeting, Mainz 16.02.2016

Dispersion Relations for Invariant amplitudes
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Resonance content of CGLN Amplitudes

Qualitatively up to lmax=3 (F-waves)

F1(W,x) =


0 : E0+ S11(1535)

1 : (M1+ + E1+)x+M1− P13(1720), P11(1440), P11(1710)

2 : (M2+ + E2+)x
2 + (M2− + E2−) D15(1675), D13(1520), D13(1700)

3 : (M3+ + E3+)x
3 + (M3− + E3−)x F15(1680)
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Resonance content of CGLN Amplitudes

Qualitatively up to lmax=3 (F-waves)

F2(W,x) =


1 : (M1+ +M1−) P13(1720), P11(1440)

2 : (M2+ +M2−)x D15(1675), D13(1520), D13(1700)

3 : (M3+ +M3−)x
2 F15(1680)
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Resonance content of CGLN Amplitudes

Qualitatively up to lmax=3 (F-waves)

F3(W,x) =


1 : (E1+ −M1+) P13(1720)

2 : (E2+ −M2−)x+ (E2− +M2−) D15(1675), D13(1520), D13(1700)

3 : (M3+ −M3+)x
2 + (E3− +M3−)x F15(1680)
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Resonance content of CGLN Amplitudes

Qualitatively up to lmax=3 (F-waves)

F4(W,x) =

2 : (M2+ − E2+ − E2− −M2−) D15(1675), D13(1520), D13(1700)

3 : (M3+ − E3+ − E3− −M3−)x F15(1680)
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Resonance content of the Invariant Amplitudes

• B1(F1, F2) → S11, P13, P11, D13, D15, F15

• B2(F3, F4) → P13, D13, D15, F15

• B6(F1, F2, F3, F4) → All resonances

• B8(F1, F2, F3, F4) → All resonances
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Results for t = −0.2GeV 2
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Results for t = −0.2GeV 2
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Results for t = −0.2GeV 2

1400 1600 1800 2000 2200
WHMeVL

-3

-2

-1

1

2

ReB1

ReB1HGeV
-2
L

MAID15d

DR

Discrepancy

15



Dispersion relations MTZ Collaboration Meeting, Mainz 16.02.2016

Results for t = −0.2GeV 2
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Results for t = −0.2GeV 2
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Results for t = −0.2GeV 2
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Results for t = −0.2GeV 2
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Results for t = −0.2GeV 2
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Results for t = −0.2GeV 2
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Results for t = −0.5GeV 2
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Results for t = −0.5GeV 2

1400 1600 1800 2000 2200

WHMeVL

2

4

6

8

10

ImB1

ImB1HGeV
-2
L

MAID15d

23



Dispersion relations MTZ Collaboration Meeting, Mainz 16.02.2016

Results for t = −0.5GeV 2
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Results for t = −0.5GeV 2
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Results for t = −0.5GeV 2
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Results for t = −0.5GeV 2
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Results for t = −0.5GeV 2
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Results for t = −0.5GeV 2
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Results for t = −0.5GeV 2
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Results for t = −1.0GeV 2
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Results for t = −1.0GeV 2
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Results for t = −1.0GeV 2
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Results for t = −1.0GeV 2
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Results for t = −1.0GeV 2
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Results for t = −1.0GeV 2
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Results for t = −1.0GeV 2
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Results for t = −1.0GeV 2
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Results for t = −1.0GeV 2
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Results for CGLN amplitudes

Results for W = 1500MeV
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Results for W = 1500MeV
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Results for W = 1500MeV
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Results for W = 1500MeV
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Results for W = 1500MeV
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Results for W = 1600MeV
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Results for W = 1600MeV

-1.0 -0.5 0.5 1.0

-14

-12

-10

-8

-6

-4

-2

ReF1HmfmL,W=1600 MeV

DR

MAID15d-2

46



Dispersion relations MTZ Collaboration Meeting, Mainz 16.02.2016

Results for W = 1600MeV
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Results for W = 1600MeV
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Results for W = 1600MeV
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Results for W = 1700MeV
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Results for W = 1700MeV
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Results for W = 1700MeV
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Results for W = 1700MeV
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Results for W = 1700MeV
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Results for W = 1800MeV
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Results for W = 1800MeV
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Results for W = 1800MeV
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Results for W = 1800MeV
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Results for W = 1800MeV
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Multipoles

Results for E0+
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Results for E1+
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Results for M1+
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Results for M1-
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Results for E2+
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Results for M2+
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Results for E2-
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Results for M2-

1600 1800 2000 2200

WHMeVL

-1.0

-0.5

0.5

1.0

1.5

2.0

2.5

M2m

M2mHmfmL

DR

ReHMAID15d2L

ImHMAID15d2L

67



Dispersion relations MTZ Collaboration Meeting, Mainz 16.02.2016

Results for E3+
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Results for M3+
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Results for E3-
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Results for M3-
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Conclusions

• We have multipoles!!! :)

• Spikes :(

• Things such as number of points, accuracy, bugs need to be studied :]
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