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Resonances are pole singularities in complex energy plane
Many hadronic resonances decay into three particles 

=)
<latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630=">AAAI9HichZZbb9owFIDT3crYrd0e9xKtqrSHCZG20ra3ttB2VbVCu15oCaqccIAI54LtFEKUP7HX9W3a637OpP2bOQHqxAEtEpHx9/nYHDs5GB62KCuX/y49ePjo8ZPlwtPis+cvXr5aWX19QV2fmHBuutglDQNRwJYD58xiGBoeAWQbGC6NfiXml7dAqOU6ZyzwoGWjrmN1LBMx3tXQLZvPAvRmZa1cKieXmm9o08aaMr3qN6 </latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630=">AAAI9HichZZbb9owFIDT3crYrd0e9xKtqrSHCZG20ra3ttB2VbVCu15oCaqccIAI54LtFEKUP7HX9W3a637OpP2bOQHqxAEtEpHx9/nYHDs5GB62KCuX/y49ePjo8ZPlwtPis+cvXr5aWX19QV2fmHBuutglDQNRwJYD58xiGBoeAWQbGC6NfiXml7dAqOU6ZyzwoGWjrmN1LBMx3tXQLZvPAvRmZa1cKieXmm9o08aaMr3qN6 </latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630=">AAAI9HichZZbb9owFIDT3crYrd0e9xKtqrSHCZG20ra3ttB2VbVCu15oCaqccIAI54LtFEKUP7HX9W3a637OpP2bOQHqxAEtEpHx9/nYHDs5GB62KCuX/y49ePjo8ZPlwtPis+cvXr5aWX19QV2fmHBuutglDQNRwJYD58xiGBoeAWQbGC6NfiXml7dAqOU6ZyzwoGWjrmN1LBMx3tXQLZvPAvRmZa1cKieXmm9o08aaMr3qN6 </latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630=">AAAI9HichZZbb9owFIDT3crYrd0e9xKtqrSHCZG20ra3ttB2VbVCu15oCaqccIAI54LtFEKUP7HX9W3a637OpP2bOQHqxAEtEpHx9/nYHDs5GB62KCuX/y49ePjo8ZPlwtPis+cvXr5aWX19QV2fmHBuutglDQNRwJYD58xiGBoeAWQbGC6NfiXml7dAqOU6ZyzwoGWjrmN1LBMx3tXQLZvPAvRmZa1cKieXmm9o08aaMr3qN6 </latexit>

=)
<latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630=">AAAI9HichZZbb9owFIDT3crYrd0e9xKtqrSHCZG20ra3ttB2VbVCu15oCaqccIAI54LtFEKUP7HX9W3a637OpP2bOQHqxAEtEpHx9/nYHDs5GB62KCuX/y49ePjo8ZPlwtPis+cvXr5aWX19QV2fmHBuutglDQNRwJYD58xiGBoeAWQbGC6NfiXml7dAqOU6ZyzwoGWjrmN1LBMx3tXQLZvPAvRmZa1cKieXmm9o08aaMr3qN6 </latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630=">AAAI9HichZZbb9owFIDT3crYrd0e9xKtqrSHCZG20ra3ttB2VbVCu15oCaqccIAI54LtFEKUP7HX9W3a637OpP2bOQHqxAEtEpHx9/nYHDs5GB62KCuX/y49ePjo8ZPlwtPis+cvXr5aWX19QV2fmHBuutglDQNRwJYD58xiGBoeAWQbGC6NfiXml7dAqOU6ZyzwoGWjrmN1LBMx3tXQLZvPAvRmZa1cKieXmm9o08aaMr3qN6 </latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630=">AAAI9HichZZbb9owFIDT3crYrd0e9xKtqrSHCZG20ra3ttB2VbVCu15oCaqccIAI54LtFEKUP7HX9W3a637OpP2bOQHqxAEtEpHx9/nYHDs5GB62KCuX/y49ePjo8ZPlwtPis+cvXr5aWX19QV2fmHBuutglDQNRwJYD58xiGBoeAWQbGC6NfiXml7dAqOU6ZyzwoGWjrmN1LBMx3tXQLZvPAvRmZa1cKieXmm9o08aaMr3qN6 </latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630=">AAAI9HichZZbb9owFIDT3crYrd0e9xKtqrSHCZG20ra3ttB2VbVCu15oCaqccIAI54LtFEKUP7HX9W3a637OpP2bOQHqxAEtEpHx9/nYHDs5GB62KCuX/y49ePjo8ZPlwtPis+cvXr5aWX19QV2fmHBuutglDQNRwJYD58xiGBoeAWQbGC6NfiXml7dAqOU6ZyzwoGWjrmN1LBMx3tXQLZvPAvRmZa1cKieXmm9o08aaMr3qN6 </latexit>

Need analytic representations for on-shell 3→3 amplitudes

XYZ States — many lie near 3-body thresholds

C. Adolph et al. [COMPASS],  
Phys. Rev. D 95, no. 3, 032004 (2017)

Surprises in light meson spectrum — a1(1420) in 3𝜋 decays
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Advancements in Lattice QCD in extracting hadron resonances

Extensions to 3-body systems

See Maxim Mai’s talkM. Mai and M. Döring,  
Eur. Phys. J. A53, 240 (2017)

R. A. Briceño, M. T. Hansen, and S. R. Sharpe,  
Phys. Rev. D95, 074510 (2017)

H. W. Hammer, J. Y. Pang, and A. Rusetsky, 
JHEP 09, 109 (2017)

See Peng Guo’s talk

Need Analytic on-shell 3→3 amplitudes=)
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P. Guo and V. Gasparian, 
Phys. Lett. B 774, 441 (2017) =)
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Interested in on-shell amplitudes — Unitarity constrains amplitude
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No interaction
Pair-wise interactions
(disconnected term)

Full 3-body interaction
(connected term)

Connectedness structure

Introduce isobar representation for amplitude A = S
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Unitarity for 2→2 on-shell amplitudes
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K-matrix representation

=)
<latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit>

Short range physicsphase space for 
on-shell production
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Fix K-matrix from data (e.g. experiment, lattice) or from some model/ EFT

Analytic parameterization for K-matrix

Analytic amplitude

Analytically continue in complex energy plane, search for singularities
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Given the 2→2 on-shell amplitudes, can now look at 3→3 amplitudes
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Recoupling coefficient
Generate One-Particle Exchange (OPE)
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Z

k
=

Z
d3k

(2⇡)3 2!k
<latexit sha1_base64="lGUXXFmH5iJUoD2Fz9wpP5LCyrE="></latexit>

3→3 Phenomenology
Use constraint to find on-shell representation of 3→3 amplitude

Postulate integral equation — B-matrix equation ImFp = F†
p ⇢p Fp

<latexit sha1_base64="VmZySRc+e/pN5kDHRNTSK8ASs4Y="></latexit>

Fp = Kp +Kp i⇢p Fp

= [ 1�Kp i⇢p ]�1 Kp
<latexit sha1_base64="bRVWenJ0OUklN0pM5I6RXF0DVlE="></latexit>

=)
<latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit>

Ap0p = Fp0 Bp0p Fp +

Z

k
Fp0 Bp0k Akp

<latexit sha1_base64="zIaVUPUSGNpouSUGN7ve59MqgxY="></latexit>

[Gp0p ]`0m0
`;`m`

= �
4⇡ Y ⇤

`0m0
`
(p̂?)Y`m`(p̂

0?)

(Pp � p0)2 �m2 + i✏
<latexit sha1_base64="XnBlOyYBB797/2lTWtWz0PY+cj8="></latexit>

p0
<latexit sha1_base64="uqdjIsJckWLH2YK9zet6SR8vL8E="></latexit>

p
<latexit sha1_base64="RrH0EuR7LHJlTt2UbYJtpdisf7g="></latexit>

P
<latexit sha1_base64="bqh7XI0A/3F81LmwCYKDqgc1c0U="></latexit>

Pp0 , `0,m0
`

<latexit sha1_base64="LNZDxLnRyREqCZOG5fzKfaresVE="></latexit>

Pp, `,m`
<latexit sha1_base64="ImEpT4poRJxDbfNNiE782kdRuNM="></latexit>

B-Matrix contains two terms Bp0p = Rp0p + Gp0p
<latexit sha1_base64="qkPhKPWTgALlKNWKorh0zcQOvYw="></latexit>

=<latexit sha1_base64="FHFcxWppffQvxBQpfTBD35onkK8="></latexit>

One-Particle Exchange (OPE)

Short range 3-body dynamics

Can parameterize like K-matrix, 
fit to data

M. Mai, B. Hu, M. Döring, A. Pilloni, and A. Szczepaniak,  
Eur. Phys. J. A53, 177 (2017)

AJ et al. [JPAC],  
Eur. Phys. J. C 79, no. 1, 56 (2019)

=)
<latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit>

=)
<latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit>

Full integration range

Cut off to physical region
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<latexit sha1_base64="NVM3qFbQlssQ9z5tHnLLnBPADa8="></latexit>

Resonances have poles in total partial wave amplitudes

First look at PW projection of OPE — S-Wave Quantum Numbers 

GS(�p0 , s,�p) =
1

4|p0||p| log
✓
z0(�p0 , s,�p)� 1

z0(�p0 , s,�p) + 1

◆

<latexit sha1_base64="IAOJ5hXXmIRTs1d0/7w/MZfKxvA="></latexit>

Physically possible for exchanged particle to go on-shell

on-shell particles =)
<latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit>

singularities in physical region
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<latexit sha1_base64="13Oy9UFAPcvGFDl9A4/T835J6Ag="></latexit>
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<latexit sha1_base64="13Oy9UFAPcvGFDl9A4/T835J6Ag="></latexit>

GS
<latexit sha1_base64="13Oy9UFAPcvGFDl9A4/T835J6Ag="></latexit>

GS
<latexit sha1_base64="13Oy9UFAPcvGFDl9A4/T835J6Ag="></latexit>

GS
<latexit sha1_base64="13Oy9UFAPcvGFDl9A4/T835J6Ag="></latexit>

AJ et al. [JPAC],  
Eur. Phys. J. C 79, no. 1, 56 (2019)
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Can write B-matrix in terms of other kernels Ap0p = Fp0 Bp0p Fp +

Z

k
Fp0 Bp0k Fk Bkp Fp

+

Z

k0

Z

k
Fp0 Bp0k0 Fk0 Bk0k Akp

<latexit sha1_base64="5H9y/c2s0GY8ImhGQILgQZ4ISbg="></latexit>

Z

k
Bp0k Fk Bkp =

<latexit sha1_base64="Cs3NfZtGzECAGUkDzDRWMIaqdGw="></latexit>

+
<latexit sha1_base64="3CVQ2DY2RI/We+Z3YjcXFt6Mki0="></latexit>

+
<latexit sha1_base64="3CVQ2DY2RI/We+Z3YjcXFt6Mki0="></latexit>

+
<latexit sha1_base64="3CVQ2DY2RI/We+Z3YjcXFt6Mki0="></latexit>

Contains rescattering physics

Bubble Triangles Box

M. Mikhasenko et al. [JPAC],  
Phys. Rev. D 98, no. 9, 096021 (2018)

Sheet II
s

<latexit sha1_base64="h0hJhZivJyhVMTdPVXNzvt4AVvE="></latexit><latexit sha1_base64="h0hJhZivJyhVMTdPVXNzvt4AVvE="></latexit><latexit sha1_base64="h0hJhZivJyhVMTdPVXNzvt4AVvE="></latexit><latexit sha1_base64="h0hJhZivJyhVMTdPVXNzvt4AVvE="></latexit>

Resonance

2-body Resonance cut

Bubble unitarization gives quasi-two-body phase space

a1(1260) → 3𝜋
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�1
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⌧(s,�)GS(�, s,�p)

M2 � � � i✏
<latexit sha1_base64="vtCpbFwgbCIWA9Yj8hzqGij6GlE="></latexit>
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Look at triangle amplitude in kernel with constant R-matrix 

S-wave — assume narrow width approx. for isobar

and with Feynman triangle

OPE

Isobar amplitude

Phase space between 
spectator and isobar

Integration over physical region

TB(�p0 , s,�p) =

Z (
p
s�m)2

4m2

d�
⌧(s,�)GS(�, s,�p)

M2 � � � i✏
<latexit sha1_base64="6zfmfrpV4ZqyvpadKxGpg5T/JjY="></latexit>

TB(�p0 , s,�p) =

Z (
p
s�m)2

4m2

d�
⌧(s,�)GS(�, s,�p)

M2 � � � i✏
<latexit sha1_base64="6zfmfrpV4ZqyvpadKxGpg5T/JjY="></latexit>

R = 1
<latexit sha1_base64="ieAZwaI/Txtar45PSAilqjr3jI4="></latexit>

TF =

Z
ds0

⌧(s,M2)GS(M2, s,�p)

s0 � s� i✏
<latexit sha1_base64="NVjCOTIeE5rIk8rtUlwA5iSyfIs="></latexit>

Compare analytic structure with Mai et al. triangle

Includes off-shell physics
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σ1 = 9

M2 = 25

Imaginary parts identical  
above production threshold

Aitchison & Pasquier resolve the differences to Feynman — Different R-matrices! I. J. R. Aitchison and R. Pasquier,  
Phys. Rev. 152, 1274 (1966)

Real parts differ  
everywhere

All are unitary amplitudes, by construction

Some below threshold singularities removed via finite width isobar shape — Better analyticity constraints?

AJ et al. [JPAC],  
Eur. Phys. J. C 79, no. 1, 56 (2019)
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<latexit sha1_base64="13Oy9UFAPcvGFDl9A4/T835J6Ag="></latexit>

GS
<latexit sha1_base64="13Oy9UFAPcvGFDl9A4/T835J6Ag="></latexit>

Explanation for XYZ states?=)
<latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit>
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Have seen can use different B-matrix representations (Mai et al.)

known differences is what we put into real part=)
<latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit>

R. A. Briceño, M. T. Hansen, and S. R. Sharpe,  
Phys. Rev. D95, 074510 (2017)

Lattice formalism by Briceño, Hansen, and Sharpe (BHS) yield different infinite volume amplitudes in L→∞ limit

Ap0p = Dp0p +

Z

k0

Z

k
Lp0k0 T (k0,k)L>

k0p
<latexit sha1_base64="2sqgaPP2mX3rwkuTriB0quNIKsM="> sX16eF1+wD7MyAZFDmpD2ZRDmkT/s3AAYwsqJOZlXEoaiMcSgWMZuMaMmAg7pDaKBzsYEiYLdzCdHqTDgnhmpm3xNcsBet0QLHR7XT+RTGRzNCIy22Rr2+vdZvLMxRJlMIFGER7O/tr3e501SDMCFwDNuHrZLoi9CHC21vrM6lTYkcN4E7A3KrOgykuczKNcijrx19x/o2TOIscQjXmBX21rnmngDt3/g+HByMfXMGy7S5+o1+phHnfMHvC3DbMfWF+ZpgdIm5fDhkEcU4us3Ll6/5JqSFQnKWIE05YGYEg9mDViQSHdkvjD+I3kKb+i4dZOFquN1fqzZerC09b419D7lhfWl9ZD6ym9cR6am1Z+9ah5Vo/W79av1t/zL+d/23+z/m/RtLbt8Z1vrAqn3t3/gbIC+Kr</latexit>

Ap0p = Fp0 Bp0p Fp +

Z

k
Fp0 Bp0k Akp

<latexit sha1_base64="zIaVUPUSGNpouSUGN7ve59MqgxY="></latexit>
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✓
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+ Fp0 i⇢p0

◆
�p0p +Dp0p i⇢p.

<latexit sha1_base64="OYuCEjzLPUaQKlCJt8RMUTJw4Rw="></latexit>

T (p0,p) = K(p0,p) +

Z

k0

Z

k
K(p0,k0) i⇢k0 Lk0k T (k,p)

<latexit sha1_base64="ze2wBGhfTp505QLiEK94UAb0VUQ="></latexit>

Dp0p = Fp0 Gp0p Fp +

Z

k
Fp0 Gp0k Dkp

<latexit sha1_base64="CovvbikI3IfLD/q3d9z09nV1OnQ="></latexit>

Bp0p = Rp0p + Gp0p
<latexit sha1_base64="qkPhKPWTgALlKNWKorh0zcQOvYw="></latexit>

Are these equivalent? — YES!

3-body K-matrix

Ladder series
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Can check equivalency

First consider                      limitRp0p = 0
<latexit sha1_base64="kzYwXw8Ifg+ebLztCTWP2gfAsrw="></latexit>
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<latexit sha1_base64="zIaVUPUSGNpouSUGN7ve59MqgxY="></latexit>

!
<latexit sha1_base64="qzNoaWfMiIbH7WVTKlTRaJ+cuNs="></latexit>

Dp0p = Fp0 Gp0p Fp +

Z

k
Fp0 Gp0k Dkp

<latexit sha1_base64="CovvbikI3IfLD/q3d9z09nV1OnQ="></latexit>

Ladder series

AJ et al. [JPAC],  
In Preparation

Same Ladder series as BHS
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Then, yield relation
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BHS

Finally, there is a relation between R-matrix and K-matrix
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Relationship is real, both representations are equivalent

AJ et al. [JPAC],  
In Preparation
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Have constructed an on-shell representation for 3→3 amplitude

•  Can OPE generate resonance signatures?

•  How to systematically continue to complex plane?

•  What singularities does the box diagram contribute?

•  External particles with spin?

•  Numerical infrastructure for computing amplitudes — Many integral equations with singularities

Future directions:

•  Synthesis with other techniques?

•  …

All formalisms on the market appear to be equivalent — Is there an alternative representation?

Investigated some of its analytic properties

• Satisfies elastic three-body unitarity
• Integral equation in terms of OPE and short-range dynamics

• OPE singularities in physical region — Triangle singularities
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k
<latexit sha1_base64="dP12R/aNgkGKoXif6P0TEY+B6Dc="></latexit>

D`0m0
`;`m`

(p0, s,p) = F`0(�p0)G`0m0
`;`m`

(p0, s,p)F`(�p)

+
X

`00,m00
`

Z
d3k

(2⇡)3 2!(k)
F`0(�p0)G`0m0

`;`
00m00

`
(p0, s,k)D`00m00

` ;`m`
(k, s,p)

<latexit sha1_base64="ldTIyzdzu9t0NlrpiPzFhi8B2Jo="></latexit>

DJ
`0m0

`;`m`
(�p0 , s,�p) = F`0(�p0)GJ

`0m0
`;`m`

(�p0 , s,�p)F`(�p)

+
X

`00,m00
`

Z
d�k

2⇡
F`0(�p0)GJ

`0m0
`;`

00m00
`
(�p0 , s,�k) ⌧(s,�k)DJ

`00m00
` ;`m`

(�k, s,�p)

<latexit sha1_base64="iCIGTqpYtvYAwOZ4ac2ozzlCpDs="></latexit>
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Ekj(p0;p) =
X

j,k
j 6=k

<latexit sha1_base64="jAi5CqBdoEG00OWA9T0+HaFNB+s="></latexit><latexit sha1_base64="jAi5CqBdoEG00OWA9T0+HaFNB+s="></latexit><latexit sha1_base64="jAi5CqBdoEG00OWA9T0+HaFNB+s="></latexit><latexit sha1_base64="jAi5CqBdoEG00OWA9T0+HaFNB+s="></latexit>

pj
<latexit sha1_base64="7s74qmmayezWcq3N0mk09bNrAs4="></latexit><latexit sha1_base64="7s74qmmayezWcq3N0mk09bNrAs4="></latexit><latexit sha1_base64="7s74qmmayezWcq3N0mk09bNrAs4="></latexit><latexit sha1_base64="7s74qmmayezWcq3N0mk09bNrAs4="></latexit>

p0k
<latexit sha1_base64="kTnSahTYkAynzzBKBqaVsNPTVuU="></latexit><latexit sha1_base64="kTnSahTYkAynzzBKBqaVsNPTVuU="></latexit><latexit sha1_base64="kTnSahTYkAynzzBKBqaVsNPTVuU="></latexit><latexit sha1_base64="kTnSahTYkAynzzBKBqaVsNPTVuU="></latexit>

eES
31 (�

0
k, s,�j) =

1

4 |p0?
3 | |p?

1|
log

✓
z13 � 1

z13 + 1

◆

<latexit sha1_base64="y6Bjy6TamN4stQ5gRG18k3YBGnc="></latexit><latexit sha1_base64="y6Bjy6TamN4stQ5gRG18k3YBGnc="></latexit><latexit sha1_base64="y6Bjy6TamN4stQ5gRG18k3YBGnc="></latexit><latexit sha1_base64="y6Bjy6TamN4stQ5gRG18k3YBGnc="></latexit>

sth
<latexit sha1_base64="0HNrabpG56rU8daUaM1oz7NBEeo="></latexit><latexit sha1_base64="0HNrabpG56rU8daUaM1oz7NBEeo="></latexit><latexit sha1_base64="0HNrabpG56rU8daUaM1oz7NBEeo="></latexit><latexit sha1_base64="0HNrabpG56rU8daUaM1oz7NBEeo="></latexit>

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

-10 0 10 20 30 40 50 60 70 80

O
P

E

s [GeV2]

real
imag

OPE E13(σ′
1, s,σ3), +++

σ′
1 = σ3 = M2

J = ℓ′1 = ℓ3 = s′1 = s3 = 0

m1 = m2 = m3 = 1
<latexit sha1_base64="d+5gopqvKMfZ4/Ko9Vyjh/1FFb0="></latexit><latexit sha1_base64="d+5gopqvKMfZ4/Ko9Vyjh/1FFb0="></latexit><latexit sha1_base64="d+5gopqvKMfZ4/Ko9Vyjh/1FFb0="></latexit><latexit sha1_base64="d+5gopqvKMfZ4/Ko9Vyjh/1FFb0="></latexit>

M = 3
<latexit sha1_base64="XAgR/zVwA8cdvQJHDuhxLfXIhJI="></latexit><latexit sha1_base64="XAgR/zVwA8cdvQJHDuhxLfXIhJI="></latexit><latexit sha1_base64="XAgR/zVwA8cdvQJHDuhxLfXIhJI="></latexit><latexit sha1_base64="XAgR/zVwA8cdvQJHDuhxLfXIhJI="></latexit>

An important feature of 3→3 scattering is the one-particle exchange (OPE)

Physically possible for exchanged particle to go on-shell

on-shell particles =)
<latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit><latexit sha1_base64="jhC+HFLSho3h6AO9sNBwZkjH630="></latexit>

singularities in physical region

Ekj(p0;p) = Fk(p
0;p)

1

µ2
jk � ujk � i✏

Fj(p
0;p)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

u-channel pole gives 
s-channel cuts for 
partial waves

S-wave amputated PWIS OPE

function of external kinematics
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1

eES
kj (�

0
k, s,�j)=

Z

�V

ds0
1

s0 � s� i✏

1

4|p0?
k kp?

j |

+

Z

�R

ds0
1

s0 � s� i✏

1

4|p?
kkp?

j |
<latexit sha1_base64="gDlocsg+72o1ELcEYE2XXGyFFDI="></latexit><latexit sha1_base64="gDlocsg+72o1ELcEYE2XXGyFFDI="></latexit><latexit sha1_base64="gDlocsg+72o1ELcEYE2XXGyFFDI="></latexit><latexit sha1_base64="gDlocsg+72o1ELcEYE2XXGyFFDI="></latexit>

Im eES
kj (�

0
k, s,�j) =

⇡

4
��p?

j

�� |p0?
k |

<latexit sha1_base64="7KG+HRJ4jBXwNZ4eAzT8dZhv3Qg="></latexit><latexit sha1_base64="7KG+HRJ4jBXwNZ4eAzT8dZhv3Qg="></latexit><latexit sha1_base64="7KG+HRJ4jBXwNZ4eAzT8dZhv3Qg="></latexit><latexit sha1_base64="7KG+HRJ4jBXwNZ4eAzT8dZhv3Qg="></latexit>

�(th)
1  �0

1  �(a)
1

<latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit>

�0
1 � �(b)

1
<latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit>

�0
1  �(th)

1
<latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit>

�(a)
1  �0

1  �(b)
1

<latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>(

p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit> s0

<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit> �V

<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

OPE branch points: skj(+) , skj(-) — depend on kinematics of isobar

Virtual particle exchange

Real particle exchange

Consider dispersive representation 

eES
kj (�

0
k, s,�j)=

Z

�V

ds0
1

s0 � s� i✏

1

4|p0?
k kp?

j |

+

Z

�R

ds0
1

s0 � s� i✏

1

4|p?
kkp?

j |
<latexit sha1_base64="gDlocsg+72o1ELcEYE2XXGyFFDI="></latexit><latexit sha1_base64="gDlocsg+72o1ELcEYE2XXGyFFDI="></latexit><latexit sha1_base64="gDlocsg+72o1ELcEYE2XXGyFFDI="></latexit><latexit sha1_base64="gDlocsg+72o1ELcEYE2XXGyFFDI="></latexit>
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3
<latexit sha1_base64="PPCC0mbWIdSxVp3g7YR0lshPUYI="></latexit><latexit sha1_base64="PPCC0mbWIdSxVp3g7YR0lshPUYI="></latexit><latexit sha1_base64="PPCC0mbWIdSxVp3g7YR0lshPUYI="></latexit><latexit sha1_base64="PPCC0mbWIdSxVp3g7YR0lshPUYI="></latexit>

5
<latexit sha1_base64="C8tQf5yFGQ/d6fezxg9IADbbItA="></latexit><latexit sha1_base64="C8tQf5yFGQ/d6fezxg9IADbbItA="></latexit><latexit sha1_base64="C8tQf5yFGQ/d6fezxg9IADbbItA="></latexit><latexit sha1_base64="C8tQf5yFGQ/d6fezxg9IADbbItA="></latexit>

6
<latexit sha1_base64="0MjJ7CxLKzWz02vR9eASdoNkuco="></latexit><latexit sha1_base64="0MjJ7CxLKzWz02vR9eASdoNkuco="></latexit><latexit sha1_base64="0MjJ7CxLKzWz02vR9eASdoNkuco="></latexit><latexit sha1_base64="0MjJ7CxLKzWz02vR9eASdoNkuco="></latexit>

5
<latexit sha1_base64="C8tQf5yFGQ/d6fezxg9IADbbItA="></latexit><latexit sha1_base64="C8tQf5yFGQ/d6fezxg9IADbbItA="></latexit><latexit sha1_base64="C8tQf5yFGQ/d6fezxg9IADbbItA="></latexit><latexit sha1_base64="C8tQf5yFGQ/d6fezxg9IADbbItA="></latexit>

6
<latexit sha1_base64="0MjJ7CxLKzWz02vR9eASdoNkuco="></latexit><latexit sha1_base64="0MjJ7CxLKzWz02vR9eASdoNkuco="></latexit><latexit sha1_base64="0MjJ7CxLKzWz02vR9eASdoNkuco="></latexit><latexit sha1_base64="0MjJ7CxLKzWz02vR9eASdoNkuco="></latexit>

3
<latexit sha1_base64="2n99n538U+NNLdnQTjP9hhvC7mw="></latexit><latexit sha1_base64="2n99n538U+NNLdnQTjP9hhvC7mw="></latexit><latexit sha1_base64="2n99n538U+NNLdnQTjP9hhvC7mw="></latexit><latexit sha1_base64="2n99n538U+NNLdnQTjP9hhvC7mw="></latexit>

5
<latexit sha1_base64="0UZw3KXUKGUzL4ilIkQrQRskJlQ="></latexit><latexit sha1_base64="0UZw3KXUKGUzL4ilIkQrQRskJlQ="></latexit><latexit sha1_base64="0UZw3KXUKGUzL4ilIkQrQRskJlQ="></latexit><latexit sha1_base64="0UZw3KXUKGUzL4ilIkQrQRskJlQ="></latexit>

6
<latexit sha1_base64="7qv1TpA48qzEtVZSOSVmDnwwACg="></latexit><latexit sha1_base64="7qv1TpA48qzEtVZSOSVmDnwwACg="></latexit><latexit sha1_base64="7qv1TpA48qzEtVZSOSVmDnwwACg="></latexit><latexit sha1_base64="7qv1TpA48qzEtVZSOSVmDnwwACg="></latexit>

5
<latexit sha1_base64="0UZw3KXUKGUzL4ilIkQrQRskJlQ="></latexit><latexit sha1_base64="0UZw3KXUKGUzL4ilIkQrQRskJlQ="></latexit><latexit sha1_base64="0UZw3KXUKGUzL4ilIkQrQRskJlQ="></latexit><latexit sha1_base64="0UZw3KXUKGUzL4ilIkQrQRskJlQ="></latexit>

6
<latexit sha1_base64="7qv1TpA48qzEtVZSOSVmDnwwACg="></latexit><latexit sha1_base64="7qv1TpA48qzEtVZSOSVmDnwwACg="></latexit><latexit sha1_base64="7qv1TpA48qzEtVZSOSVmDnwwACg="></latexit><latexit sha1_base64="7qv1TpA48qzEtVZSOSVmDnwwACg="></latexit>

�0
1 = 2

<latexit sha1_base64="9JFMiKJeUdBn2hVudWSp4XONOr0="></latexit><latexit sha1_base64="9JFMiKJeUdBn2hVudWSp4XONOr0="></latexit><latexit sha1_base64="9JFMiKJeUdBn2hVudWSp4XONOr0="></latexit><latexit sha1_base64="9JFMiKJeUdBn2hVudWSp4XONOr0="></latexit>

�0
1 = 2

<latexit sha1_base64="lF6Yl5GI30AcADOg1m9Dgz8c5Bo="></latexit><latexit sha1_base64="lF6Yl5GI30AcADOg1m9Dgz8c5Bo="></latexit><latexit sha1_base64="lF6Yl5GI30AcADOg1m9Dgz8c5Bo="></latexit><latexit sha1_base64="lF6Yl5GI30AcADOg1m9Dgz8c5Bo="></latexit>

�(th)
1 = 4

<latexit sha1_base64="WKuwgIPy6fw7CpyQDFt0+KSu9wU="></latexit><latexit sha1_base64="WKuwgIPy6fw7CpyQDFt0+KSu9wU="></latexit><latexit sha1_base64="WKuwgIPy6fw7CpyQDFt0+KSu9wU="></latexit><latexit sha1_base64="WKuwgIPy6fw7CpyQDFt0+KSu9wU="></latexit>

�3 = 4.41
<latexit sha1_base64="TbOf9ij5CrBsjp93195kX9oK7sY="></latexit><latexit sha1_base64="TbOf9ij5CrBsjp93195kX9oK7sY="></latexit><latexit sha1_base64="TbOf9ij5CrBsjp93195kX9oK7sY="></latexit><latexit sha1_base64="TbOf9ij5CrBsjp93195kX9oK7sY="></latexit>

(a)
<latexit sha1_base64="NGipAK6h7cKS+o+sCF1li+BJ4dA="></latexit><latexit sha1_base64="NGipAK6h7cKS+o+sCF1li+BJ4dA="></latexit><latexit sha1_base64="NGipAK6h7cKS+o+sCF1li+BJ4dA="></latexit><latexit sha1_base64="NGipAK6h7cKS+o+sCF1li+BJ4dA="></latexit>

(b)
<latexit sha1_base64="AnbrTLJsE45xa6rcZeyWfqrJ8ps="></latexit><latexit sha1_base64="AnbrTLJsE45xa6rcZeyWfqrJ8ps="></latexit><latexit sha1_base64="AnbrTLJsE45xa6rcZeyWfqrJ8ps="></latexit><latexit sha1_base64="AnbrTLJsE45xa6rcZeyWfqrJ8ps="></latexit>

(c)
<latexit sha1_base64="JWogswNGYTTYa9BaTTGiJk7X6t8="></latexit><latexit sha1_base64="JWogswNGYTTYa9BaTTGiJk7X6t8="></latexit><latexit sha1_base64="JWogswNGYTTYa9BaTTGiJk7X6t8="></latexit><latexit sha1_base64="JWogswNGYTTYa9BaTTGiJk7X6t8="></latexit>

(d)
<latexit sha1_base64="FcD5FRXHLjZfNoQ6I3M9ia8lWUY="></latexit><latexit sha1_base64="FcD5FRXHLjZfNoQ6I3M9ia8lWUY="></latexit><latexit sha1_base64="FcD5FRXHLjZfNoQ6I3M9ia8lWUY="></latexit><latexit sha1_base64="FcD5FRXHLjZfNoQ6I3M9ia8lWUY="></latexit>

�(b)
1 = 5.81

<latexit sha1_base64="Fk+ermWbSoLTI/1ha5r2fYmUlrk="></latexit><latexit sha1_base64="Fk+ermWbSoLTI/1ha5r2fYmUlrk="></latexit><latexit sha1_base64="Fk+ermWbSoLTI/1ha5r2fYmUlrk="></latexit><latexit sha1_base64="Fk+ermWbSoLTI/1ha5r2fYmUlrk="></latexit>

�(a)
1 = 4.1

<latexit sha1_base64="8lvc1ySIK9LMPLJoOWNkWj2fIfg="></latexit><latexit sha1_base64="8lvc1ySIK9LMPLJoOWNkWj2fIfg="></latexit><latexit sha1_base64="8lvc1ySIK9LMPLJoOWNkWj2fIfg="></latexit><latexit sha1_base64="8lvc1ySIK9LMPLJoOWNkWj2fIfg="></latexit>

�th
1 = 4

<latexit sha1_base64="WO6a+WaJyqRUTt1heDj4Jww8s6s="></latexit><latexit sha1_base64="WO6a+WaJyqRUTt1heDj4Jww8s6s="></latexit><latexit sha1_base64="WO6a+WaJyqRUTt1heDj4Jww8s6s="></latexit><latexit sha1_base64="WO6a+WaJyqRUTt1heDj4Jww8s6s="></latexit>
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<latexit sha1_base64="g8Rr7j09CwGTrSWb8u3T06Gys5s="></latexit><latexit sha1_base64="g8Rr7j09CwGTrSWb8u3T06Gys5s="></latexit><latexit sha1_base64="g8Rr7j09CwGTrSWb8u3T06Gys5s="></latexit><latexit sha1_base64="g8Rr7j09CwGTrSWb8u3T06Gys5s="></latexit>

Im = 0 inflection points

OPE branch points: skj(+) , skj(-) — depend on kinematics of isobar
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�(th)
1  �0

1  �(a)
1

<latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit>

�0
1 � �(b)

1
<latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit>

�0
1  �(th)

1
<latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit>

�(a)
1  �0

1  �(b)
1

<latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>(

p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit> s0

<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit> �V

<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

OPE branch points: skj(+) , skj(-) — depend on kinematics of isobar
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�(th)
1  �0

1  �(a)
1

<latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit>

�0
1 � �(b)

1
<latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit>

�0
1  �(th)

1
<latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit>

�(a)
1  �0

1  �(b)
1

<latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>(

p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit> s0

<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit> �V

<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�(th)
1  �0

1  �(a)
1

<latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit>

�0
1 � �(b)

1
<latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit>

�0
1  �(th)

1
<latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit>

�(a)
1  �0

1  �(b)
1

<latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>(

p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit> s0

<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit> �V

<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�(th)
1  �0

1  �(a)
1

<latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit>

�0
1 � �(b)

1
<latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit>

�0
1  �(th)

1
<latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit>

�(a)
1  �0

1  �(b)
1

<latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

(
p
�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p
�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p
�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p
�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>(

p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p
�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p
�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p
�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit> s0

<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit> �V

<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�(th)
1  �0

1  �(a)
1

<latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit>

�0
1 � �(b)

1
<latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit>

�0
1  �(th)

1
<latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit>

�(a)
1  �0

1  �(b)
1

<latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>(

p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit> s0

<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit> �V

<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>
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�(th)
1  �0

1  �(a)
1

<latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit><latexit sha1_base64="8XURfqMNzWlrjRK6IknKbipEXug="></latexit>

�0
1 � �(b)

1
<latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit><latexit sha1_base64="odlZWM0OgP3AGOZrIVk8dNul9RU="></latexit>

�0
1  �(th)

1
<latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit><latexit sha1_base64="PXmfs8edd4HfXaaR5Flzkm2IKnw="></latexit>

�(a)
1  �0

1  �(b)
1

<latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit><latexit sha1_base64="QxLo6NXYWYDcWJm9z6N1KKWD4nQ="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

�R
<latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit><latexit sha1_base64="aIB+RC8GPoCK+E+rkzY69UR3zq0="></latexit>

s(+)
13

<latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit><latexit sha1_base64="ZaOlwCNsUv1O9ariHxdSt6BKsBw="></latexit>

s(�)
13

<latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit><latexit sha1_base64="Y5cSjFufap2l3Z1nsfe9rVSXDl8="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p

�0
1 �m1)

2
<latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit><latexit sha1_base64="OH4fJYlwVD2oCMlBUy9vZih+DeE="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>(

p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 �m3)

2
<latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit><latexit sha1_base64="3lHsda8YSqdR0CQmvIpXEgsHrrA="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p
�3 +m3)

2
<latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit><latexit sha1_base64="MfIgtFCI52UsT4O4TVrkoXksx+o="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

(
p

�0
1 +m1)

2
<latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit><latexit sha1_base64="xHeEdi5SXaOrrUpcVjiauMUo690="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit> s0

<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

s0
<latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit><latexit sha1_base64="TcP8gfYxr3FR+AK3kxS0ERyjaoo="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit> �V

<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>

�V
<latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit><latexit sha1_base64="VakaoooLkQwHnoUEnJFfvDBLjtg="></latexit>
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In some cases with real particle exchange, OPE has circular cut 

Triangle singularities occur in physical region
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Ẽ
S 1
3

s

-0.5

0.0

0.5

-4 -2 0

Re

Im

σ
′

1 = 7.29

σ3 = 4.41



><

The Triangle Amplitude

A. Jackura — Indiana University 27

Look at triangle amplitude in kernel 

S-wave — assume narrow width approx. for isobar
µ31 = m2

<latexit sha1_base64="0QGTw6kwIv689LZRoWZeLYc04WA="></latexit><latexit sha1_base64="0QGTw6kwIv689LZRoWZeLYc04WA="></latexit><latexit sha1_base64="0QGTw6kwIv689LZRoWZeLYc04WA="></latexit><latexit sha1_base64="0QGTw6kwIv689LZRoWZeLYc04WA="></latexit>
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Isobar amplitude

phase space

Integration over physical region
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Can compare to other formalisms, e.g, Mai et al.
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Aitchison & Pasquier resolve the differences to Feynman — Different R-matrices!

M. Mai, B. Hu, M. Döring, A. Pilloni, 
and A. Szczepaniak,  
Eur. Phys. J. A53, 177 (2017)

I. J. R. Aitchison and R. Pasquier,  
Phys. Rev. 152, 1274 (1966)

Includes off-shell physics
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Rescattering effect — can mimic resonance signature
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OPE branch points
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Saw triangle amplitude has extra singularities below threshold 

Integrating over isobar shape cures some of them  

Remaining singularities due to phase space

eA33 = KF
33(s) +KF

33(s)⌧3(s)KF
33(s) + · · ·
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What about dispersing kernel in s ?

Isobar shape
Singularities due to 𝜎 integration 
are moved to second sheet

Persistent singularities due to phase space
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