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• Signatures of hadrons in data
- Peaks and dips on Real energy axis
- Patterns in mass/ spin 

• Theoretical description
- Complex energy plane singularities

• Interpretation
- Constituent quarks, exotica
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3-Body Phenomenology
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• Signatures of new resonances
- High-Precision PWA of 3𝜋 yields 

a1(1420), Incompatible with quark 
model/ Regge expectations

• Many Resonances decay to 3-particles
- New high-statistics experimental results
- Advancements in Lattice Formalism
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ū

u

ū
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• XYZ States
- Lie near thresholds
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Imposing these constraints gives us 
general forms of reaction amplitudes, 
but there are still some degrees of 
freedom. These degrees of freedom 
are constrained by experiment, lattice 
QCD, models, …
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Imposing these constraints gives us 
general forms of reaction amplitudes, 
but there are still some degrees of 
freedom. These degrees of freedom 
are constrained by experiment, lattice 
QCD, models, …

Analytic Continuation
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• Isobar Model
- Interacting two-particle sub-channel (Isobar) 

interacts with third particle (Spectator)

⇠ a2(1320) ⇠ ⇡2(1670)

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

• Consider the elastic scattering 123→123
- Distinguishable, spinless particles

Unitarity

Analyticity

Dispersion Relations

Continuation
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• Isobar Model
- Interacting two-particle sub-channel (Isobar) 

interacts with third particle (Spectator)
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• Consider the elastic scattering 123→123
- Distinguishable, spinless particles

Isobar/Partial Waves → 
complicated analytical 

properties

Multiple variables → 
Isobar approximation

Solution methods

Interpretation

Unitarity
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• Partial wave expansion of 3 → 3 elastic amplitude
- Remove angular dependence → 3 Energy variables 

Rotational Function

Isobar Decay Angles
Defined in IRS Frame

Isobar-Spectator Angle
Defined in CMS Frame

• Isobar-Spectator Scattering angle ⇥?
<latexit sha1_base64="2aHI8mwrETy+SB2WTYA0CHZ7Thg="></latexit><latexit sha1_base64="udrmQIGao/pNRFr+4QZPyLKavgM="></latexit><latexit sha1_base64="udrmQIGao/pNRFr+4QZPyLKavgM="></latexit><latexit sha1_base64="KgaT0D3vQ3OF81RNTJWFlCqdGX4="></latexit>

Full 3 → 3 Amplitude 

Pair-Spectator Amplitude

cos⇥

?
=

bp0? · bp?
<latexit sha1_base64="iS04w4grx8kMy2nedcgqL/yJw9U="></latexit><latexit sha1_base64="YgiikBeVxC9ht+mVyqOm2IgVqZ8="></latexit><latexit sha1_base64="YgiikBeVxC9ht+mVyqOm2IgVqZ8="></latexit><latexit sha1_base64="fRlSMGygswuvUNkl5JaE9YL9ZfQ="></latexit>

A(�0, s,�; bp0?, bp?, bq0, bq) =
X

J

X

`0,s0

X

`,s

AJ
`0s0;`s(�

0, s,�)
X

M

ZJM ⇤
`0s0 (bp0?, bq0)ZJM

`s (bp?, bq)
<latexit sha1_base64="L3CjkAtCS5OvHyUXLKm46lF2k0A="></latexit><latexit sha1_base64="IyLWirqcnpNzSGQ3C40SLSvprEE="></latexit><latexit sha1_base64="IyLWirqcnpNzSGQ3C40SLSvprEE="></latexit><latexit sha1_base64="eEZvmEzmtVuxvDkC/wBQqWL4pM4="></latexit>



><A. Jackura, Indiana University and the Joint Physics Analysis Center

Isobar Model

8

• Assume sum over pair-wise interactions ⇒ Isobar-Spectator amplitudes
- Partial wave expansion truncated
- Leads to complicated sub-channel energy-dependence

=<latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit>

X

j,k
<latexit sha1_base64="iR+dj7il/KxNiILIgcpvVq7uGyY="></latexit><latexit sha1_base64="iR+dj7il/KxNiILIgcpvVq7uGyY="></latexit><latexit sha1_base64="iR+dj7il/KxNiILIgcpvVq7uGyY="></latexit><latexit sha1_base64="iR+dj7il/KxNiILIgcpvVq7uGyY="></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>

A(p0;p) =
X

j,k

Akj(p
0;p)

<latexit sha1_base64="31UMtTyV9kiuYiH41+lGnsUBh2k="></latexit><latexit sha1_base64="31UMtTyV9kiuYiH41+lGnsUBh2k="></latexit><latexit sha1_base64="31UMtTyV9kiuYiH41+lGnsUBh2k="></latexit><latexit sha1_base64="31UMtTyV9kiuYiH41+lGnsUBh2k="></latexit>

• Partial Wave Projected Isobar-Spectator (PWIS) Amplitudes

eAJ
`0s0;`s(�

0, s,�) = eAJ
`0s0;`s(�

0, s,�)|
Iso

+
X

j,k
crossed

⇥
XJ

`0s0;`s

⇤
jk

(�0, s,�)

<latexit sha1_base64="f35hjNmDzt2QAVf8EGx7BPq6a98="></latexit><latexit sha1_base64="7xXXssqxxfniIN1xUbj22Mrqwkc="></latexit><latexit sha1_base64="7xXXssqxxfniIN1xUbj22Mrqwkc="></latexit><latexit sha1_base64="qvaJZtfH0loMaSu1XAI/SbK+aVI="></latexit>

Recoupling PWIS AmplitudesFull 3→3 PW Amplitude PWIS Amplitude =<latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit> +
<latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit>

+
<latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit>

+
<latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit>

1
<latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit>

3
<latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit>

1
<latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit>

1
<latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit>

1
<latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit>

3
<latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit>

3
<latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit>

3
<latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit>

=<latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit> +
<latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit>

+
<latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit>

+
<latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit>

1
<latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit>

3
<latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit>

1
<latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit>

1
<latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit>

1
<latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit><latexit sha1_base64="PkFvMhMXxjPfJhxuS96kBkb70v8="></latexit>

3
<latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit>

3
<latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit>

3
<latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit><latexit sha1_base64="g/LmrmbCJukr2QFQspH594tjtjA="></latexit>
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• Use unitarity for partial wave 2→2 amplitude
- Factorize the 2-particle sub-channel denominators

A. Jackura, Indiana University and the Joint Physics Analysis Center

Amputation
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2 Im<latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit> =<latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit> +
<latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit>

+
<latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit><latexit sha1_base64="rOJ+nfcNyxlAC0BBaG1eRy8UVfI="></latexit>

• Imaginary part of Isobar-Specator amplitude

=<latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit> <latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit> <latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit> <latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit>

=)
<latexit sha1_base64="Z1ByqNyMYNX6+um+y2v1mspcTJQ="></latexit><latexit sha1_base64="Z1ByqNyMYNX6+um+y2v1mspcTJQ="></latexit><latexit sha1_base64="Z1ByqNyMYNX6+um+y2v1mspcTJQ="></latexit><latexit sha1_base64="Z1ByqNyMYNX6+um+y2v1mspcTJQ="></latexit>

Akj = fk(�
0
k) eAkj(�

0
k, s,�j)fj(�j)

<latexit sha1_base64="ZLoKDQa6dqWQgTwED3SyjBHsspY="></latexit><latexit sha1_base64="ZLoKDQa6dqWQgTwED3SyjBHsspY="></latexit><latexit sha1_base64="ZLoKDQa6dqWQgTwED3SyjBHsspY="></latexit><latexit sha1_base64="ZLoKDQa6dqWQgTwED3SyjBHsspY="></latexit>
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+
X
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<latexit sha1_base64="eo2SDCn/oGw4QKGchpiicMhU34E="></latexit><latexit sha1_base64="eo2SDCn/oGw4QKGchpiicMhU34E="></latexit><latexit sha1_base64="eo2SDCn/oGw4QKGchpiicMhU34E="></latexit><latexit sha1_base64="eo2SDCn/oGw4QKGchpiicMhU34E="></latexit>

2 Im<latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit>

=<latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit>

X

n
<latexit sha1_base64="d8MprgJynTIIuXO9CNTIoIxEYBU="></latexit><latexit sha1_base64="d8MprgJynTIIuXO9CNTIoIxEYBU="></latexit><latexit sha1_base64="d8MprgJynTIIuXO9CNTIoIxEYBU="></latexit><latexit sha1_base64="d8MprgJynTIIuXO9CNTIoIxEYBU="></latexit>

+
X

n
n 6=j

<latexit sha1_base64="qew8YSjcOWVHIDo6eIuEZEfEoRY="></latexit><latexit sha1_base64="qew8YSjcOWVHIDo6eIuEZEfEoRY="></latexit><latexit sha1_base64="qew8YSjcOWVHIDo6eIuEZEfEoRY="></latexit><latexit sha1_base64="qew8YSjcOWVHIDo6eIuEZEfEoRY="></latexit>

+
X

r
r 6=k

<latexit sha1_base64="mlmwub1vdwyM1QxR2wZmXeUDooA="></latexit><latexit sha1_base64="mlmwub1vdwyM1QxR2wZmXeUDooA="></latexit><latexit sha1_base64="mlmwub1vdwyM1QxR2wZmXeUDooA="></latexit><latexit sha1_base64="mlmwub1vdwyM1QxR2wZmXeUDooA="></latexit>

(1� �jk)
<latexit sha1_base64="npCuhLBmoFDY386Bb0YDHjNfpP4="></latexit><latexit sha1_base64="npCuhLBmoFDY386Bb0YDHjNfpP4="></latexit><latexit sha1_base64="npCuhLBmoFDY386Bb0YDHjNfpP4="></latexit><latexit sha1_base64="npCuhLBmoFDY386Bb0YDHjNfpP4="></latexit>

p00n
<latexit sha1_base64="SE+ndXnFMvfe09twjMmMJlVa9FU="></latexit><latexit sha1_base64="SE+ndXnFMvfe09twjMmMJlVa9FU="></latexit><latexit sha1_base64="SE+ndXnFMvfe09twjMmMJlVa9FU="></latexit><latexit sha1_base64="SE+ndXnFMvfe09twjMmMJlVa9FU="></latexit>

p00n
<latexit sha1_base64="SE+ndXnFMvfe09twjMmMJlVa9FU="></latexit><latexit sha1_base64="SE+ndXnFMvfe09twjMmMJlVa9FU="></latexit><latexit sha1_base64="SE+ndXnFMvfe09twjMmMJlVa9FU="></latexit><latexit sha1_base64="SE+ndXnFMvfe09twjMmMJlVa9FU="></latexit>

p00r
<latexit sha1_base64="9K9mdnrRwDkjs9z3U2q5Y1a/SO8="></latexit><latexit sha1_base64="9K9mdnrRwDkjs9z3U2q5Y1a/SO8="></latexit><latexit sha1_base64="9K9mdnrRwDkjs9z3U2q5Y1a/SO8="></latexit><latexit sha1_base64="9K9mdnrRwDkjs9z3U2q5Y1a/SO8="></latexit>

p00n
<latexit sha1_base64="SE+ndXnFMvfe09twjMmMJlVa9FU="></latexit><latexit sha1_base64="SE+ndXnFMvfe09twjMmMJlVa9FU="></latexit><latexit sha1_base64="SE+ndXnFMvfe09twjMmMJlVa9FU="></latexit><latexit sha1_base64="SE+ndXnFMvfe09twjMmMJlVa9FU="></latexit>

p00r
<latexit sha1_base64="9K9mdnrRwDkjs9z3U2q5Y1a/SO8="></latexit><latexit sha1_base64="9K9mdnrRwDkjs9z3U2q5Y1a/SO8="></latexit><latexit sha1_base64="9K9mdnrRwDkjs9z3U2q5Y1a/SO8="></latexit><latexit sha1_base64="9K9mdnrRwDkjs9z3U2q5Y1a/SO8="></latexit>

A. Jackura, Indiana University and the Joint Physics Analysis Center

Amputated Isobar-Spectator Unitarity
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• PWIS Unitarity Relations
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<latexit sha1_base64="eo2SDCn/oGw4QKGchpiicMhU34E="></latexit><latexit sha1_base64="eo2SDCn/oGw4QKGchpiicMhU34E="></latexit><latexit sha1_base64="eo2SDCn/oGw4QKGchpiicMhU34E="></latexit><latexit sha1_base64="eo2SDCn/oGw4QKGchpiicMhU34E="></latexit>

2 Im<latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit>
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A. Jackura, Indiana University and the Joint Physics Analysis Center

Amputated Isobar-Spectator Unitarity
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• PWIS Unitarity Relations
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• PWIS Unitarity Relations
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• Unitary parameterization of PWIS amplitude

• B-Matrix composed of OPE and Contact

Contact (Real Function) OPE (required by unitarity)

M. Mai et al. [JPAC], 
Eur. Phys. J. A53 (2017) no.9, 177 



><

eA13 = [1 �K11 · ⌧1]�1 eE13
<latexit sha1_base64="D0IVEfx7UiswLAygF/P72OYMt5s="></latexit><latexit sha1_base64="D0IVEfx7UiswLAygF/P72OYMt5s="></latexit><latexit sha1_base64="D0IVEfx7UiswLAygF/P72OYMt5s="></latexit><latexit sha1_base64="D0IVEfx7UiswLAygF/P72OYMt5s="></latexit>
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Bubbles, Triangles, and Boxes
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• Ladder summation of exchanges

• Analytic properties of OPE, bubble, triangle, box
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+
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+ · · ·
<latexit sha1_base64="Rk80sdw2llboml2nMu6i1JcrEsk="></latexit><latexit sha1_base64="FK+gMBSXdOe9FjVoVlC4UXLk2tM="></latexit><latexit sha1_base64="FK+gMBSXdOe9FjVoVlC4UXLk2tM="></latexit><latexit sha1_base64="anbmMAsUwLHhcv46rrwm+n4zTKA="></latexit>

+ · · ·
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e.g. OPE driving term

Box Triangle Bubble
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• OPE ⇒ Driving term for ladder summation
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Off-shell triangle

On-shell triangle

• Triangle diagram - Comparison to off-shell amplitude
- Imaginary parts equal, difference in the real part

R(�0, s,�) ! constant
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<latexit sha1_base64="JOsQWuLG3jEvYLw4uMogIXuTUgs="></latexit><latexit sha1_base64="JOsQWuLG3jEvYLw4uMogIXuTUgs="></latexit><latexit sha1_base64="JOsQWuLG3jEvYLw4uMogIXuTUgs="></latexit><latexit sha1_base64="JOsQWuLG3jEvYLw4uMogIXuTUgs="></latexit>
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<latexit sha1_base64="8DFgnqfHke3z0tgCaP4uDkfcNmM="></latexit><latexit sha1_base64="8DFgnqfHke3z0tgCaP4uDkfcNmM="></latexit><latexit sha1_base64="8DFgnqfHke3z0tgCaP4uDkfcNmM="></latexit><latexit sha1_base64="8DFgnqfHke3z0tgCaP4uDkfcNmM="></latexit>
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• 3→3 unitarity relations within the isobar model
- Spinless external particles
- Finite number of isobars with spin

• B-matrix parameterization
- Satisfies unitarity
- Numerical test underway to determine feasibility of solution
- Studying behavior when analytically continued

• Analytic Extensions
- Can we use the B-matrix to write dispersive representation?
- Continual Investigation into OPE, Box, Triangle, Bubble

AJ et al [JPAC] - In Preparation
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z1
<latexit sha1_base64="nPB9zbWw95WJ4yP4deTIvFSaF1A="></latexit><latexit sha1_base64="nPB9zbWw95WJ4yP4deTIvFSaF1A="></latexit><latexit sha1_base64="nPB9zbWw95WJ4yP4deTIvFSaF1A="></latexit><latexit sha1_base64="nPB9zbWw95WJ4yP4deTIvFSaF1A="></latexit>

CMS Frame

F-IRS3 Frame
I-IRS1 Frame

p?1
<latexit sha1_base64="EQG2o6snJySJMIjL+TC6ZoBmTtM="></latexit><latexit sha1_base64="EQG2o6snJySJMIjL+TC6ZoBmTtM="></latexit><latexit sha1_base64="EQG2o6snJySJMIjL+TC6ZoBmTtM="></latexit><latexit sha1_base64="EQG2o6snJySJMIjL+TC6ZoBmTtM="></latexit>

p0 ?3
<latexit sha1_base64="32v8zIshtIH8NjEp8lC7J6SeJvw="></latexit><latexit sha1_base64="32v8zIshtIH8NjEp8lC7J6SeJvw="></latexit><latexit sha1_base64="32v8zIshtIH8NjEp8lC7J6SeJvw="></latexit><latexit sha1_base64="32v8zIshtIH8NjEp8lC7J6SeJvw="></latexit>

P 0 ?
3

<latexit sha1_base64="kQFtUxrpE1Q/BXwP27cej4gA1QQ="></latexit><latexit sha1_base64="kQFtUxrpE1Q/BXwP27cej4gA1QQ="></latexit><latexit sha1_base64="kQFtUxrpE1Q/BXwP27cej4gA1QQ="></latexit><latexit sha1_base64="kQFtUxrpE1Q/BXwP27cej4gA1QQ="></latexit>

P ?
1

<latexit sha1_base64="Mjg+Z8J26fRpPBeIclMUDUbjtss="></latexit><latexit sha1_base64="Mjg+Z8J26fRpPBeIclMUDUbjtss="></latexit><latexit sha1_base64="Mjg+Z8J26fRpPBeIclMUDUbjtss="></latexit><latexit sha1_base64="Mjg+Z8J26fRpPBeIclMUDUbjtss="></latexit>

⇥?
13

<latexit sha1_base64="pg7bUlsyGhypxZW1x87vkYswWeQ="></latexit><latexit sha1_base64="pg7bUlsyGhypxZW1x87vkYswWeQ="></latexit><latexit sha1_base64="pg7bUlsyGhypxZW1x87vkYswWeQ="></latexit><latexit sha1_base64="pg7bUlsyGhypxZW1x87vkYswWeQ="></latexit>

�0 ?
3

<latexit sha1_base64="yZ5vvfQ50s7FZmG6rdHzI2bEhAY="></latexit><latexit sha1_base64="yZ5vvfQ50s7FZmG6rdHzI2bEhAY="></latexit><latexit sha1_base64="yZ5vvfQ50s7FZmG6rdHzI2bEhAY="></latexit><latexit sha1_base64="yZ5vvfQ50s7FZmG6rdHzI2bEhAY="></latexit>

�?
1

<latexit sha1_base64="b9b2JpSyD/1zE395IAKxZBnrWoQ="></latexit><latexit sha1_base64="b9b2JpSyD/1zE395IAKxZBnrWoQ="></latexit><latexit sha1_base64="b9b2JpSyD/1zE395IAKxZBnrWoQ="></latexit><latexit sha1_base64="b9b2JpSyD/1zE395IAKxZBnrWoQ="></latexit>

�1
<latexit sha1_base64="4nmyIPQFKHCQFX/iSucMdAsmVOc="></latexit><latexit sha1_base64="4nmyIPQFKHCQFX/iSucMdAsmVOc="></latexit><latexit sha1_base64="4nmyIPQFKHCQFX/iSucMdAsmVOc="></latexit><latexit sha1_base64="4nmyIPQFKHCQFX/iSucMdAsmVOc="></latexit>

�0
3

<latexit sha1_base64="SmpnGM+2wjKEOzkmBOuYFQwU1sE="></latexit><latexit sha1_base64="SmpnGM+2wjKEOzkmBOuYFQwU1sE="></latexit><latexit sha1_base64="SmpnGM+2wjKEOzkmBOuYFQwU1sE="></latexit><latexit sha1_base64="SmpnGM+2wjKEOzkmBOuYFQwU1sE="></latexit>

p?3
<latexit sha1_base64="KgaUeDiIfRFAQ6mF/KaExsOlg40="></latexit><latexit sha1_base64="KgaUeDiIfRFAQ6mF/KaExsOlg40="></latexit><latexit sha1_base64="KgaUeDiIfRFAQ6mF/KaExsOlg40="></latexit><latexit sha1_base64="KgaUeDiIfRFAQ6mF/KaExsOlg40="></latexit>

p?2
<latexit sha1_base64="/J85l+hzIHs/eDWOH0kXB4Xr5GE="></latexit><latexit sha1_base64="/J85l+hzIHs/eDWOH0kXB4Xr5GE="></latexit><latexit sha1_base64="/J85l+hzIHs/eDWOH0kXB4Xr5GE="></latexit><latexit sha1_base64="/J85l+hzIHs/eDWOH0kXB4Xr5GE="></latexit>

p0 ?2
<latexit sha1_base64="mdmVQn67tMnnvlHokocRlCGJo9U="></latexit><latexit sha1_base64="mdmVQn67tMnnvlHokocRlCGJo9U="></latexit><latexit sha1_base64="mdmVQn67tMnnvlHokocRlCGJo9U="></latexit><latexit sha1_base64="mdmVQn67tMnnvlHokocRlCGJo9U="></latexit>

p0 ?1
<latexit sha1_base64="oAYqjTENMrUr8yXIR8ZlVdU6U2g="></latexit><latexit sha1_base64="oAYqjTENMrUr8yXIR8ZlVdU6U2g="></latexit><latexit sha1_base64="oAYqjTENMrUr8yXIR8ZlVdU6U2g="></latexit><latexit sha1_base64="oAYqjTENMrUr8yXIR8ZlVdU6U2g="></latexit>

z03
<latexit sha1_base64="2uTZD14AKad1YgqlxjerNcZreJY="></latexit><latexit sha1_base64="2uTZD14AKad1YgqlxjerNcZreJY="></latexit><latexit sha1_base64="2uTZD14AKad1YgqlxjerNcZreJY="></latexit><latexit sha1_base64="2uTZD14AKad1YgqlxjerNcZreJY="></latexit>
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3

<latexit sha1_base64="gz65NHN9ev5MWNYaO7D+Z4SQfyA="></latexit><latexit sha1_base64="gz65NHN9ev5MWNYaO7D+Z4SQfyA="></latexit><latexit sha1_base64="gz65NHN9ev5MWNYaO7D+Z4SQfyA="></latexit><latexit sha1_base64="gz65NHN9ev5MWNYaO7D+Z4SQfyA="></latexit>

x1
<latexit sha1_base64="GZIuVU/fDHXe8mV9DRKcNk46yL4="></latexit><latexit sha1_base64="GZIuVU/fDHXe8mV9DRKcNk46yL4="></latexit><latexit sha1_base64="GZIuVU/fDHXe8mV9DRKcNk46yL4="></latexit><latexit sha1_base64="GZIuVU/fDHXe8mV9DRKcNk46yL4="></latexit>

p0 F3
2

<latexit sha1_base64="OvECEdRaUELZMxqBlTj4GqTSLyI="></latexit><latexit sha1_base64="OvECEdRaUELZMxqBlTj4GqTSLyI="></latexit><latexit sha1_base64="OvECEdRaUELZMxqBlTj4GqTSLyI="></latexit><latexit sha1_base64="OvECEdRaUELZMxqBlTj4GqTSLyI="></latexit>

p0 F3
1

<latexit sha1_base64="xNB2n/iwa21UbrX/Jxmc6S40uW0="></latexit><latexit sha1_base64="xNB2n/iwa21UbrX/Jxmc6S40uW0="></latexit><latexit sha1_base64="xNB2n/iwa21UbrX/Jxmc6S40uW0="></latexit><latexit sha1_base64="xNB2n/iwa21UbrX/Jxmc6S40uW0="></latexit>

pI1
2

<latexit sha1_base64="sYnDBVs4C+9UXnhrWTipQAvCUsg="></latexit><latexit sha1_base64="sYnDBVs4C+9UXnhrWTipQAvCUsg="></latexit><latexit sha1_base64="sYnDBVs4C+9UXnhrWTipQAvCUsg="></latexit><latexit sha1_base64="sYnDBVs4C+9UXnhrWTipQAvCUsg="></latexit>

pI1
3

<latexit sha1_base64="E4BXBsT961Uik4+jxvEOQEqd0rs="></latexit><latexit sha1_base64="E4BXBsT961Uik4+jxvEOQEqd0rs="></latexit><latexit sha1_base64="E4BXBsT961Uik4+jxvEOQEqd0rs="></latexit><latexit sha1_base64="E4BXBsT961Uik4+jxvEOQEqd0rs="></latexit>

�I1
<latexit sha1_base64="VILq53hkHakRrQNMZ/CAtgkfYVc="></latexit><latexit sha1_base64="VILq53hkHakRrQNMZ/CAtgkfYVc="></latexit><latexit sha1_base64="VILq53hkHakRrQNMZ/CAtgkfYVc="></latexit><latexit sha1_base64="VILq53hkHakRrQNMZ/CAtgkfYVc="></latexit>

�0 F3
<latexit sha1_base64="7boqeQBqxTnplT3RTRWgvWyB60w="></latexit><latexit sha1_base64="7boqeQBqxTnplT3RTRWgvWyB60w="></latexit><latexit sha1_base64="7boqeQBqxTnplT3RTRWgvWyB60w="></latexit><latexit sha1_base64="7boqeQBqxTnplT3RTRWgvWyB60w="></latexit>

Isobar Formation Isobar Decay

Isobar-Spectator Scattering
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Disconnected 2→2 Unitarity Relation

Connected 3→3 Unitarity Relation
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Disconnected 2→2 Unitarity Relation

=<latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit>2 Im<latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit>
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<latexit sha1_base64="FF7CjEbcp4MdgJnbNUQfUOI+bLU="></latexit><latexit sha1_base64="FF7CjEbcp4MdgJnbNUQfUOI+bLU="></latexit><latexit sha1_base64="FF7CjEbcp4MdgJnbNUQfUOI+bLU="></latexit><latexit sha1_base64="FF7CjEbcp4MdgJnbNUQfUOI+bLU="></latexit>
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j
<latexit sha1_base64="4P81Gz07NKqlTx7fjjryS/Dv0Uc="></latexit><latexit sha1_base64="4P81Gz07NKqlTx7fjjryS/Dv0Uc="></latexit><latexit sha1_base64="4P81Gz07NKqlTx7fjjryS/Dv0Uc="></latexit><latexit sha1_base64="4P81Gz07NKqlTx7fjjryS/Dv0Uc="></latexit>
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X

k
<latexit sha1_base64="CeyBhrwpe4KunVpfyGa02W1Xc68="></latexit><latexit sha1_base64="CeyBhrwpe4KunVpfyGa02W1Xc68="></latexit><latexit sha1_base64="CeyBhrwpe4KunVpfyGa02W1Xc68="></latexit><latexit sha1_base64="CeyBhrwpe4KunVpfyGa02W1Xc68="></latexit>

=<latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit><latexit sha1_base64="xNHsPwtoRYJDjjUBtIbSVwnXpFc="></latexit>

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

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

(P � pj)� p0k
<latexit sha1_base64="9Q5adPK9Ay9FpGgIEYOhb98mAzk="></latexit><latexit sha1_base64="9Q5adPK9Ay9FpGgIEYOhb98mAzk="></latexit><latexit sha1_base64="9Q5adPK9Ay9FpGgIEYOhb98mAzk="></latexit><latexit sha1_base64="9Q5adPK9Ay9FpGgIEYOhb98mAzk="></latexit>

2 Im<latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit><latexit sha1_base64="22lugkzKxQ3wwGUFl1Apt3j25xc="></latexit>

Connected 3→3 Unitarity Relation
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=<latexit sha1_base64="GDNBhjVcXbA9NwGmw2xQpG3TI1Y="></latexit><latexit sha1_base64="BsqMZr4g5HkU2VeWN4h4osQKL/c="></latexit><latexit sha1_base64="BsqMZr4g5HkU2VeWN4h4osQKL/c="></latexit><latexit sha1_base64="eWax7JFmcHtcHYj+ZgBd+qOvGkc="></latexit> +
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

+
<latexit sha1_base64="i4q5PYEEaYOGMShK462w/lmGa+M="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="GJgBCYW0JtqjqR2DAUlmXwTD/aM="></latexit><latexit sha1_base64="rN9FrZGHnZdavyPoqRcrrP/3S3Y="></latexit>

Im
<latexit sha1_base64="Y50zbT33zHSdyyb/FZ5uF52Dch0="></latexit><latexit sha1_base64="gPKgvg7Qybrr3d5iYK+OUTptSiE="></latexit><latexit sha1_base64="gPKgvg7Qybrr3d5iYK+OUTptSiE="></latexit><latexit sha1_base64="j54uksXkYkNCeflDLasTeCBDKW0="></latexit>

D�1
3

<latexit sha1_base64="ADxHuwXqaWql2LOw2Rkikqq9Z2U="></latexit><latexit sha1_base64="yvgWjpCogq4g4D1zpBiZ09LWxYY="></latexit><latexit sha1_base64="yvgWjpCogq4g4D1zpBiZ09LWxYY="></latexit><latexit sha1_base64="rXEsnMe1VN501YyqPu/KfDr0ENw="></latexit>

D�1
1

<latexit sha1_base64="LeDwGtyAN0IklrKTqNQDDOMRrms="></latexit><latexit sha1_base64="wAaCyU54bbEx8kIYRB9jH5Hck18="></latexit><latexit sha1_base64="wAaCyU54bbEx8kIYRB9jH5Hck18="></latexit><latexit sha1_base64="2wGABdWPFp8clqszItZwZhWQXVM="></latexit>

eA11
<latexit sha1_base64="efS4dFTvFwIj5Xlz8V6lknvaUQc="></latexit><latexit sha1_base64="KBWnTa3iBrobAqWPnbZ5gAr3v0U="></latexit><latexit sha1_base64="KBWnTa3iBrobAqWPnbZ5gAr3v0U="></latexit><latexit sha1_base64="H5tIoAW/noi7ZTc+vs7UbR5jB80="></latexit>

eA33
<latexit sha1_base64="r4jHqsRB3KajXkBytlAwbnfaoFA="></latexit><latexit sha1_base64="STd5xElSRvVFWhX42tiszivVIKg="></latexit><latexit sha1_base64="STd5xElSRvVFWhX42tiszivVIKg="></latexit><latexit sha1_base64="+CkrR4giQXkerAk1ExDxvQli1B4="></latexit>

eA13
<latexit sha1_base64="RuuvRgBoUPenwe3PXpqIARCjhGQ="></latexit><latexit sha1_base64="LRaHLz9L+HattzUiYtRn26ioY1Y="></latexit><latexit sha1_base64="LRaHLz9L+HattzUiYtRn26ioY1Y="></latexit><latexit sha1_base64="DSgrhzPBTUzwM3ESVXusvJWDkNM="></latexit>




