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A BRIEF INTRODUCTION TO CELESTIAL CONFORMAL FIELD THEORY

Four-dimensional (4D) Lorentz symmetries in the bulk are manifest as two-dimensional (2D) conformal 
symmetries on the boundary.

4D bulk spacetime

2D sphere 
boundary

This allows 4D S-matrix elements to be holographically recast as 2D 
conformal correlators in the “celestial conformal field theory” that lives on 
the boundary celestial sphere.

Operators in this CCFT correspond to both incoming and outgoing 
bulk fields that puncture the celestial sphere at a point.

OUTLINE: 1. Find a bulk product that make sense as a CFT 
two point function

2. Use the state-operator correspondence to define operators 
in CCFT
3. Apply the BPZ construction to the two point function to get 
an inner product
4. Discuss 2D vs. 4D scattering



INNER PRODUCTS AND CONFORMAL PRIMARY WAVEFUNCTIONS

Conformal primary wavefunctions allow us to transform explicitly from a momentum basis to a conformal 
primary basis

φ±,h,h̄(Xμ; ⃗w ) =
(∓i)ΔΓ(Δ)

(−q( ⃗w ) ⋅ X ∓ iϵ)Δ
= ∫

∞

0
dωωΔ−1e±iω ̂q⋅X−ωϵ

Solutions to the 4D scalar, massless wave equation in (-,+,+,+) admit a conserved current  which can be 
used to define the symplectic product between two solutions

Jμ

(Φ1, Φ2)sym = ∫Σ3

d3ΣμJμ(Φ1, Φ2) = ∫Σ3

d3Σμ(Φ1∂μΦ2 − ∂μΦ1Φ2)

This is true for modified solutions as well e.g  gives the usual Klein-Gordon 
inner product used in the normalization of conformal primary wavefunctions.

(Φ1, Φ2)KG = − i(Φ1, Φ*2 )sym

Analogous currents and products can be constructed for arbitrary spin. What follows is also true for 
massive fields which require an integral over a hyperbolic slice rather than a Mellin transform. 



SHADOW PRODUCT

L†
n = − L̄nBUT: (φ±,h1,h̄1

(Xμ; ⃗w 1), φ∓,h2,h̄2
(Xμ; ⃗w 2))KG

∝ δ(2)(w1 − w2)

To try and fix this we can introduce the shadow transform:

ϕ̃μ1…μs
±,1−h,1−h̄

(Xμ; ⃗w ) =
Γ(2 − 2h̄)

πΓ(2h − 1) ∫ d2z
1

(w − z)2−2h(w̄ − z̄)2−2h̄
ϕμ1…μs

±,h,h̄
(Xμ; ⃗z)

Which serves as a modification to the inner product giving a “shadow product”

(φ±,h1,h̄1
(Xμ; ⃗w 1), φ∓,h2,h̄2

(Xμ; ⃗w 2))S
= (φ̃±,h1,h̄1

(Xμ; ⃗w 1), φ∓,h2,h̄2
(Xμ; ⃗w 2))sym

∝
1

(w1 − w2)2h2(w̄1 − w̄2)2h̄2

A 2D CFT two point function is a power law in  rather than a delta function. w, w̄

A bulk inner product between CPWs can be thought of as a transformed S-matrix element i.e a CFT two 
point function 



STATE-OPERATOR CORRESPONDENCE

An operator in the CCFT of conformal weights  is given by .(h, h̄) O±,h,h̄(w, w̄)

w, w̄ = 0

w, w̄ = 0

I�
<latexit sha1_base64="0jU+lzACScL49ch0/NfDTgCq8HA=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWLRILFRJFxgrWGArEn1Ibagc12mtOk5kO0gl6pewMIAQK5/Cxt/gtBmg5UiWjs65V/f4+DFnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5DrzO49UKhaJez2NqRfikWABI1gbaWCXq/0Q6zHBPL2dPZxXB3bFqTlzoFXi5qQCOZoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jNU4JAqL50Hn6FTowxREEnzhEZz9fdGikOlpqFvJrOUatnLxP+8XqKDSy9lIk40FWRxKEg40hHKWkBDJinRfGoIJpKZrIiMscREm65KpgR3+curpF2vuU7NvatXGld5HUU4hhM4AxcuoAE30IQWEEjgGV7hzXqyXqx362MxWrDynSP4A+vzB9enkok=</latexit><latexit sha1_base64="0jU+lzACScL49ch0/NfDTgCq8HA=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWLRILFRJFxgrWGArEn1Ibagc12mtOk5kO0gl6pewMIAQK5/Cxt/gtBmg5UiWjs65V/f4+DFnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5DrzO49UKhaJez2NqRfikWABI1gbaWCXq/0Q6zHBPL2dPZxXB3bFqTlzoFXi5qQCOZoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jNU4JAqL50Hn6FTowxREEnzhEZz9fdGikOlpqFvJrOUatnLxP+8XqKDSy9lIk40FWRxKEg40hHKWkBDJinRfGoIJpKZrIiMscREm65KpgR3+curpF2vuU7NvatXGld5HUU4hhM4AxcuoAE30IQWEEjgGV7hzXqyXqx362MxWrDynSP4A+vzB9enkok=</latexit><latexit sha1_base64="0jU+lzACScL49ch0/NfDTgCq8HA=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWLRILFRJFxgrWGArEn1Ibagc12mtOk5kO0gl6pewMIAQK5/Cxt/gtBmg5UiWjs65V/f4+DFnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5DrzO49UKhaJez2NqRfikWABI1gbaWCXq/0Q6zHBPL2dPZxXB3bFqTlzoFXi5qQCOZoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jNU4JAqL50Hn6FTowxREEnzhEZz9fdGikOlpqFvJrOUatnLxP+8XqKDSy9lIk40FWRxKEg40hHKWkBDJinRfGoIJpKZrIiMscREm65KpgR3+curpF2vuU7NvatXGld5HUU4hhM4AxcuoAE30IQWEEjgGV7hzXqyXqx362MxWrDynSP4A+vzB9enkok=</latexit><latexit sha1_base64="0jU+lzACScL49ch0/NfDTgCq8HA=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWLRILFRJFxgrWGArEn1Ibagc12mtOk5kO0gl6pewMIAQK5/Cxt/gtBmg5UiWjs65V/f4+DFnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5DrzO49UKhaJez2NqRfikWABI1gbaWCXq/0Q6zHBPL2dPZxXB3bFqTlzoFXi5qQCOZoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jNU4JAqL50Hn6FTowxREEnzhEZz9fdGikOlpqFvJrOUatnLxP+8XqKDSy9lIk40FWRxKEg40hHKWkBDJinRfGoIJpKZrIiMscREm65KpgR3+curpF2vuU7NvatXGld5HUU4hhM4AxcuoAE30IQWEEjgGV7hzXqyXqx362MxWrDynSP4A+vzB9enkok=</latexit>

I+
<latexit sha1_base64="KwCF/7cz12vzvaLXLAYAY61B9M0=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M9gKglCSbnRZdKO7CvYBbSyT6aQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ9eZ33mkUrFI3OtpTL0QjwQLGMHaSAO7XO2HWI8J5unt7OG8OrArTs2ZA60SNycVyNEc2F/9YUSSkApNOFaq5zqx9lIsNSOczkr9RNEYkwke0Z6hAodUeek8+AydGmWIgkiaJzSaq783UhwqNQ19M5mlVMteJv7n9RIdXHopE3GiqSCLQ0HCkY5Q1gIaMkmJ5lNDMJHMZEVkjCUm2nRVMiW4y19eJe16zXVq7l290rjK6yjCMZzAGbhwAQ24gSa0gEACz/AKb9aT9WK9Wx+L0YKV7xzBH1ifP9Sdkoc=</latexit><latexit sha1_base64="KwCF/7cz12vzvaLXLAYAY61B9M0=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M9gKglCSbnRZdKO7CvYBbSyT6aQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ9eZ33mkUrFI3OtpTL0QjwQLGMHaSAO7XO2HWI8J5unt7OG8OrArTs2ZA60SNycVyNEc2F/9YUSSkApNOFaq5zqx9lIsNSOczkr9RNEYkwke0Z6hAodUeek8+AydGmWIgkiaJzSaq783UhwqNQ19M5mlVMteJv7n9RIdXHopE3GiqSCLQ0HCkY5Q1gIaMkmJ5lNDMJHMZEVkjCUm2nRVMiW4y19eJe16zXVq7l290rjK6yjCMZzAGbhwAQ24gSa0gEACz/AKb9aT9WK9Wx+L0YKV7xzBH1ifP9Sdkoc=</latexit><latexit sha1_base64="KwCF/7cz12vzvaLXLAYAY61B9M0=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M9gKglCSbnRZdKO7CvYBbSyT6aQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ9eZ33mkUrFI3OtpTL0QjwQLGMHaSAO7XO2HWI8J5unt7OG8OrArTs2ZA60SNycVyNEc2F/9YUSSkApNOFaq5zqx9lIsNSOczkr9RNEYkwke0Z6hAodUeek8+AydGmWIgkiaJzSaq783UhwqNQ19M5mlVMteJv7n9RIdXHopE3GiqSCLQ0HCkY5Q1gIaMkmJ5lNDMJHMZEVkjCUm2nRVMiW4y19eJe16zXVq7l290rjK6yjCMZzAGbhwAQ24gSa0gEACz/AKb9aT9WK9Wx+L0YKV7xzBH1ifP9Sdkoc=</latexit><latexit sha1_base64="KwCF/7cz12vzvaLXLAYAY61B9M0=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M9gKglCSbnRZdKO7CvYBbSyT6aQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ9eZ33mkUrFI3OtpTL0QjwQLGMHaSAO7XO2HWI8J5unt7OG8OrArTs2ZA60SNycVyNEc2F/9YUSSkApNOFaq5zqx9lIsNSOczkr9RNEYkwke0Z6hAodUeek8+AydGmWIgkiaJzSaq783UhwqNQ19M5mlVMteJv7n9RIdXHopE3GiqSCLQ0HCkY5Q1gIaMkmJ5lNDMJHMZEVkjCUm2nRVMiW4y19eJe16zXVq7l290rjK6yjCMZzAGbhwAQ24gSa0gEACz/AKb9aT9WK9Wx+L0YKV7xzBH1ifP9Sdkoc=</latexit>

w, w̄ = ∞

w, w̄ = ∞
(South Pole)

southern 
states

(North Pole)

northern 
states

(North Pole)(South Pole)

A northern state is a state that enters at the south pole 
of the past celestial sphere and exits at the north pole 
of the future celestial sphere

A southern state is a state that enters at the north pole 
of the past celestial sphere and exits at the south pole 
of the future celestial sphere

O±,h,h̄(w, w̄) |02⟩ = ∑
m,m̄

O±,h,h̄
m,m̄

wh+mw̄h̄+m̄
|02⟩, (m, m̄) ∈ ℤ − (h, h̄)

⟨02 |B′ ±,h,h̄(z, z̄) = ⟨02 |∑
n,n̄

B′ ±,h,h̄
n,n̄

zn−hz̄n̄−h̄
, (n, n̄) ∈ ℤ + (h, h̄)



BPZ INNER PRODUCT 

The form of a two point function in 2D CFT is dictated by conformal invariance to be a power law. We 
thereby identify the two point function with the bulk shadow product

⟨02 | Õ±,1−h1,1−h̄1( ⃗w 1)O∓,h2,h̄2( ⃗w 2) |02⟩ = (ϕμ1…μs
±,h1,h̄1

(Xμ; ⃗w 1), ϕν1…νs
∓,h2,h̄2

(Xμ; ⃗w 2))
S

∝
1

(w1 − w2)2h2(w̄1 − w̄2)2h̄2

Contour integrating this expression one obtains the BPZ inner product between operators in the CCFT

⟨02 | Õ′ ±,1−h1,1−h̄1
n,n̄ O∓,h2,h̄2

m,m̄ |02⟩ ∝ δh1−h̄1+h2−h̄2
δ(λ1 + λ2)Θ(n − h2)Θ(n̄ − h̄2)δm+nδm̄+n̄

This identifies the adjoint relation , so the adjoints of operators are given by 
shadowed operators of the same conformal dimension.

⟨02 | Õ′ ±,h,h̄
−m,−m̄ = (O∓,h,h̄

m,m̄ |02⟩)†

FINALLY: 
⟨02 | [L−n, Õ′ ∓,h,h̄

−m,−m̄] = − ((h − 1)n − m)⟨02 | Õ′ ∓,h,h̄
−m−n,−m̄

[Ln, O±,h,h̄
m,m̄ ] |02⟩ = ((h − 1)n − m)O±,h,h̄

m+n,m̄ |02⟩
L†

n = L−n

Desired 2D CFT adjoint relation!



2D VERSUS 4D SCATTERING PROBLEMS
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Hin
<latexit sha1_base64="qKgwlFSGRp3aBbpzVdGIPykligM=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqqSLjBWsHQsEn1ITRQ5rtNatZ3IdpCqKAu/wsIAQqx8Bht/g9NmgJYjWTo65175nhMmjCrtON9WZWNza3unulvb2z84PLKPT/oqTiUmPRyzWA5DpAijgvQ01YwME0kQDxkZhLO7wh88EqloLB70PCE+RxNBI4qRNlJgnzU8jvQUI5Z18iDzJM+oyPNGYNedprMAXCduSeqgRDewv7xxjFNOhMYMKTVynUT7GZKaYkbympcqkiA8QxMyMlQgTpSfLQLk8NIoYxjF0jyh4UL9vZEhrtSch2ayuFateoX4nzdKdXTjm0RJqonAy4+ilEEdw6INOKaSYM3mhiAsqbkV4imSCGvTWc2U4K5GXif9VtN1mu59q96+LeuognNwAa6AC65BG3RAF/QABjl4Bq/gzXqyXqx362M5WrHKnVPwB9bnDwtnlq4=</latexit><latexit sha1_base64="qKgwlFSGRp3aBbpzVdGIPykligM=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqqSLjBWsHQsEn1ITRQ5rtNatZ3IdpCqKAu/wsIAQqx8Bht/g9NmgJYjWTo65175nhMmjCrtON9WZWNza3unulvb2z84PLKPT/oqTiUmPRyzWA5DpAijgvQ01YwME0kQDxkZhLO7wh88EqloLB70PCE+RxNBI4qRNlJgnzU8jvQUI5Z18iDzJM+oyPNGYNedprMAXCduSeqgRDewv7xxjFNOhMYMKTVynUT7GZKaYkbympcqkiA8QxMyMlQgTpSfLQLk8NIoYxjF0jyh4UL9vZEhrtSch2ayuFateoX4nzdKdXTjm0RJqonAy4+ilEEdw6INOKaSYM3mhiAsqbkV4imSCGvTWc2U4K5GXif9VtN1mu59q96+LeuognNwAa6AC65BG3RAF/QABjl4Bq/gzXqyXqx362M5WrHKnVPwB9bnDwtnlq4=</latexit><latexit sha1_base64="qKgwlFSGRp3aBbpzVdGIPykligM=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqqSLjBWsHQsEn1ITRQ5rtNatZ3IdpCqKAu/wsIAQqx8Bht/g9NmgJYjWTo65175nhMmjCrtON9WZWNza3unulvb2z84PLKPT/oqTiUmPRyzWA5DpAijgvQ01YwME0kQDxkZhLO7wh88EqloLB70PCE+RxNBI4qRNlJgnzU8jvQUI5Z18iDzJM+oyPNGYNedprMAXCduSeqgRDewv7xxjFNOhMYMKTVynUT7GZKaYkbympcqkiA8QxMyMlQgTpSfLQLk8NIoYxjF0jyh4UL9vZEhrtSch2ayuFateoX4nzdKdXTjm0RJqonAy4+ilEEdw6INOKaSYM3mhiAsqbkV4imSCGvTWc2U4K5GXif9VtN1mu59q96+LeuognNwAa6AC65BG3RAF/QABjl4Bq/gzXqyXqx362M5WrHKnVPwB9bnDwtnlq4=</latexit><latexit sha1_base64="qKgwlFSGRp3aBbpzVdGIPykligM=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqqSLjBWsHQsEn1ITRQ5rtNatZ3IdpCqKAu/wsIAQqx8Bht/g9NmgJYjWTo65175nhMmjCrtON9WZWNza3unulvb2z84PLKPT/oqTiUmPRyzWA5DpAijgvQ01YwME0kQDxkZhLO7wh88EqloLB70PCE+RxNBI4qRNlJgnzU8jvQUI5Z18iDzJM+oyPNGYNedprMAXCduSeqgRDewv7xxjFNOhMYMKTVynUT7GZKaYkbympcqkiA8QxMyMlQgTpSfLQLk8NIoYxjF0jyh4UL9vZEhrtSch2ayuFateoX4nzdKdXTjm0RJqonAy4+ilEEdw6INOKaSYM3mhiAsqbkV4imSCGvTWc2U4K5GXif9VtN1mu59q96+LeuognNwAa6AC65BG3RAF/QABjl4Bq/gzXqyXqx362M5WrHKnVPwB9bnDwtnlq4=</latexit>

Hout
<latexit sha1_base64="sqNMSoI25l9LmmUdzsW+8SqbPEQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4CbaCq5J0o8uimy4r2Ac0IUymk3boPMLMRCghbvwVNy4UcetfuPNvnLRZaOuBC4dz7uXee6KEEqVd99taW9/Y3Nqu7FR39/YPDu2j454SqUS4iwQVchBBhSnhuKuJpniQSAxZRHE/mt4Wfv8BS0UEv9ezBAcMjjmJCYLaSKF9WvcZ1BMEadbOw8yXLBOpzvN6aNfchjuHs0q8ktRAiU5of/kjgVKGuUYUKjX03EQHGZSaIIrzqp8qnEA0hWM8NJRDhlWQzT/InQujjJxYSFNcO3P190QGmVIzFpnO4ly17BXif94w1fF1kBGepBpztFgUp9TRwinicEZEYqTpzBCIJDG3OmgCJUTahFY1IXjLL6+SXrPhuQ3vrllr3ZRxVMAZOAeXwANXoAXaoAO6AIFH8AxewZv1ZL1Y79bHonXNKmdOwB9Ynz/9sZc5</latexit><latexit sha1_base64="sqNMSoI25l9LmmUdzsW+8SqbPEQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4CbaCq5J0o8uimy4r2Ac0IUymk3boPMLMRCghbvwVNy4UcetfuPNvnLRZaOuBC4dz7uXee6KEEqVd99taW9/Y3Nqu7FR39/YPDu2j454SqUS4iwQVchBBhSnhuKuJpniQSAxZRHE/mt4Wfv8BS0UEv9ezBAcMjjmJCYLaSKF9WvcZ1BMEadbOw8yXLBOpzvN6aNfchjuHs0q8ktRAiU5of/kjgVKGuUYUKjX03EQHGZSaIIrzqp8qnEA0hWM8NJRDhlWQzT/InQujjJxYSFNcO3P190QGmVIzFpnO4ly17BXif94w1fF1kBGepBpztFgUp9TRwinicEZEYqTpzBCIJDG3OmgCJUTahFY1IXjLL6+SXrPhuQ3vrllr3ZRxVMAZOAeXwANXoAXaoAO6AIFH8AxewZv1ZL1Y79bHonXNKmdOwB9Ynz/9sZc5</latexit><latexit sha1_base64="sqNMSoI25l9LmmUdzsW+8SqbPEQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4CbaCq5J0o8uimy4r2Ac0IUymk3boPMLMRCghbvwVNy4UcetfuPNvnLRZaOuBC4dz7uXee6KEEqVd99taW9/Y3Nqu7FR39/YPDu2j454SqUS4iwQVchBBhSnhuKuJpniQSAxZRHE/mt4Wfv8BS0UEv9ezBAcMjjmJCYLaSKF9WvcZ1BMEadbOw8yXLBOpzvN6aNfchjuHs0q8ktRAiU5of/kjgVKGuUYUKjX03EQHGZSaIIrzqp8qnEA0hWM8NJRDhlWQzT/InQujjJxYSFNcO3P190QGmVIzFpnO4ly17BXif94w1fF1kBGepBpztFgUp9TRwinicEZEYqTpzBCIJDG3OmgCJUTahFY1IXjLL6+SXrPhuQ3vrllr3ZRxVMAZOAeXwANXoAXaoAO6AIFH8AxewZv1ZL1Y79bHonXNKmdOwB9Ynz/9sZc5</latexit><latexit sha1_base64="sqNMSoI25l9LmmUdzsW+8SqbPEQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4CbaCq5J0o8uimy4r2Ac0IUymk3boPMLMRCghbvwVNy4UcetfuPNvnLRZaOuBC4dz7uXee6KEEqVd99taW9/Y3Nqu7FR39/YPDu2j454SqUS4iwQVchBBhSnhuKuJpniQSAxZRHE/mt4Wfv8BS0UEv9ezBAcMjjmJCYLaSKF9WvcZ1BMEadbOw8yXLBOpzvN6aNfchjuHs0q8ktRAiU5of/kjgVKGuUYUKjX03EQHGZSaIIrzqp8qnEA0hWM8NJRDhlWQzT/InQujjJxYSFNcO3P190QGmVIzFpnO4ly17BXif94w1fF1kBGepBpztFgUp9TRwinicEZEYqTpzBCIJDG3OmgCJUTahFY1IXjLL6+SXrPhuQ3vrllr3ZRxVMAZOAeXwANXoAXaoAO6AIFH8AxewZv1ZL1Y79bHonXNKmdOwB9Ynz/9sZc5</latexit>

4D
-m

at
rix

S <latexit sha1_base64="/VuhD1BsKOmE3mDd+LuMjgu7lS4=">AAAB9HicdVDLSsNAFL2pr1pfVZduBlvBhZSkCLW7ghuXFe0D2lAm00k7dDKJM5NCCf0ONy4UcevHuPNvnLQRquiBC4dz7uUejhdxprRtf1q5tfWNza38dmFnd2//oHh41FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7lO/c6USsVCca9nEXUDPBLMZwRrI7nlfoD1mGCe3M3Lg2LJqdgLILtSN6hdZqTuoG+rBBmag+JHfxiSOKBCE46V6jl2pN0ES80Ip/NCP1Y0wmSCR7RnqMABVW6yCD1HZ0YZIj+UZoRGC3X1IsGBUrPAM5tpRvXbS8W/vF6s/Ss3YSKKNRVk+ciPOdIhShtAQyYp0XxmCCaSmayIjLHERJueCqsl/E/a1YpjV5zbaqlxkdWRhxM4hXNwoAYNuIEmtIDAAzzCM7xYU+vJerXelqs5K7s5hh+w3r8AyFqSCw==</latexit><latexit sha1_base64="/VuhD1BsKOmE3mDd+LuMjgu7lS4=">AAAB9HicdVDLSsNAFL2pr1pfVZduBlvBhZSkCLW7ghuXFe0D2lAm00k7dDKJM5NCCf0ONy4UcevHuPNvnLQRquiBC4dz7uUejhdxprRtf1q5tfWNza38dmFnd2//oHh41FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7lO/c6USsVCca9nEXUDPBLMZwRrI7nlfoD1mGCe3M3Lg2LJqdgLILtSN6hdZqTuoG+rBBmag+JHfxiSOKBCE46V6jl2pN0ES80Ip/NCP1Y0wmSCR7RnqMABVW6yCD1HZ0YZIj+UZoRGC3X1IsGBUrPAM5tpRvXbS8W/vF6s/Ss3YSKKNRVk+ciPOdIhShtAQyYp0XxmCCaSmayIjLHERJueCqsl/E/a1YpjV5zbaqlxkdWRhxM4hXNwoAYNuIEmtIDAAzzCM7xYU+vJerXelqs5K7s5hh+w3r8AyFqSCw==</latexit><latexit sha1_base64="/VuhD1BsKOmE3mDd+LuMjgu7lS4=">AAAB9HicdVDLSsNAFL2pr1pfVZduBlvBhZSkCLW7ghuXFe0D2lAm00k7dDKJM5NCCf0ONy4UcevHuPNvnLQRquiBC4dz7uUejhdxprRtf1q5tfWNza38dmFnd2//oHh41FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7lO/c6USsVCca9nEXUDPBLMZwRrI7nlfoD1mGCe3M3Lg2LJqdgLILtSN6hdZqTuoG+rBBmag+JHfxiSOKBCE46V6jl2pN0ES80Ip/NCP1Y0wmSCR7RnqMABVW6yCD1HZ0YZIj+UZoRGC3X1IsGBUrPAM5tpRvXbS8W/vF6s/Ss3YSKKNRVk+ciPOdIhShtAQyYp0XxmCCaSmayIjLHERJueCqsl/E/a1YpjV5zbaqlxkdWRhxM4hXNwoAYNuIEmtIDAAzzCM7xYU+vJerXelqs5K7s5hh+w3r8AyFqSCw==</latexit><latexit sha1_base64="/VuhD1BsKOmE3mDd+LuMjgu7lS4=">AAAB9HicdVDLSsNAFL2pr1pfVZduBlvBhZSkCLW7ghuXFe0D2lAm00k7dDKJM5NCCf0ONy4UcevHuPNvnLQRquiBC4dz7uUejhdxprRtf1q5tfWNza38dmFnd2//oHh41FZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON7lO/c6USsVCca9nEXUDPBLMZwRrI7nlfoD1mGCe3M3Lg2LJqdgLILtSN6hdZqTuoG+rBBmag+JHfxiSOKBCE46V6jl2pN0ES80Ip/NCP1Y0wmSCR7RnqMABVW6yCD1HZ0YZIj+UZoRGC3X1IsGBUrPAM5tpRvXbS8W/vF6s/Ss3YSKKNRVk+ciPOdIhShtAQyYp0XxmCCaSmayIjLHERJueCqsl/E/a1YpjV5zbaqlxkdWRhxM4hXNwoAYNuIEmtIDAAzzCM7xYU+vJerXelqs5K7s5hh+w3r8AyFqSCw==</latexit>

northern 

HN
<latexit sha1_base64="5SbTJckmpL0yj3CEQAN/XMzZMZw=">AAAB+HicbVBNT8JAFHzFL8QPqh69bAQTT6TlokeiF04GEwETaJrtsoUN222zuzXBhl/ixYPGePWnePPfuIUeFJxkk8nMe3mzEyScKe0431ZpY3Nre6e8W9nbPzis2kfHPRWnktAuiXksHwKsKGeCdjXTnD4kkuIo4LQfTG9yv/9IpWKxuNezhHoRHgsWMoK1kXy7Wh9GWE8I5ll77t/WfbvmNJwF0DpxC1KDAh3f/hqOYpJGVGjCsVID10m0l2GpGeF0XhmmiiaYTPGYDgwVOKLKyxbB5+jcKCMUxtI8odFC/b2R4UipWRSYyTylWvVy8T9vkOrwysuYSFJNBVkeClOOdIzyFtCISUo0nxmCiWQmKyITLDHRpquKKcFd/fI66TUbrtNw75q11nVRRxlO4QwuwIVLaEEbOtAFAik8wyu8WU/Wi/VufSxHS1axcwJ/YH3+AAnZkqo=</latexit><latexit sha1_base64="5SbTJckmpL0yj3CEQAN/XMzZMZw=">AAAB+HicbVBNT8JAFHzFL8QPqh69bAQTT6TlokeiF04GEwETaJrtsoUN222zuzXBhl/ixYPGePWnePPfuIUeFJxkk8nMe3mzEyScKe0431ZpY3Nre6e8W9nbPzis2kfHPRWnktAuiXksHwKsKGeCdjXTnD4kkuIo4LQfTG9yv/9IpWKxuNezhHoRHgsWMoK1kXy7Wh9GWE8I5ll77t/WfbvmNJwF0DpxC1KDAh3f/hqOYpJGVGjCsVID10m0l2GpGeF0XhmmiiaYTPGYDgwVOKLKyxbB5+jcKCMUxtI8odFC/b2R4UipWRSYyTylWvVy8T9vkOrwysuYSFJNBVkeClOOdIzyFtCISUo0nxmCiWQmKyITLDHRpquKKcFd/fI66TUbrtNw75q11nVRRxlO4QwuwIVLaEEbOtAFAik8wyu8WU/Wi/VufSxHS1axcwJ/YH3+AAnZkqo=</latexit><latexit sha1_base64="5SbTJckmpL0yj3CEQAN/XMzZMZw=">AAAB+HicbVBNT8JAFHzFL8QPqh69bAQTT6TlokeiF04GEwETaJrtsoUN222zuzXBhl/ixYPGePWnePPfuIUeFJxkk8nMe3mzEyScKe0431ZpY3Nre6e8W9nbPzis2kfHPRWnktAuiXksHwKsKGeCdjXTnD4kkuIo4LQfTG9yv/9IpWKxuNezhHoRHgsWMoK1kXy7Wh9GWE8I5ll77t/WfbvmNJwF0DpxC1KDAh3f/hqOYpJGVGjCsVID10m0l2GpGeF0XhmmiiaYTPGYDgwVOKLKyxbB5+jcKCMUxtI8odFC/b2R4UipWRSYyTylWvVy8T9vkOrwysuYSFJNBVkeClOOdIzyFtCISUo0nxmCiWQmKyITLDHRpquKKcFd/fI66TUbrtNw75q11nVRRxlO4QwuwIVLaEEbOtAFAik8wyu8WU/Wi/VufSxHS1axcwJ/YH3+AAnZkqo=</latexit><latexit sha1_base64="5SbTJckmpL0yj3CEQAN/XMzZMZw=">AAAB+HicbVBNT8JAFHzFL8QPqh69bAQTT6TlokeiF04GEwETaJrtsoUN222zuzXBhl/ixYPGePWnePPfuIUeFJxkk8nMe3mzEyScKe0431ZpY3Nre6e8W9nbPzis2kfHPRWnktAuiXksHwKsKGeCdjXTnD4kkuIo4LQfTG9yv/9IpWKxuNezhHoRHgsWMoK1kXy7Wh9GWE8I5ll77t/WfbvmNJwF0DpxC1KDAh3f/hqOYpJGVGjCsVID10m0l2GpGeF0XhmmiiaYTPGYDgwVOKLKyxbB5+jcKCMUxtI8odFC/b2R4UipWRSYyTylWvVy8T9vkOrwysuYSFJNBVkeClOOdIzyFtCISUo0nxmCiWQmKyITLDHRpquKKcFd/fI66TUbrtNw75q11nVRRxlO4QwuwIVLaEEbOtAFAik8wyu8WU/Wi/VufSxHS1axcwJ/YH3+AAnZkqo=</latexit>

HS
<latexit sha1_base64="HTDdg559d7yANm9yAOSfnp1Xkl4=">AAAB+HicbVBNT8JAFHzFL8QPqh69bAQTT6TlokeiF44YBUygabbLFjZst83u1gQbfokXDxrj1Z/izX/jFnpQcJJNJjPv5c1OkHCmtON8W6WNza3tnfJuZW//4LBqHx33VJxKQrsk5rF8CLCinAna1Uxz+pBIiqOA034wvcn9/iOVisXiXs8S6kV4LFjICNZG8u1qfRhhPSGYZ+25f1f37ZrTcBZA68QtSA0KdHz7aziKSRpRoQnHSg1cJ9FehqVmhNN5ZZgqmmAyxWM6MFTgiCovWwSfo3OjjFAYS/OERgv190aGI6VmUWAm85Rq1cvF/7xBqsMrL2MiSTUVZHkoTDnSMcpbQCMmKdF8ZggmkpmsiEywxESbriqmBHf1y+uk12y4TsO9bdZa10UdZTiFM7gAFy6hBW3oQBcIpPAMr/BmPVkv1rv1sRwtWcXOCfyB9fkDEXKSrw==</latexit><latexit sha1_base64="HTDdg559d7yANm9yAOSfnp1Xkl4=">AAAB+HicbVBNT8JAFHzFL8QPqh69bAQTT6TlokeiF44YBUygabbLFjZst83u1gQbfokXDxrj1Z/izX/jFnpQcJJNJjPv5c1OkHCmtON8W6WNza3tnfJuZW//4LBqHx33VJxKQrsk5rF8CLCinAna1Uxz+pBIiqOA034wvcn9/iOVisXiXs8S6kV4LFjICNZG8u1qfRhhPSGYZ+25f1f37ZrTcBZA68QtSA0KdHz7aziKSRpRoQnHSg1cJ9FehqVmhNN5ZZgqmmAyxWM6MFTgiCovWwSfo3OjjFAYS/OERgv190aGI6VmUWAm85Rq1cvF/7xBqsMrL2MiSTUVZHkoTDnSMcpbQCMmKdF8ZggmkpmsiEywxESbriqmBHf1y+uk12y4TsO9bdZa10UdZTiFM7gAFy6hBW3oQBcIpPAMr/BmPVkv1rv1sRwtWcXOCfyB9fkDEXKSrw==</latexit><latexit sha1_base64="HTDdg559d7yANm9yAOSfnp1Xkl4=">AAAB+HicbVBNT8JAFHzFL8QPqh69bAQTT6TlokeiF44YBUygabbLFjZst83u1gQbfokXDxrj1Z/izX/jFnpQcJJNJjPv5c1OkHCmtON8W6WNza3tnfJuZW//4LBqHx33VJxKQrsk5rF8CLCinAna1Uxz+pBIiqOA034wvcn9/iOVisXiXs8S6kV4LFjICNZG8u1qfRhhPSGYZ+25f1f37ZrTcBZA68QtSA0KdHz7aziKSRpRoQnHSg1cJ9FehqVmhNN5ZZgqmmAyxWM6MFTgiCovWwSfo3OjjFAYS/OERgv190aGI6VmUWAm85Rq1cvF/7xBqsMrL2MiSTUVZHkoTDnSMcpbQCMmKdF8ZggmkpmsiEywxESbriqmBHf1y+uk12y4TsO9bdZa10UdZTiFM7gAFy6hBW3oQBcIpPAMr/BmPVkv1rv1sRwtWcXOCfyB9fkDEXKSrw==</latexit><latexit sha1_base64="HTDdg559d7yANm9yAOSfnp1Xkl4=">AAAB+HicbVBNT8JAFHzFL8QPqh69bAQTT6TlokeiF44YBUygabbLFjZst83u1gQbfokXDxrj1Z/izX/jFnpQcJJNJjPv5c1OkHCmtON8W6WNza3tnfJuZW//4LBqHx33VJxKQrsk5rF8CLCinAna1Uxz+pBIiqOA034wvcn9/iOVisXiXs8S6kV4LFjICNZG8u1qfRhhPSGYZ+25f1f37ZrTcBZA68QtSA0KdHz7aziKSRpRoQnHSg1cJ9FehqVmhNN5ZZgqmmAyxWM6MFTgiCovWwSfo3OjjFAYS/OERgv190aGI6VmUWAm85Rq1cvF/7xBqsMrL2MiSTUVZHkoTDnSMcpbQCMmKdF8ZggmkpmsiEywxESbriqmBHf1y+uk12y4TsO9bdZa10UdZTiFM7gAFy6hBW3oQBcIpPAMr/BmPVkv1rv1sRwtWcXOCfyB9fkDEXKSrw==</latexit>

southern 

(Equator)
ww̄ = 1

2D inner 

O
+,hk,h̄k

<latexit sha1_base64="ZksibaguRMPaZXvV5F32wIui62k=">AAACCHicbVDLSsNAFJ3UV62vqEsXBltBsJSkG10W3bizgn1AE8NkOmmGTCZhZiKUkKUbf8WNC0Xc+gnu/BsnbRZaPXDhcM693HuPl1AipGl+aZWl5ZXVtep6bWNza3tH393rizjlCPdQTGM+9KDAlDDck0RSPEw4hpFH8cALLwt/cI+5IDG7ldMEOxGcMOITBKWSXP2wYUdQBgjS7Dq/y06bgRs2bQ/yLMjdMG+4et1smTMYf4lVkjoo0XX1T3scozTCTCIKhRhZZiKdDHJJEMV5zU4FTiAK4QSPFGUwwsLJZo/kxrFSxoYfc1VMGjP150QGIyGmkac6i6vFoleI/3mjVPrnTkZYkkrM0HyRn1JDxkaRijEmHCNJp4pAxIm61UAB5BBJlV1NhWAtvvyX9Nsty2xZN+1656KMowoOwBE4ARY4Ax1wBbqgBxB4AE/gBbxqj9qz9qa9z1srWjmzD35B+/gGKwGZag==</latexit><latexit sha1_base64="ZksibaguRMPaZXvV5F32wIui62k=">AAACCHicbVDLSsNAFJ3UV62vqEsXBltBsJSkG10W3bizgn1AE8NkOmmGTCZhZiKUkKUbf8WNC0Xc+gnu/BsnbRZaPXDhcM693HuPl1AipGl+aZWl5ZXVtep6bWNza3tH393rizjlCPdQTGM+9KDAlDDck0RSPEw4hpFH8cALLwt/cI+5IDG7ldMEOxGcMOITBKWSXP2wYUdQBgjS7Dq/y06bgRs2bQ/yLMjdMG+4et1smTMYf4lVkjoo0XX1T3scozTCTCIKhRhZZiKdDHJJEMV5zU4FTiAK4QSPFGUwwsLJZo/kxrFSxoYfc1VMGjP150QGIyGmkac6i6vFoleI/3mjVPrnTkZYkkrM0HyRn1JDxkaRijEmHCNJp4pAxIm61UAB5BBJlV1NhWAtvvyX9Nsty2xZN+1656KMowoOwBE4ARY4Ax1wBbqgBxB4AE/gBbxqj9qz9qa9z1srWjmzD35B+/gGKwGZag==</latexit><latexit sha1_base64="ZksibaguRMPaZXvV5F32wIui62k=">AAACCHicbVDLSsNAFJ3UV62vqEsXBltBsJSkG10W3bizgn1AE8NkOmmGTCZhZiKUkKUbf8WNC0Xc+gnu/BsnbRZaPXDhcM693HuPl1AipGl+aZWl5ZXVtep6bWNza3tH393rizjlCPdQTGM+9KDAlDDck0RSPEw4hpFH8cALLwt/cI+5IDG7ldMEOxGcMOITBKWSXP2wYUdQBgjS7Dq/y06bgRs2bQ/yLMjdMG+4et1smTMYf4lVkjoo0XX1T3scozTCTCIKhRhZZiKdDHJJEMV5zU4FTiAK4QSPFGUwwsLJZo/kxrFSxoYfc1VMGjP150QGIyGmkac6i6vFoleI/3mjVPrnTkZYkkrM0HyRn1JDxkaRijEmHCNJp4pAxIm61UAB5BBJlV1NhWAtvvyX9Nsty2xZN+1656KMowoOwBE4ARY4Ax1wBbqgBxB4AE/gBbxqj9qz9qa9z1srWjmzD35B+/gGKwGZag==</latexit><latexit sha1_base64="ZksibaguRMPaZXvV5F32wIui62k=">AAACCHicbVDLSsNAFJ3UV62vqEsXBltBsJSkG10W3bizgn1AE8NkOmmGTCZhZiKUkKUbf8WNC0Xc+gnu/BsnbRZaPXDhcM693HuPl1AipGl+aZWl5ZXVtep6bWNza3tH393rizjlCPdQTGM+9KDAlDDck0RSPEw4hpFH8cALLwt/cI+5IDG7ldMEOxGcMOITBKWSXP2wYUdQBgjS7Dq/y06bgRs2bQ/yLMjdMG+4et1smTMYf4lVkjoo0XX1T3scozTCTCIKhRhZZiKdDHJJEMV5zU4FTiAK4QSPFGUwwsLJZo/kxrFSxoYfc1VMGjP150QGIyGmkac6i6vFoleI/3mjVPrnTkZYkkrM0HyRn1JDxkaRijEmHCNJp4pAxIm61UAB5BBJlV1NhWAtvvyX9Nsty2xZN+1656KMowoOwBE4ARY4Ax1wBbqgBxB4AE/gBbxqj9qz9qa9z1srWjmzD35B+/gGKwGZag==</latexit>

states created by

states annihilated by

O
�,hk,h̄k

<latexit sha1_base64="O6FTnEO2H/QKnqYXbNLdmy4ndhQ=">AAACCHicbVC7TsNAEDyHVwgvAyUFJxIkihDZaaCMoKEjSOQhxcY6X87xyeeH7s5IkeWShl+hoQAhWj6Bjr/hnLiAwEgrjWZ2tbvjJowKaRhfWmVpeWV1rbpe29jc2t7Rd/f6Ik45Jj0cs5gPXSQIoxHpSSoZGSacoNBlZOAGl4U/uCdc0Di6ldOE2CGaRNSjGEklOfphwwqR9DFi2XV+l502fSdoWi7imZ87Qd5w9LrRMmaAf4lZkjoo0XX0T2sc4zQkkcQMCTEyjUTaGeKSYkbympUKkiAcoAkZKRqhkAg7mz2Sw2OljKEXc1WRhDP150SGQiGmoas6i6vFoleI/3mjVHrndkajJJUkwvNFXsqgjGGRChxTTrBkU0UQ5lTdCrGPOMJSZVdTIZiLL/8l/XbLNFrmTbveuSjjqIIDcAROgAnOQAdcgS7oAQwewBN4Aa/ao/asvWnv89aKVs7sg1/QPr4BLimZbA==</latexit><latexit sha1_base64="O6FTnEO2H/QKnqYXbNLdmy4ndhQ=">AAACCHicbVC7TsNAEDyHVwgvAyUFJxIkihDZaaCMoKEjSOQhxcY6X87xyeeH7s5IkeWShl+hoQAhWj6Bjr/hnLiAwEgrjWZ2tbvjJowKaRhfWmVpeWV1rbpe29jc2t7Rd/f6Ik45Jj0cs5gPXSQIoxHpSSoZGSacoNBlZOAGl4U/uCdc0Di6ldOE2CGaRNSjGEklOfphwwqR9DFi2XV+l502fSdoWi7imZ87Qd5w9LrRMmaAf4lZkjoo0XX0T2sc4zQkkcQMCTEyjUTaGeKSYkbympUKkiAcoAkZKRqhkAg7mz2Sw2OljKEXc1WRhDP150SGQiGmoas6i6vFoleI/3mjVHrndkajJJUkwvNFXsqgjGGRChxTTrBkU0UQ5lTdCrGPOMJSZVdTIZiLL/8l/XbLNFrmTbveuSjjqIIDcAROgAnOQAdcgS7oAQwewBN4Aa/ao/asvWnv89aKVs7sg1/QPr4BLimZbA==</latexit><latexit sha1_base64="O6FTnEO2H/QKnqYXbNLdmy4ndhQ=">AAACCHicbVC7TsNAEDyHVwgvAyUFJxIkihDZaaCMoKEjSOQhxcY6X87xyeeH7s5IkeWShl+hoQAhWj6Bjr/hnLiAwEgrjWZ2tbvjJowKaRhfWmVpeWV1rbpe29jc2t7Rd/f6Ik45Jj0cs5gPXSQIoxHpSSoZGSacoNBlZOAGl4U/uCdc0Di6ldOE2CGaRNSjGEklOfphwwqR9DFi2XV+l502fSdoWi7imZ87Qd5w9LrRMmaAf4lZkjoo0XX0T2sc4zQkkcQMCTEyjUTaGeKSYkbympUKkiAcoAkZKRqhkAg7mz2Sw2OljKEXc1WRhDP150SGQiGmoas6i6vFoleI/3mjVHrndkajJJUkwvNFXsqgjGGRChxTTrBkU0UQ5lTdCrGPOMJSZVdTIZiLL/8l/XbLNFrmTbveuSjjqIIDcAROgAnOQAdcgS7oAQwewBN4Aa/ao/asvWnv89aKVs7sg1/QPr4BLimZbA==</latexit><latexit sha1_base64="O6FTnEO2H/QKnqYXbNLdmy4ndhQ=">AAACCHicbVC7TsNAEDyHVwgvAyUFJxIkihDZaaCMoKEjSOQhxcY6X87xyeeH7s5IkeWShl+hoQAhWj6Bjr/hnLiAwEgrjWZ2tbvjJowKaRhfWmVpeWV1rbpe29jc2t7Rd/f6Ik45Jj0cs5gPXSQIoxHpSSoZGSacoNBlZOAGl4U/uCdc0Di6ldOE2CGaRNSjGEklOfphwwqR9DFi2XV+l502fSdoWi7imZ87Qd5w9LrRMmaAf4lZkjoo0XX0T2sc4zQkkcQMCTEyjUTaGeKSYkbympUKkiAcoAkZKRqhkAg7mz2Sw2OljKEXc1WRhDP150SGQiGmoas6i6vFoleI/3mjVHrndkajJJUkwvNFXsqgjGGRChxTTrBkU0UQ5lTdCrGPOMJSZVdTIZiLL/8l/XbLNFrmTbveuSjjqIIDcAROgAnOQAdcgS7oAQwewBN4Aa/ao/asvWnv89aKVs7sg1/QPr4BLimZbA==</latexit>

O
+
1

<latexit sha1_base64="fcJapkAVv0eymVdWJ2J1pfutPiU=">AAAB+nicbVDLSsNAFL3xWesr1aWbwVYQlJJ0o8uCG3dWsA9oY5hMJ+3QySTMTJQS+yluXCji1i9x5984abvQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbBa2its7u3v7dumgpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdJX77QcqFYvFnR4n1IvwQLCQEayN5NulSi/Cekgwz24m92e+W/HtslN1pkDLxJ2TMszR8O2vXj8maUSFJhwr1XWdRHsZlpoRTifFXqpogskID2jXUIEjqrxsGn2CTozSR2EszRMaTdXfGxmOlBpHgZnMc6pFLxf/87qpDi+9jIkk1VSQ2aEw5UjHKO8B9ZmkRPOxIZhIZrIiMsQSE23aKpoS3MUvL5NWreo6Vfe2Vq6fz+sowBEcwym4cAF1uIYGNIHAIzzDK7xZT9aL9W59zEZXrPnOIfyB9fkDBxCTGw==</latexit><latexit sha1_base64="fcJapkAVv0eymVdWJ2J1pfutPiU=">AAAB+nicbVDLSsNAFL3xWesr1aWbwVYQlJJ0o8uCG3dWsA9oY5hMJ+3QySTMTJQS+yluXCji1i9x5984abvQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbBa2its7u3v7dumgpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdJX77QcqFYvFnR4n1IvwQLCQEayN5NulSi/Cekgwz24m92e+W/HtslN1pkDLxJ2TMszR8O2vXj8maUSFJhwr1XWdRHsZlpoRTifFXqpogskID2jXUIEjqrxsGn2CTozSR2EszRMaTdXfGxmOlBpHgZnMc6pFLxf/87qpDi+9jIkk1VSQ2aEw5UjHKO8B9ZmkRPOxIZhIZrIiMsQSE23aKpoS3MUvL5NWreo6Vfe2Vq6fz+sowBEcwym4cAF1uIYGNIHAIzzDK7xZT9aL9W59zEZXrPnOIfyB9fkDBxCTGw==</latexit><latexit sha1_base64="fcJapkAVv0eymVdWJ2J1pfutPiU=">AAAB+nicbVDLSsNAFL3xWesr1aWbwVYQlJJ0o8uCG3dWsA9oY5hMJ+3QySTMTJQS+yluXCji1i9x5984abvQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbBa2its7u3v7dumgpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdJX77QcqFYvFnR4n1IvwQLCQEayN5NulSi/Cekgwz24m92e+W/HtslN1pkDLxJ2TMszR8O2vXj8maUSFJhwr1XWdRHsZlpoRTifFXqpogskID2jXUIEjqrxsGn2CTozSR2EszRMaTdXfGxmOlBpHgZnMc6pFLxf/87qpDi+9jIkk1VSQ2aEw5UjHKO8B9ZmkRPOxIZhIZrIiMsQSE23aKpoS3MUvL5NWreo6Vfe2Vq6fz+sowBEcwym4cAF1uIYGNIHAIzzDK7xZT9aL9W59zEZXrPnOIfyB9fkDBxCTGw==</latexit><latexit sha1_base64="fcJapkAVv0eymVdWJ2J1pfutPiU=">AAAB+nicbVDLSsNAFL3xWesr1aWbwVYQlJJ0o8uCG3dWsA9oY5hMJ+3QySTMTJQS+yluXCji1i9x5984abvQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbBa2its7u3v7dumgpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdJX77QcqFYvFnR4n1IvwQLCQEayN5NulSi/Cekgwz24m92e+W/HtslN1pkDLxJ2TMszR8O2vXj8maUSFJhwr1XWdRHsZlpoRTifFXqpogskID2jXUIEjqrxsGn2CTozSR2EszRMaTdXfGxmOlBpHgZnMc6pFLxf/87qpDi+9jIkk1VSQ2aEw5UjHKO8B9ZmkRPOxIZhIZrIiMsQSE23aKpoS3MUvL5NWreo6Vfe2Vq6fz+sowBEcwym4cAF1uIYGNIHAIzzDK7xZT9aL9W59zEZXrPnOIfyB9fkDBxCTGw==</latexit>

O
+
2

<latexit sha1_base64="CkT3lX6+AijENUBsBxJSlbski9Y=">AAAB+nicbVDLSsNAFL3xWesr1aWbwVYQlJJ0o8uCG3dWsA9oY5hMJ+3QySTMTJQS+yluXCji1i9x5984abvQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbBa2its7u3v7dumgpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdJX77QcqFYvFnR4n1IvwQLCQEayN5NulSi/Cekgwz24m92d+reLbZafqTIGWiTsnZZij4dtfvX5M0ogKTThWqus6ifYyLDUjnE6KvVTRBJMRHtCuoQJHVHnZNPoEnRilj8JYmic0mqq/NzIcKTWOAjOZ51SLXi7+53VTHV56GRNJqqkgs0NhypGOUd4D6jNJieZjQzCRzGRFZIglJtq0VTQluItfXiatWtV1qu5trVw/n9dRgCM4hlNw4QLqcA0NaAKBR3iGV3iznqwX6936mI2uWPOdQ/gD6/MHCJWTHA==</latexit><latexit sha1_base64="CkT3lX6+AijENUBsBxJSlbski9Y=">AAAB+nicbVDLSsNAFL3xWesr1aWbwVYQlJJ0o8uCG3dWsA9oY5hMJ+3QySTMTJQS+yluXCji1i9x5984abvQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbBa2its7u3v7dumgpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdJX77QcqFYvFnR4n1IvwQLCQEayN5NulSi/Cekgwz24m92d+reLbZafqTIGWiTsnZZij4dtfvX5M0ogKTThWqus6ifYyLDUjnE6KvVTRBJMRHtCuoQJHVHnZNPoEnRilj8JYmic0mqq/NzIcKTWOAjOZ51SLXi7+53VTHV56GRNJqqkgs0NhypGOUd4D6jNJieZjQzCRzGRFZIglJtq0VTQluItfXiatWtV1qu5trVw/n9dRgCM4hlNw4QLqcA0NaAKBR3iGV3iznqwX6936mI2uWPOdQ/gD6/MHCJWTHA==</latexit><latexit sha1_base64="CkT3lX6+AijENUBsBxJSlbski9Y=">AAAB+nicbVDLSsNAFL3xWesr1aWbwVYQlJJ0o8uCG3dWsA9oY5hMJ+3QySTMTJQS+yluXCji1i9x5984abvQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbBa2its7u3v7dumgpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdJX77QcqFYvFnR4n1IvwQLCQEayN5NulSi/Cekgwz24m92d+reLbZafqTIGWiTsnZZij4dtfvX5M0ogKTThWqus6ifYyLDUjnE6KvVTRBJMRHtCuoQJHVHnZNPoEnRilj8JYmic0mqq/NzIcKTWOAjOZ51SLXi7+53VTHV56GRNJqqkgs0NhypGOUd4D6jNJieZjQzCRzGRFZIglJtq0VTQluItfXiatWtV1qu5trVw/n9dRgCM4hlNw4QLqcA0NaAKBR3iGV3iznqwX6936mI2uWPOdQ/gD6/MHCJWTHA==</latexit><latexit sha1_base64="CkT3lX6+AijENUBsBxJSlbski9Y=">AAAB+nicbVDLSsNAFL3xWesr1aWbwVYQlJJ0o8uCG3dWsA9oY5hMJ+3QySTMTJQS+yluXCji1i9x5984abvQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbBa2its7u3v7dumgpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdJX77QcqFYvFnR4n1IvwQLCQEayN5NulSi/Cekgwz24m92d+reLbZafqTIGWiTsnZZij4dtfvX5M0ogKTThWqus6ifYyLDUjnE6KvVTRBJMRHtCuoQJHVHnZNPoEnRilj8JYmic0mqq/NzIcKTWOAjOZ51SLXi7+53VTHV56GRNJqqkgs0NhypGOUd4D6jNJieZjQzCRzGRFZIglJtq0VTQluItfXiatWtV1qu5trVw/n9dRgCM4hlNw4QLqcA0NaAKBR3iGV3iznqwX6936mI2uWPOdQ/gD6/MHCJWTHA==</latexit>

O
�
3

<latexit sha1_base64="ePfd+29yIC6xjMOGXm5GN1S4Kq4=">AAAB+nicbVC7TsMwFL0pr1JeKYwsES0SA1RJGWCsxMJGkehDakPkuE5r1XEi2wFVoZ/CwgBCrHwJG3+D02aAliNZOjrnXt3j48eMSmXb30ZhZXVtfaO4Wdra3tndM8v7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen446vM7zwQIWnE79QkJm6IhpwGFCOlJc8sV/shUiOMWHozvT/zzqueWbFr9gzWMnFyUoEcTc/86g8inISEK8yQlD3HjpWbIqEoZmRa6ieSxAiP0ZD0NOUoJNJNZ9Gn1rFWBlYQCf24smbq740UhVJOQl9PZjnlopeJ/3m9RAWXbkp5nCjC8fxQkDBLRVbWgzWggmDFJpogLKjOauEREggr3VZJl+AsfnmZtOs1x645t/VK4zSvowiHcAQn4MAFNOAamtACDI/wDK/wZjwZL8a78TEfLRj5zgH8gfH5Aw0okx8=</latexit><latexit sha1_base64="ePfd+29yIC6xjMOGXm5GN1S4Kq4=">AAAB+nicbVC7TsMwFL0pr1JeKYwsES0SA1RJGWCsxMJGkehDakPkuE5r1XEi2wFVoZ/CwgBCrHwJG3+D02aAliNZOjrnXt3j48eMSmXb30ZhZXVtfaO4Wdra3tndM8v7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen446vM7zwQIWnE79QkJm6IhpwGFCOlJc8sV/shUiOMWHozvT/zzqueWbFr9gzWMnFyUoEcTc/86g8inISEK8yQlD3HjpWbIqEoZmRa6ieSxAiP0ZD0NOUoJNJNZ9Gn1rFWBlYQCf24smbq740UhVJOQl9PZjnlopeJ/3m9RAWXbkp5nCjC8fxQkDBLRVbWgzWggmDFJpogLKjOauEREggr3VZJl+AsfnmZtOs1x645t/VK4zSvowiHcAQn4MAFNOAamtACDI/wDK/wZjwZL8a78TEfLRj5zgH8gfH5Aw0okx8=</latexit><latexit sha1_base64="ePfd+29yIC6xjMOGXm5GN1S4Kq4=">AAAB+nicbVC7TsMwFL0pr1JeKYwsES0SA1RJGWCsxMJGkehDakPkuE5r1XEi2wFVoZ/CwgBCrHwJG3+D02aAliNZOjrnXt3j48eMSmXb30ZhZXVtfaO4Wdra3tndM8v7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen446vM7zwQIWnE79QkJm6IhpwGFCOlJc8sV/shUiOMWHozvT/zzqueWbFr9gzWMnFyUoEcTc/86g8inISEK8yQlD3HjpWbIqEoZmRa6ieSxAiP0ZD0NOUoJNJNZ9Gn1rFWBlYQCf24smbq740UhVJOQl9PZjnlopeJ/3m9RAWXbkp5nCjC8fxQkDBLRVbWgzWggmDFJpogLKjOauEREggr3VZJl+AsfnmZtOs1x645t/VK4zSvowiHcAQn4MAFNOAamtACDI/wDK/wZjwZL8a78TEfLRj5zgH8gfH5Aw0okx8=</latexit><latexit sha1_base64="ePfd+29yIC6xjMOGXm5GN1S4Kq4=">AAAB+nicbVC7TsMwFL0pr1JeKYwsES0SA1RJGWCsxMJGkehDakPkuE5r1XEi2wFVoZ/CwgBCrHwJG3+D02aAliNZOjrnXt3j48eMSmXb30ZhZXVtfaO4Wdra3tndM8v7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen446vM7zwQIWnE79QkJm6IhpwGFCOlJc8sV/shUiOMWHozvT/zzqueWbFr9gzWMnFyUoEcTc/86g8inISEK8yQlD3HjpWbIqEoZmRa6ieSxAiP0ZD0NOUoJNJNZ9Gn1rFWBlYQCf24smbq740UhVJOQl9PZjnlopeJ/3m9RAWXbkp5nCjC8fxQkDBLRVbWgzWggmDFJpogLKjOauEREggr3VZJl+AsfnmZtOs1x645t/VK4zSvowiHcAQn4MAFNOAamtACDI/wDK/wZjwZL8a78TEfLRj5zgH8gfH5Aw0okx8=</latexit>

O
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4

<latexit sha1_base64="RPVzA5rfnGV1aTiotaw/fPqnBM0=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBFvBhZakCLosuHFnBfuANobJdNIOnUzCzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z48eMSmXb30ZhZXVtfaO4Wdra3tndM8v7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen446vM7zwQIWnE79QkJm6IhpwGFCOlJc8sV/shUiOMWHozvT/zzqueWbFr9gzWMnFyUoEcTc/86g8inISEK8yQlD3HjpWbIqEoZmRa6ieSxAiP0ZD0NOUoJNJNZ9Gn1rFWBlYQCf24smbq740UhVJOQl9PZjnlopeJ/3m9RAWXbkp5nCjC8fxQkDBLRVbWgzWggmDFJpogLKjOauEREggr3VZJl+AsfnmZtOs1x645t/VK4zSvowiHcAQn4MAFNOAamtACDI/wDK/wZjwZL8a78TEfLRj5zgH8gfH5Aw6tkyA=</latexit><latexit sha1_base64="RPVzA5rfnGV1aTiotaw/fPqnBM0=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBFvBhZakCLosuHFnBfuANobJdNIOnUzCzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z48eMSmXb30ZhZXVtfaO4Wdra3tndM8v7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen446vM7zwQIWnE79QkJm6IhpwGFCOlJc8sV/shUiOMWHozvT/zzqueWbFr9gzWMnFyUoEcTc/86g8inISEK8yQlD3HjpWbIqEoZmRa6ieSxAiP0ZD0NOUoJNJNZ9Gn1rFWBlYQCf24smbq740UhVJOQl9PZjnlopeJ/3m9RAWXbkp5nCjC8fxQkDBLRVbWgzWggmDFJpogLKjOauEREggr3VZJl+AsfnmZtOs1x645t/VK4zSvowiHcAQn4MAFNOAamtACDI/wDK/wZjwZL8a78TEfLRj5zgH8gfH5Aw6tkyA=</latexit><latexit sha1_base64="RPVzA5rfnGV1aTiotaw/fPqnBM0=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBFvBhZakCLosuHFnBfuANobJdNIOnUzCzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z48eMSmXb30ZhZXVtfaO4Wdra3tndM8v7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen446vM7zwQIWnE79QkJm6IhpwGFCOlJc8sV/shUiOMWHozvT/zzqueWbFr9gzWMnFyUoEcTc/86g8inISEK8yQlD3HjpWbIqEoZmRa6ieSxAiP0ZD0NOUoJNJNZ9Gn1rFWBlYQCf24smbq740UhVJOQl9PZjnlopeJ/3m9RAWXbkp5nCjC8fxQkDBLRVbWgzWggmDFJpogLKjOauEREggr3VZJl+AsfnmZtOs1x645t/VK4zSvowiHcAQn4MAFNOAamtACDI/wDK/wZjwZL8a78TEfLRj5zgH8gfH5Aw6tkyA=</latexit><latexit sha1_base64="RPVzA5rfnGV1aTiotaw/fPqnBM0=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBFvBhZakCLosuHFnBfuANobJdNIOnUzCzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z48eMSmXb30ZhZXVtfaO4Wdra3tndM8v7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen446vM7zwQIWnE79QkJm6IhpwGFCOlJc8sV/shUiOMWHozvT/zzqueWbFr9gzWMnFyUoEcTc/86g8inISEK8yQlD3HjpWbIqEoZmRa6ieSxAiP0ZD0NOUoJNJNZ9Gn1rFWBlYQCf24smbq740UhVJOQl9PZjnlopeJ/3m9RAWXbkp5nCjC8fxQkDBLRVbWgzWggmDFJpogLKjOauEREggr3VZJl+AsfnmZtOs1x645t/VK4zSvowiHcAQn4MAFNOAamtACDI/wDK/wZjwZL8a78TEfLRj5zgH8gfH5Aw6tkyA=</latexit>

~p1,in
<latexit sha1_base64="ZIHDrI2sBTtGII7sehW1krIwLPg=">AAACAHicbVC7TsMwFHXKq5RXgIGBJaJFYqiqpAuMlVgYi0QfUhNFjuu0Vv2IbKeiirLwKywMIMTKZ7DxN7htBmg5kqWjc+7V9TlRQonSrvttlTY2t7Z3yruVvf2DwyP7+KSrRCoR7iBBhexHUGFKOO5ooinuJxJDFlHciya3c783xVIRwR/0LMEBgyNOYoKgNlJon9X8KUZZkoeZV/dZJB4zwvO8FtpVt+Eu4KwTryBVUKAd2l/+UKCUYa4RhUoNPDfRQQalJojivOKnCicQTeAIDwzlkGEVZIsAuXNplKETC2ke185C/b2RQabUjEVmkkE9VqveXPzPG6Q6vglMoiTVmKPloTiljhbOvA1nSCRGms4MgUgS81cHjaGESJvOKqYEbzXyOuk2G57b8O6b1Va9qKMMzsEFuAIeuAYtcAfaoAMQyMEzeAVv1pP1Yr1bH8vRklXsnII/sD5/AKG7llg=</latexit><latexit sha1_base64="ZIHDrI2sBTtGII7sehW1krIwLPg=">AAACAHicbVC7TsMwFHXKq5RXgIGBJaJFYqiqpAuMlVgYi0QfUhNFjuu0Vv2IbKeiirLwKywMIMTKZ7DxN7htBmg5kqWjc+7V9TlRQonSrvttlTY2t7Z3yruVvf2DwyP7+KSrRCoR7iBBhexHUGFKOO5ooinuJxJDFlHciya3c783xVIRwR/0LMEBgyNOYoKgNlJon9X8KUZZkoeZV/dZJB4zwvO8FtpVt+Eu4KwTryBVUKAd2l/+UKCUYa4RhUoNPDfRQQalJojivOKnCicQTeAIDwzlkGEVZIsAuXNplKETC2ke185C/b2RQabUjEVmkkE9VqveXPzPG6Q6vglMoiTVmKPloTiljhbOvA1nSCRGms4MgUgS81cHjaGESJvOKqYEbzXyOuk2G57b8O6b1Va9qKMMzsEFuAIeuAYtcAfaoAMQyMEzeAVv1pP1Yr1bH8vRklXsnII/sD5/AKG7llg=</latexit><latexit sha1_base64="ZIHDrI2sBTtGII7sehW1krIwLPg=">AAACAHicbVC7TsMwFHXKq5RXgIGBJaJFYqiqpAuMlVgYi0QfUhNFjuu0Vv2IbKeiirLwKywMIMTKZ7DxN7htBmg5kqWjc+7V9TlRQonSrvttlTY2t7Z3yruVvf2DwyP7+KSrRCoR7iBBhexHUGFKOO5ooinuJxJDFlHciya3c783xVIRwR/0LMEBgyNOYoKgNlJon9X8KUZZkoeZV/dZJB4zwvO8FtpVt+Eu4KwTryBVUKAd2l/+UKCUYa4RhUoNPDfRQQalJojivOKnCicQTeAIDwzlkGEVZIsAuXNplKETC2ke185C/b2RQabUjEVmkkE9VqveXPzPG6Q6vglMoiTVmKPloTiljhbOvA1nSCRGms4MgUgS81cHjaGESJvOKqYEbzXyOuk2G57b8O6b1Va9qKMMzsEFuAIeuAYtcAfaoAMQyMEzeAVv1pP1Yr1bH8vRklXsnII/sD5/AKG7llg=</latexit><latexit sha1_base64="ZIHDrI2sBTtGII7sehW1krIwLPg=">AAACAHicbVC7TsMwFHXKq5RXgIGBJaJFYqiqpAuMlVgYi0QfUhNFjuu0Vv2IbKeiirLwKywMIMTKZ7DxN7htBmg5kqWjc+7V9TlRQonSrvttlTY2t7Z3yruVvf2DwyP7+KSrRCoR7iBBhexHUGFKOO5ooinuJxJDFlHciya3c783xVIRwR/0LMEBgyNOYoKgNlJon9X8KUZZkoeZV/dZJB4zwvO8FtpVt+Eu4KwTryBVUKAd2l/+UKCUYa4RhUoNPDfRQQalJojivOKnCicQTeAIDwzlkGEVZIsAuXNplKETC2ke185C/b2RQabUjEVmkkE9VqveXPzPG6Q6vglMoiTVmKPloTiljhbOvA1nSCRGms4MgUgS81cHjaGESJvOKqYEbzXyOuk2G57b8O6b1Va9qKMMzsEFuAIeuAYtcAfaoAMQyMEzeAVv1pP1Yr1bH8vRklXsnII/sD5/AKG7llg=</latexit>

~p2,in
<latexit sha1_base64="2B3vnO2Twk3BAwAO4+1gWhBy3hw=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqiqpAuMlVgYi0QfUhNFjuu0Vm0nsp2KKsrCr7AwgBArn8HG3+C2GaDlSJaOzrlX1+eECaNKO863VdrY3NreKe9W9vYPDo/s45OuilOJSQfHLJb9ECnCqCAdTTUj/UQSxENGeuHkdu73pkQqGosHPUuIz9FI0IhipI0U2Gc1b0pwluRB1qx7PIwfMyryvBbYVafhLADXiVuQKijQDuwvbxjjlBOhMUNKDVwn0X6GpKaYkbzipYokCE/QiAwMFYgT5WeLADm8NMoQRrE0T2i4UH9vZIgrNeOhmeRIj9WqNxf/8wapjm58kyhJNRF4eShKGdQxnLcBh1QSrNnMEIQlNX+FeIwkwtp0VjEluKuR10m32XCdhnvfrLbqRR1lcA4uwBVwwTVogTvQBh2AQQ6ewSt4s56sF+vd+liOlqxi5xT8gfX5A6NLllk=</latexit><latexit sha1_base64="2B3vnO2Twk3BAwAO4+1gWhBy3hw=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqiqpAuMlVgYi0QfUhNFjuu0Vm0nsp2KKsrCr7AwgBArn8HG3+C2GaDlSJaOzrlX1+eECaNKO863VdrY3NreKe9W9vYPDo/s45OuilOJSQfHLJb9ECnCqCAdTTUj/UQSxENGeuHkdu73pkQqGosHPUuIz9FI0IhipI0U2Gc1b0pwluRB1qx7PIwfMyryvBbYVafhLADXiVuQKijQDuwvbxjjlBOhMUNKDVwn0X6GpKaYkbzipYokCE/QiAwMFYgT5WeLADm8NMoQRrE0T2i4UH9vZIgrNeOhmeRIj9WqNxf/8wapjm58kyhJNRF4eShKGdQxnLcBh1QSrNnMEIQlNX+FeIwkwtp0VjEluKuR10m32XCdhnvfrLbqRR1lcA4uwBVwwTVogTvQBh2AQQ6ewSt4s56sF+vd+liOlqxi5xT8gfX5A6NLllk=</latexit><latexit sha1_base64="2B3vnO2Twk3BAwAO4+1gWhBy3hw=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqiqpAuMlVgYi0QfUhNFjuu0Vm0nsp2KKsrCr7AwgBArn8HG3+C2GaDlSJaOzrlX1+eECaNKO863VdrY3NreKe9W9vYPDo/s45OuilOJSQfHLJb9ECnCqCAdTTUj/UQSxENGeuHkdu73pkQqGosHPUuIz9FI0IhipI0U2Gc1b0pwluRB1qx7PIwfMyryvBbYVafhLADXiVuQKijQDuwvbxjjlBOhMUNKDVwn0X6GpKaYkbzipYokCE/QiAwMFYgT5WeLADm8NMoQRrE0T2i4UH9vZIgrNeOhmeRIj9WqNxf/8wapjm58kyhJNRF4eShKGdQxnLcBh1QSrNnMEIQlNX+FeIwkwtp0VjEluKuR10m32XCdhnvfrLbqRR1lcA4uwBVwwTVogTvQBh2AQQ6ewSt4s56sF+vd+liOlqxi5xT8gfX5A6NLllk=</latexit><latexit sha1_base64="2B3vnO2Twk3BAwAO4+1gWhBy3hw=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqiqpAuMlVgYi0QfUhNFjuu0Vm0nsp2KKsrCr7AwgBArn8HG3+C2GaDlSJaOzrlX1+eECaNKO863VdrY3NreKe9W9vYPDo/s45OuilOJSQfHLJb9ECnCqCAdTTUj/UQSxENGeuHkdu73pkQqGosHPUuIz9FI0IhipI0U2Gc1b0pwluRB1qx7PIwfMyryvBbYVafhLADXiVuQKijQDuwvbxjjlBOhMUNKDVwn0X6GpKaYkbzipYokCE/QiAwMFYgT5WeLADm8NMoQRrE0T2i4UH9vZIgrNeOhmeRIj9WqNxf/8wapjm58kyhJNRF4eShKGdQxnLcBh1QSrNnMEIQlNX+FeIwkwtp0VjEluKuR10m32XCdhnvfrLbqRR1lcA4uwBVwwTVogTvQBh2AQQ6ewSt4s56sF+vd+liOlqxi5xT8gfX5A6NLllk=</latexit>

~p4,out
<latexit sha1_base64="bXR2AwRFA9z+1j4QpbnxQAQdPo0=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAVXJSSFEGXBTcuK9gHtCFMppN26DzCzKRYQtz4K25cKOLWv3Dn3zhts9DWAxcO59zLvfeEMSVKu+63VVhb39jcKm6Xdnb39g/sw6O2EolEuIUEFbIbQoUp4biliaa4G0sMWUhxJxzfzPzOBEtFBL/X0xj7DA45iQiC2kiBfVLpTzBK4yxIL6t9FoqHVCQ6yyqBXXZr7hzOKvFyUgY5moH91R8IlDDMNaJQqZ7nxtpPodQEUZyV+onCMURjOMQ9QzlkWPnp/IPMOTfKwImENMW1M1d/T6SQKTVloelkUI/UsjcT//N6iY6u/ZTwONGYo8WiKKGOFs4sDmdAJEaaTg2BSBJzq4NGUEKkTWglE4K3/PIqaddrnlvz7urlRjWPowhOwRm4AB64Ag1wC5qgBRB4BM/gFbxZT9aL9W59LFoLVj5zDP7A+vwBmIeW5g==</latexit><latexit sha1_base64="bXR2AwRFA9z+1j4QpbnxQAQdPo0=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAVXJSSFEGXBTcuK9gHtCFMppN26DzCzKRYQtz4K25cKOLWv3Dn3zhts9DWAxcO59zLvfeEMSVKu+63VVhb39jcKm6Xdnb39g/sw6O2EolEuIUEFbIbQoUp4biliaa4G0sMWUhxJxzfzPzOBEtFBL/X0xj7DA45iQiC2kiBfVLpTzBK4yxIL6t9FoqHVCQ6yyqBXXZr7hzOKvFyUgY5moH91R8IlDDMNaJQqZ7nxtpPodQEUZyV+onCMURjOMQ9QzlkWPnp/IPMOTfKwImENMW1M1d/T6SQKTVloelkUI/UsjcT//N6iY6u/ZTwONGYo8WiKKGOFs4sDmdAJEaaTg2BSBJzq4NGUEKkTWglE4K3/PIqaddrnlvz7urlRjWPowhOwRm4AB64Ag1wC5qgBRB4BM/gFbxZT9aL9W59LFoLVj5zDP7A+vwBmIeW5g==</latexit><latexit sha1_base64="bXR2AwRFA9z+1j4QpbnxQAQdPo0=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAVXJSSFEGXBTcuK9gHtCFMppN26DzCzKRYQtz4K25cKOLWv3Dn3zhts9DWAxcO59zLvfeEMSVKu+63VVhb39jcKm6Xdnb39g/sw6O2EolEuIUEFbIbQoUp4biliaa4G0sMWUhxJxzfzPzOBEtFBL/X0xj7DA45iQiC2kiBfVLpTzBK4yxIL6t9FoqHVCQ6yyqBXXZr7hzOKvFyUgY5moH91R8IlDDMNaJQqZ7nxtpPodQEUZyV+onCMURjOMQ9QzlkWPnp/IPMOTfKwImENMW1M1d/T6SQKTVloelkUI/UsjcT//N6iY6u/ZTwONGYo8WiKKGOFs4sDmdAJEaaTg2BSBJzq4NGUEKkTWglE4K3/PIqaddrnlvz7urlRjWPowhOwRm4AB64Ag1wC5qgBRB4BM/gFbxZT9aL9W59LFoLVj5zDP7A+vwBmIeW5g==</latexit><latexit sha1_base64="bXR2AwRFA9z+1j4QpbnxQAQdPo0=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAVXJSSFEGXBTcuK9gHtCFMppN26DzCzKRYQtz4K25cKOLWv3Dn3zhts9DWAxcO59zLvfeEMSVKu+63VVhb39jcKm6Xdnb39g/sw6O2EolEuIUEFbIbQoUp4biliaa4G0sMWUhxJxzfzPzOBEtFBL/X0xj7DA45iQiC2kiBfVLpTzBK4yxIL6t9FoqHVCQ6yyqBXXZr7hzOKvFyUgY5moH91R8IlDDMNaJQqZ7nxtpPodQEUZyV+onCMURjOMQ9QzlkWPnp/IPMOTfKwImENMW1M1d/T6SQKTVloelkUI/UsjcT//N6iY6u/ZTwONGYo8WiKKGOFs4sDmdAJEaaTg2BSBJzq4NGUEKkTWglE4K3/PIqaddrnlvz7urlRjWPowhOwRm4AB64Ag1wC5qgBRB4BM/gFbxZT9aL9W59LFoLVj5zDP7A+vwBmIeW5g==</latexit>~p3,out

<latexit sha1_base64="lUTZ7v2npbxbSQ+YzpE5CTdry8M=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAVXJSS1IUuC25cVrAPaEOYTCft0HmEmUmxhLjxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JY0qUdt1vq7C2vrG5Vdwu7ezu7R/Yh0dtJRKJcAsJKmQ3hApTwnFLE01xN5YYspDiTji+mfmdCZaKCH6vpzH2GRxyEhEEtZEC+6TSn2CUxlmQXlb7LBQPqUh0llUCu+zW3DmcVeLlpAxyNAP7qz8QKGGYa0ShUj3PjbWfQqkJojgr9ROFY4jGcIh7hnLIsPLT+QeZc26UgRMJaYprZ67+nkghU2rKQtPJoB6pZW8m/uf1Eh1d+ynhcaIxR4tFUUIdLZxZHM6ASIw0nRoCkSTmVgeNoIRIm9BKJgRv+eVV0q7XPLfm3dXLjWoeRxGcgjNwATxwBRrgFjRBCyDwCJ7BK3iznqwX6936WLQWrHzmGPyB9fkDlvaW5Q==</latexit><latexit sha1_base64="lUTZ7v2npbxbSQ+YzpE5CTdry8M=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAVXJSS1IUuC25cVrAPaEOYTCft0HmEmUmxhLjxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JY0qUdt1vq7C2vrG5Vdwu7ezu7R/Yh0dtJRKJcAsJKmQ3hApTwnFLE01xN5YYspDiTji+mfmdCZaKCH6vpzH2GRxyEhEEtZEC+6TSn2CUxlmQXlb7LBQPqUh0llUCu+zW3DmcVeLlpAxyNAP7qz8QKGGYa0ShUj3PjbWfQqkJojgr9ROFY4jGcIh7hnLIsPLT+QeZc26UgRMJaYprZ67+nkghU2rKQtPJoB6pZW8m/uf1Eh1d+ynhcaIxR4tFUUIdLZxZHM6ASIw0nRoCkSTmVgeNoIRIm9BKJgRv+eVV0q7XPLfm3dXLjWoeRxGcgjNwATxwBRrgFjRBCyDwCJ7BK3iznqwX6936WLQWrHzmGPyB9fkDlvaW5Q==</latexit><latexit sha1_base64="lUTZ7v2npbxbSQ+YzpE5CTdry8M=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAVXJSS1IUuC25cVrAPaEOYTCft0HmEmUmxhLjxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JY0qUdt1vq7C2vrG5Vdwu7ezu7R/Yh0dtJRKJcAsJKmQ3hApTwnFLE01xN5YYspDiTji+mfmdCZaKCH6vpzH2GRxyEhEEtZEC+6TSn2CUxlmQXlb7LBQPqUh0llUCu+zW3DmcVeLlpAxyNAP7qz8QKGGYa0ShUj3PjbWfQqkJojgr9ROFY4jGcIh7hnLIsPLT+QeZc26UgRMJaYprZ67+nkghU2rKQtPJoB6pZW8m/uf1Eh1d+ynhcaIxR4tFUUIdLZxZHM6ASIw0nRoCkSTmVgeNoIRIm9BKJgRv+eVV0q7XPLfm3dXLjWoeRxGcgjNwATxwBRrgFjRBCyDwCJ7BK3iznqwX6936WLQWrHzmGPyB9fkDlvaW5Q==</latexit><latexit sha1_base64="lUTZ7v2npbxbSQ+YzpE5CTdry8M=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAVXJSS1IUuC25cVrAPaEOYTCft0HmEmUmxhLjxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JY0qUdt1vq7C2vrG5Vdwu7ezu7R/Yh0dtJRKJcAsJKmQ3hApTwnFLE01xN5YYspDiTji+mfmdCZaKCH6vpzH2GRxyEhEEtZEC+6TSn2CUxlmQXlb7LBQPqUh0llUCu+zW3DmcVeLlpAxyNAP7qz8QKGGYa0ShUj3PjbWfQqkJojgr9ROFY4jGcIh7hnLIsPLT+QeZc26UgRMJaYprZ67+nkghU2rKQtPJoB6pZW8m/uf1Eh1d+ynhcaIxR4tFUUIdLZxZHM6ASIw0nRoCkSTmVgeNoIRIm9BKJgRv+eVV0q7XPLfm3dXLjWoeRxGcgjNwATxwBRrgFjRBCyDwCJ7BK3iznqwX6936WLQWrHzmGPyB9fkDlvaW5Q==</latexit>

=


