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Other talks I didn’t give that I’m happy to chat about. 

Many-Body Localization and Holography

Finite Temperature Variational Monte Carlo

Wave-functions from Deep Neural Nets (without the hype)

An inverse approach to strongly correlated systems

Beyond many-body localization: eigenstates with logarithmic entanglement. 



But first an aside… Inverse design in strongly correlated systems
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Quantum Materials…..

Insulator - Electrons don’t move
Interaction between electron spins

Anti-ferromagnetic interaction:  spins want to anti-align.

Square Lattice (ising limit               )
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This is the exact wave-function in the Ising limit. 

This phase survives down to Jz = 1
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Bipartite lattices are all understood.

Honeycomb Lattice
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Frustrated magnets!

?
In this Ising limit, however you paste together triangles, 
there are many degenerate states 
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The story of frustration.



Frustrated magnets!
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In this Ising limit, however you paste together triangles, 
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The old story of frustration.



Triangle lattice 

Kagome Lattice

J1-J2 Kagome Lattice



Kagome Materials

Herbertsmithite Volborthite

VesignietteKapellasite



Jz
0 1 1

Phil Anderson suggested that the n.n. Heisenberg model on the 
triangular lattice wasn’t a neel state (frustration!)

instead, he suggested it was a RVB state.
(today we would call such a thing a spin-liquid).
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Phil Anderson suggested that the n.n. Heisenberg model on the 
triangular lattice wasn’t a neel state (frustration!)

instead, he suggested it was a RVB state.
(today we would call such a thing a spin-liquid).
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Like Benzene



+ +
The hunt for spin liquids is one of the forefront 
areas of condensed matter research!

Beyond the Landau theory of phases - no broken symmetries!

Long Range Entanglement -  Can’t be produced from a product state via a 
short quantum circuit

Fractionalized Excitations -  Electron breaks into multiple emergent pieces. 

The search for spin liquids is truly a hunt.  We haven’t had any good story for what sort of lattices 
should support spin liquids.

Topological Degeneracy -  Manifold dependent geometry



Was Phil Anderson right?  Was the triangular lattice at the Heisenberg point a spin-liquid?

No!

How do we know?
Years and years of numerics…

Huse-Elser
Green’s Function Monte Carlo

The triangular lattice is 120 degree ordered.

Why? Because numerics says so….

Define 
3 “colors”

Morally, but not actually the wave-function.  The actual wave-function is a highly complicated dressed 
version of this (that’s why it took forever to verify this).

No hint from the frustrated Ising limit.



Jz
0—0.3 1

How about if we have negative Jz?
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Wouldn’t expect a spin-liquid.
But at least Ising-like?

coplanarNope…



What about the J1-J2 kagome lattice? 
J2 = 1
J1 = 1

Jz = 1



What about the J1-J2 kagome lattice? 
J2 = 1
J1 = 1

coplanar (q=0)

Why? Because numerics says so….

Jz = 1



What about the J1-J2 kagome lattice? J1 = 1
J2 = �1

This is the answer in the Ising Limit

Surely, it must be this at Jz = 1

Jz = 1



What about the J1-J2 kagome lattice? J1 = 1

Why? Because numerics says so….

J2 = �1

p
3⇥

p
3

Jz = 1

coplanar



Is everything coplanar?

Triangular :  Jz = 1

Jz = �0.3

Kagome:  J2 = 1 Jz = 1

J2 = �1 Jz = 1

coplanar
coplanar

coplanar
coplanar

J2 = 0.5 Jz = 1 Spin Liquid!
but a low energy mess

Why? years and years of numerics

(White/Huse)

Lauchli, et. Al



Kagame spin liquids everywhere….

Z2 (or Dirac) Spin Liquid Heisenberg (White/Huse)

Chiral Spin Liquid 2/3 Plateau (this work)

1/3 Plateau (Donna Sheng)

Chiral Term (Bela Bauer, Andreas Ludwig)

J1, J2, J3   (Donna Sheng)



Experimental evidence for spin-liquids in hyperkagome
(depleted pyrochlore)

Na4Ir3O8

Y. Okamoto, M. Nohara, H. Aruga-Katori, and H. Takagi
(2006), arXiv:0705.2821

No sign of magnetic ordering down to a few Kelvin

Curie-Weiss temperature of 650K 

Gapless excitations



The Ising frustration doesn’t seem to be a good explanation for anything.

(1) Why hyperkagome and kagome and not triangular? 

Both are equally frustrated in the ising limit. 

(2) Ising seems to have little to do with the coplanar phases

(3) Why does kagome have so many real phases and so many competing low-energy states?
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Is the take away point that strongly correlated systems is hard.

So… use numerics :) 

Q: Is there a better story?



An interesting discovery…. (amazing it hasn’t been known for 30 years)
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On the kagome: 
massive exact degeneracy in the XXZ model!
exactly -J/4

1
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What’s going on?  Who ordered this?



An interesting discovery…. (amazing it hasn’t been known for 30 years)
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On the triangle: 
no massive exact degeneracy.
exactly -J/2
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What’s going on?  Who ordered this?



Who ordered that?

E = �3J/8

E = 9J/8
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Who ordered that?

E = �3J/8

E = 9J/8

Constant Positive 
coefficient 

Projectors

We want to minimize the energy by 
zeroing out the projectors

|+i
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<latexit sha1_base64="DMXJ16v/EP9bF017gX+t+6oi/V0=">AAACAHicbVC7SgNBFL0bXzG+Vi0sbAaDYBV2Y2EaIfgAsYpgEiEbwuxkNhkyO7vMzAph2cZfsbFQxNavEDsrf8XJo9DEAxcO59zLvff4MWdKO86XlVtYXFpeya8W1tY3Nrfs7Z2GihJJaJ1EPJJ3PlaUM0HrmmlO72JJcehz2vQH5yO/eU+lYpG41cOYtkPcEyxgBGsjdew974JyjdElOkVeIDFJj6+ztJx17KJTcsZA88SdkmK18v2BAKDWsT+9bkSSkApNOFaq5TqxbqdYakY4zQpeomiMyQD3aMtQgUOq2un4gQwdGqWLgkiaEhqN1d8TKQ6VGoa+6Qyx7qtZbyT+57USHVTaKRNxoqkgk0VBwpGO0CgN1GWSEs2HhmAimbkVkT42MWiTWcGE4M6+PE8a5ZLrlNwbk8YZTJCHfTiAI3DhBKpwBTWoA4EMHuEZXqwH68l6td4mrTlrOrMLf2C9/wD5DJeT</latexit><latexit sha1_base64="y6tlOQwXJ8e0fP0UF6Frt9q/paA=">AAACAHicbVC7SgNBFL0bXzG+Vi2C2AwGwSrsxsI0QvABYhXBPCAbwuxkNhky+2BmVgjLNv6KjYUitn6F2Glj62c4SSw08cCFwzn3cu89bsSZVJb1bmTm5hcWl7LLuZXVtfUNc3OrLsNYEFojIQ9F08WSchbQmmKK02YkKPZdThvu4HTkN26okCwMrtUwom0f9wLmMYKVljpm3jmjXGF0jo6R4wlMksPLNCmlHbNgFa0x0Cyxf0ihUv58zX987VQ75pvTDUns00ARjqVs2Vak2gkWihFO05wTSxphMsA92tI0wD6V7WT8QIr2tdJFXih0BQqN1d8TCfalHPqu7vSx6stpbyT+57Vi5ZXbCQuiWNGATBZ5MUcqRKM0UJcJShQfaoKJYPpWRPpYx6B0Zjkdgj398iypl4q2VbSvdBonMEEWdmEPDsCGI6jABVShBgRSuIMHeDRujXvjyXietGaMn5lt+APj5RtodJll</latexit><latexit sha1_base64="y6tlOQwXJ8e0fP0UF6Frt9q/paA=">AAACAHicbVC7SgNBFL0bXzG+Vi2C2AwGwSrsxsI0QvABYhXBPCAbwuxkNhky+2BmVgjLNv6KjYUitn6F2Glj62c4SSw08cCFwzn3cu89bsSZVJb1bmTm5hcWl7LLuZXVtfUNc3OrLsNYEFojIQ9F08WSchbQmmKK02YkKPZdThvu4HTkN26okCwMrtUwom0f9wLmMYKVljpm3jmjXGF0jo6R4wlMksPLNCmlHbNgFa0x0Cyxf0ihUv58zX987VQ75pvTDUns00ARjqVs2Vak2gkWihFO05wTSxphMsA92tI0wD6V7WT8QIr2tdJFXih0BQqN1d8TCfalHPqu7vSx6stpbyT+57Vi5ZXbCQuiWNGATBZ5MUcqRKM0UJcJShQfaoKJYPpWRPpYx6B0Zjkdgj398iypl4q2VbSvdBonMEEWdmEPDsCGI6jABVShBgRSuIMHeDRujXvjyXietGaMn5lt+APj5RtodJll</latexit><latexit sha1_base64="KVZWXy+sMlIzHnagIVw8xWgR8PM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokdaEbofgAcVXBPqApZTK9aYdOJmFmIpSQjb/ixoUibv0Md/6N0zYLbT1w4XDOvdx7jx9zprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/dDXxW48gFYvEgx7H0A3JQLCAUaKN1LMPvGvgmuAbfIG9QBKant5laTXr2WWn4kyBF4mbkzLKUe/ZX14/okkIQlNOlOq4Tqy7KZGaUQ5ZyUsUxISOyAA6hgoSguqm0wcyfGyUPg4iaUpoPFV/T6QkVGoc+qYzJHqo5r2J+J/XSXRw3k2ZiBMNgs4WBQnHOsKTNHCfSaCajw0hVDJzK6ZDYmLQJrOSCcGdf3mRNKsV16m49065dpnHUUSH6AidIBedoRq6RXXUQBRl6Bm9ojfryXqx3q2PWWvBymf20R9Ynz/lQZVM</latexit>
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<latexit sha1_base64="DMXJ16v/EP9bF017gX+t+6oi/V0=">AAACAHicbVC7SgNBFL0bXzG+Vi0sbAaDYBV2Y2EaIfgAsYpgEiEbwuxkNhkyO7vMzAph2cZfsbFQxNavEDsrf8XJo9DEAxcO59zLvff4MWdKO86XlVtYXFpeya8W1tY3Nrfs7Z2GihJJaJ1EPJJ3PlaUM0HrmmlO72JJcehz2vQH5yO/eU+lYpG41cOYtkPcEyxgBGsjdew974JyjdElOkVeIDFJj6+ztJx17KJTcsZA88SdkmK18v2BAKDWsT+9bkSSkApNOFaq5TqxbqdYakY4zQpeomiMyQD3aMtQgUOq2un4gQwdGqWLgkiaEhqN1d8TKQ6VGoa+6Qyx7qtZbyT+57USHVTaKRNxoqkgk0VBwpGO0CgN1GWSEs2HhmAimbkVkT42MWiTWcGE4M6+PE8a5ZLrlNwbk8YZTJCHfTiAI3DhBKpwBTWoA4EMHuEZXqwH68l6td4mrTlrOrMLf2C9/wD5DJeT</latexit><latexit sha1_base64="y6tlOQwXJ8e0fP0UF6Frt9q/paA=">AAACAHicbVC7SgNBFL0bXzG+Vi2C2AwGwSrsxsI0QvABYhXBPCAbwuxkNhky+2BmVgjLNv6KjYUitn6F2Glj62c4SSw08cCFwzn3cu89bsSZVJb1bmTm5hcWl7LLuZXVtfUNc3OrLsNYEFojIQ9F08WSchbQmmKK02YkKPZdThvu4HTkN26okCwMrtUwom0f9wLmMYKVljpm3jmjXGF0jo6R4wlMksPLNCmlHbNgFa0x0Cyxf0ihUv58zX987VQ75pvTDUns00ARjqVs2Vak2gkWihFO05wTSxphMsA92tI0wD6V7WT8QIr2tdJFXih0BQqN1d8TCfalHPqu7vSx6stpbyT+57Vi5ZXbCQuiWNGATBZ5MUcqRKM0UJcJShQfaoKJYPpWRPpYx6B0Zjkdgj398iypl4q2VbSvdBonMEEWdmEPDsCGI6jABVShBgRSuIMHeDRujXvjyXietGaMn5lt+APj5RtodJll</latexit><latexit sha1_base64="y6tlOQwXJ8e0fP0UF6Frt9q/paA=">AAACAHicbVC7SgNBFL0bXzG+Vi2C2AwGwSrsxsI0QvABYhXBPCAbwuxkNhky+2BmVgjLNv6KjYUitn6F2Glj62c4SSw08cCFwzn3cu89bsSZVJb1bmTm5hcWl7LLuZXVtfUNc3OrLsNYEFojIQ9F08WSchbQmmKK02YkKPZdThvu4HTkN26okCwMrtUwom0f9wLmMYKVljpm3jmjXGF0jo6R4wlMksPLNCmlHbNgFa0x0Cyxf0ihUv58zX987VQ75pvTDUns00ARjqVs2Vak2gkWihFO05wTSxphMsA92tI0wD6V7WT8QIr2tdJFXih0BQqN1d8TCfalHPqu7vSx6stpbyT+57Vi5ZXbCQuiWNGATBZ5MUcqRKM0UJcJShQfaoKJYPpWRPpYx6B0Zjkdgj398iypl4q2VbSvdBonMEEWdmEPDsCGI6jABVShBgRSuIMHeDRujXvjyXietGaMn5lt+APj5RtodJll</latexit><latexit sha1_base64="KVZWXy+sMlIzHnagIVw8xWgR8PM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokdaEbofgAcVXBPqApZTK9aYdOJmFmIpSQjb/ixoUibv0Md/6N0zYLbT1w4XDOvdx7jx9zprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/dDXxW48gFYvEgx7H0A3JQLCAUaKN1LMPvGvgmuAbfIG9QBKant5laTXr2WWn4kyBF4mbkzLKUe/ZX14/okkIQlNOlOq4Tqy7KZGaUQ5ZyUsUxISOyAA6hgoSguqm0wcyfGyUPg4iaUpoPFV/T6QkVGoc+qYzJHqo5r2J+J/XSXRw3k2ZiBMNgs4WBQnHOsKTNHCfSaCajw0hVDJzK6ZDYmLQJrOSCcGdf3mRNKsV16m49065dpnHUUSH6AidIBedoRq6RXXUQBRl6Bm9ojfryXqx3q2PWWvBymf20R9Ynz/lQZVM</latexit>

|+i
<latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit>

|�i
<latexit sha1_base64="WBPZlYWq1UwMg8DoT1SC2eYTpmM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9pQ9lsJ+3SzSbsboQS+yu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fjp4emsq6gcCOyVK27VnYEsEy8nFchR75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NDp6QE6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEy/J32ukBkxtoQyxe2thA2poszYjEo2BG/x5WXSPK96btW7u6jUrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBsIiQUg==</latexit><latexit sha1_base64="WBPZlYWq1UwMg8DoT1SC2eYTpmM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9pQ9lsJ+3SzSbsboQS+yu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fjp4emsq6gcCOyVK27VnYEsEy8nFchR75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NDp6QE6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEy/J32ukBkxtoQyxe2thA2poszYjEo2BG/x5WXSPK96btW7u6jUrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBsIiQUg==</latexit><latexit sha1_base64="WBPZlYWq1UwMg8DoT1SC2eYTpmM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9pQ9lsJ+3SzSbsboQS+yu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fjp4emsq6gcCOyVK27VnYEsEy8nFchR75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NDp6QE6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEy/J32ukBkxtoQyxe2thA2poszYjEo2BG/x5WXSPK96btW7u6jUrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBsIiQUg==</latexit><latexit sha1_base64="WBPZlYWq1UwMg8DoT1SC2eYTpmM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9pQ9lsJ+3SzSbsboQS+yu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fjp4emsq6gcCOyVK27VnYEsEy8nFchR75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NDp6QE6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEy/J32ukBkxtoQyxe2thA2poszYjEo2BG/x5WXSPK96btW7u6jUrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBsIiQUg==</latexit>
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<latexit sha1_base64="DMXJ16v/EP9bF017gX+t+6oi/V0=">AAACAHicbVC7SgNBFL0bXzG+Vi0sbAaDYBV2Y2EaIfgAsYpgEiEbwuxkNhkyO7vMzAph2cZfsbFQxNavEDsrf8XJo9DEAxcO59zLvff4MWdKO86XlVtYXFpeya8W1tY3Nrfs7Z2GihJJaJ1EPJJ3PlaUM0HrmmlO72JJcehz2vQH5yO/eU+lYpG41cOYtkPcEyxgBGsjdew974JyjdElOkVeIDFJj6+ztJx17KJTcsZA88SdkmK18v2BAKDWsT+9bkSSkApNOFaq5TqxbqdYakY4zQpeomiMyQD3aMtQgUOq2un4gQwdGqWLgkiaEhqN1d8TKQ6VGoa+6Qyx7qtZbyT+57USHVTaKRNxoqkgk0VBwpGO0CgN1GWSEs2HhmAimbkVkT42MWiTWcGE4M6+PE8a5ZLrlNwbk8YZTJCHfTiAI3DhBKpwBTWoA4EMHuEZXqwH68l6td4mrTlrOrMLf2C9/wD5DJeT</latexit><latexit sha1_base64="y6tlOQwXJ8e0fP0UF6Frt9q/paA=">AAACAHicbVC7SgNBFL0bXzG+Vi2C2AwGwSrsxsI0QvABYhXBPCAbwuxkNhky+2BmVgjLNv6KjYUitn6F2Glj62c4SSw08cCFwzn3cu89bsSZVJb1bmTm5hcWl7LLuZXVtfUNc3OrLsNYEFojIQ9F08WSchbQmmKK02YkKPZdThvu4HTkN26okCwMrtUwom0f9wLmMYKVljpm3jmjXGF0jo6R4wlMksPLNCmlHbNgFa0x0Cyxf0ihUv58zX987VQ75pvTDUns00ARjqVs2Vak2gkWihFO05wTSxphMsA92tI0wD6V7WT8QIr2tdJFXih0BQqN1d8TCfalHPqu7vSx6stpbyT+57Vi5ZXbCQuiWNGATBZ5MUcqRKM0UJcJShQfaoKJYPpWRPpYx6B0Zjkdgj398iypl4q2VbSvdBonMEEWdmEPDsCGI6jABVShBgRSuIMHeDRujXvjyXietGaMn5lt+APj5RtodJll</latexit><latexit sha1_base64="y6tlOQwXJ8e0fP0UF6Frt9q/paA=">AAACAHicbVC7SgNBFL0bXzG+Vi2C2AwGwSrsxsI0QvABYhXBPCAbwuxkNhky+2BmVgjLNv6KjYUitn6F2Glj62c4SSw08cCFwzn3cu89bsSZVJb1bmTm5hcWl7LLuZXVtfUNc3OrLsNYEFojIQ9F08WSchbQmmKK02YkKPZdThvu4HTkN26okCwMrtUwom0f9wLmMYKVljpm3jmjXGF0jo6R4wlMksPLNCmlHbNgFa0x0Cyxf0ihUv58zX987VQ75pvTDUns00ARjqVs2Vak2gkWihFO05wTSxphMsA92tI0wD6V7WT8QIr2tdJFXih0BQqN1d8TCfalHPqu7vSx6stpbyT+57Vi5ZXbCQuiWNGATBZ5MUcqRKM0UJcJShQfaoKJYPpWRPpYx6B0Zjkdgj398iypl4q2VbSvdBonMEEWdmEPDsCGI6jABVShBgRSuIMHeDRujXvjyXietGaMn5lt+APj5RtodJll</latexit><latexit sha1_base64="KVZWXy+sMlIzHnagIVw8xWgR8PM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokdaEbofgAcVXBPqApZTK9aYdOJmFmIpSQjb/ixoUibv0Md/6N0zYLbT1w4XDOvdx7jx9zprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/dDXxW48gFYvEgx7H0A3JQLCAUaKN1LMPvGvgmuAbfIG9QBKant5laTXr2WWn4kyBF4mbkzLKUe/ZX14/okkIQlNOlOq4Tqy7KZGaUQ5ZyUsUxISOyAA6hgoSguqm0wcyfGyUPg4iaUpoPFV/T6QkVGoc+qYzJHqo5r2J+J/XSXRw3k2ZiBMNgs4WBQnHOsKTNHCfSaCajw0hVDJzK6ZDYmLQJrOSCcGdf3mRNKsV16m49065dpnHUUSH6AidIBedoRq6RXXUQBRl6Bm9ojfryXqx3q2PWWvBymf20R9Ynz/lQZVM</latexit>

|+i
<latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit>

|�i
<latexit sha1_base64="WBPZlYWq1UwMg8DoT1SC2eYTpmM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9pQ9lsJ+3SzSbsboQS+yu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fjp4emsq6gcCOyVK27VnYEsEy8nFchR75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NDp6QE6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEy/J32ukBkxtoQyxe2thA2poszYjEo2BG/x5WXSPK96btW7u6jUrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBsIiQUg==</latexit><latexit sha1_base64="WBPZlYWq1UwMg8DoT1SC2eYTpmM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9pQ9lsJ+3SzSbsboQS+yu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fjp4emsq6gcCOyVK27VnYEsEy8nFchR75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NDp6QE6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEy/J32ukBkxtoQyxe2thA2poszYjEo2BG/x5WXSPK96btW7u6jUrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBsIiQUg==</latexit><latexit sha1_base64="WBPZlYWq1UwMg8DoT1SC2eYTpmM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9pQ9lsJ+3SzSbsboQS+yu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fjp4emsq6gcCOyVK27VnYEsEy8nFchR75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NDp6QE6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEy/J32ukBkxtoQyxe2thA2poszYjEo2BG/x5WXSPK96btW7u6jUrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBsIiQUg==</latexit><latexit sha1_base64="WBPZlYWq1UwMg8DoT1SC2eYTpmM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9pQ9lsJ+3SzSbsboQS+yu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fjp4emsq6gcCOyVK27VnYEsEy8nFchR75W/uv2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NDp6QE6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEy/J32ukBkxtoQyxe2thA2poszYjEo2BG/x5WXSPK96btW7u6jUrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBsIiQUg==</latexit>
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<latexit sha1_base64="EltfcAb7+sm4HuW/CkdhuKTQCvU="></latexit><latexit sha1_base64="BpQua4bikth+gqsgxU0t2za6ZzE="></latexit><latexit sha1_base64="BpQua4bikth+gqsgxU0t2za6ZzE="></latexit><latexit sha1_base64="KZ7Wxz4i/KJSdLZOk/tnVqp6L5M="></latexit>



What about many triangles?

Paste together ground 
states over individual 
triangles

H =
X

�

HXXZ0

<latexit sha1_base64="Aai+mrmF6a4ps2YngXGpaz60x9o=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEInkriRS9CUcEeK9g22JSw2W7apbtJ2N0IJfbgX/HiQRGv/g1v3vwpbj8O2vpg4PHeDDPzwpQzpR3ny1pYXFpeWS2sFdc3Nre27Z3dhkoySWidJDyRXogV5Symdc00p14qKRYhp82wfznym/dUKpbEt3qQ0rbA3ZhFjGBtpMDer577KhOBf0W5xqga5J535wwDu+SUnTHQPHGnpFS5jpJvAKgF9qffSUgmaKwJx0q1XCfV7RxLzQinw6KfKZpi0sdd2jI0xoKqdj6+f4iOjNJBUSJNxRqN1d8TORZKDURoOgXWPTXrjcT/vFamo7N2zuI00zQmk0VRxpFO0CgM1GGSEs0HhmAimbkVkR6WmGgTWdGE4M6+PE8aJ2XXKbs3Jo0LmKAAB3AIx+DCKVSgCjWoA4EHeIIXeLUerWfrzXqftC5Y05k9+APr4wfke5eT</latexit><latexit sha1_base64="+f7NvUD/sMkVZk/irYDkNnIcyjo=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQLCTs2mgjBBVMGcEki9mwzE5mkyEzs8vMrBDWFH6IjY2FIjYW/oadjd/i5FFo4oELh3Pu5d57woRRpR3ny8rNzS8sLuWXCyura+sb9uZWXcWpxKSGYxZLL0SKMCpITVPNiJdIgnjISCPsnQ/9xi2RisbiWvcT0uKoI2hEMdJGCuydyqmvUh74F4RpBCtB5nk3ziCwi07JGQHOEndCiuXLKP5+P3yoBvan345xyonQmCGlmq6T6FaGpKaYkUHBTxVJEO6hDmkaKhAnqpWN7h/AfaO0YRRLU0LDkfp7IkNcqT4PTSdHuqumvaH4n9dMdXTSyqhIUk0EHi+KUgZ1DIdhwDaVBGvWNwRhSc2tEHeRRFibyAomBHf65VlSPyq5Tsm9MmmcgTHyYBfsgQPggmNQBhVQBTWAwR14BM/gxbq3nqxX623cmrMmM9vgD6yPH+BVmQ8=</latexit><latexit sha1_base64="+f7NvUD/sMkVZk/irYDkNnIcyjo=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQLCTs2mgjBBVMGcEki9mwzE5mkyEzs8vMrBDWFH6IjY2FIjYW/oadjd/i5FFo4oELh3Pu5d57woRRpR3ny8rNzS8sLuWXCyura+sb9uZWXcWpxKSGYxZLL0SKMCpITVPNiJdIgnjISCPsnQ/9xi2RisbiWvcT0uKoI2hEMdJGCuydyqmvUh74F4RpBCtB5nk3ziCwi07JGQHOEndCiuXLKP5+P3yoBvan345xyonQmCGlmq6T6FaGpKaYkUHBTxVJEO6hDmkaKhAnqpWN7h/AfaO0YRRLU0LDkfp7IkNcqT4PTSdHuqumvaH4n9dMdXTSyqhIUk0EHi+KUgZ1DIdhwDaVBGvWNwRhSc2tEHeRRFibyAomBHf65VlSPyq5Tsm9MmmcgTHyYBfsgQPggmNQBhVQBTWAwR14BM/gxbq3nqxX623cmrMmM9vgD6yPH+BVmQ8=</latexit><latexit sha1_base64="hMi7N2McoMGmO0sQZu+lksZIGCU=">AAAB/3icbVBNSwMxEM36WevXquDFS7AInkrWi16Eoh56rGDbxe6yZNO0DU2yS5IVytqDf8WLB0W8+je8+W9M2z1o64OBx3szzMyLU860QejbWVpeWV1bL22UN7e2d3bdvf2WTjJFaJMkPFF+jDXlTNKmYYZTP1UUi5jTdjy8nvjtB6o0S+SdGaU0FLgvWY8RbKwUuYf1y0BnIgpuKDcY1qPc9+/ROHIrqIqmgIvEK0gFFGhE7lfQTUgmqDSEY607HkpNmGNlGOF0XA4yTVNMhrhPO5ZKLKgO8+n9Y3hilS7sJcqWNHCq/p7IsdB6JGLbKbAZ6HlvIv7ndTLTuwhzJtPMUElmi3oZhyaBkzBglylKDB9Zgoli9lZIBlhhYmxkZRuCN//yImmdVT1U9W5RpXZVxFECR+AYnAIPnIMaqIMGaAICHsEzeAVvzpPz4rw7H7PWJaeYOQB/4Hz+AOCelVc=</latexit>



What about many triangles? H =
X

�

HXXZ0

<latexit sha1_base64="Aai+mrmF6a4ps2YngXGpaz60x9o=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEInkriRS9CUcEeK9g22JSw2W7apbtJ2N0IJfbgX/HiQRGv/g1v3vwpbj8O2vpg4PHeDDPzwpQzpR3ny1pYXFpeWS2sFdc3Nre27Z3dhkoySWidJDyRXogV5Symdc00p14qKRYhp82wfznym/dUKpbEt3qQ0rbA3ZhFjGBtpMDer577KhOBf0W5xqga5J535wwDu+SUnTHQPHGnpFS5jpJvAKgF9qffSUgmaKwJx0q1XCfV7RxLzQinw6KfKZpi0sdd2jI0xoKqdj6+f4iOjNJBUSJNxRqN1d8TORZKDURoOgXWPTXrjcT/vFamo7N2zuI00zQmk0VRxpFO0CgM1GGSEs0HhmAimbkVkR6WmGgTWdGE4M6+PE8aJ2XXKbs3Jo0LmKAAB3AIx+DCKVSgCjWoA4EHeIIXeLUerWfrzXqftC5Y05k9+APr4wfke5eT</latexit><latexit sha1_base64="+f7NvUD/sMkVZk/irYDkNnIcyjo=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQLCTs2mgjBBVMGcEki9mwzE5mkyEzs8vMrBDWFH6IjY2FIjYW/oadjd/i5FFo4oELh3Pu5d57woRRpR3ny8rNzS8sLuWXCyura+sb9uZWXcWpxKSGYxZLL0SKMCpITVPNiJdIgnjISCPsnQ/9xi2RisbiWvcT0uKoI2hEMdJGCuydyqmvUh74F4RpBCtB5nk3ziCwi07JGQHOEndCiuXLKP5+P3yoBvan345xyonQmCGlmq6T6FaGpKaYkUHBTxVJEO6hDmkaKhAnqpWN7h/AfaO0YRRLU0LDkfp7IkNcqT4PTSdHuqumvaH4n9dMdXTSyqhIUk0EHi+KUgZ1DIdhwDaVBGvWNwRhSc2tEHeRRFibyAomBHf65VlSPyq5Tsm9MmmcgTHyYBfsgQPggmNQBhVQBTWAwR14BM/gxbq3nqxX623cmrMmM9vgD6yPH+BVmQ8=</latexit><latexit sha1_base64="+f7NvUD/sMkVZk/irYDkNnIcyjo=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQLCTs2mgjBBVMGcEki9mwzE5mkyEzs8vMrBDWFH6IjY2FIjYW/oadjd/i5FFo4oELh3Pu5d57woRRpR3ny8rNzS8sLuWXCyura+sb9uZWXcWpxKSGYxZLL0SKMCpITVPNiJdIgnjISCPsnQ/9xi2RisbiWvcT0uKoI2hEMdJGCuydyqmvUh74F4RpBCtB5nk3ziCwi07JGQHOEndCiuXLKP5+P3yoBvan345xyonQmCGlmq6T6FaGpKaYkUHBTxVJEO6hDmkaKhAnqpWN7h/AfaO0YRRLU0LDkfp7IkNcqT4PTSdHuqumvaH4n9dMdXTSyqhIUk0EHi+KUgZ1DIdhwDaVBGvWNwRhSc2tEHeRRFibyAomBHf65VlSPyq5Tsm9MmmcgTHyYBfsgQPggmNQBhVQBTWAwR14BM/gxbq3nqxX623cmrMmM9vgD6yPH+BVmQ8=</latexit><latexit sha1_base64="hMi7N2McoMGmO0sQZu+lksZIGCU=">AAAB/3icbVBNSwMxEM36WevXquDFS7AInkrWi16Eoh56rGDbxe6yZNO0DU2yS5IVytqDf8WLB0W8+je8+W9M2z1o64OBx3szzMyLU860QejbWVpeWV1bL22UN7e2d3bdvf2WTjJFaJMkPFF+jDXlTNKmYYZTP1UUi5jTdjy8nvjtB6o0S+SdGaU0FLgvWY8RbKwUuYf1y0BnIgpuKDcY1qPc9+/ROHIrqIqmgIvEK0gFFGhE7lfQTUgmqDSEY607HkpNmGNlGOF0XA4yTVNMhrhPO5ZKLKgO8+n9Y3hilS7sJcqWNHCq/p7IsdB6JGLbKbAZ6HlvIv7ndTLTuwhzJtPMUElmi3oZhyaBkzBglylKDB9Zgoli9lZIBlhhYmxkZRuCN//yImmdVT1U9W5RpXZVxFECR+AYnAIPnIMaqIMGaAICHsEzeAVvzpPz4rw7H7PWJaeYOQB/4Hz+AOCelVc=</latexit>

Paste together ground 
states over individual 
triangles



What about many triangles? H =
X

�

HXXZ0

<latexit sha1_base64="Aai+mrmF6a4ps2YngXGpaz60x9o=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEInkriRS9CUcEeK9g22JSw2W7apbtJ2N0IJfbgX/HiQRGv/g1v3vwpbj8O2vpg4PHeDDPzwpQzpR3ny1pYXFpeWS2sFdc3Nre27Z3dhkoySWidJDyRXogV5Symdc00p14qKRYhp82wfznym/dUKpbEt3qQ0rbA3ZhFjGBtpMDer577KhOBf0W5xqga5J535wwDu+SUnTHQPHGnpFS5jpJvAKgF9qffSUgmaKwJx0q1XCfV7RxLzQinw6KfKZpi0sdd2jI0xoKqdj6+f4iOjNJBUSJNxRqN1d8TORZKDURoOgXWPTXrjcT/vFamo7N2zuI00zQmk0VRxpFO0CgM1GGSEs0HhmAimbkVkR6WmGgTWdGE4M6+PE8aJ2XXKbs3Jo0LmKAAB3AIx+DCKVSgCjWoA4EHeIIXeLUerWfrzXqftC5Y05k9+APr4wfke5eT</latexit><latexit sha1_base64="+f7NvUD/sMkVZk/irYDkNnIcyjo=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQLCTs2mgjBBVMGcEki9mwzE5mkyEzs8vMrBDWFH6IjY2FIjYW/oadjd/i5FFo4oELh3Pu5d57woRRpR3ny8rNzS8sLuWXCyura+sb9uZWXcWpxKSGYxZLL0SKMCpITVPNiJdIgnjISCPsnQ/9xi2RisbiWvcT0uKoI2hEMdJGCuydyqmvUh74F4RpBCtB5nk3ziCwi07JGQHOEndCiuXLKP5+P3yoBvan345xyonQmCGlmq6T6FaGpKaYkUHBTxVJEO6hDmkaKhAnqpWN7h/AfaO0YRRLU0LDkfp7IkNcqT4PTSdHuqumvaH4n9dMdXTSyqhIUk0EHi+KUgZ1DIdhwDaVBGvWNwRhSc2tEHeRRFibyAomBHf65VlSPyq5Tsm9MmmcgTHyYBfsgQPggmNQBhVQBTWAwR14BM/gxbq3nqxX623cmrMmM9vgD6yPH+BVmQ8=</latexit><latexit sha1_base64="+f7NvUD/sMkVZk/irYDkNnIcyjo=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQLCTs2mgjBBVMGcEki9mwzE5mkyEzs8vMrBDWFH6IjY2FIjYW/oadjd/i5FFo4oELh3Pu5d57woRRpR3ny8rNzS8sLuWXCyura+sb9uZWXcWpxKSGYxZLL0SKMCpITVPNiJdIgnjISCPsnQ/9xi2RisbiWvcT0uKoI2hEMdJGCuydyqmvUh74F4RpBCtB5nk3ziCwi07JGQHOEndCiuXLKP5+P3yoBvan345xyonQmCGlmq6T6FaGpKaYkUHBTxVJEO6hDmkaKhAnqpWN7h/AfaO0YRRLU0LDkfp7IkNcqT4PTSdHuqumvaH4n9dMdXTSyqhIUk0EHi+KUgZ1DIdhwDaVBGvWNwRhSc2tEHeRRFibyAomBHf65VlSPyq5Tsm9MmmcgTHyYBfsgQPggmNQBhVQBTWAwR14BM/gxbq3nqxX623cmrMmM9vgD6yPH+BVmQ8=</latexit><latexit sha1_base64="hMi7N2McoMGmO0sQZu+lksZIGCU=">AAAB/3icbVBNSwMxEM36WevXquDFS7AInkrWi16Eoh56rGDbxe6yZNO0DU2yS5IVytqDf8WLB0W8+je8+W9M2z1o64OBx3szzMyLU860QejbWVpeWV1bL22UN7e2d3bdvf2WTjJFaJMkPFF+jDXlTNKmYYZTP1UUi5jTdjy8nvjtB6o0S+SdGaU0FLgvWY8RbKwUuYf1y0BnIgpuKDcY1qPc9+/ROHIrqIqmgIvEK0gFFGhE7lfQTUgmqDSEY607HkpNmGNlGOF0XA4yTVNMhrhPO5ZKLKgO8+n9Y3hilS7sJcqWNHCq/p7IsdB6JGLbKbAZ6HlvIv7ndTLTuwhzJtPMUElmi3oZhyaBkzBglylKDB9Zgoli9lZIBlhhYmxkZRuCN//yImmdVT1U9W5RpXZVxFECR+AYnAIPnIMaqIMGaAICHsEzeAVvzpPz4rw7H7PWJaeYOQB/4Hz+AOCelVc=</latexit>

Paste together ground 
states over individual 
triangles



What about many triangles?

Frustration Free!

H =
X

�

HXXZ0

<latexit sha1_base64="Aai+mrmF6a4ps2YngXGpaz60x9o=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEInkriRS9CUcEeK9g22JSw2W7apbtJ2N0IJfbgX/HiQRGv/g1v3vwpbj8O2vpg4PHeDDPzwpQzpR3ny1pYXFpeWS2sFdc3Nre27Z3dhkoySWidJDyRXogV5Symdc00p14qKRYhp82wfznym/dUKpbEt3qQ0rbA3ZhFjGBtpMDer577KhOBf0W5xqga5J535wwDu+SUnTHQPHGnpFS5jpJvAKgF9qffSUgmaKwJx0q1XCfV7RxLzQinw6KfKZpi0sdd2jI0xoKqdj6+f4iOjNJBUSJNxRqN1d8TORZKDURoOgXWPTXrjcT/vFamo7N2zuI00zQmk0VRxpFO0CgM1GGSEs0HhmAimbkVkR6WmGgTWdGE4M6+PE8aJ2XXKbs3Jo0LmKAAB3AIx+DCKVSgCjWoA4EHeIIXeLUerWfrzXqftC5Y05k9+APr4wfke5eT</latexit><latexit sha1_base64="+f7NvUD/sMkVZk/irYDkNnIcyjo=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQLCTs2mgjBBVMGcEki9mwzE5mkyEzs8vMrBDWFH6IjY2FIjYW/oadjd/i5FFo4oELh3Pu5d57woRRpR3ny8rNzS8sLuWXCyura+sb9uZWXcWpxKSGYxZLL0SKMCpITVPNiJdIgnjISCPsnQ/9xi2RisbiWvcT0uKoI2hEMdJGCuydyqmvUh74F4RpBCtB5nk3ziCwi07JGQHOEndCiuXLKP5+P3yoBvan345xyonQmCGlmq6T6FaGpKaYkUHBTxVJEO6hDmkaKhAnqpWN7h/AfaO0YRRLU0LDkfp7IkNcqT4PTSdHuqumvaH4n9dMdXTSyqhIUk0EHi+KUgZ1DIdhwDaVBGvWNwRhSc2tEHeRRFibyAomBHf65VlSPyq5Tsm9MmmcgTHyYBfsgQPggmNQBhVQBTWAwR14BM/gxbq3nqxX623cmrMmM9vgD6yPH+BVmQ8=</latexit><latexit sha1_base64="+f7NvUD/sMkVZk/irYDkNnIcyjo=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQLCTs2mgjBBVMGcEki9mwzE5mkyEzs8vMrBDWFH6IjY2FIjYW/oadjd/i5FFo4oELh3Pu5d57woRRpR3ny8rNzS8sLuWXCyura+sb9uZWXcWpxKSGYxZLL0SKMCpITVPNiJdIgnjISCPsnQ/9xi2RisbiWvcT0uKoI2hEMdJGCuydyqmvUh74F4RpBCtB5nk3ziCwi07JGQHOEndCiuXLKP5+P3yoBvan345xyonQmCGlmq6T6FaGpKaYkUHBTxVJEO6hDmkaKhAnqpWN7h/AfaO0YRRLU0LDkfp7IkNcqT4PTSdHuqumvaH4n9dMdXTSyqhIUk0EHi+KUgZ1DIdhwDaVBGvWNwRhSc2tEHeRRFibyAomBHf65VlSPyq5Tsm9MmmcgTHyYBfsgQPggmNQBhVQBTWAwR14BM/gxbq3nqxX623cmrMmM9vgD6yPH+BVmQ8=</latexit><latexit sha1_base64="hMi7N2McoMGmO0sQZu+lksZIGCU=">AAAB/3icbVBNSwMxEM36WevXquDFS7AInkrWi16Eoh56rGDbxe6yZNO0DU2yS5IVytqDf8WLB0W8+je8+W9M2z1o64OBx3szzMyLU860QejbWVpeWV1bL22UN7e2d3bdvf2WTjJFaJMkPFF+jDXlTNKmYYZTP1UUi5jTdjy8nvjtB6o0S+SdGaU0FLgvWY8RbKwUuYf1y0BnIgpuKDcY1qPc9+/ROHIrqIqmgIvEK0gFFGhE7lfQTUgmqDSEY607HkpNmGNlGOF0XA4yTVNMhrhPO5ZKLKgO8+n9Y3hilS7sJcqWNHCq/p7IsdB6JGLbKbAZ6HlvIv7ndTLTuwhzJtPMUElmi3oZhyaBkzBglylKDB9Zgoli9lZIBlhhYmxkZRuCN//yImmdVT1U9W5RpXZVxFECR+AYnAIPnIMaqIMGaAICHsEzeAVvzpPz4rw7H7PWJaeYOQB/4Hz+AOCelVc=</latexit>

(but not commuting)

Paste together ground 
states over individual 
triangles



H =
X

�

HXXZ0

<latexit sha1_base64="Aai+mrmF6a4ps2YngXGpaz60x9o=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEInkriRS9CUcEeK9g22JSw2W7apbtJ2N0IJfbgX/HiQRGv/g1v3vwpbj8O2vpg4PHeDDPzwpQzpR3ny1pYXFpeWS2sFdc3Nre27Z3dhkoySWidJDyRXogV5Symdc00p14qKRYhp82wfznym/dUKpbEt3qQ0rbA3ZhFjGBtpMDer577KhOBf0W5xqga5J535wwDu+SUnTHQPHGnpFS5jpJvAKgF9qffSUgmaKwJx0q1XCfV7RxLzQinw6KfKZpi0sdd2jI0xoKqdj6+f4iOjNJBUSJNxRqN1d8TORZKDURoOgXWPTXrjcT/vFamo7N2zuI00zQmk0VRxpFO0CgM1GGSEs0HhmAimbkVkR6WmGgTWdGE4M6+PE8aJ2XXKbs3Jo0LmKAAB3AIx+DCKVSgCjWoA4EHeIIXeLUerWfrzXqftC5Y05k9+APr4wfke5eT</latexit><latexit sha1_base64="+f7NvUD/sMkVZk/irYDkNnIcyjo=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQLCTs2mgjBBVMGcEki9mwzE5mkyEzs8vMrBDWFH6IjY2FIjYW/oadjd/i5FFo4oELh3Pu5d57woRRpR3ny8rNzS8sLuWXCyura+sb9uZWXcWpxKSGYxZLL0SKMCpITVPNiJdIgnjISCPsnQ/9xi2RisbiWvcT0uKoI2hEMdJGCuydyqmvUh74F4RpBCtB5nk3ziCwi07JGQHOEndCiuXLKP5+P3yoBvan345xyonQmCGlmq6T6FaGpKaYkUHBTxVJEO6hDmkaKhAnqpWN7h/AfaO0YRRLU0LDkfp7IkNcqT4PTSdHuqumvaH4n9dMdXTSyqhIUk0EHi+KUgZ1DIdhwDaVBGvWNwRhSc2tEHeRRFibyAomBHf65VlSPyq5Tsm9MmmcgTHyYBfsgQPggmNQBhVQBTWAwR14BM/gxbq3nqxX623cmrMmM9vgD6yPH+BVmQ8=</latexit><latexit sha1_base64="+f7NvUD/sMkVZk/irYDkNnIcyjo=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQLCTs2mgjBBVMGcEki9mwzE5mkyEzs8vMrBDWFH6IjY2FIjYW/oadjd/i5FFo4oELh3Pu5d57woRRpR3ny8rNzS8sLuWXCyura+sb9uZWXcWpxKSGYxZLL0SKMCpITVPNiJdIgnjISCPsnQ/9xi2RisbiWvcT0uKoI2hEMdJGCuydyqmvUh74F4RpBCtB5nk3ziCwi07JGQHOEndCiuXLKP5+P3yoBvan345xyonQmCGlmq6T6FaGpKaYkUHBTxVJEO6hDmkaKhAnqpWN7h/AfaO0YRRLU0LDkfp7IkNcqT4PTSdHuqumvaH4n9dMdXTSyqhIUk0EHi+KUgZ1DIdhwDaVBGvWNwRhSc2tEHeRRFibyAomBHf65VlSPyq5Tsm9MmmcgTHyYBfsgQPggmNQBhVQBTWAwR14BM/gxbq3nqxX623cmrMmM9vgD6yPH+BVmQ8=</latexit><latexit sha1_base64="hMi7N2McoMGmO0sQZu+lksZIGCU=">AAAB/3icbVBNSwMxEM36WevXquDFS7AInkrWi16Eoh56rGDbxe6yZNO0DU2yS5IVytqDf8WLB0W8+je8+W9M2z1o64OBx3szzMyLU860QejbWVpeWV1bL22UN7e2d3bdvf2WTjJFaJMkPFF+jDXlTNKmYYZTP1UUi5jTdjy8nvjtB6o0S+SdGaU0FLgvWY8RbKwUuYf1y0BnIgpuKDcY1qPc9+/ROHIrqIqmgIvEK0gFFGhE7lfQTUgmqDSEY607HkpNmGNlGOF0XA4yTVNMhrhPO5ZKLKgO8+n9Y3hilS7sJcqWNHCq/p7IsdB6JGLbKbAZ6HlvIv7ndTLTuwhzJtPMUElmi3oZhyaBkzBglylKDB9Zgoli9lZIBlhhYmxkZRuCN//yImmdVT1U9W5RpXZVxFECR+AYnAIPnIMaqIMGaAICHsEzeAVvzpPz4rw7H7PWJaeYOQB/4Hz+AOCelVc=</latexit>



Actually there are more ground states….

This mixes Sz sectors

But the Hamiltonian doesn’t.

So projecting to Sz sectors 
are ground states.

Roughly, each color gives N ground states (one per Sz sector)
(A bit of a lie because colors are non-orthogonal and may be more-so after 
projection)

PSz=0
<latexit sha1_base64="+Ftd0FPO2SLylhpgMU0/sSdqHdc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tlgTBKtzZaCMEbSwjmg9JjmNvs5cs2d07dveEeAT8DzYWitj6c+z8N+4lKTTxwcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7By0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w9FV7rcfqNIslndmnFBf4IFkESPYWOm+EWS3weOFOwnKVbfmToGWiTcn1XqlV3kCgEZQ/ur1Y5IKKg3hWOuu5ybGz7AyjHA6KfVSTRNMRnhAu5ZKLKj2s+nBE3RslT6KYmVLGjRVf09kWGg9FqHtFNgM9aKXi/953dRE537GZJIaKslsUZRyZGKUf4/6TFFi+NgSTBSztyIyxAoTYzMq2RC8xZeXSeu05rk178amcQkzFOEIKnACHpxBHa6hAU0gIOAZXuHNUc6L8+58zFoLznzmEP7A+fwBLFeRcA==</latexit><latexit sha1_base64="YexunGflwzdLWdHKImz/Mi8jdCk=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmSBCswq6NNkLQxjKieUiyLLOT2WTIzOwyMyvEJR9gbaGFIrb+hn9gI/6Nk0ehiQcuHM65l3vvCRPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1nWcKkJrJOaxaoZYU84krRlmOG0mimIRctoI++cjv3FLlWaxvDaDhPoCdyWLGMHGSjfVILsK7k7dYVAouWV3DDRPvCkpVYrt4v3jx1c1KHy2OzFJBZWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LJRZU+9n44CE6sEoHRbGyJQ0aq78nMiy0HojQdgpsenrWG4n/ea3URCd+xmSSGirJZFGUcmRiNPoedZiixPCBJZgoZm9FpIcVJsZmlLcheLMvz5P6Udlzy96lTeMMJsjBPhThEDw4hgpcQBVqQEDAAzzDi6OcJ+fVeZu0LjjTmT34A+f9ByXSk6o=</latexit><latexit sha1_base64="YexunGflwzdLWdHKImz/Mi8jdCk=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmSBCswq6NNkLQxjKieUiyLLOT2WTIzOwyMyvEJR9gbaGFIrb+hn9gI/6Nk0ehiQcuHM65l3vvCRPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1nWcKkJrJOaxaoZYU84krRlmOG0mimIRctoI++cjv3FLlWaxvDaDhPoCdyWLGMHGSjfVILsK7k7dYVAouWV3DDRPvCkpVYrt4v3jx1c1KHy2OzFJBZWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LJRZU+9n44CE6sEoHRbGyJQ0aq78nMiy0HojQdgpsenrWG4n/ea3URCd+xmSSGirJZFGUcmRiNPoedZiixPCBJZgoZm9FpIcVJsZmlLcheLMvz5P6Udlzy96lTeMMJsjBPhThEDw4hgpcQBVqQEDAAzzDi6OcJ+fVeZu0LjjTmT34A+f9ByXSk6o=</latexit><latexit sha1_base64="8iZfp7C4+omO4MJ/N14fumu72mU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8l60YtQ9OKxov2QdlmyadqGJtklyQp16a/w4kERr/4cb/4b03YP2vpg4PHeDDPzokRwYzH+9gorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OyKGCa5Yw3IrWDvRjMhIsFY0up76rUemDY/VvR0nLJBkoHifU2Kd9FAPs7vw6RJPwnIFV/EMaJn4OalAjnpY/ur2YppKpiwVxJiOjxMbZERbTgWblLqpYQmhIzJgHUcVkcwE2ezgCTpxSg/1Y+1KWTRTf09kRBozlpHrlMQOzaI3Ff/zOqntXwQZV0lqmaLzRf1UIBuj6feoxzWjVowdIVRzdyuiQ6IJtS6jkgvBX3x5mTTPqj6u+re4UrvK4yjCERzDKfhwDjW4gTo0gIKEZ3iFN097L9679zFvLXj5zCH8gff5A1D5kBA=</latexit>

[ ]
<latexit sha1_base64="8hr85QFjGfEktHtOclIy4cP/6BU=">AAACBXicbVA9SwNBEJ3zM8avqKUWS0QQhHCXRsugjWUEE4XcEfY2c8ni3ge7c0I40tj4NyxtLBSx9T/Y+W/cJBZqfDDweG+GmXlhpqQh1/105uYXFpeWSyvl1bX1jc3K1nbbpLkW2BKpSvV1yA0qmWCLJCm8zjTyOFR4Fd6cjf2rW9RGpsklDTMMYt5PZCQFJyt1K3u+wog6/sBkXGDh1uoiHjFfy/6Agm5l3625E7BZ4n2T/UbVP3oAgGa38uH3UpHHmJBQ3JiO52YUFFyTFApHZT83aPfc8D52LE14jCYoJl+M2IFVeixKta2E2ET9OVHw2JhhHNrOmNPA/PXG4n9eJ6foJChkkuWEiZguinLFKGXjSFhPahSkhpZwoaW9lYkB11yQDa5sQ/D+vjxL2vWa59a8C5vGKUxRgl2owiF4cAwNOIcmtEDAHTzCM7w4986T8+q8TVvnnO+ZHfgF5/0LHdOZyQ==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="c+4HrGkaHpF+Yy4c3Res1RFkBhw=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXbTaBm0sYxgHrC7hNnJ3eyQ2Qczd4WwpLHxV2wsFLH1H+z8GyePQhMPXDiccy/33hNkUmi07W+rtLa+sblV3q7s7O7tH1QPjzo6zRWHNk9lqnoB0yBFAm0UKKGXKWBxIKEbjG6mfvcBlBZpco/jDPyYDRMRCs7QSP3qqSchRNeLdMY4FHa9weMJ9ZQYRuj3qzW7bs9AV4mzIDWyQKtf/fIGKc9jSJBLprXr2Bn6BVMouIRJxcs1mD0jNgTX0ITFoP1i9sWEnhtlQMNUmUqQztTfEwWLtR7HgemMGUZ62ZuK/3lujuGVX4gkyxESPl8U5pJiSqeR0IFQwFGODWFcCXMr5RFTjKMJrmJCcJZfXiWdRt2x686dXWteL+IokxNyRi6IQy5Jk9ySFmkTTh7JM3klb9aT9WK9Wx/z1pK1mDkmf2B9/gALVJhA</latexit>

PSz=N
<latexit sha1_base64="RjUpDyBkoPheT2c99HkrO/y4ERA=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9j1Yi5C0IsniWgekizL7GQ2GTIzu8zMCnEJ+A9ePCji1c/x5t84eRw0saChqOqmuytMONPGdb+d3Mrq2vpGfrOwtb2zu1fcP2jqOFWENkjMY9UOsaacSdowzHDaThTFIuS0FQ4vJ37rgSrNYnlnRgn1Be5LFjGCjZXu60F2GzyeX4+DYtmtuFOgZeLNSblW6paeAKAeFL+6vZikgkpDONa647mJ8TOsDCOcjgvdVNMEkyHu046lEguq/Wx68BgdW6WHoljZkgZN1d8TGRZaj0RoOwU2A73oTcT/vE5qoqqfMZmkhkoyWxSlHJkYTb5HPaYoMXxkCSaK2VsRGWCFibEZFWwI3uLLy6R5WvHcindj07iAGfJwBCU4AQ/OoAZXUIcGEBDwDK/w5ijnxXl3PmatOWc+cwh/4Hz+AFntkY4=</latexit><latexit sha1_base64="pwnIcOFN2cjVmdqFZ8AkRFoIirw=">AAAB8HicbVC7SgNBFL0bXzG+opY2Q4JgFXZttBGCNlYS0TwkWZbZySQZMjO7zMwKcckHWFtooYitv+Ef2Ih/4+RRaOKBC4dz7uXee8KYM21c99vJLCwuLa9kV3Nr6xubW/ntnZqOEkVolUQ8Uo0Qa8qZpFXDDKeNWFEsQk7rYf9s5NdvqdIsktdmEFNf4K5kHUawsdJNJUivgruTi2GQL7oldww0T7wpKZYLrcL948dXJch/ttoRSQSVhnCsddNzY+OnWBlGOB3mWommMSZ93KVNSyUWVPvp+OAh2rdKG3UiZUsaNFZ/T6RYaD0Qoe0U2PT0rDcS//Oaiekc+ymTcWKoJJNFnYQjE6HR96jNFCWGDyzBRDF7KyI9rDAxNqOcDcGbfXme1A5LnlvyLm0apzBBFvagAAfgwRGU4RwqUAUCAh7gGV4c5Tw5r87bpDXjTGd24Q+c9x9TaJPI</latexit><latexit sha1_base64="pwnIcOFN2cjVmdqFZ8AkRFoIirw=">AAAB8HicbVC7SgNBFL0bXzG+opY2Q4JgFXZttBGCNlYS0TwkWZbZySQZMjO7zMwKcckHWFtooYitv+Ef2Ih/4+RRaOKBC4dz7uXee8KYM21c99vJLCwuLa9kV3Nr6xubW/ntnZqOEkVolUQ8Uo0Qa8qZpFXDDKeNWFEsQk7rYf9s5NdvqdIsktdmEFNf4K5kHUawsdJNJUivgruTi2GQL7oldww0T7wpKZYLrcL948dXJch/ttoRSQSVhnCsddNzY+OnWBlGOB3mWommMSZ93KVNSyUWVPvp+OAh2rdKG3UiZUsaNFZ/T6RYaD0Qoe0U2PT0rDcS//Oaiekc+ymTcWKoJJNFnYQjE6HR96jNFCWGDyzBRDF7KyI9rDAxNqOcDcGbfXme1A5LnlvyLm0apzBBFvagAAfgwRGU4RwqUAUCAh7gGV4c5Tw5r87bpDXjTGd24Q+c9x9TaJPI</latexit><latexit sha1_base64="cTv4dtVRKtfvqfkOGUgiNB2VPlY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTCMEbawkovmQ5Dj2NnvJkt29Y3dPiEd+hY2FIrb+HDv/jZvkCk18MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHQ19duPVGkWy3szTqgv8ECyiBFsrPTQCLK74OniZhKUK27VnQEtEy8nFcjRCMpfvX5MUkGlIRxr3fXcxPgZVoYRTielXqppgskID2jXUokF1X42O3iCTqzSR1GsbEmDZurviQwLrccitJ0Cm6Fe9Kbif143NVHNz5hMUkMlmS+KUo5MjKbfoz5TlBg+tgQTxeytiAyxwsTYjEo2BG/x5WXSOqt6btW7dSv1yzyOIhzBMZyCB+dQh2toQBMICHiGV3hzlPPivDsf89aCk88cwh84nz9+j5Au</latexit>

[ ]
<latexit sha1_base64="8hr85QFjGfEktHtOclIy4cP/6BU=">AAACBXicbVA9SwNBEJ3zM8avqKUWS0QQhHCXRsugjWUEE4XcEfY2c8ni3ge7c0I40tj4NyxtLBSx9T/Y+W/cJBZqfDDweG+GmXlhpqQh1/105uYXFpeWSyvl1bX1jc3K1nbbpLkW2BKpSvV1yA0qmWCLJCm8zjTyOFR4Fd6cjf2rW9RGpsklDTMMYt5PZCQFJyt1K3u+wog6/sBkXGDh1uoiHjFfy/6Agm5l3625E7BZ4n2T/UbVP3oAgGa38uH3UpHHmJBQ3JiO52YUFFyTFApHZT83aPfc8D52LE14jCYoJl+M2IFVeixKta2E2ET9OVHw2JhhHNrOmNPA/PXG4n9eJ6foJChkkuWEiZguinLFKGXjSFhPahSkhpZwoaW9lYkB11yQDa5sQ/D+vjxL2vWa59a8C5vGKUxRgl2owiF4cAwNOIcmtEDAHTzCM7w4986T8+q8TVvnnO+ZHfgF5/0LHdOZyQ==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="c+4HrGkaHpF+Yy4c3Res1RFkBhw=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXbTaBm0sYxgHrC7hNnJ3eyQ2Qczd4WwpLHxV2wsFLH1H+z8GyePQhMPXDiccy/33hNkUmi07W+rtLa+sblV3q7s7O7tH1QPjzo6zRWHNk9lqnoB0yBFAm0UKKGXKWBxIKEbjG6mfvcBlBZpco/jDPyYDRMRCs7QSP3qqSchRNeLdMY4FHa9weMJ9ZQYRuj3qzW7bs9AV4mzIDWyQKtf/fIGKc9jSJBLprXr2Bn6BVMouIRJxcs1mD0jNgTX0ITFoP1i9sWEnhtlQMNUmUqQztTfEwWLtR7HgemMGUZ62ZuK/3lujuGVX4gkyxESPl8U5pJiSqeR0IFQwFGODWFcCXMr5RFTjKMJrmJCcJZfXiWdRt2x686dXWteL+IokxNyRi6IQy5Jk9ySFmkTTh7JM3klb9aT9WK9Wx/z1pK1mDkmf2B9/gALVJhA</latexit>

, , ….PSz=1
<latexit sha1_base64="qPeEkJ7Xhs4529GHO76qB6a51Pk=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tlgTBKtzZaCMEbSwjmg9JjmNvs5cs2d07dveEeAT8DzYWitj6c+z8N+4lKTTxwcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7By0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w9FV7rcfqNIslndmnFBf4IFkESPYWOm+EWS3weOFNwnKVbfmToGWiTcn1XqlV3kCgEZQ/ur1Y5IKKg3hWOuu5ybGz7AyjHA6KfVSTRNMRnhAu5ZKLKj2s+nBE3RslT6KYmVLGjRVf09kWGg9FqHtFNgM9aKXi/953dRE537GZJIaKslsUZRyZGKUf4/6TFFi+NgSTBSztyIyxAoTYzMq2RC8xZeXSeu05rk178amcQkzFOEIKnACHpxBHa6hAU0gIOAZXuHNUc6L8+58zFoLznzmEP7A+fwBLdyRcQ==</latexit><latexit sha1_base64="5u6vgRKhCk5KlDtQM4iMlmszrtA=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmSBCswq6NNkLQxjKieUiyLLOT2WTIzOwyMyvEJR9gbaGFIrb+hn9gI/6Nk0ehiQcuHM65l3vvCRPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1nWcKkJrJOaxaoZYU84krRlmOG0mimIRctoI++cjv3FLlWaxvDaDhPoCdyWLGMHGSjfVILsK7k69YVAouWV3DDRPvCkpVYrt4v3jx1c1KHy2OzFJBZWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LJRZU+9n44CE6sEoHRbGyJQ0aq78nMiy0HojQdgpsenrWG4n/ea3URCd+xmSSGirJZFGUcmRiNPoedZiixPCBJZgoZm9FpIcVJsZmlLcheLMvz5P6Udlzy96lTeMMJsjBPhThEDw4hgpcQBVqQEDAAzzDi6OcJ+fVeZu0LjjTmT34A+f9BydXk6s=</latexit><latexit sha1_base64="5u6vgRKhCk5KlDtQM4iMlmszrtA=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmSBCswq6NNkLQxjKieUiyLLOT2WTIzOwyMyvEJR9gbaGFIrb+hn9gI/6Nk0ehiQcuHM65l3vvCRPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1nWcKkJrJOaxaoZYU84krRlmOG0mimIRctoI++cjv3FLlWaxvDaDhPoCdyWLGMHGSjfVILsK7k69YVAouWV3DDRPvCkpVYrt4v3jx1c1KHy2OzFJBZWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LJRZU+9n44CE6sEoHRbGyJQ0aq78nMiy0HojQdgpsenrWG4n/ea3URCd+xmSSGirJZFGUcmRiNPoedZiixPCBJZgoZm9FpIcVJsZmlLcheLMvz5P6Udlzy96lTeMMJsjBPhThEDw4hgpcQBVqQEDAAzzDi6OcJ+fVeZu0LjjTmT34A+f9BydXk6s=</latexit><latexit sha1_base64="WCofdUnQQRSZRWs14zzNKH8p5FE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86EUoevFY0bSVNoTNdtMu3d2E3Y1QQ3+FFw+KePXnePPfuG1z0NYHA4/3ZpiZF6WcaeO6305pZXVtfaO8Wdna3tndq+4ftHSSKUJ9kvBEdSKsKWeS+oYZTjupolhEnLaj0fXUbz9SpVki7804pYHAA8liRrCx0kMzzO/Cp0tvElZrbt2dAS0TryA1KNAMq1+9fkIyQaUhHGvd9dzUBDlWhhFOJ5VepmmKyQgPaNdSiQXVQT47eIJOrNJHcaJsSYNm6u+JHAutxyKynQKboV70puJ/Xjcz8UWQM5lmhkoyXxRnHJkETb9HfaYoMXxsCSaK2VsRGWKFibEZVWwI3uLLy6R1Vvfcunfr1hpXRRxlOIJjOAUPzqEBN9AEHwgIeIZXeHOU8+K8Ox/z1pJTzBzCHzifP1J+kBE=</latexit>

[ ]
<latexit sha1_base64="8hr85QFjGfEktHtOclIy4cP/6BU=">AAACBXicbVA9SwNBEJ3zM8avqKUWS0QQhHCXRsugjWUEE4XcEfY2c8ni3ge7c0I40tj4NyxtLBSx9T/Y+W/cJBZqfDDweG+GmXlhpqQh1/105uYXFpeWSyvl1bX1jc3K1nbbpLkW2BKpSvV1yA0qmWCLJCm8zjTyOFR4Fd6cjf2rW9RGpsklDTMMYt5PZCQFJyt1K3u+wog6/sBkXGDh1uoiHjFfy/6Agm5l3625E7BZ4n2T/UbVP3oAgGa38uH3UpHHmJBQ3JiO52YUFFyTFApHZT83aPfc8D52LE14jCYoJl+M2IFVeixKta2E2ET9OVHw2JhhHNrOmNPA/PXG4n9eJ6foJChkkuWEiZguinLFKGXjSFhPahSkhpZwoaW9lYkB11yQDa5sQ/D+vjxL2vWa59a8C5vGKUxRgl2owiF4cAwNOIcmtEDAHTzCM7w4986T8+q8TVvnnO+ZHfgF5/0LHdOZyQ==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="c+4HrGkaHpF+Yy4c3Res1RFkBhw=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXbTaBm0sYxgHrC7hNnJ3eyQ2Qczd4WwpLHxV2wsFLH1H+z8GyePQhMPXDiccy/33hNkUmi07W+rtLa+sblV3q7s7O7tH1QPjzo6zRWHNk9lqnoB0yBFAm0UKKGXKWBxIKEbjG6mfvcBlBZpco/jDPyYDRMRCs7QSP3qqSchRNeLdMY4FHa9weMJ9ZQYRuj3qzW7bs9AV4mzIDWyQKtf/fIGKc9jSJBLprXr2Bn6BVMouIRJxcs1mD0jNgTX0ITFoP1i9sWEnhtlQMNUmUqQztTfEwWLtR7HgemMGUZ62ZuK/3lujuGVX4gkyxESPl8U5pJiSqeR0IFQwFGODWFcCXMr5RFTjKMJrmJCcJZfXiWdRt2x686dXWteL+IokxNyRi6IQy5Jk9ySFmkTTh7JM3klb9aT9WK9Wx/z1pK1mDkmf2B9/gALVJhA</latexit>

,{
<latexit sha1_base64="3dto/Q/nYwJLjXrsbgiflgTt7cY=">AAAB6XicbVDLSgNBEOyNrxhfUY9ehgRBEMKuFz0GvXiMYh6QXcLspDcZMju7zMwKYckfePGgiCfBP/Lm3zh5HDSxoKGo6qa7K0wF18Z1v53C2vrG5lZxu7Szu7d/UD48aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wdDP124+oNE/kgxmnGMR0IHnEGTVWuvfzXrnq1twZyCrxFqRar/jnHwDQ6JW//H7CshilYYJq3fXc1AQ5VYYzgZOSn2lMKRvRAXYtlTRGHeSzSyfk1Cp9EiXKljRkpv6eyGms9TgObWdMzVAve1PxP6+bmegqyLlMM4OSzRdFmSAmIdO3SZ8rZEaMLaFMcXsrYUOqKDM2nJINwVt+eZW0LmqeW/PubBrXMEcRTqACZ+DBJdThFhrQBAYRPMELvDoj59l5c97nrQVnMXMMf+B8/gCsw47q</latexit><latexit sha1_base64="mYsaq72wgtc0JMGYm75Pv8D8eaI=">AAAB6XicbVDLSgNBEOz1GeMr6tHLkCAIQtj1osegF49RzAOyIcxOepMhs7PLzKywLPkDL4KKePWPvOVvnDwOmljQUFR1090VJIJr47oTZ219Y3Nru7BT3N3bPzgsHR03dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRZAl2IzqQPOSMGis9+HmvVHGr7gxklXgLUqmV/YvXSS2r90rffj9maYTSMEG17nhuYro5VYYzgeOin2pMKBvRAXYslTRC3c1nl47JmVX6JIyVLWnITP09kdNI6ywKbGdEzVAve1PxP6+TmvC6m3OZpAYlmy8KU0FMTKZvkz5XyIzILKFMcXsrYUOqKDM2nKINwVt+eZU0L6ueW/XubRo3MEcBTqEM5+DBFdTgDurQAAYhPMMbvDsj58X5cD7nrWvOYuYE/sD5+gG2LZBw</latexit><latexit sha1_base64="mYsaq72wgtc0JMGYm75Pv8D8eaI=">AAAB6XicbVDLSgNBEOz1GeMr6tHLkCAIQtj1osegF49RzAOyIcxOepMhs7PLzKywLPkDL4KKePWPvOVvnDwOmljQUFR1090VJIJr47oTZ219Y3Nru7BT3N3bPzgsHR03dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRZAl2IzqQPOSMGis9+HmvVHGr7gxklXgLUqmV/YvXSS2r90rffj9maYTSMEG17nhuYro5VYYzgeOin2pMKBvRAXYslTRC3c1nl47JmVX6JIyVLWnITP09kdNI6ywKbGdEzVAve1PxP6+TmvC6m3OZpAYlmy8KU0FMTKZvkz5XyIzILKFMcXsrYUOqKDM2nKINwVt+eZU0L6ueW/XubRo3MEcBTqEM5+DBFdTgDurQAAYhPMMbvDsj58X5cD7nrWvOYuYE/sD5+gG2LZBw</latexit><latexit sha1_base64="zE//6Z30dXKGKOcjUgwi3MFVRUg=">AAAB6XicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLNEIksCF7C17sGFv77I7Z0Iu/AMbC42x9R/Z+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpvpf3qzVap3OQVeIXpAYFmv3qV2+Q8CwWGrli1nZ9mmKQM4OSKzGt9DIrUsbHbCi6jmoWCxvk80un5MwpAxIlxpVGMld/T+QstnYSh64zZjiyy95M/M/rZhhdBbnUaYZC88WiKFMEEzJ7mwykERzVxBHGjXS3Ej5ihnF04VRcCP7yy6ukfVH3ad2/o7XGdRFHGU7gFM7Bh0towC00oQUcIniGV3jzxt6L9+59LFpLXjFzDH/gff4AmkSNYQ==</latexit>

}
<latexit sha1_base64="tykbcn/fD4PTeKnRMixLi8r8el0=">AAAB6XicbVDLSgNBEOyNrxhfUY9ehgRBEMKuFz0GvXiMYh6QXcLsZDYZMju7zPQKYckfePGgiCfBP/Lm3zh5HDSxoKGo6qa7K0ylMOi6305hbX1jc6u4XdrZ3ds/KB8etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+Ho5up337k2ohEPeA45UFMB0pEglG00r0/6ZWrbs2dgawSb0Gq9Yp//gEAjV75y+8nLIu5QiapMV3PTTHIqUbBJJ+U/MzwlLIRHfCupYrG3AT57NIJObVKn0SJtqWQzNTfEzmNjRnHoe2MKQ7NsjcV//O6GUZXQS5UmiFXbL4oyiTBhEzfJn2hOUM5toQyLeythA2ppgxtOCUbgrf88ippXdQ8t+bd2TSuYY4inEAFzsCDS6jDLTSgCQwieIIXeHVGzrPz5rzPWwvOYuYY/sD5/AGvy47s</latexit><latexit sha1_base64="ut89VjYdB3sDNp2qG7NLfJJnW9w=">AAAB6XicbVDLSgNBEOz1GeMr6tHLkCAIQtj1osegF49RzAOyS5idzCZDZmeXmV5hCfkDL4KKePWPvOVvnDwOmljQUFR1090VplIYdN2Js7a+sbm1Xdgp7u7tHxyWjo6bJsk04w2WyES3Q2q4FIo3UKDk7VRzGoeSt8Lh7dRvPXFtRKIeMU95ENO+EpFgFK304I+7pYpbdWcgq8RbkEqt7F+8Tmp5vVv69nsJy2KukElqTMdzUwxGVKNgko+LfmZ4StmQ9nnHUkVjboLR7NIxObNKj0SJtqWQzNTfEyMaG5PHoe2MKQ7MsjcV//M6GUbXwUioNEOu2HxRlEmCCZm+TXpCc4Yyt4QyLeythA2opgxtOEUbgrf88ippXlY9t+rd2zRuYI4CnEIZzsGDK6jBHdShAQwieIY3eHeGzovz4XzOW9ecxcwJ/IHz9QO5NZBy</latexit><latexit sha1_base64="ut89VjYdB3sDNp2qG7NLfJJnW9w=">AAAB6XicbVDLSgNBEOz1GeMr6tHLkCAIQtj1osegF49RzAOyS5idzCZDZmeXmV5hCfkDL4KKePWPvOVvnDwOmljQUFR1090VplIYdN2Js7a+sbm1Xdgp7u7tHxyWjo6bJsk04w2WyES3Q2q4FIo3UKDk7VRzGoeSt8Lh7dRvPXFtRKIeMU95ENO+EpFgFK304I+7pYpbdWcgq8RbkEqt7F+8Tmp5vVv69nsJy2KukElqTMdzUwxGVKNgko+LfmZ4StmQ9nnHUkVjboLR7NIxObNKj0SJtqWQzNTfEyMaG5PHoe2MKQ7MsjcV//M6GUbXwUioNEOu2HxRlEmCCZm+TXpCc4Yyt4QyLeythA2opgxtOEUbgrf88ippXlY9t+rd2zRuYI4CnEIZzsGDK6jBHdShAQwieIY3eHeGzovz4XzOW9ecxcwJ/IHz9QO5NZBy</latexit><latexit sha1_base64="zjFwJtC7jN9FMvMBCRKz9FMasj4=">AAAB6XicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2WhJtLNEIksCF7C17sGFv97I7Z0Iu/AMbC42x9R/Z+W9c4AoFXzLJy3szmZkXpVJY9P1vr7S2vrG5Vd6u7Ozu7R9UD4/aVmeG8RbTUptORC2XQvEWCpS8kxpOk0jyx2h8M/Mfn7ixQqsHnKQ8TOhQiVgwik6670371Zpf9+cgqyQoSA0KNPvVr95AsyzhCpmk1nYDP8UwpwYFk3xa6WWWp5SN6ZB3HVU04TbM55dOyZlTBiTWxpVCMld/T+Q0sXaSRK4zoTiyy95M/M/rZhhfhblQaYZcscWiOJMENZm9TQbCcIZy4ghlRrhbCRtRQxm6cCouhGD55VXSvqgHfj2482uN6yKOMpzAKZxDAJfQgFtoQgsYxPAMr/Dmjb0X7937WLSWvGLmGP7A+/wBnUyNYw==</latexit>



Can we use this to understand the triangular lattice?

Only one (or two) colorings.  

How many colorings?
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<latexit sha1_base64="mTAFKU/EfDMk+QeMaYCmsTIzaNk=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOi6EYouumyon1gH0MmTdu0ycyQ3BHboV/hxl9x40IRt+LOvzF9LLT1wL0czrmX5B4vFFyDbX9bc/MLi0vLiZXk6tr6xmZqa7uog0hRVqCBCFTZI5oJ7rMCcBCsHCpGpCdYyeteDf3SPVOaB/4t9EJWk6Tl8yanBIzkpo5yFzm3CuwBlIzL5Tt7gA+xkznFVR1JN+adAb5xeb1veqfed1NpO2OPgGeJMyFpNEHeTX1VGwGNJPOBCqJ1xbFDqMVEAaeCDZLVSLOQ0C5psYqhPpFM1+LRWQO8b5QGbgbKlA94pP7eiInUuic9MykJtPW0NxT/8yoRNM9rMffDCJhPxw81I4EhwMOMcIMrRkH0DCFUcfNXTNtEEQomyaQJwZk+eZYUjzOOnXGuT9LZy0kcCbSL9tABctAZyqIcyqMCougRPaNX9GY9WS/Wu/UxHp2zJjs76A+szx/ZIZ3s</latexit><latexit sha1_base64="mTAFKU/EfDMk+QeMaYCmsTIzaNk=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOi6EYouumyon1gH0MmTdu0ycyQ3BHboV/hxl9x40IRt+LOvzF9LLT1wL0czrmX5B4vFFyDbX9bc/MLi0vLiZXk6tr6xmZqa7uog0hRVqCBCFTZI5oJ7rMCcBCsHCpGpCdYyeteDf3SPVOaB/4t9EJWk6Tl8yanBIzkpo5yFzm3CuwBlIzL5Tt7gA+xkznFVR1JN+adAb5xeb1veqfed1NpO2OPgGeJMyFpNEHeTX1VGwGNJPOBCqJ1xbFDqMVEAaeCDZLVSLOQ0C5psYqhPpFM1+LRWQO8b5QGbgbKlA94pP7eiInUuic9MykJtPW0NxT/8yoRNM9rMffDCJhPxw81I4EhwMOMcIMrRkH0DCFUcfNXTNtEEQomyaQJwZk+eZYUjzOOnXGuT9LZy0kcCbSL9tABctAZyqIcyqMCougRPaNX9GY9WS/Wu/UxHp2zJjs76A+szx/ZIZ3s</latexit><latexit sha1_base64="mTAFKU/EfDMk+QeMaYCmsTIzaNk=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOi6EYouumyon1gH0MmTdu0ycyQ3BHboV/hxl9x40IRt+LOvzF9LLT1wL0czrmX5B4vFFyDbX9bc/MLi0vLiZXk6tr6xmZqa7uog0hRVqCBCFTZI5oJ7rMCcBCsHCpGpCdYyeteDf3SPVOaB/4t9EJWk6Tl8yanBIzkpo5yFzm3CuwBlIzL5Tt7gA+xkznFVR1JN+adAb5xeb1veqfed1NpO2OPgGeJMyFpNEHeTX1VGwGNJPOBCqJ1xbFDqMVEAaeCDZLVSLOQ0C5psYqhPpFM1+LRWQO8b5QGbgbKlA94pP7eiInUuic9MykJtPW0NxT/8yoRNM9rMffDCJhPxw81I4EhwMOMcIMrRkH0DCFUcfNXTNtEEQomyaQJwZk+eZYUjzOOnXGuT9LZy0kcCbSL9tABctAZyqIcyqMCougRPaNX9GY9WS/Wu/UxHp2zJjs76A+szx/ZIZ3s</latexit><latexit sha1_base64="mTAFKU/EfDMk+QeMaYCmsTIzaNk=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOi6EYouumyon1gH0MmTdu0ycyQ3BHboV/hxl9x40IRt+LOvzF9LLT1wL0czrmX5B4vFFyDbX9bc/MLi0vLiZXk6tr6xmZqa7uog0hRVqCBCFTZI5oJ7rMCcBCsHCpGpCdYyeteDf3SPVOaB/4t9EJWk6Tl8yanBIzkpo5yFzm3CuwBlIzL5Tt7gA+xkznFVR1JN+adAb5xeb1veqfed1NpO2OPgGeJMyFpNEHeTX1VGwGNJPOBCqJ1xbFDqMVEAaeCDZLVSLOQ0C5psYqhPpFM1+LRWQO8b5QGbgbKlA94pP7eiInUuic9MykJtPW0NxT/8yoRNM9rMffDCJhPxw81I4EhwMOMcIMrRkH0DCFUcfNXTNtEEQomyaQJwZk+eZYUjzOOnXGuT9LZy0kcCbSL9tABctAZyqIcyqMCougRPaNX9GY9WS/Wu/UxHp2zJjs76A+szx/ZIZ3s</latexit>

PSz=0
<latexit sha1_base64="+Ftd0FPO2SLylhpgMU0/sSdqHdc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tlgTBKtzZaCMEbSwjmg9JjmNvs5cs2d07dveEeAT8DzYWitj6c+z8N+4lKTTxwcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7By0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w9FV7rcfqNIslndmnFBf4IFkESPYWOm+EWS3weOFOwnKVbfmToGWiTcn1XqlV3kCgEZQ/ur1Y5IKKg3hWOuu5ybGz7AyjHA6KfVSTRNMRnhAu5ZKLKj2s+nBE3RslT6KYmVLGjRVf09kWGg9FqHtFNgM9aKXi/953dRE537GZJIaKslsUZRyZGKUf4/6TFFi+NgSTBSztyIyxAoTYzMq2RC8xZeXSeu05rk178amcQkzFOEIKnACHpxBHa6hAU0gIOAZXuHNUc6L8+58zFoLznzmEP7A+fwBLFeRcA==</latexit><latexit sha1_base64="YexunGflwzdLWdHKImz/Mi8jdCk=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmSBCswq6NNkLQxjKieUiyLLOT2WTIzOwyMyvEJR9gbaGFIrb+hn9gI/6Nk0ehiQcuHM65l3vvCRPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1nWcKkJrJOaxaoZYU84krRlmOG0mimIRctoI++cjv3FLlWaxvDaDhPoCdyWLGMHGSjfVILsK7k7dYVAouWV3DDRPvCkpVYrt4v3jx1c1KHy2OzFJBZWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LJRZU+9n44CE6sEoHRbGyJQ0aq78nMiy0HojQdgpsenrWG4n/ea3URCd+xmSSGirJZFGUcmRiNPoedZiixPCBJZgoZm9FpIcVJsZmlLcheLMvz5P6Udlzy96lTeMMJsjBPhThEDw4hgpcQBVqQEDAAzzDi6OcJ+fVeZu0LjjTmT34A+f9ByXSk6o=</latexit><latexit sha1_base64="YexunGflwzdLWdHKImz/Mi8jdCk=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmSBCswq6NNkLQxjKieUiyLLOT2WTIzOwyMyvEJR9gbaGFIrb+hn9gI/6Nk0ehiQcuHM65l3vvCRPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1nWcKkJrJOaxaoZYU84krRlmOG0mimIRctoI++cjv3FLlWaxvDaDhPoCdyWLGMHGSjfVILsK7k7dYVAouWV3DDRPvCkpVYrt4v3jx1c1KHy2OzFJBZWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LJRZU+9n44CE6sEoHRbGyJQ0aq78nMiy0HojQdgpsenrWG4n/ea3URCd+xmSSGirJZFGUcmRiNPoedZiixPCBJZgoZm9FpIcVJsZmlLcheLMvz5P6Udlzy96lTeMMJsjBPhThEDw4hgpcQBVqQEDAAzzDi6OcJ+fVeZu0LjjTmT34A+f9ByXSk6o=</latexit><latexit sha1_base64="8iZfp7C4+omO4MJ/N14fumu72mU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8l60YtQ9OKxov2QdlmyadqGJtklyQp16a/w4kERr/4cb/4b03YP2vpg4PHeDDPzokRwYzH+9gorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OyKGCa5Yw3IrWDvRjMhIsFY0up76rUemDY/VvR0nLJBkoHifU2Kd9FAPs7vw6RJPwnIFV/EMaJn4OalAjnpY/ur2YppKpiwVxJiOjxMbZERbTgWblLqpYQmhIzJgHUcVkcwE2ezgCTpxSg/1Y+1KWTRTf09kRBozlpHrlMQOzaI3Ff/zOqntXwQZV0lqmaLzRf1UIBuj6feoxzWjVowdIVRzdyuiQ6IJtS6jkgvBX3x5mTTPqj6u+re4UrvK4yjCERzDKfhwDjW4gTo0gIKEZ3iFN097L9679zFvLXj5zCH8gff5A1D5kBA=</latexit>

[ ]
<latexit sha1_base64="8hr85QFjGfEktHtOclIy4cP/6BU=">AAACBXicbVA9SwNBEJ3zM8avqKUWS0QQhHCXRsugjWUEE4XcEfY2c8ni3ge7c0I40tj4NyxtLBSx9T/Y+W/cJBZqfDDweG+GmXlhpqQh1/105uYXFpeWSyvl1bX1jc3K1nbbpLkW2BKpSvV1yA0qmWCLJCm8zjTyOFR4Fd6cjf2rW9RGpsklDTMMYt5PZCQFJyt1K3u+wog6/sBkXGDh1uoiHjFfy/6Agm5l3625E7BZ4n2T/UbVP3oAgGa38uH3UpHHmJBQ3JiO52YUFFyTFApHZT83aPfc8D52LE14jCYoJl+M2IFVeixKta2E2ET9OVHw2JhhHNrOmNPA/PXG4n9eJ6foJChkkuWEiZguinLFKGXjSFhPahSkhpZwoaW9lYkB11yQDa5sQ/D+vjxL2vWa59a8C5vGKUxRgl2owiF4cAwNOIcmtEDAHTzCM7w4986T8+q8TVvnnO+ZHfgF5/0LHdOZyQ==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="c+4HrGkaHpF+Yy4c3Res1RFkBhw=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXbTaBm0sYxgHrC7hNnJ3eyQ2Qczd4WwpLHxV2wsFLH1H+z8GyePQhMPXDiccy/33hNkUmi07W+rtLa+sblV3q7s7O7tH1QPjzo6zRWHNk9lqnoB0yBFAm0UKKGXKWBxIKEbjG6mfvcBlBZpco/jDPyYDRMRCs7QSP3qqSchRNeLdMY4FHa9weMJ9ZQYRuj3qzW7bs9AV4mzIDWyQKtf/fIGKc9jSJBLprXr2Bn6BVMouIRJxcs1mD0jNgTX0ITFoP1i9sWEnhtlQMNUmUqQztTfEwWLtR7HgemMGUZ62ZuK/3lujuGVX4gkyxESPl8U5pJiSqeR0IFQwFGODWFcCXMr5RFTjKMJrmJCcJZfXiWdRt2x686dXWteL+IokxNyRi6IQy5Jk9ySFmkTTh7JM3klb9aT9WK9Wx/z1pK1mDkmf2B9/gALVJhA</latexit>



Can we use this to understand the triangular lattice?

Only one (or two) colorings.  

How many colorings?
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<latexit sha1_base64="mTAFKU/EfDMk+QeMaYCmsTIzaNk=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOi6EYouumyon1gH0MmTdu0ycyQ3BHboV/hxl9x40IRt+LOvzF9LLT1wL0czrmX5B4vFFyDbX9bc/MLi0vLiZXk6tr6xmZqa7uog0hRVqCBCFTZI5oJ7rMCcBCsHCpGpCdYyeteDf3SPVOaB/4t9EJWk6Tl8yanBIzkpo5yFzm3CuwBlIzL5Tt7gA+xkznFVR1JN+adAb5xeb1veqfed1NpO2OPgGeJMyFpNEHeTX1VGwGNJPOBCqJ1xbFDqMVEAaeCDZLVSLOQ0C5psYqhPpFM1+LRWQO8b5QGbgbKlA94pP7eiInUuic9MykJtPW0NxT/8yoRNM9rMffDCJhPxw81I4EhwMOMcIMrRkH0DCFUcfNXTNtEEQomyaQJwZk+eZYUjzOOnXGuT9LZy0kcCbSL9tABctAZyqIcyqMCougRPaNX9GY9WS/Wu/UxHp2zJjs76A+szx/ZIZ3s</latexit><latexit sha1_base64="mTAFKU/EfDMk+QeMaYCmsTIzaNk=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOi6EYouumyon1gH0MmTdu0ycyQ3BHboV/hxl9x40IRt+LOvzF9LLT1wL0czrmX5B4vFFyDbX9bc/MLi0vLiZXk6tr6xmZqa7uog0hRVqCBCFTZI5oJ7rMCcBCsHCpGpCdYyeteDf3SPVOaB/4t9EJWk6Tl8yanBIzkpo5yFzm3CuwBlIzL5Tt7gA+xkznFVR1JN+adAb5xeb1veqfed1NpO2OPgGeJMyFpNEHeTX1VGwGNJPOBCqJ1xbFDqMVEAaeCDZLVSLOQ0C5psYqhPpFM1+LRWQO8b5QGbgbKlA94pP7eiInUuic9MykJtPW0NxT/8yoRNM9rMffDCJhPxw81I4EhwMOMcIMrRkH0DCFUcfNXTNtEEQomyaQJwZk+eZYUjzOOnXGuT9LZy0kcCbSL9tABctAZyqIcyqMCougRPaNX9GY9WS/Wu/UxHp2zJjs76A+szx/ZIZ3s</latexit><latexit sha1_base64="mTAFKU/EfDMk+QeMaYCmsTIzaNk=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOi6EYouumyon1gH0MmTdu0ycyQ3BHboV/hxl9x40IRt+LOvzF9LLT1wL0czrmX5B4vFFyDbX9bc/MLi0vLiZXk6tr6xmZqa7uog0hRVqCBCFTZI5oJ7rMCcBCsHCpGpCdYyeteDf3SPVOaB/4t9EJWk6Tl8yanBIzkpo5yFzm3CuwBlIzL5Tt7gA+xkznFVR1JN+adAb5xeb1veqfed1NpO2OPgGeJMyFpNEHeTX1VGwGNJPOBCqJ1xbFDqMVEAaeCDZLVSLOQ0C5psYqhPpFM1+LRWQO8b5QGbgbKlA94pP7eiInUuic9MykJtPW0NxT/8yoRNM9rMffDCJhPxw81I4EhwMOMcIMrRkH0DCFUcfNXTNtEEQomyaQJwZk+eZYUjzOOnXGuT9LZy0kcCbSL9tABctAZyqIcyqMCougRPaNX9GY9WS/Wu/UxHp2zJjs76A+szx/ZIZ3s</latexit><latexit sha1_base64="mTAFKU/EfDMk+QeMaYCmsTIzaNk=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOi6EYouumyon1gH0MmTdu0ycyQ3BHboV/hxl9x40IRt+LOvzF9LLT1wL0czrmX5B4vFFyDbX9bc/MLi0vLiZXk6tr6xmZqa7uog0hRVqCBCFTZI5oJ7rMCcBCsHCpGpCdYyeteDf3SPVOaB/4t9EJWk6Tl8yanBIzkpo5yFzm3CuwBlIzL5Tt7gA+xkznFVR1JN+adAb5xeb1veqfed1NpO2OPgGeJMyFpNEHeTX1VGwGNJPOBCqJ1xbFDqMVEAaeCDZLVSLOQ0C5psYqhPpFM1+LRWQO8b5QGbgbKlA94pP7eiInUuic9MykJtPW0NxT/8yoRNM9rMffDCJhPxw81I4EhwMOMcIMrRkH0DCFUcfNXTNtEEQomyaQJwZk+eZYUjzOOnXGuT9LZy0kcCbSL9tABctAZyqIcyqMCougRPaNX9GY9WS/Wu/UxHp2zJjs76A+szx/ZIZ3s</latexit>

`Linear Degenerate’
over polarization

PSz=0
<latexit sha1_base64="+Ftd0FPO2SLylhpgMU0/sSdqHdc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tlgTBKtzZaCMEbSwjmg9JjmNvs5cs2d07dveEeAT8DzYWitj6c+z8N+4lKTTxwcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7By0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w9FV7rcfqNIslndmnFBf4IFkESPYWOm+EWS3weOFOwnKVbfmToGWiTcn1XqlV3kCgEZQ/ur1Y5IKKg3hWOuu5ybGz7AyjHA6KfVSTRNMRnhAu5ZKLKj2s+nBE3RslT6KYmVLGjRVf09kWGg9FqHtFNgM9aKXi/953dRE537GZJIaKslsUZRyZGKUf4/6TFFi+NgSTBSztyIyxAoTYzMq2RC8xZeXSeu05rk178amcQkzFOEIKnACHpxBHa6hAU0gIOAZXuHNUc6L8+58zFoLznzmEP7A+fwBLFeRcA==</latexit><latexit sha1_base64="YexunGflwzdLWdHKImz/Mi8jdCk=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmSBCswq6NNkLQxjKieUiyLLOT2WTIzOwyMyvEJR9gbaGFIrb+hn9gI/6Nk0ehiQcuHM65l3vvCRPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1nWcKkJrJOaxaoZYU84krRlmOG0mimIRctoI++cjv3FLlWaxvDaDhPoCdyWLGMHGSjfVILsK7k7dYVAouWV3DDRPvCkpVYrt4v3jx1c1KHy2OzFJBZWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LJRZU+9n44CE6sEoHRbGyJQ0aq78nMiy0HojQdgpsenrWG4n/ea3URCd+xmSSGirJZFGUcmRiNPoedZiixPCBJZgoZm9FpIcVJsZmlLcheLMvz5P6Udlzy96lTeMMJsjBPhThEDw4hgpcQBVqQEDAAzzDi6OcJ+fVeZu0LjjTmT34A+f9ByXSk6o=</latexit><latexit sha1_base64="YexunGflwzdLWdHKImz/Mi8jdCk=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmSBCswq6NNkLQxjKieUiyLLOT2WTIzOwyMyvEJR9gbaGFIrb+hn9gI/6Nk0ehiQcuHM65l3vvCRPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1nWcKkJrJOaxaoZYU84krRlmOG0mimIRctoI++cjv3FLlWaxvDaDhPoCdyWLGMHGSjfVILsK7k7dYVAouWV3DDRPvCkpVYrt4v3jx1c1KHy2OzFJBZWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LJRZU+9n44CE6sEoHRbGyJQ0aq78nMiy0HojQdgpsenrWG4n/ea3URCd+xmSSGirJZFGUcmRiNPoedZiixPCBJZgoZm9FpIcVJsZmlLcheLMvz5P6Udlzy96lTeMMJsjBPhThEDw4hgpcQBVqQEDAAzzDi6OcJ+fVeZu0LjjTmT34A+f9ByXSk6o=</latexit><latexit sha1_base64="8iZfp7C4+omO4MJ/N14fumu72mU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8l60YtQ9OKxov2QdlmyadqGJtklyQp16a/w4kERr/4cb/4b03YP2vpg4PHeDDPzokRwYzH+9gorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OyKGCa5Yw3IrWDvRjMhIsFY0up76rUemDY/VvR0nLJBkoHifU2Kd9FAPs7vw6RJPwnIFV/EMaJn4OalAjnpY/ur2YppKpiwVxJiOjxMbZERbTgWblLqpYQmhIzJgHUcVkcwE2ezgCTpxSg/1Y+1KWTRTf09kRBozlpHrlMQOzaI3Ff/zOqntXwQZV0lqmaLzRf1UIBuj6feoxzWjVowdIVRzdyuiQ6IJtS6jkgvBX3x5mTTPqj6u+re4UrvK4yjCERzDKfhwDjW4gTo0gIKEZ3iFN097L9679zFvLXj5zCH8gff5A1D5kBA=</latexit>

[ ]
<latexit sha1_base64="8hr85QFjGfEktHtOclIy4cP/6BU=">AAACBXicbVA9SwNBEJ3zM8avqKUWS0QQhHCXRsugjWUEE4XcEfY2c8ni3ge7c0I40tj4NyxtLBSx9T/Y+W/cJBZqfDDweG+GmXlhpqQh1/105uYXFpeWSyvl1bX1jc3K1nbbpLkW2BKpSvV1yA0qmWCLJCm8zjTyOFR4Fd6cjf2rW9RGpsklDTMMYt5PZCQFJyt1K3u+wog6/sBkXGDh1uoiHjFfy/6Agm5l3625E7BZ4n2T/UbVP3oAgGa38uH3UpHHmJBQ3JiO52YUFFyTFApHZT83aPfc8D52LE14jCYoJl+M2IFVeixKta2E2ET9OVHw2JhhHNrOmNPA/PXG4n9eJ6foJChkkuWEiZguinLFKGXjSFhPahSkhpZwoaW9lYkB11yQDa5sQ/D+vjxL2vWa59a8C5vGKUxRgl2owiF4cAwNOIcmtEDAHTzCM7w4986T8+q8TVvnnO+ZHfgF5/0LHdOZyQ==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="c+4HrGkaHpF+Yy4c3Res1RFkBhw=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXbTaBm0sYxgHrC7hNnJ3eyQ2Qczd4WwpLHxV2wsFLH1H+z8GyePQhMPXDiccy/33hNkUmi07W+rtLa+sblV3q7s7O7tH1QPjzo6zRWHNk9lqnoB0yBFAm0UKKGXKWBxIKEbjG6mfvcBlBZpco/jDPyYDRMRCs7QSP3qqSchRNeLdMY4FHa9weMJ9ZQYRuj3qzW7bs9AV4mzIDWyQKtf/fIGKc9jSJBLprXr2Bn6BVMouIRJxcs1mD0jNgTX0ITFoP1i9sWEnhtlQMNUmUqQztTfEwWLtR7HgemMGUZ62ZuK/3lujuGVX4gkyxESPl8U5pJiSqeR0IFQwFGODWFcCXMr5RFTjKMJrmJCcJZfXiWdRt2x686dXWteL+IokxNyRi6IQy5Jk9ySFmkTTh7JM3klb9aT9WK9Wx/z1pK1mDkmf2B9/gALVJhA</latexit>



Can we use this to understand the triangular lattice?

Only one (or two) colorings.  

How many colorings?
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<latexit sha1_base64="mTAFKU/EfDMk+QeMaYCmsTIzaNk=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOi6EYouumyon1gH0MmTdu0ycyQ3BHboV/hxl9x40IRt+LOvzF9LLT1wL0czrmX5B4vFFyDbX9bc/MLi0vLiZXk6tr6xmZqa7uog0hRVqCBCFTZI5oJ7rMCcBCsHCpGpCdYyeteDf3SPVOaB/4t9EJWk6Tl8yanBIzkpo5yFzm3CuwBlIzL5Tt7gA+xkznFVR1JN+adAb5xeb1veqfed1NpO2OPgGeJMyFpNEHeTX1VGwGNJPOBCqJ1xbFDqMVEAaeCDZLVSLOQ0C5psYqhPpFM1+LRWQO8b5QGbgbKlA94pP7eiInUuic9MykJtPW0NxT/8yoRNM9rMffDCJhPxw81I4EhwMOMcIMrRkH0DCFUcfNXTNtEEQomyaQJwZk+eZYUjzOOnXGuT9LZy0kcCbSL9tABctAZyqIcyqMCougRPaNX9GY9WS/Wu/UxHp2zJjs76A+szx/ZIZ3s</latexit><latexit sha1_base64="mTAFKU/EfDMk+QeMaYCmsTIzaNk=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOi6EYouumyon1gH0MmTdu0ycyQ3BHboV/hxl9x40IRt+LOvzF9LLT1wL0czrmX5B4vFFyDbX9bc/MLi0vLiZXk6tr6xmZqa7uog0hRVqCBCFTZI5oJ7rMCcBCsHCpGpCdYyeteDf3SPVOaB/4t9EJWk6Tl8yanBIzkpo5yFzm3CuwBlIzL5Tt7gA+xkznFVR1JN+adAb5xeb1veqfed1NpO2OPgGeJMyFpNEHeTX1VGwGNJPOBCqJ1xbFDqMVEAaeCDZLVSLOQ0C5psYqhPpFM1+LRWQO8b5QGbgbKlA94pP7eiInUuic9MykJtPW0NxT/8yoRNM9rMffDCJhPxw81I4EhwMOMcIMrRkH0DCFUcfNXTNtEEQomyaQJwZk+eZYUjzOOnXGuT9LZy0kcCbSL9tABctAZyqIcyqMCougRPaNX9GY9WS/Wu/UxHp2zJjs76A+szx/ZIZ3s</latexit><latexit sha1_base64="mTAFKU/EfDMk+QeMaYCmsTIzaNk=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOi6EYouumyon1gH0MmTdu0ycyQ3BHboV/hxl9x40IRt+LOvzF9LLT1wL0czrmX5B4vFFyDbX9bc/MLi0vLiZXk6tr6xmZqa7uog0hRVqCBCFTZI5oJ7rMCcBCsHCpGpCdYyeteDf3SPVOaB/4t9EJWk6Tl8yanBIzkpo5yFzm3CuwBlIzL5Tt7gA+xkznFVR1JN+adAb5xeb1veqfed1NpO2OPgGeJMyFpNEHeTX1VGwGNJPOBCqJ1xbFDqMVEAaeCDZLVSLOQ0C5psYqhPpFM1+LRWQO8b5QGbgbKlA94pP7eiInUuic9MykJtPW0NxT/8yoRNM9rMffDCJhPxw81I4EhwMOMcIMrRkH0DCFUcfNXTNtEEQomyaQJwZk+eZYUjzOOnXGuT9LZy0kcCbSL9tABctAZyqIcyqMCougRPaNX9GY9WS/Wu/UxHp2zJjs76A+szx/ZIZ3s</latexit><latexit sha1_base64="mTAFKU/EfDMk+QeMaYCmsTIzaNk=">AAACFnicbVDLSgMxFM34rPVVdekmWARBLDOi6EYouumyon1gH0MmTdu0ycyQ3BHboV/hxl9x40IRt+LOvzF9LLT1wL0czrmX5B4vFFyDbX9bc/MLi0vLiZXk6tr6xmZqa7uog0hRVqCBCFTZI5oJ7rMCcBCsHCpGpCdYyeteDf3SPVOaB/4t9EJWk6Tl8yanBIzkpo5yFzm3CuwBlIzL5Tt7gA+xkznFVR1JN+adAb5xeb1veqfed1NpO2OPgGeJMyFpNEHeTX1VGwGNJPOBCqJ1xbFDqMVEAaeCDZLVSLOQ0C5psYqhPpFM1+LRWQO8b5QGbgbKlA94pP7eiInUuic9MykJtPW0NxT/8yoRNM9rMffDCJhPxw81I4EhwMOMcIMrRkH0DCFUcfNXTNtEEQomyaQJwZk+eZYUjzOOnXGuT9LZy0kcCbSL9tABctAZyqIcyqMCougRPaNX9GY9WS/Wu/UxHp2zJjs76A+szx/ZIZ3s</latexit>

`Linear Degenerate’
over polarization

H = HXXZ0 � 0.1
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<latexit sha1_base64="7ur/kOKfvJG5naMNRrDlC3z1g68=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4aZkRQTdC0U2XFe0D+xgyadqmTWaG5I7YDv0KN/6KGxeKuBV3/o3pY6GtB+7lcM69JPd4oeAabPvbSiwtr6yuJddTG5tb2zvp3b2yDiJFWYkGIlBVj2gmuM9KwEGwaqgYkZ5gFa9/NfYr90xpHvi3MAhZQ5KOz9ucEjCSm84WLgpuHdgDKBlXq3f2CGexnXNwXUfSjXlvhG9c3hya3msO3XTGztkT4EXizEgGzVB001/1VkAjyXyggmhdc+wQGjFRwKlgo1Q90iwktE86rGaoTyTTjXhy1ggfGaWF24Ey5QOeqL83YiK1HkjPTEoCXT3vjcX/vFoE7fNGzP0wAubT6UPtSGAI8Dgj3OKKURADQwhV3PwV0y5RhIJJMmVCcOZPXiTlk5xjcrw+zeQvZ3Ek0QE6RMfIQWcojwqoiEqIokf0jF7Rm/VkvVjv1sd0NGHNdvbRH1ifP9RZnek=</latexit><latexit sha1_base64="7ur/kOKfvJG5naMNRrDlC3z1g68=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4aZkRQTdC0U2XFe0D+xgyadqmTWaG5I7YDv0KN/6KGxeKuBV3/o3pY6GtB+7lcM69JPd4oeAabPvbSiwtr6yuJddTG5tb2zvp3b2yDiJFWYkGIlBVj2gmuM9KwEGwaqgYkZ5gFa9/NfYr90xpHvi3MAhZQ5KOz9ucEjCSm84WLgpuHdgDKBlXq3f2CGexnXNwXUfSjXlvhG9c3hya3msO3XTGztkT4EXizEgGzVB001/1VkAjyXyggmhdc+wQGjFRwKlgo1Q90iwktE86rGaoTyTTjXhy1ggfGaWF24Ey5QOeqL83YiK1HkjPTEoCXT3vjcX/vFoE7fNGzP0wAubT6UPtSGAI8Dgj3OKKURADQwhV3PwV0y5RhIJJMmVCcOZPXiTlk5xjcrw+zeQvZ3Ek0QE6RMfIQWcojwqoiEqIokf0jF7Rm/VkvVjv1sd0NGHNdvbRH1ifP9RZnek=</latexit><latexit sha1_base64="7ur/kOKfvJG5naMNRrDlC3z1g68=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4aZkRQTdC0U2XFe0D+xgyadqmTWaG5I7YDv0KN/6KGxeKuBV3/o3pY6GtB+7lcM69JPd4oeAabPvbSiwtr6yuJddTG5tb2zvp3b2yDiJFWYkGIlBVj2gmuM9KwEGwaqgYkZ5gFa9/NfYr90xpHvi3MAhZQ5KOz9ucEjCSm84WLgpuHdgDKBlXq3f2CGexnXNwXUfSjXlvhG9c3hya3msO3XTGztkT4EXizEgGzVB001/1VkAjyXyggmhdc+wQGjFRwKlgo1Q90iwktE86rGaoTyTTjXhy1ggfGaWF24Ey5QOeqL83YiK1HkjPTEoCXT3vjcX/vFoE7fNGzP0wAubT6UPtSGAI8Dgj3OKKURADQwhV3PwV0y5RhIJJMmVCcOZPXiTlk5xjcrw+zeQvZ3Ek0QE6RMfIQWcojwqoiEqIokf0jF7Rm/VkvVjv1sd0NGHNdvbRH1ifP9RZnek=</latexit><latexit sha1_base64="7ur/kOKfvJG5naMNRrDlC3z1g68=">AAACFnicbVDLSgMxFM3UV62vqks3wSK4aZkRQTdC0U2XFe0D+xgyadqmTWaG5I7YDv0KN/6KGxeKuBV3/o3pY6GtB+7lcM69JPd4oeAabPvbSiwtr6yuJddTG5tb2zvp3b2yDiJFWYkGIlBVj2gmuM9KwEGwaqgYkZ5gFa9/NfYr90xpHvi3MAhZQ5KOz9ucEjCSm84WLgpuHdgDKBlXq3f2CGexnXNwXUfSjXlvhG9c3hya3msO3XTGztkT4EXizEgGzVB001/1VkAjyXyggmhdc+wQGjFRwKlgo1Q90iwktE86rGaoTyTTjXhy1ggfGaWF24Ey5QOeqL83YiK1HkjPTEoCXT3vjcX/vFoE7fNGzP0wAubT6UPtSGAI8Dgj3OKKURADQwhV3PwV0y5RhIJJMmVCcOZPXiTlk5xjcrw+zeQvZ3Ek0QE6RMfIQWcojwqoiEqIokf0jF7Rm/VkvVjv1sd0NGHNdvbRH1ifP9RZnek=</latexit>

Ferromagnet

PSz=0
<latexit sha1_base64="+Ftd0FPO2SLylhpgMU0/sSdqHdc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tlgTBKtzZaCMEbSwjmg9JjmNvs5cs2d07dveEeAT8DzYWitj6c+z8N+4lKTTxwcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7By0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w9FV7rcfqNIslndmnFBf4IFkESPYWOm+EWS3weOFOwnKVbfmToGWiTcn1XqlV3kCgEZQ/ur1Y5IKKg3hWOuu5ybGz7AyjHA6KfVSTRNMRnhAu5ZKLKj2s+nBE3RslT6KYmVLGjRVf09kWGg9FqHtFNgM9aKXi/953dRE537GZJIaKslsUZRyZGKUf4/6TFFi+NgSTBSztyIyxAoTYzMq2RC8xZeXSeu05rk178amcQkzFOEIKnACHpxBHa6hAU0gIOAZXuHNUc6L8+58zFoLznzmEP7A+fwBLFeRcA==</latexit><latexit sha1_base64="YexunGflwzdLWdHKImz/Mi8jdCk=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmSBCswq6NNkLQxjKieUiyLLOT2WTIzOwyMyvEJR9gbaGFIrb+hn9gI/6Nk0ehiQcuHM65l3vvCRPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1nWcKkJrJOaxaoZYU84krRlmOG0mimIRctoI++cjv3FLlWaxvDaDhPoCdyWLGMHGSjfVILsK7k7dYVAouWV3DDRPvCkpVYrt4v3jx1c1KHy2OzFJBZWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LJRZU+9n44CE6sEoHRbGyJQ0aq78nMiy0HojQdgpsenrWG4n/ea3URCd+xmSSGirJZFGUcmRiNPoedZiixPCBJZgoZm9FpIcVJsZmlLcheLMvz5P6Udlzy96lTeMMJsjBPhThEDw4hgpcQBVqQEDAAzzDi6OcJ+fVeZu0LjjTmT34A+f9ByXSk6o=</latexit><latexit sha1_base64="YexunGflwzdLWdHKImz/Mi8jdCk=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmSBCswq6NNkLQxjKieUiyLLOT2WTIzOwyMyvEJR9gbaGFIrb+hn9gI/6Nk0ehiQcuHM65l3vvCRPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1nWcKkJrJOaxaoZYU84krRlmOG0mimIRctoI++cjv3FLlWaxvDaDhPoCdyWLGMHGSjfVILsK7k7dYVAouWV3DDRPvCkpVYrt4v3jx1c1KHy2OzFJBZWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LJRZU+9n44CE6sEoHRbGyJQ0aq78nMiy0HojQdgpsenrWG4n/ea3URCd+xmSSGirJZFGUcmRiNPoedZiixPCBJZgoZm9FpIcVJsZmlLcheLMvz5P6Udlzy96lTeMMJsjBPhThEDw4hgpcQBVqQEDAAzzDi6OcJ+fVeZu0LjjTmT34A+f9ByXSk6o=</latexit><latexit sha1_base64="8iZfp7C4+omO4MJ/N14fumu72mU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8l60YtQ9OKxov2QdlmyadqGJtklyQp16a/w4kERr/4cb/4b03YP2vpg4PHeDDPzokRwYzH+9gorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OyKGCa5Yw3IrWDvRjMhIsFY0up76rUemDY/VvR0nLJBkoHifU2Kd9FAPs7vw6RJPwnIFV/EMaJn4OalAjnpY/ur2YppKpiwVxJiOjxMbZERbTgWblLqpYQmhIzJgHUcVkcwE2ezgCTpxSg/1Y+1KWTRTf09kRBozlpHrlMQOzaI3Ff/zOqntXwQZV0lqmaLzRf1UIBuj6feoxzWjVowdIVRzdyuiQ6IJtS6jkgvBX3x5mTTPqj6u+re4UrvK4yjCERzDKfhwDjW4gTo0gIKEZ3iFN097L9679zFvLXj5zCH8gff5A1D5kBA=</latexit>

[ ]
<latexit sha1_base64="8hr85QFjGfEktHtOclIy4cP/6BU=">AAACBXicbVA9SwNBEJ3zM8avqKUWS0QQhHCXRsugjWUEE4XcEfY2c8ni3ge7c0I40tj4NyxtLBSx9T/Y+W/cJBZqfDDweG+GmXlhpqQh1/105uYXFpeWSyvl1bX1jc3K1nbbpLkW2BKpSvV1yA0qmWCLJCm8zjTyOFR4Fd6cjf2rW9RGpsklDTMMYt5PZCQFJyt1K3u+wog6/sBkXGDh1uoiHjFfy/6Agm5l3625E7BZ4n2T/UbVP3oAgGa38uH3UpHHmJBQ3JiO52YUFFyTFApHZT83aPfc8D52LE14jCYoJl+M2IFVeixKta2E2ET9OVHw2JhhHNrOmNPA/PXG4n9eJ6foJChkkuWEiZguinLFKGXjSFhPahSkhpZwoaW9lYkB11yQDa5sQ/D+vjxL2vWa59a8C5vGKUxRgl2owiF4cAwNOIcmtEDAHTzCM7w4986T8+q8TVvnnO+ZHfgF5/0LHdOZyQ==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="c+4HrGkaHpF+Yy4c3Res1RFkBhw=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXbTaBm0sYxgHrC7hNnJ3eyQ2Qczd4WwpLHxV2wsFLH1H+z8GyePQhMPXDiccy/33hNkUmi07W+rtLa+sblV3q7s7O7tH1QPjzo6zRWHNk9lqnoB0yBFAm0UKKGXKWBxIKEbjG6mfvcBlBZpco/jDPyYDRMRCs7QSP3qqSchRNeLdMY4FHa9weMJ9ZQYRuj3qzW7bs9AV4mzIDWyQKtf/fIGKc9jSJBLprXr2Bn6BVMouIRJxcs1mD0jNgTX0ITFoP1i9sWEnhtlQMNUmUqQztTfEwWLtR7HgemMGUZ62ZuK/3lujuGVX4gkyxESPl8U5pJiSqeR0IFQwFGODWFcCXMr5RFTjKMJrmJCcJZfXiWdRt2x686dXWteL+IokxNyRi6IQy5Jk9ySFmkTTh7JM3klb9aT9WK9Wx/z1pK1mDkmf2B9/gALVJhA</latexit>

PSz=N
<latexit sha1_base64="RjUpDyBkoPheT2c99HkrO/y4ERA=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9j1Yi5C0IsniWgekizL7GQ2GTIzu8zMCnEJ+A9ePCji1c/x5t84eRw0saChqOqmuytMONPGdb+d3Mrq2vpGfrOwtb2zu1fcP2jqOFWENkjMY9UOsaacSdowzHDaThTFIuS0FQ4vJ37rgSrNYnlnRgn1Be5LFjGCjZXu60F2GzyeX4+DYtmtuFOgZeLNSblW6paeAKAeFL+6vZikgkpDONa647mJ8TOsDCOcjgvdVNMEkyHu046lEguq/Wx68BgdW6WHoljZkgZN1d8TGRZaj0RoOwU2A73oTcT/vE5qoqqfMZmkhkoyWxSlHJkYTb5HPaYoMXxkCSaK2VsRGWCFibEZFWwI3uLLy6R5WvHcindj07iAGfJwBCU4AQ/OoAZXUIcGEBDwDK/w5ijnxXl3PmatOWc+cwh/4Hz+AFntkY4=</latexit><latexit sha1_base64="pwnIcOFN2cjVmdqFZ8AkRFoIirw=">AAAB8HicbVC7SgNBFL0bXzG+opY2Q4JgFXZttBGCNlYS0TwkWZbZySQZMjO7zMwKcckHWFtooYitv+Ef2Ih/4+RRaOKBC4dz7uXee8KYM21c99vJLCwuLa9kV3Nr6xubW/ntnZqOEkVolUQ8Uo0Qa8qZpFXDDKeNWFEsQk7rYf9s5NdvqdIsktdmEFNf4K5kHUawsdJNJUivgruTi2GQL7oldww0T7wpKZYLrcL948dXJch/ttoRSQSVhnCsddNzY+OnWBlGOB3mWommMSZ93KVNSyUWVPvp+OAh2rdKG3UiZUsaNFZ/T6RYaD0Qoe0U2PT0rDcS//Oaiekc+ymTcWKoJJNFnYQjE6HR96jNFCWGDyzBRDF7KyI9rDAxNqOcDcGbfXme1A5LnlvyLm0apzBBFvagAAfgwRGU4RwqUAUCAh7gGV4c5Tw5r87bpDXjTGd24Q+c9x9TaJPI</latexit><latexit sha1_base64="pwnIcOFN2cjVmdqFZ8AkRFoIirw=">AAAB8HicbVC7SgNBFL0bXzG+opY2Q4JgFXZttBGCNlYS0TwkWZbZySQZMjO7zMwKcckHWFtooYitv+Ef2Ih/4+RRaOKBC4dz7uXee8KYM21c99vJLCwuLa9kV3Nr6xubW/ntnZqOEkVolUQ8Uo0Qa8qZpFXDDKeNWFEsQk7rYf9s5NdvqdIsktdmEFNf4K5kHUawsdJNJUivgruTi2GQL7oldww0T7wpKZYLrcL948dXJch/ttoRSQSVhnCsddNzY+OnWBlGOB3mWommMSZ93KVNSyUWVPvp+OAh2rdKG3UiZUsaNFZ/T6RYaD0Qoe0U2PT0rDcS//Oaiekc+ymTcWKoJJNFnYQjE6HR96jNFCWGDyzBRDF7KyI9rDAxNqOcDcGbfXme1A5LnlvyLm0apzBBFvagAAfgwRGU4RwqUAUCAh7gGV4c5Tw5r87bpDXjTGd24Q+c9x9TaJPI</latexit><latexit sha1_base64="cTv4dtVRKtfvqfkOGUgiNB2VPlY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTCMEbawkovmQ5Dj2NnvJkt29Y3dPiEd+hY2FIrb+HDv/jZvkCk18MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHQ19duPVGkWy3szTqgv8ECyiBFsrPTQCLK74OniZhKUK27VnQEtEy8nFcjRCMpfvX5MUkGlIRxr3fXcxPgZVoYRTielXqppgskID2jXUokF1X42O3iCTqzSR1GsbEmDZurviQwLrccitJ0Cm6Fe9Kbif143NVHNz5hMUkMlmS+KUo5MjKbfoz5TlBg+tgQTxeytiAyxwsTYjEo2BG/x5WXSOqt6btW7dSv1yzyOIhzBMZyCB+dQh2toQBMICHiGV3hzlPPivDsf89aCk88cwh84nz9+j5Au</latexit>
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<latexit sha1_base64="8hr85QFjGfEktHtOclIy4cP/6BU=">AAACBXicbVA9SwNBEJ3zM8avqKUWS0QQhHCXRsugjWUEE4XcEfY2c8ni3ge7c0I40tj4NyxtLBSx9T/Y+W/cJBZqfDDweG+GmXlhpqQh1/105uYXFpeWSyvl1bX1jc3K1nbbpLkW2BKpSvV1yA0qmWCLJCm8zjTyOFR4Fd6cjf2rW9RGpsklDTMMYt5PZCQFJyt1K3u+wog6/sBkXGDh1uoiHjFfy/6Agm5l3625E7BZ4n2T/UbVP3oAgGa38uH3UpHHmJBQ3JiO52YUFFyTFApHZT83aPfc8D52LE14jCYoJl+M2IFVeixKta2E2ET9OVHw2JhhHNrOmNPA/PXG4n9eJ6foJChkkuWEiZguinLFKGXjSFhPahSkhpZwoaW9lYkB11yQDa5sQ/D+vjxL2vWa59a8C5vGKUxRgl2owiF4cAwNOIcmtEDAHTzCM7w4986T8+q8TVvnnO+ZHfgF5/0LHdOZyQ==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="DSQkn0p2AnzfJ+NVFdgziBgLpu8=">AAACBXicbVDJSgNBEO2JW4xb1KMemgRBEMJMLnoMevEYwSyQGUJPpyZp0rPQXSOEIRcv/oAf4cWDIl79B2/5GzvLQRMfFDzeq6Kqnp9IodG2J1ZubX1jcyu/XdjZ3ds/KB4eNXWcKg4NHstYtX2mQYoIGihQQjtRwEJfQssf3kz91gMoLeLoHkcJeCHrRyIQnKGRusVTV0KAHXegE8YhsytVHo6pq0R/gF63WLYr9gx0lTgLUq6V3IvnSW1U7xa/3V7M0xAi5JJp3XHsBL2MKRRcwrjgphrMniHrQ8fQiIWgvWz2xZieGaVHg1iZipDO1N8TGQu1HoW+6QwZDvSyNxX/8zopBldeJqIkRYj4fFGQSooxnUZCe0IBRzkyhHElzK2UD5hiHE1wBROCs/zyKmlWK45dce5MGtdkjjw5ISVyThxySWrkltRJg3DySF7IG3m3nqxX68P6nLfmrMXMMfkD6+sHJz2bTw==</latexit><latexit sha1_base64="c+4HrGkaHpF+Yy4c3Res1RFkBhw=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXbTaBm0sYxgHrC7hNnJ3eyQ2Qczd4WwpLHxV2wsFLH1H+z8GyePQhMPXDiccy/33hNkUmi07W+rtLa+sblV3q7s7O7tH1QPjzo6zRWHNk9lqnoB0yBFAm0UKKGXKWBxIKEbjG6mfvcBlBZpco/jDPyYDRMRCs7QSP3qqSchRNeLdMY4FHa9weMJ9ZQYRuj3qzW7bs9AV4mzIDWyQKtf/fIGKc9jSJBLprXr2Bn6BVMouIRJxcs1mD0jNgTX0ITFoP1i9sWEnhtlQMNUmUqQztTfEwWLtR7HgemMGUZ62ZuK/3lujuGVX4gkyxESPl8U5pJiSqeR0IFQwFGODWFcCXMr5RFTjKMJrmJCcJZfXiWdRt2x686dXWteL+IokxNyRi6IQy5Jk9ySFmkTTh7JM3klb9aT9WK9Wx/z1pK1mDkmf2B9/gALVJhA</latexit>
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An exponential number of colorings!

1.208N (from Baxter)

Lattice Ising configs Colorings
2x2x3 924 8
3x2x3 48620 16
4x2x3 2.7 million 32
5x2x3 155 million 644x4x3 3.22 x 10^13 720

But much fewer then Ising configurations….

Can we use this to understand the kagome lattice?
How many colorings?



Connect to known phases….

The mother of all phases?

Phase A
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Q: Why co-planar states?
Colorings are all co-planar

Q: Why these co-planar states?
Fixed by colorings which satisfy J1-J2

Q: Why spin-liquids?

Exponential Degeneracy

Q: Why so many competing phases?
Q: Why low-energy mess?



Kagome at high magnetization sector.

Resonating Color Loops
(like RVB)

HXXZ0 + Jz ∑
⟨i,j⟩

σz
i σz+1

j

Frustration Free…

Exact ground state is in the coloring space



What’s known:  experimental evidence of a spin-liquid.

Can we use this to understand the hyper-kagome lattice?

Also exponential degeneracy



Conclusions XXZ0 controls the physics of the Heisenberg point on lattices of pasted 
triangles in the way that the Ising limit doesn’t.  

The story of frustration is not one of 
triangles which can’t satisfy 
up-up-down constraints. 

?

Instead, the story of frustrated 
magnetism is really one of coloring. 

A single coloring which 
controls the triangular lattice.

And an exponential number of colorings 
which controls the kagome lattice.

From which all the known phases 
(and I conjecture arbitrarily many more)
arise. 


