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THE NON-EQUILIBRIUM PROBLEM: DIFFUSION

Fick’s  
law 

@t⇢(x, t) = D�x⇢(x, t)

<latexit sha1_base64="nkbgJJOjym9wdscTII5AigFFrow=">AAACHnicbVDLSgNBEJyN7/iKevQyGIQIEnYlohdB1IPHCEaFbFh6J7PJkNkHM71iWPIlXvwVLx4UETzp3zibBHzEgoaiqpvuLj+RQqNtf1qFqemZ2bn5heLi0vLKamlt/UrHqWK8wWIZqxsfNJci4g0UKPlNojiEvuTXfu80969vudIiji6xn/BWCJ1IBIIBGskr7bsJKBQgPaSu6saVu13coUfUDQG7gYJedjZwz7hE8O6+G7xS2a7aQ9BJ4oxJmYxR90rvbjtmacgjZBK0bjp2gq0sX80kHxTdVPMEWA86vGloBCHXrWz43oBuG6VNg1iZipAO1Z8TGYRa90PfdOZX679eLv7nNVMMDluZiJIUecRGi4JUUoxpnhVtC8UZyr4hwJQwt1LWBQUMTaJFE4Lz9+VJcrVXdWrV2kWtfHwyjmOebJItUiEOOSDH5JzUSYMwck8eyTN5sR6sJ+vVehu1FqzxzAb5BevjC+4oobw=</latexit>

Where and  
when it fails?

Interacting integrable  
spin chains

How to derive it  
from microscopic reversible  

dynamics?

Exactly solvable Hamiltonian  
models 

exhibiting diffusion?



INTEGRABLE MODELS: SUPER-DIFFUSION

(DC)ij =

Z
dt

✓Z
dxhji(x, t)jj(0, 0)i �Dij

◆

<latexit sha1_base64="9T9D2UJm5rYzlTQ2xrQLg1BjQS0="></latexit>

(DC)ij > 0

<latexit sha1_base64="7fGkvr8DGmTSQRzcdbV9/6UpSNs=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIdVMSKehKinXhsoJ9QBvCZDppx04ezEyEEoobf8WNC0Xc+hXu/BsnbRZaPXDhcM693HuPF3MmlWV9GYWl5ZXVteJ6aWNza3vH3N1ryygRhLZIxCPR9bCknIW0pZjitBsLigOP0443bmR+554KyaLwVk1i6gR4GDKfEay05JoHlX6A1cgXeJxeTVHjxE3Z3RRdIMs1y1bVmgH9JXZOypCj6Zqf/UFEkoCGinAsZc+2YuWkWChGOJ2W+omkMSZjPKQ9TUMcUOmksxem6FgrA+RHQleo0Ez9OZHiQMpJ4OnO7F656GXif14vUf65k7IwThQNyXyRn3CkIpTlgQZMUKL4RBNMBNO3IjLCAhOlUyvpEOzFl/+S9mnVrlVrN7Vy/TKPowiHcAQVsOEM6nANTWgBgQd4ghd4NR6NZ+PNeJ+3Fox8Zh9+wfj4Bl1Rlh4=</latexit>

Interacting 
(integrable)

De Nardis, Bernard, Doyon, 2018

Gopalakrishnan, Huse,  
Khemani, Vasseur, 2018

De Nardis, Bernard, Doyon, 2019

Gopalakrishnan, Vasseur, 2019



INTEGRABLE MODELS: SUPER-DIFFUSION

(DC)ij =

Z
dt

✓Z
dxhji(x, t)jj(0, 0)i �Dij

◆

<latexit sha1_base64="9T9D2UJm5rYzlTQ2xrQLg1BjQS0="></latexit>

(DC)00 = 1

<latexit sha1_base64="r+7r0R/Gz/tvrHVzqtH2hDlCmHk=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyWRgm6EYl24rGAf0IQwmU7aoZNJmJkIJWTnxl9x40IRt/6CO//GSZuFth64cDjnXu69x48Zlcqyvo3Syura+kZ5s7K1vbO7Z+4fdGWUCEw6OGKR6PtIEkY56SiqGOnHgqDQZ6TnT1q533sgQtKI36tpTNwQjTgNKEZKS555XHNCpMaBQJP0JmudeallZfAKOpQHago9s2rVrRngMrELUgUF2p755QwjnISEK8yQlAPbipWbIqEoZiSrOIkkMcITNCIDTTkKiXTT2R8ZPNXKEAaR0MUVnKm/J1IUSjkNfd2ZHy0XvVz8zxskKrh0U8rjRBGO54uChEEVwTwUOKSCYMWmmiAsqL4V4jESCCsdXUWHYC++vEy653W7UW/cNarN6yKOMjgCJ6AGbHABmuAWtEEHYPAInsEreDOejBfj3fiYt5aMYuYQ/IHx+QMf1Jgy</latexit>

Some integrable  
chains at finite  
temperature

De Nardis, Bernard, Doyon, 2019

Ilievski, De Nardis, Medenjak, Prosen, 2018

(DC)ij > 0

<latexit sha1_base64="7fGkvr8DGmTSQRzcdbV9/6UpSNs=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIdVMSKehKinXhsoJ9QBvCZDppx04ezEyEEoobf8WNC0Xc+hXu/BsnbRZaPXDhcM693HuPF3MmlWV9GYWl5ZXVteJ6aWNza3vH3N1ryygRhLZIxCPR9bCknIW0pZjitBsLigOP0443bmR+554KyaLwVk1i6gR4GDKfEay05JoHlX6A1cgXeJxeTVHjxE3Z3RRdIMs1y1bVmgH9JXZOypCj6Zqf/UFEkoCGinAsZc+2YuWkWChGOJ2W+omkMSZjPKQ9TUMcUOmksxem6FgrA+RHQleo0Ez9OZHiQMpJ4OnO7F656GXif14vUf65k7IwThQNyXyRn3CkIpTlgQZMUKL4RBNMBNO3IjLCAhOlUyvpEOzFl/+S9mnVrlVrN7Vy/TKPowiHcAQVsOEM6nANTWgBgQd4ghd4NR6NZ+PNeJ+3Fox8Zh9+wfj4Bl1Rlh4=</latexit>

Interacting 
(integrable)

Gopalakrishnan, Vasseur, 2019



INTEGRABLE MODELS: SUPER-DIFFUSION

(DC)ij =

Z
dt

✓Z
dxhji(x, t)jj(0, 0)i �Dij

◆

<latexit sha1_base64="9T9D2UJm5rYzlTQ2xrQLg1BjQS0="></latexit>

(DC)00 = 1
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HXXZ =
X

j

~Sj · ~Sj+1 + (�� 1)Sz
j S

z
j+1

<latexit sha1_base64="5d3I1u2Cs17aNsudKMjRnPCSowA="></latexit>

� = 1

<latexit sha1_base64="i2YGTCUh7pggpg2Ly25hwbCOoJk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9CIU9eCxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rSdUmsfywYwT9CM6kDzkjBortbu3KAy98nqlsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7Wezeyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDSz7hMUoOSzReFqSAmJtPnSZ8rZEaMLaFMcXsrYUOqKDM2oqINwVt8eZk0zytetVK9r5Zr13kcBTiGEzgDDy6gBndQhwYwEPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHWECPhQ==</latexit>

� > 1

<latexit sha1_base64="WT3h0dt4youTQLjyyp+igNyYOzA=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9CRFPXisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8MOME/YgOJA85o8ZK7e4tCkOvvF6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN84pXrVTvq+XadR5HAY7hBM7AgwuowR3UoQEMBDzDK7w5j86L8+58zFtXnHzmCP7A+fwBWcWPhg==</latexit>

Dspin ⇠ t1/3

<latexit sha1_base64="+uh5XXu7aXlJSqmnkq8prwgcatY=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCSmkkAlGCtgYCwSfUhNiBzXaa3aTmQ7SFWUH2DhV1gYQIiVnY2/wWk7QMuRrnR0zr26954wYVRpx/m2FhaXlldWS2vl9Y3NrW17Z7el4lRi0sQxi2UnRIowKkhTU81IJ5EE8ZCRdji8Kvz2A5GKxuJOjxLic9QXNKIYaSMF9qHHkR5EEg2z6zzIPMmhSqjIoacoh/o+c0/O8sCuOFVnDDhP3CmpgCkagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66hAnGi/Gz8TQ6PjNKDUSxNCQ3H6u+JDHGlRjw0ncXtatYrxP+8bqqjCz+jIkk1EXiyKEoZ1DEsooE9KgnWbGQIwpKaWyEeIImwNgGWTQju7MvzpHVadWvV2m2tUr+cxlEC++AAHAMXnIM6uAEN0AQYPIJn8ArerCfrxXq3PiatC9Z0Zg/8gfX5A0twm64=</latexit>

Dspin ! const

<latexit sha1_base64="VFOwWEUmUhqiuojrBXK5i36jEbs=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVQmqBGMFDIxFog+piSrHdVqrjh3ZDlIV5RNY+BUWBhBiZWTjb3DSDNByJEvH59yre+8JYkaVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJRKJSQcLJmQ/QIowyklHU81IP5YERQEjvWB6nfu9ByIVFfxez2LiR2jMaUgx0kYa2qdehPQklGia3mTD1JMRVDHlGfS0gMUXC650NrTrTsMpAJeJW5I6KNEe2l/eSOAkIlxjhpQauE6s/RRJTTEjWc1LFIkRnqIxGRjKUUSUnxYHZfDEKCMYCmke17BQf3ekKFJqFgWmMl9fLXq5+J83SHR46aeUx4kmHM8HhQmD5tg8HTiikmDNZoYgLKnZFeIJkghrk2HNhOAunrxMuucNt9lo3jXrrasyjio4AsfgDLjgArTALWiDDsDgETyDV/BmPVkv1rv1MS+tWGXPIfgD6/MHgEudgw==</latexit>

Quantum  
integrable

Ljubotina, Znidaric, Prosen, 2018

Some integrable  
chains at finite  
temperature



AND NON-INTEGRABLE CHAINS?
Quantum 

SU(2) chains

Dupont, Moore, 2019

Css(x, t) = hSz
x(t)S

z
0 (0)iT=1

<latexit sha1_base64="zXCFGA/KeqR8hn/lVzUUflLasK0="></latexit>

hSz
0 (t)S

z(0)i ⇠ t�1/z

<latexit sha1_base64="ig6TAbnX4MKuoLfy7tO7tDDKEY4=">AAACFnicbZDLTgIxFIY7eEO8oS7dNBITWIAzhkSXRDcuMcolYYB0SoHGTmfSnjGBCU/hxldx40Jj3Bp3vo0FZqHgnzT58p9zcnp+LxRcg21/W6mV1bX1jfRmZmt7Z3cvu39Q10GkKKvRQASq6RHNBJesBhwEa4aKEd8TrOHdX03rjQemNA/kHYxC1vbJQPI+pwSM1c0WXUHkQDB82xl37TwUppC3C9hVc9/V3MfQiYvO6XjSzebskj0TXgYngRxKVO1mv9xeQCOfSaCCaN1y7BDaMVHAqWCTjBtpFhJ6TwasZVASn+l2PDtrgk+M08P9QJknAc/c3xMx8bUe+Z7p9AkM9WJtav5Xa0XQv2jHXIYRMEnni/qRwBDgaUa4xxWjIEYGCFXc/BXTIVGEgkkyY0JwFk9ehvpZySmXyjflXOUyiSONjtAxyiMHnaMKukZVVEMUPaJn9IrerCfrxXq3PuatKSuZOUR/ZH3+AOjHnVk=</latexit>

De Nardis, Medenjak, 
Karrasch, Ilievski, 2019

HS =
X

j

~Sj · ~Sj+1

<latexit sha1_base64="4a/pM6olb53sUeNqvRnPXwAb5AA=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQCiWRgm6EopsuK7UPaEKYTCbttJMHM5NCCfkIN/6KGxeKuHXhzr9x2kbQ1gMXzpxzL3PvcWNGhTSML62wtr6xuVXcLu3s7u0f6IdHHRElHJM2jljEey4ShNGQtCWVjPRiTlDgMtJ1x7czvzshXNAovJfTmNgBGoTUpxhJJTl6peG04DW0RBI46SizJgSnrcwZQQt7kYQ/73RUMTNHLxtVYw64SsyclEGOpqN/Wl6Ek4CEEjMkRN80YmmniEuKGclKViJIjPAYDUhf0RAFRNjp/KgMninFg37EVYUSztXfEykKhJgGruoMkByKZW8m/uf1E+lf2SkN40SSEC8+8hMGZQRnCUGPcoIlmyqCMKdqV4iHiCMsVY4lFYK5fPIq6VxUzVq1dlcr12/yOIrgBJyCc2CCS1AHDdAEbYDBA3gCL+BVe9SetTftfdFa0PKZY/AH2sc3F6SePw==</latexit>



1. In integrable chains there is usually 
coexistence of ballistic transport  

with diffusive spreading

DIFFUSION AND SUPER-DIFFUSION IN CHAINS
Main Statements: Quantum&Classical 

chains



1. In integrable chains there is usually 
coexistence of ballistic transport  

with diffusive spreading

DIFFUSION AND SUPER-DIFFUSION IN CHAINS
Main Statements:

2. In rotationally invariant integrable chains  
the local magnetisation is a Burgers’ (KPZ) field

Quantum&Classical 
chains

@t�+ @x(�
n + ⌫@x�+ ⌘) = 0

<latexit sha1_base64="Bxp5Aik310RJ3dncsQ8UJo1MD1g=">AAACLXicbZDLSgMxFIYzXmu9jbp0EyxCRSgzUtCNUNSFywr2Ap1aMmnahmYyQ3JGLKUv5MZXEcFFRdz6GmbaQWrrgcDP95+T5Px+JLgGxxlbS8srq2vrmY3s5tb2zq69t1/VYawoq9BQhKruE80El6wCHASrR4qRwBes5vevE7/2yJTmobyHQcSaAelK3uGUgEEt+8aLiAJORAuwF/U4xqf4Fz3lE/QgEybjGT5tNZQBObl0WnbOKTiTwovCTUUOpVVu2W9eO6RxwCRQQbRuuE4EzWFyPRVslPVizSJC+6TLGkZKEjDdHE62HeFjQ9q4EypzJOAJnZ0YkkDrQeCbzoBAT897CfzPa8TQuWgOuYxiYJJOH+rEAkOIk+hwmytGQQyMIFRx81dMe0QRCibgrAnBnV95UVTPCm6xULwr5kpXaRwZdIiOUB656ByV0C0qowqi6Bm9ojH6sF6sd+vT+pq2LlnpzAH6U9b3D+4upq0=</latexit>

De Nardis, Medenjak,  
Karrasch, Ilievski, 2020

Bulchandani, 2019



1. In integrable chains there is usually 
coexistence of ballistic transport  

with diffusive spreading

DIFFUSION AND SUPER-DIFFUSION IN CHAINS
Main Statements:

2. In rotationally invariant integrable chains  
the local magnetisation is a Burgers’ (KPZ) field

3. In rotationally invariant non-integrable chains  
the local magnetisation is also a Burgers’ (KPZ) field but  
in a time-dependent noisy environment

Quantum&Classical 
chains

@t�+ @x(�
n + ⌫@x�+ ⌘) = 0

<latexit sha1_base64="Bxp5Aik310RJ3dncsQ8UJo1MD1g=">AAACLXicbZDLSgMxFIYzXmu9jbp0EyxCRSgzUtCNUNSFywr2Ap1aMmnahmYyQ3JGLKUv5MZXEcFFRdz6GmbaQWrrgcDP95+T5Px+JLgGxxlbS8srq2vrmY3s5tb2zq69t1/VYawoq9BQhKruE80El6wCHASrR4qRwBes5vevE7/2yJTmobyHQcSaAelK3uGUgEEt+8aLiAJORAuwF/U4xqf4Fz3lE/QgEybjGT5tNZQBObl0WnbOKTiTwovCTUUOpVVu2W9eO6RxwCRQQbRuuE4EzWFyPRVslPVizSJC+6TLGkZKEjDdHE62HeFjQ9q4EypzJOAJnZ0YkkDrQeCbzoBAT897CfzPa8TQuWgOuYxiYJJOH+rEAkOIk+hwmytGQQyMIFRx81dMe0QRCibgrAnBnV95UVTPCm6xULwr5kpXaRwZdIiOUB656ByV0C0qowqi6Bm9ojH6sF6sd+vT+pq2LlnpzAH6U9b3D+4upq0=</latexit>

@t�+ @x(�
n + ⌫@x�+ �(t)⌘) = 0

<latexit sha1_base64="eIlzF2bOFXUYEC8UXcyTRay/l3I="></latexit>

De Nardis, Medenjak,  
Karrasch, Ilievski, 2020

Bulchandani, 2019

De Nardis, Medenjak,  
Karrasch, Ilievski, 2020



DIFFUSION IN INTEGRABLE SYSTEMS

⇢p(✓)
<latexit sha1_base64="KEIwY76fKcGV3RMRyzAzmsKQHWg=">AAAB/3icbVA9SwNBEN2LXzF+RS0sbBaDEJtwEUHtgjaWETwTyIVjbzNJlux9sDsnhuMa/4qNhYqtf8POf+MmuUITHww83pthZp4fS6HRtr+twtLyyupacb20sbm1vVPe3bvXUaI4ODySkWr7TIMUITgoUEI7VsACX0LLH11P/NYDKC2i8A7HMXQDNghFX3CGRvLKB64aRl7qIjxiGmdZ1cUhIDvxyhW7Zk9BF0k9JxWSo+mVv9xexJMAQuSSad2p2zF2U6ZQcAlZyU00xIyP2AA6hoYsAN1Npw9k9NgoPdqPlKkQ6VT9PZGyQOtx4JvOgOFQz3sT8T+vk2D/opuKME4QQj5b1E8kxYhO0qA9oYCjHBvCuBLmVsqHTDGOJrOSCaE+//IicU5rlzX79qzSuMrTKJJDckSqpE7OSYPckCZxCCcZeSav5M16sl6sd+tj1lqw8pl98gfW5w+3Ppas</latexit><latexit sha1_base64="KEIwY76fKcGV3RMRyzAzmsKQHWg=">AAAB/3icbVA9SwNBEN2LXzF+RS0sbBaDEJtwEUHtgjaWETwTyIVjbzNJlux9sDsnhuMa/4qNhYqtf8POf+MmuUITHww83pthZp4fS6HRtr+twtLyyupacb20sbm1vVPe3bvXUaI4ODySkWr7TIMUITgoUEI7VsACX0LLH11P/NYDKC2i8A7HMXQDNghFX3CGRvLKB64aRl7qIjxiGmdZ1cUhIDvxyhW7Zk9BF0k9JxWSo+mVv9xexJMAQuSSad2p2zF2U6ZQcAlZyU00xIyP2AA6hoYsAN1Npw9k9NgoPdqPlKkQ6VT9PZGyQOtx4JvOgOFQz3sT8T+vk2D/opuKME4QQj5b1E8kxYhO0qA9oYCjHBvCuBLmVsqHTDGOJrOSCaE+//IicU5rlzX79qzSuMrTKJJDckSqpE7OSYPckCZxCCcZeSav5M16sl6sd+tj1lqw8pl98gfW5w+3Ppas</latexit><latexit sha1_base64="KEIwY76fKcGV3RMRyzAzmsKQHWg=">AAAB/3icbVA9SwNBEN2LXzF+RS0sbBaDEJtwEUHtgjaWETwTyIVjbzNJlux9sDsnhuMa/4qNhYqtf8POf+MmuUITHww83pthZp4fS6HRtr+twtLyyupacb20sbm1vVPe3bvXUaI4ODySkWr7TIMUITgoUEI7VsACX0LLH11P/NYDKC2i8A7HMXQDNghFX3CGRvLKB64aRl7qIjxiGmdZ1cUhIDvxyhW7Zk9BF0k9JxWSo+mVv9xexJMAQuSSad2p2zF2U6ZQcAlZyU00xIyP2AA6hoYsAN1Npw9k9NgoPdqPlKkQ6VT9PZGyQOtx4JvOgOFQz3sT8T+vk2D/opuKME4QQj5b1E8kxYhO0qA9oYCjHBvCuBLmVsqHTDGOJrOSCaE+//IicU5rlzX79qzSuMrTKJJDckSqpE7OSYPckCZxCCcZeSav5M16sl6sd+tj1lqw8pl98gfW5w+3Ppas</latexit>

✓
<latexit sha1_base64="gYx5KhbsdwehWm3ovt0YsesD+Ow=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbTbt2swm7E6GE/gcvHlS8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0O/VbT1wbkagHHKc8iOlAiUgwilZqdnHIkfYqVbfmzkCWiVeQKhRo9Cpf3X7CspgrZJIa0/HcFIOcahRM8km5mxmeUjaiA96xVNGYmyCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gqyIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee265t5fVOs3RRolOIYTOAMPLqEOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wcQDI77</latexit><latexit sha1_base64="gYx5KhbsdwehWm3ovt0YsesD+Ow=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbTbt2swm7E6GE/gcvHlS8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0O/VbT1wbkagHHKc8iOlAiUgwilZqdnHIkfYqVbfmzkCWiVeQKhRo9Cpf3X7CspgrZJIa0/HcFIOcahRM8km5mxmeUjaiA96xVNGYmyCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gqyIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee265t5fVOs3RRolOIYTOAMPLqEOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wcQDI77</latexit><latexit sha1_base64="gYx5KhbsdwehWm3ovt0YsesD+Ow=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbTbt2swm7E6GE/gcvHlS8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0O/VbT1wbkagHHKc8iOlAiUgwilZqdnHIkfYqVbfmzkCWiVeQKhRo9Cpf3X7CspgrZJIa0/HcFIOcahRM8km5mxmeUjaiA96xVNGYmyCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gqyIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee265t5fVOs3RRolOIYTOAMPLqEOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wcQDI77</latexit>

✓1h
<latexit sha1_base64="b3rZlNOuen/tIKYOEnXd+3WOPkQ=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwttLJvttFm62YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1A6pBcAkechTQThTQKBDQCkZXE7/1AErzWN5iloAf0aHkA84oGqlXqXYxBKS9vIvwiHk4Ht+7vUrNqTtT2IvELUiNFGj2Kl/dfszSCCQyQbXuuE6Cfk4VciZgXO6mGhLKRnQIHUMljUD7+fT4sX1klL49iJUpifZU/T2R00jrLApMZ0Qx1PPeRPzP66Q4OPdzLpMUQbLZokEqbIztSRJ2nytgKDJDKFPc3GqzkCrK0ORVNiG48y8vEu+kflF3bk5rjcsijRI5IIfkmLjkjDTINWkSjzCSkWfySt6sJ+vFerc+Zq1LVjFTJX9gff4A1T+VFQ==</latexit><latexit sha1_base64="b3rZlNOuen/tIKYOEnXd+3WOPkQ=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwttLJvttFm62YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1A6pBcAkechTQThTQKBDQCkZXE7/1AErzWN5iloAf0aHkA84oGqlXqXYxBKS9vIvwiHk4Ht+7vUrNqTtT2IvELUiNFGj2Kl/dfszSCCQyQbXuuE6Cfk4VciZgXO6mGhLKRnQIHUMljUD7+fT4sX1klL49iJUpifZU/T2R00jrLApMZ0Qx1PPeRPzP66Q4OPdzLpMUQbLZokEqbIztSRJ2nytgKDJDKFPc3GqzkCrK0ORVNiG48y8vEu+kflF3bk5rjcsijRI5IIfkmLjkjDTINWkSjzCSkWfySt6sJ+vFerc+Zq1LVjFTJX9gff4A1T+VFQ==</latexit><latexit sha1_base64="b3rZlNOuen/tIKYOEnXd+3WOPkQ=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwttLJvttFm62YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1A6pBcAkechTQThTQKBDQCkZXE7/1AErzWN5iloAf0aHkA84oGqlXqXYxBKS9vIvwiHk4Ht+7vUrNqTtT2IvELUiNFGj2Kl/dfszSCCQyQbXuuE6Cfk4VciZgXO6mGhLKRnQIHUMljUD7+fT4sX1klL49iJUpifZU/T2R00jrLApMZ0Qx1PPeRPzP66Q4OPdzLpMUQbLZokEqbIztSRJ2nytgKDJDKFPc3GqzkCrK0ORVNiG48y8vEu+kflF3bk5rjcsijRI5IIfkmLjkjDTINWkSjzCSkWfySt6sJ+vFerc+Zq1LVjFTJX9gff4A1T+VFQ==</latexit>

✓1p
<latexit sha1_base64="8tRs1mnmER2FN8ziHPULqbNrMGA=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwtNLJvttF262YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJoJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1Q6pBcAkechTQThTQKBTQCkdXE7/1AErzWN5ilkAQ0YHkfc4oGqlbqfo4BKTd3Ed4xDwZj+/dbqXm1J0p7EXiFqRGCjS7lS+/F7M0AolMUK07rpNgkFOFnAkYl/1UQ0LZiA6gY6ikEeggnx4/to+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9bw3Ef/zOin2z4OcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmxDc+ZcXiXdSv6g7N6e1xmWRRokckENyTFxyRhrkmjSJRxjJyDN5JW/Wk/VivVsfs9Ylq5ipkj+wPn8A4XeVHQ==</latexit><latexit sha1_base64="8tRs1mnmER2FN8ziHPULqbNrMGA=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwtNLJvttF262YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJoJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1Q6pBcAkechTQThTQKBTQCkdXE7/1AErzWN5ilkAQ0YHkfc4oGqlbqfo4BKTd3Ed4xDwZj+/dbqXm1J0p7EXiFqRGCjS7lS+/F7M0AolMUK07rpNgkFOFnAkYl/1UQ0LZiA6gY6ikEeggnx4/to+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9bw3Ef/zOin2z4OcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmxDc+ZcXiXdSv6g7N6e1xmWRRokckENyTFxyRhrkmjSJRxjJyDN5JW/Wk/VivVsfs9Ylq5ipkj+wPn8A4XeVHQ==</latexit><latexit sha1_base64="8tRs1mnmER2FN8ziHPULqbNrMGA=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwtNLJvttF262YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJoJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1Q6pBcAkechTQThTQKBTQCkdXE7/1AErzWN5ilkAQ0YHkfc4oGqlbqfo4BKTd3Ed4xDwZj+/dbqXm1J0p7EXiFqRGCjS7lS+/F7M0AolMUK07rpNgkFOFnAkYl/1UQ0LZiA6gY6ikEeggnx4/to+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9bw3Ef/zOin2z4OcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmxDc+ZcXiXdSv6g7N6e1xmWRRokckENyTFxyRhrkmjSJRxjJyDN5JW/Wk/VivVsfs9Ylq5ipkj+wPn8A4XeVHQ==</latexit>

✓1h
<latexit sha1_base64="b3rZlNOuen/tIKYOEnXd+3WOPkQ=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwttLJvttFm62YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1A6pBcAkechTQThTQKBDQCkZXE7/1AErzWN5iloAf0aHkA84oGqlXqXYxBKS9vIvwiHk4Ht+7vUrNqTtT2IvELUiNFGj2Kl/dfszSCCQyQbXuuE6Cfk4VciZgXO6mGhLKRnQIHUMljUD7+fT4sX1klL49iJUpifZU/T2R00jrLApMZ0Qx1PPeRPzP66Q4OPdzLpMUQbLZokEqbIztSRJ2nytgKDJDKFPc3GqzkCrK0ORVNiG48y8vEu+kflF3bk5rjcsijRI5IIfkmLjkjDTINWkSjzCSkWfySt6sJ+vFerc+Zq1LVjFTJX9gff4A1T+VFQ==</latexit><latexit sha1_base64="b3rZlNOuen/tIKYOEnXd+3WOPkQ=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwttLJvttFm62YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1A6pBcAkechTQThTQKBDQCkZXE7/1AErzWN5iloAf0aHkA84oGqlXqXYxBKS9vIvwiHk4Ht+7vUrNqTtT2IvELUiNFGj2Kl/dfszSCCQyQbXuuE6Cfk4VciZgXO6mGhLKRnQIHUMljUD7+fT4sX1klL49iJUpifZU/T2R00jrLApMZ0Qx1PPeRPzP66Q4OPdzLpMUQbLZokEqbIztSRJ2nytgKDJDKFPc3GqzkCrK0ORVNiG48y8vEu+kflF3bk5rjcsijRI5IIfkmLjkjDTINWkSjzCSkWfySt6sJ+vFerc+Zq1LVjFTJX9gff4A1T+VFQ==</latexit><latexit sha1_base64="b3rZlNOuen/tIKYOEnXd+3WOPkQ=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwttLJvttFm62YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1A6pBcAkechTQThTQKBDQCkZXE7/1AErzWN5iloAf0aHkA84oGqlXqXYxBKS9vIvwiHk4Ht+7vUrNqTtT2IvELUiNFGj2Kl/dfszSCCQyQbXuuE6Cfk4VciZgXO6mGhLKRnQIHUMljUD7+fT4sX1klL49iJUpifZU/T2R00jrLApMZ0Qx1PPeRPzP66Q4OPdzLpMUQbLZokEqbIztSRJ2nytgKDJDKFPc3GqzkCrK0ORVNiG48y8vEu+kflF3bk5rjcsijRI5IIfkmLjkjDTINWkSjzCSkWfySt6sJ+vFerc+Zq1LVjFTJX9gff4A1T+VFQ==</latexit>

✓1p
<latexit sha1_base64="8tRs1mnmER2FN8ziHPULqbNrMGA=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwtNLJvttF262YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJoJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1Q6pBcAkechTQThTQKBTQCkdXE7/1AErzWN5ilkAQ0YHkfc4oGqlbqfo4BKTd3Ed4xDwZj+/dbqXm1J0p7EXiFqRGCjS7lS+/F7M0AolMUK07rpNgkFOFnAkYl/1UQ0LZiA6gY6ikEeggnx4/to+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9bw3Ef/zOin2z4OcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmxDc+ZcXiXdSv6g7N6e1xmWRRokckENyTFxyRhrkmjSJRxjJyDN5JW/Wk/VivVsfs9Ylq5ipkj+wPn8A4XeVHQ==</latexit><latexit sha1_base64="8tRs1mnmER2FN8ziHPULqbNrMGA=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwtNLJvttF262YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJoJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1Q6pBcAkechTQThTQKBTQCkdXE7/1AErzWN5ilkAQ0YHkfc4oGqlbqfo4BKTd3Ed4xDwZj+/dbqXm1J0p7EXiFqRGCjS7lS+/F7M0AolMUK07rpNgkFOFnAkYl/1UQ0LZiA6gY6ikEeggnx4/to+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9bw3Ef/zOin2z4OcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmxDc+ZcXiXdSv6g7N6e1xmWRRokckENyTFxyRhrkmjSJRxjJyDN5JW/Wk/VivVsfs9Ylq5ipkj+wPn8A4XeVHQ==</latexit><latexit sha1_base64="8tRs1mnmER2FN8ziHPULqbNrMGA=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwtNLJvttF262YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJoJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1Q6pBcAkechTQThTQKBTQCkdXE7/1AErzWN5ilkAQ0YHkfc4oGqlbqfo4BKTd3Ed4xDwZj+/dbqXm1J0p7EXiFqRGCjS7lS+/F7M0AolMUK07rpNgkFOFnAkYl/1UQ0LZiA6gY6ikEeggnx4/to+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9bw3Ef/zOin2z4OcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmxDc+ZcXiXdSv6g7N6e1xmWRRokckENyTFxyRhrkmjSJRxjJyDN5JW/Wk/VivVsfs9Ylq5ipkj+wPn8A4XeVHQ==</latexit>

1 particle-hole excitations
<latexit sha1_base64="cB9Drth2FPm4e0y+jLVRRrGZ148=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpV0gbGChbFI9CG1VeW4N61Vx45sB1FFHVj4FRYGEGLlI9j4G9w0A7Qc6UpH59xr33uCmDNtPO/bKaytb2xuFbdLO7t7+wfu4VFLy0RRaFLJpeoERANnApqGGQ6dWAGJAg7tYHI999v3oDST4s5MY+hHZCRYyCgxVhq4ZR/HRBlGOZyPJQcMD5SZzNQDt+JVvQx4lfg5qaAcjYH71RtKmkQgDOVE667vxaaf5u/PSr1EQ0zohIyga6kgEeh+mh0xw6dWGeJQKlvC4Ez9PZGSSOtpFNjOiJixXvbm4n9eNzHhZT9lIk4MCLr4KEw4NhLPE8FDpoAaPrWEUMXsrpiOiSLU2NxKNgR/+eRV0qpVfa/q39Yq9as8jiIqoxN0hnx0geroBjVQE1H0iJ7RK3pznpwX5935WLQWnHzmGP2B8/kDenaX/A==</latexit><latexit sha1_base64="cB9Drth2FPm4e0y+jLVRRrGZ148=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpV0gbGChbFI9CG1VeW4N61Vx45sB1FFHVj4FRYGEGLlI9j4G9w0A7Qc6UpH59xr33uCmDNtPO/bKaytb2xuFbdLO7t7+wfu4VFLy0RRaFLJpeoERANnApqGGQ6dWAGJAg7tYHI999v3oDST4s5MY+hHZCRYyCgxVhq4ZR/HRBlGOZyPJQcMD5SZzNQDt+JVvQx4lfg5qaAcjYH71RtKmkQgDOVE667vxaaf5u/PSr1EQ0zohIyga6kgEeh+mh0xw6dWGeJQKlvC4Ez9PZGSSOtpFNjOiJixXvbm4n9eNzHhZT9lIk4MCLr4KEw4NhLPE8FDpoAaPrWEUMXsrpiOiSLU2NxKNgR/+eRV0qpVfa/q39Yq9as8jiIqoxN0hnx0geroBjVQE1H0iJ7RK3pznpwX5935WLQWnHzmGP2B8/kDenaX/A==</latexit><latexit sha1_base64="cB9Drth2FPm4e0y+jLVRRrGZ148=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpV0gbGChbFI9CG1VeW4N61Vx45sB1FFHVj4FRYGEGLlI9j4G9w0A7Qc6UpH59xr33uCmDNtPO/bKaytb2xuFbdLO7t7+wfu4VFLy0RRaFLJpeoERANnApqGGQ6dWAGJAg7tYHI999v3oDST4s5MY+hHZCRYyCgxVhq4ZR/HRBlGOZyPJQcMD5SZzNQDt+JVvQx4lfg5qaAcjYH71RtKmkQgDOVE667vxaaf5u/PSr1EQ0zohIyga6kgEeh+mh0xw6dWGeJQKlvC4Ez9PZGSSOtpFNjOiJixXvbm4n9eNzHhZT9lIk4MCLr4KEw4NhLPE8FDpoAaPrWEUMXsrpiOiSLU2NxKNgR/+eRV0qpVfa/q39Yq9as8jiIqoxN0hnx0geroBjVQE1H0iJ7RK3pznpwX5935WLQWnHzmGP2B8/kDenaX/A==</latexit><latexit sha1_base64="cB9Drth2FPm4e0y+jLVRRrGZ148=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpV0gbGChbFI9CG1VeW4N61Vx45sB1FFHVj4FRYGEGLlI9j4G9w0A7Qc6UpH59xr33uCmDNtPO/bKaytb2xuFbdLO7t7+wfu4VFLy0RRaFLJpeoERANnApqGGQ6dWAGJAg7tYHI999v3oDST4s5MY+hHZCRYyCgxVhq4ZR/HRBlGOZyPJQcMD5SZzNQDt+JVvQx4lfg5qaAcjYH71RtKmkQgDOVE667vxaaf5u/PSr1EQ0zohIyga6kgEeh+mh0xw6dWGeJQKlvC4Ez9PZGSSOtpFNjOiJixXvbm4n9eNzHhZT9lIk4MCLr4KEw4NhLPE8FDpoAaPrWEUMXsrpiOiSLU2NxKNgR/+eRV0qpVfa/q39Yq9as8jiIqoxN0hnx0geroBjVQE1H0iJ7RK3pznpwX5935WLQWnHzmGP2B8/kDenaX/A==</latexit>

⇢p(✓)
<latexit sha1_base64="KEIwY76fKcGV3RMRyzAzmsKQHWg=">AAAB/3icbVA9SwNBEN2LXzF+RS0sbBaDEJtwEUHtgjaWETwTyIVjbzNJlux9sDsnhuMa/4qNhYqtf8POf+MmuUITHww83pthZp4fS6HRtr+twtLyyupacb20sbm1vVPe3bvXUaI4ODySkWr7TIMUITgoUEI7VsACX0LLH11P/NYDKC2i8A7HMXQDNghFX3CGRvLKB64aRl7qIjxiGmdZ1cUhIDvxyhW7Zk9BF0k9JxWSo+mVv9xexJMAQuSSad2p2zF2U6ZQcAlZyU00xIyP2AA6hoYsAN1Npw9k9NgoPdqPlKkQ6VT9PZGyQOtx4JvOgOFQz3sT8T+vk2D/opuKME4QQj5b1E8kxYhO0qA9oYCjHBvCuBLmVsqHTDGOJrOSCaE+//IicU5rlzX79qzSuMrTKJJDckSqpE7OSYPckCZxCCcZeSav5M16sl6sd+tj1lqw8pl98gfW5w+3Ppas</latexit><latexit sha1_base64="KEIwY76fKcGV3RMRyzAzmsKQHWg=">AAAB/3icbVA9SwNBEN2LXzF+RS0sbBaDEJtwEUHtgjaWETwTyIVjbzNJlux9sDsnhuMa/4qNhYqtf8POf+MmuUITHww83pthZp4fS6HRtr+twtLyyupacb20sbm1vVPe3bvXUaI4ODySkWr7TIMUITgoUEI7VsACX0LLH11P/NYDKC2i8A7HMXQDNghFX3CGRvLKB64aRl7qIjxiGmdZ1cUhIDvxyhW7Zk9BF0k9JxWSo+mVv9xexJMAQuSSad2p2zF2U6ZQcAlZyU00xIyP2AA6hoYsAN1Npw9k9NgoPdqPlKkQ6VT9PZGyQOtx4JvOgOFQz3sT8T+vk2D/opuKME4QQj5b1E8kxYhO0qA9oYCjHBvCuBLmVsqHTDGOJrOSCaE+//IicU5rlzX79qzSuMrTKJJDckSqpE7OSYPckCZxCCcZeSav5M16sl6sd+tj1lqw8pl98gfW5w+3Ppas</latexit><latexit sha1_base64="KEIwY76fKcGV3RMRyzAzmsKQHWg=">AAAB/3icbVA9SwNBEN2LXzF+RS0sbBaDEJtwEUHtgjaWETwTyIVjbzNJlux9sDsnhuMa/4qNhYqtf8POf+MmuUITHww83pthZp4fS6HRtr+twtLyyupacb20sbm1vVPe3bvXUaI4ODySkWr7TIMUITgoUEI7VsACX0LLH11P/NYDKC2i8A7HMXQDNghFX3CGRvLKB64aRl7qIjxiGmdZ1cUhIDvxyhW7Zk9BF0k9JxWSo+mVv9xexJMAQuSSad2p2zF2U6ZQcAlZyU00xIyP2AA6hoYsAN1Npw9k9NgoPdqPlKkQ6VT9PZGyQOtx4JvOgOFQz3sT8T+vk2D/opuKME4QQj5b1E8kxYhO0qA9oYCjHBvCuBLmVsqHTDGOJrOSCaE+//IicU5rlzX79qzSuMrTKJJDckSqpE7OSYPckCZxCCcZeSav5M16sl6sd+tj1lqw8pl98gfW5w+3Ppas</latexit>

✓
<latexit sha1_base64="gYx5KhbsdwehWm3ovt0YsesD+Ow=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbTbt2swm7E6GE/gcvHlS8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0O/VbT1wbkagHHKc8iOlAiUgwilZqdnHIkfYqVbfmzkCWiVeQKhRo9Cpf3X7CspgrZJIa0/HcFIOcahRM8km5mxmeUjaiA96xVNGYmyCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gqyIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee265t5fVOs3RRolOIYTOAMPLqEOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wcQDI77</latexit><latexit sha1_base64="gYx5KhbsdwehWm3ovt0YsesD+Ow=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbTbt2swm7E6GE/gcvHlS8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0O/VbT1wbkagHHKc8iOlAiUgwilZqdnHIkfYqVbfmzkCWiVeQKhRo9Cpf3X7CspgrZJIa0/HcFIOcahRM8km5mxmeUjaiA96xVNGYmyCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gqyIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee265t5fVOs3RRolOIYTOAMPLqEOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wcQDI77</latexit><latexit sha1_base64="gYx5KhbsdwehWm3ovt0YsesD+Ow=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbTbt2swm7E6GE/gcvHlS8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0O/VbT1wbkagHHKc8iOlAiUgwilZqdnHIkfYqVbfmzkCWiVeQKhRo9Cpf3X7CspgrZJIa0/HcFIOcahRM8km5mxmeUjaiA96xVNGYmyCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gqyIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee265t5fVOs3RRolOIYTOAMPLqEOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wcQDI77</latexit>

✓1h
<latexit sha1_base64="b3rZlNOuen/tIKYOEnXd+3WOPkQ=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwttLJvttFm62YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1A6pBcAkechTQThTQKBDQCkZXE7/1AErzWN5iloAf0aHkA84oGqlXqXYxBKS9vIvwiHk4Ht+7vUrNqTtT2IvELUiNFGj2Kl/dfszSCCQyQbXuuE6Cfk4VciZgXO6mGhLKRnQIHUMljUD7+fT4sX1klL49iJUpifZU/T2R00jrLApMZ0Qx1PPeRPzP66Q4OPdzLpMUQbLZokEqbIztSRJ2nytgKDJDKFPc3GqzkCrK0ORVNiG48y8vEu+kflF3bk5rjcsijRI5IIfkmLjkjDTINWkSjzCSkWfySt6sJ+vFerc+Zq1LVjFTJX9gff4A1T+VFQ==</latexit><latexit sha1_base64="b3rZlNOuen/tIKYOEnXd+3WOPkQ=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwttLJvttFm62YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1A6pBcAkechTQThTQKBDQCkZXE7/1AErzWN5iloAf0aHkA84oGqlXqXYxBKS9vIvwiHk4Ht+7vUrNqTtT2IvELUiNFGj2Kl/dfszSCCQyQbXuuE6Cfk4VciZgXO6mGhLKRnQIHUMljUD7+fT4sX1klL49iJUpifZU/T2R00jrLApMZ0Qx1PPeRPzP66Q4OPdzLpMUQbLZokEqbIztSRJ2nytgKDJDKFPc3GqzkCrK0ORVNiG48y8vEu+kflF3bk5rjcsijRI5IIfkmLjkjDTINWkSjzCSkWfySt6sJ+vFerc+Zq1LVjFTJX9gff4A1T+VFQ==</latexit><latexit sha1_base64="b3rZlNOuen/tIKYOEnXd+3WOPkQ=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwttLJvttFm62YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1A6pBcAkechTQThTQKBDQCkZXE7/1AErzWN5iloAf0aHkA84oGqlXqXYxBKS9vIvwiHk4Ht+7vUrNqTtT2IvELUiNFGj2Kl/dfszSCCQyQbXuuE6Cfk4VciZgXO6mGhLKRnQIHUMljUD7+fT4sX1klL49iJUpifZU/T2R00jrLApMZ0Qx1PPeRPzP66Q4OPdzLpMUQbLZokEqbIztSRJ2nytgKDJDKFPc3GqzkCrK0ORVNiG48y8vEu+kflF3bk5rjcsijRI5IIfkmLjkjDTINWkSjzCSkWfySt6sJ+vFerc+Zq1LVjFTJX9gff4A1T+VFQ==</latexit>

✓2h
<latexit sha1_base64="oj6z06TYT1576KRpX5FYlBJGXpQ=">AAAB+3icbVBNS8NAEN3Ur1q/oj16CRbBU0mKoN6KXjxWMLbQ1rDZTtqlmw92J2II8a948aDi1T/izX/j9uOgrQ8GHu/NMDPPTwRXaNvfRmlldW19o7xZ2dre2d0z9w/uVJxKBi6LRSw7PlUgeAQuchTQSSTQ0BfQ9sdXE7/9AFLxOLrFLIF+SIcRDzijqCXPrPZwBEi9vIfwiPmoKO4bnlmz6/YU1jJx5qRG5mh55ldvELM0hAiZoEp1HTvBfk4lciagqPRSBQllYzqErqYRDUH18+nxhXWslYEVxFJXhNZU/T2R01CpLPR1Z0hxpBa9ifif100xOO/nPEpShIjNFgWpsDC2JklYAy6Bocg0oUxyfavFRlRShjqvig7BWXx5mbiN+kXdvjmtNS/naZTJITkiJ8QhZ6RJrkmLuISRjDyTV/JmPBkvxrvxMWstGfOZKvkD4/MH1sKVFg==</latexit><latexit sha1_base64="oj6z06TYT1576KRpX5FYlBJGXpQ=">AAAB+3icbVBNS8NAEN3Ur1q/oj16CRbBU0mKoN6KXjxWMLbQ1rDZTtqlmw92J2II8a948aDi1T/izX/j9uOgrQ8GHu/NMDPPTwRXaNvfRmlldW19o7xZ2dre2d0z9w/uVJxKBi6LRSw7PlUgeAQuchTQSSTQ0BfQ9sdXE7/9AFLxOLrFLIF+SIcRDzijqCXPrPZwBEi9vIfwiPmoKO4bnlmz6/YU1jJx5qRG5mh55ldvELM0hAiZoEp1HTvBfk4lciagqPRSBQllYzqErqYRDUH18+nxhXWslYEVxFJXhNZU/T2R01CpLPR1Z0hxpBa9ifif100xOO/nPEpShIjNFgWpsDC2JklYAy6Bocg0oUxyfavFRlRShjqvig7BWXx5mbiN+kXdvjmtNS/naZTJITkiJ8QhZ6RJrkmLuISRjDyTV/JmPBkvxrvxMWstGfOZKvkD4/MH1sKVFg==</latexit><latexit sha1_base64="oj6z06TYT1576KRpX5FYlBJGXpQ=">AAAB+3icbVBNS8NAEN3Ur1q/oj16CRbBU0mKoN6KXjxWMLbQ1rDZTtqlmw92J2II8a948aDi1T/izX/j9uOgrQ8GHu/NMDPPTwRXaNvfRmlldW19o7xZ2dre2d0z9w/uVJxKBi6LRSw7PlUgeAQuchTQSSTQ0BfQ9sdXE7/9AFLxOLrFLIF+SIcRDzijqCXPrPZwBEi9vIfwiPmoKO4bnlmz6/YU1jJx5qRG5mh55ldvELM0hAiZoEp1HTvBfk4lciagqPRSBQllYzqErqYRDUH18+nxhXWslYEVxFJXhNZU/T2R01CpLPR1Z0hxpBa9ifif100xOO/nPEpShIjNFgWpsDC2JklYAy6Bocg0oUxyfavFRlRShjqvig7BWXx5mbiN+kXdvjmtNS/naZTJITkiJ8QhZ6RJrkmLuISRjDyTV/JmPBkvxrvxMWstGfOZKvkD4/MH1sKVFg==</latexit>

✓2p
<latexit sha1_base64="yJDTvB9L0bDHB+cKbwJUleX2SOo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16CRbBU0mKoN6KXjxWMLbQxLLZTtulmw92J2IJ8a948aDi1T/izX/jts1BWx8MPN6bYWZekAiu0La/jdLK6tr6RnmzsrW9s7tn7h/cqTiVDFwWi1h2AqpA8Ahc5Cigk0igYSCgHYyvpn77AaTicXSLkwT8kA4jPuCMopZ6ZtXDESDtZR7CI2ZJnt83embNrtszWMvEKUiNFGj1zC+vH7M0hAiZoEp1HTtBP6MSOROQV7xUQULZmA6hq2lEQ1B+Njs+t4610rcGsdQVoTVTf09kNFRqEga6M6Q4UoveVPzP66Y4OPczHiUpQsTmiwapsDC2pklYfS6BoZhoQpnk+laLjaikDHVeFR2Cs/jyMnEb9Yu6fXNaa14WaZTJITkiJ8QhZ6RJrkmLuISRCXkmr+TNeDJejHfjY95aMoqZKvkD4/MH4vqVHg==</latexit><latexit sha1_base64="yJDTvB9L0bDHB+cKbwJUleX2SOo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16CRbBU0mKoN6KXjxWMLbQxLLZTtulmw92J2IJ8a948aDi1T/izX/jts1BWx8MPN6bYWZekAiu0La/jdLK6tr6RnmzsrW9s7tn7h/cqTiVDFwWi1h2AqpA8Ahc5Cigk0igYSCgHYyvpn77AaTicXSLkwT8kA4jPuCMopZ6ZtXDESDtZR7CI2ZJnt83embNrtszWMvEKUiNFGj1zC+vH7M0hAiZoEp1HTtBP6MSOROQV7xUQULZmA6hq2lEQ1B+Njs+t4610rcGsdQVoTVTf09kNFRqEga6M6Q4UoveVPzP66Y4OPczHiUpQsTmiwapsDC2pklYfS6BoZhoQpnk+laLjaikDHVeFR2Cs/jyMnEb9Yu6fXNaa14WaZTJITkiJ8QhZ6RJrkmLuISRCXkmr+TNeDJejHfjY95aMoqZKvkD4/MH4vqVHg==</latexit><latexit sha1_base64="yJDTvB9L0bDHB+cKbwJUleX2SOo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16CRbBU0mKoN6KXjxWMLbQxLLZTtulmw92J2IJ8a948aDi1T/izX/jts1BWx8MPN6bYWZekAiu0La/jdLK6tr6RnmzsrW9s7tn7h/cqTiVDFwWi1h2AqpA8Ahc5Cigk0igYSCgHYyvpn77AaTicXSLkwT8kA4jPuCMopZ6ZtXDESDtZR7CI2ZJnt83embNrtszWMvEKUiNFGj1zC+vH7M0hAiZoEp1HTtBP6MSOROQV7xUQULZmA6hq2lEQ1B+Njs+t4610rcGsdQVoTVTf09kNFRqEga6M6Q4UoveVPzP66Y4OPczHiUpQsTmiwapsDC2pklYfS6BoZhoQpnk+laLjaikDHVeFR2Cs/jyMnEb9Yu6fXNaa14WaZTJITkiJ8QhZ6RJrkmLuISRCXkmr+TNeDJejHfjY95aMoqZKvkD4/MH4vqVHg==</latexit>

✓1p
<latexit sha1_base64="8tRs1mnmER2FN8ziHPULqbNrMGA=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwtNLJvttF262YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJoJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1Q6pBcAkechTQThTQKBTQCkdXE7/1AErzWN5ilkAQ0YHkfc4oGqlbqfo4BKTd3Ed4xDwZj+/dbqXm1J0p7EXiFqRGCjS7lS+/F7M0AolMUK07rpNgkFOFnAkYl/1UQ0LZiA6gY6ikEeggnx4/to+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9bw3Ef/zOin2z4OcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmxDc+ZcXiXdSv6g7N6e1xmWRRokckENyTFxyRhrkmjSJRxjJyDN5JW/Wk/VivVsfs9Ylq5ipkj+wPn8A4XeVHQ==</latexit><latexit sha1_base64="8tRs1mnmER2FN8ziHPULqbNrMGA=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwtNLJvttF262YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJoJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1Q6pBcAkechTQThTQKBTQCkdXE7/1AErzWN5ilkAQ0YHkfc4oGqlbqfo4BKTd3Ed4xDwZj+/dbqXm1J0p7EXiFqRGCjS7lS+/F7M0AolMUK07rpNgkFOFnAkYl/1UQ0LZiA6gY6ikEeggnx4/to+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9bw3Ef/zOin2z4OcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmxDc+ZcXiXdSv6g7N6e1xmWRRokckENyTFxyRhrkmjSJRxjJyDN5JW/Wk/VivVsfs9Ylq5ipkj+wPn8A4XeVHQ==</latexit><latexit sha1_base64="8tRs1mnmER2FN8ziHPULqbNrMGA=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwtNLJvttF262YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJoJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1Q6pBcAkechTQThTQKBTQCkdXE7/1AErzWN5ilkAQ0YHkfc4oGqlbqfo4BKTd3Ed4xDwZj+/dbqXm1J0p7EXiFqRGCjS7lS+/F7M0AolMUK07rpNgkFOFnAkYl/1UQ0LZiA6gY6ikEeggnx4/to+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9bw3Ef/zOin2z4OcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmxDc+ZcXiXdSv6g7N6e1xmWRRokckENyTFxyRhrkmjSJRxjJyDN5JW/Wk/VivVsfs9Ylq5ipkj+wPn8A4XeVHQ==</latexit>

✓1h
<latexit sha1_base64="b3rZlNOuen/tIKYOEnXd+3WOPkQ=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwttLJvttFm62YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1A6pBcAkechTQThTQKBDQCkZXE7/1AErzWN5iloAf0aHkA84oGqlXqXYxBKS9vIvwiHk4Ht+7vUrNqTtT2IvELUiNFGj2Kl/dfszSCCQyQbXuuE6Cfk4VciZgXO6mGhLKRnQIHUMljUD7+fT4sX1klL49iJUpifZU/T2R00jrLApMZ0Qx1PPeRPzP66Q4OPdzLpMUQbLZokEqbIztSRJ2nytgKDJDKFPc3GqzkCrK0ORVNiG48y8vEu+kflF3bk5rjcsijRI5IIfkmLjkjDTINWkSjzCSkWfySt6sJ+vFerc+Zq1LVjFTJX9gff4A1T+VFQ==</latexit><latexit sha1_base64="b3rZlNOuen/tIKYOEnXd+3WOPkQ=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwttLJvttFm62YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1A6pBcAkechTQThTQKBDQCkZXE7/1AErzWN5iloAf0aHkA84oGqlXqXYxBKS9vIvwiHk4Ht+7vUrNqTtT2IvELUiNFGj2Kl/dfszSCCQyQbXuuE6Cfk4VciZgXO6mGhLKRnQIHUMljUD7+fT4sX1klL49iJUpifZU/T2R00jrLApMZ0Qx1PPeRPzP66Q4OPdzLpMUQbLZokEqbIztSRJ2nytgKDJDKFPc3GqzkCrK0ORVNiG48y8vEu+kflF3bk5rjcsijRI5IIfkmLjkjDTINWkSjzCSkWfySt6sJ+vFerc+Zq1LVjFTJX9gff4A1T+VFQ==</latexit><latexit sha1_base64="b3rZlNOuen/tIKYOEnXd+3WOPkQ=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwttLJvttFm62YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJIJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1A6pBcAkechTQThTQKBDQCkZXE7/1AErzWN5iloAf0aHkA84oGqlXqXYxBKS9vIvwiHk4Ht+7vUrNqTtT2IvELUiNFGj2Kl/dfszSCCQyQbXuuE6Cfk4VciZgXO6mGhLKRnQIHUMljUD7+fT4sX1klL49iJUpifZU/T2R00jrLApMZ0Qx1PPeRPzP66Q4OPdzLpMUQbLZokEqbIztSRJ2nytgKDJDKFPc3GqzkCrK0ORVNiG48y8vEu+kflF3bk5rjcsijRI5IIfkmLjkjDTINWkSjzCSkWfySt6sJ+vFerc+Zq1LVjFTJX9gff4A1T+VFQ==</latexit>

✓2h
<latexit sha1_base64="oj6z06TYT1576KRpX5FYlBJGXpQ=">AAAB+3icbVBNS8NAEN3Ur1q/oj16CRbBU0mKoN6KXjxWMLbQ1rDZTtqlmw92J2II8a948aDi1T/izX/j9uOgrQ8GHu/NMDPPTwRXaNvfRmlldW19o7xZ2dre2d0z9w/uVJxKBi6LRSw7PlUgeAQuchTQSSTQ0BfQ9sdXE7/9AFLxOLrFLIF+SIcRDzijqCXPrPZwBEi9vIfwiPmoKO4bnlmz6/YU1jJx5qRG5mh55ldvELM0hAiZoEp1HTvBfk4lciagqPRSBQllYzqErqYRDUH18+nxhXWslYEVxFJXhNZU/T2R01CpLPR1Z0hxpBa9ifif100xOO/nPEpShIjNFgWpsDC2JklYAy6Bocg0oUxyfavFRlRShjqvig7BWXx5mbiN+kXdvjmtNS/naZTJITkiJ8QhZ6RJrkmLuISRjDyTV/JmPBkvxrvxMWstGfOZKvkD4/MH1sKVFg==</latexit><latexit sha1_base64="oj6z06TYT1576KRpX5FYlBJGXpQ=">AAAB+3icbVBNS8NAEN3Ur1q/oj16CRbBU0mKoN6KXjxWMLbQ1rDZTtqlmw92J2II8a948aDi1T/izX/j9uOgrQ8GHu/NMDPPTwRXaNvfRmlldW19o7xZ2dre2d0z9w/uVJxKBi6LRSw7PlUgeAQuchTQSSTQ0BfQ9sdXE7/9AFLxOLrFLIF+SIcRDzijqCXPrPZwBEi9vIfwiPmoKO4bnlmz6/YU1jJx5qRG5mh55ldvELM0hAiZoEp1HTvBfk4lciagqPRSBQllYzqErqYRDUH18+nxhXWslYEVxFJXhNZU/T2R01CpLPR1Z0hxpBa9ifif100xOO/nPEpShIjNFgWpsDC2JklYAy6Bocg0oUxyfavFRlRShjqvig7BWXx5mbiN+kXdvjmtNS/naZTJITkiJ8QhZ6RJrkmLuISRjDyTV/JmPBkvxrvxMWstGfOZKvkD4/MH1sKVFg==</latexit><latexit sha1_base64="oj6z06TYT1576KRpX5FYlBJGXpQ=">AAAB+3icbVBNS8NAEN3Ur1q/oj16CRbBU0mKoN6KXjxWMLbQ1rDZTtqlmw92J2II8a948aDi1T/izX/j9uOgrQ8GHu/NMDPPTwRXaNvfRmlldW19o7xZ2dre2d0z9w/uVJxKBi6LRSw7PlUgeAQuchTQSSTQ0BfQ9sdXE7/9AFLxOLrFLIF+SIcRDzijqCXPrPZwBEi9vIfwiPmoKO4bnlmz6/YU1jJx5qRG5mh55ldvELM0hAiZoEp1HTvBfk4lciagqPRSBQllYzqErqYRDUH18+nxhXWslYEVxFJXhNZU/T2R01CpLPR1Z0hxpBa9ifif100xOO/nPEpShIjNFgWpsDC2JklYAy6Bocg0oUxyfavFRlRShjqvig7BWXx5mbiN+kXdvjmtNS/naZTJITkiJ8QhZ6RJrkmLuISRjDyTV/JmPBkvxrvxMWstGfOZKvkD4/MH1sKVFg==</latexit>

✓2p
<latexit sha1_base64="yJDTvB9L0bDHB+cKbwJUleX2SOo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16CRbBU0mKoN6KXjxWMLbQxLLZTtulmw92J2IJ8a948aDi1T/izX/jts1BWx8MPN6bYWZekAiu0La/jdLK6tr6RnmzsrW9s7tn7h/cqTiVDFwWi1h2AqpA8Ahc5Cigk0igYSCgHYyvpn77AaTicXSLkwT8kA4jPuCMopZ6ZtXDESDtZR7CI2ZJnt83embNrtszWMvEKUiNFGj1zC+vH7M0hAiZoEp1HTtBP6MSOROQV7xUQULZmA6hq2lEQ1B+Njs+t4610rcGsdQVoTVTf09kNFRqEga6M6Q4UoveVPzP66Y4OPczHiUpQsTmiwapsDC2pklYfS6BoZhoQpnk+laLjaikDHVeFR2Cs/jyMnEb9Yu6fXNaa14WaZTJITkiJ8QhZ6RJrkmLuISRCXkmr+TNeDJejHfjY95aMoqZKvkD4/MH4vqVHg==</latexit><latexit sha1_base64="yJDTvB9L0bDHB+cKbwJUleX2SOo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16CRbBU0mKoN6KXjxWMLbQxLLZTtulmw92J2IJ8a948aDi1T/izX/jts1BWx8MPN6bYWZekAiu0La/jdLK6tr6RnmzsrW9s7tn7h/cqTiVDFwWi1h2AqpA8Ahc5Cigk0igYSCgHYyvpn77AaTicXSLkwT8kA4jPuCMopZ6ZtXDESDtZR7CI2ZJnt83embNrtszWMvEKUiNFGj1zC+vH7M0hAiZoEp1HTtBP6MSOROQV7xUQULZmA6hq2lEQ1B+Njs+t4610rcGsdQVoTVTf09kNFRqEga6M6Q4UoveVPzP66Y4OPczHiUpQsTmiwapsDC2pklYfS6BoZhoQpnk+laLjaikDHVeFR2Cs/jyMnEb9Yu6fXNaa14WaZTJITkiJ8QhZ6RJrkmLuISRCXkmr+TNeDJejHfjY95aMoqZKvkD4/MH4vqVHg==</latexit><latexit sha1_base64="yJDTvB9L0bDHB+cKbwJUleX2SOo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16CRbBU0mKoN6KXjxWMLbQxLLZTtulmw92J2IJ8a948aDi1T/izX/jts1BWx8MPN6bYWZekAiu0La/jdLK6tr6RnmzsrW9s7tn7h/cqTiVDFwWi1h2AqpA8Ahc5Cigk0igYSCgHYyvpn77AaTicXSLkwT8kA4jPuCMopZ6ZtXDESDtZR7CI2ZJnt83embNrtszWMvEKUiNFGj1zC+vH7M0hAiZoEp1HTtBP6MSOROQV7xUQULZmA6hq2lEQ1B+Njs+t4610rcGsdQVoTVTf09kNFRqEga6M6Q4UoveVPzP66Y4OPczHiUpQsTmiwapsDC2pklYfS6BoZhoQpnk+laLjaikDHVeFR2Cs/jyMnEb9Yu6fXNaa14WaZTJITkiJ8QhZ6RJrkmLuISRCXkmr+TNeDJejHfjY95aMoqZKvkD4/MH4vqVHg==</latexit>

✓1p
<latexit sha1_base64="8tRs1mnmER2FN8ziHPULqbNrMGA=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwtNLJvttF262YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJoJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1Q6pBcAkechTQThTQKBTQCkdXE7/1AErzWN5ilkAQ0YHkfc4oGqlbqfo4BKTd3Ed4xDwZj+/dbqXm1J0p7EXiFqRGCjS7lS+/F7M0AolMUK07rpNgkFOFnAkYl/1UQ0LZiA6gY6ikEeggnx4/to+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9bw3Ef/zOin2z4OcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmxDc+ZcXiXdSv6g7N6e1xmWRRokckENyTFxyRhrkmjSJRxjJyDN5JW/Wk/VivVsfs9Ylq5ipkj+wPn8A4XeVHQ==</latexit><latexit sha1_base64="8tRs1mnmER2FN8ziHPULqbNrMGA=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwtNLJvttF262YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJoJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1Q6pBcAkechTQThTQKBTQCkdXE7/1AErzWN5ilkAQ0YHkfc4oGqlbqfo4BKTd3Ed4xDwZj+/dbqXm1J0p7EXiFqRGCjS7lS+/F7M0AolMUK07rpNgkFOFnAkYl/1UQ0LZiA6gY6ikEeggnx4/to+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9bw3Ef/zOin2z4OcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmxDc+ZcXiXdSv6g7N6e1xmWRRokckENyTFxyRhrkmjSJRxjJyDN5JW/Wk/VivVsfs9Ylq5ipkj+wPn8A4XeVHQ==</latexit><latexit sha1_base64="8tRs1mnmER2FN8ziHPULqbNrMGA=">AAAB+3icbVBNS8NAEN34WetXtUcvwSJ4KokI6q3oxWMFYwtNLJvttF262YTdiRhC/StePKh49Y9489+4bXPQ1gcDj/dmmJkXJoJrdJxva2l5ZXVtvbRR3tza3tmt7O3f6ThVDDwWi1i1Q6pBcAkechTQThTQKBTQCkdXE7/1AErzWN5ilkAQ0YHkfc4oGqlbqfo4BKTd3Ed4xDwZj+/dbqXm1J0p7EXiFqRGCjS7lS+/F7M0AolMUK07rpNgkFOFnAkYl/1UQ0LZiA6gY6ikEeggnx4/to+M0rP7sTIl0Z6qvydyGmmdRaHpjCgO9bw3Ef/zOin2z4OcyyRFkGy2qJ8KG2N7koTd4woYiswQyhQ3t9psSBVlaPIqmxDc+ZcXiXdSv6g7N6e1xmWRRokckENyTFxyRhrkmjSJRxjJyDN5JW/Wk/VivVsfs9Ylq5ipkj+wPn8A4XeVHQ==</latexit>

2 particle-hole excitations
<latexit sha1_base64="RVtkUNrE9H36Tf3wR3zpwzKivyM=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpV0gbGChbFI9CG1VeW4N61Vx45sB1FFHVj4FRYGEGLlI9j4G9w0A7Qc6UpH59xr33uCmDNtPO/bKaytb2xuFbdLO7t7+wfu4VFLy0RRaFLJpeoERANnApqGGQ6dWAGJAg7tYHI999v3oDST4s5MY+hHZCRYyCgxVhq45RqOiTKMcjgfSw4YHigzmakHbsWrehnwKvFzUkE5GgP3qzeUNIlAGMqJ1l3fi00/zd+flXqJhpjQCRlB11JBItD9NDtihk+tMsShVLaEwZn6eyIlkdbTKLCdETFjvezNxf+8bmLCy37KRJwYEHTxUZhwbCSeJ4KHTAE1fGoJoYrZXTEdE0WosbmVbAj+8smrpFWr+l7Vv61V6ld5HEVURifoDPnoAtXRDWqgJqLoET2jV/TmPDkvzrvzsWgtOPnMMfoD5/MHfBSX/Q==</latexit><latexit sha1_base64="RVtkUNrE9H36Tf3wR3zpwzKivyM=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpV0gbGChbFI9CG1VeW4N61Vx45sB1FFHVj4FRYGEGLlI9j4G9w0A7Qc6UpH59xr33uCmDNtPO/bKaytb2xuFbdLO7t7+wfu4VFLy0RRaFLJpeoERANnApqGGQ6dWAGJAg7tYHI999v3oDST4s5MY+hHZCRYyCgxVhq45RqOiTKMcjgfSw4YHigzmakHbsWrehnwKvFzUkE5GgP3qzeUNIlAGMqJ1l3fi00/zd+flXqJhpjQCRlB11JBItD9NDtihk+tMsShVLaEwZn6eyIlkdbTKLCdETFjvezNxf+8bmLCy37KRJwYEHTxUZhwbCSeJ4KHTAE1fGoJoYrZXTEdE0WosbmVbAj+8smrpFWr+l7Vv61V6ld5HEVURifoDPnoAtXRDWqgJqLoET2jV/TmPDkvzrvzsWgtOPnMMfoD5/MHfBSX/Q==</latexit><latexit sha1_base64="RVtkUNrE9H36Tf3wR3zpwzKivyM=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpV0gbGChbFI9CG1VeW4N61Vx45sB1FFHVj4FRYGEGLlI9j4G9w0A7Qc6UpH59xr33uCmDNtPO/bKaytb2xuFbdLO7t7+wfu4VFLy0RRaFLJpeoERANnApqGGQ6dWAGJAg7tYHI999v3oDST4s5MY+hHZCRYyCgxVhq45RqOiTKMcjgfSw4YHigzmakHbsWrehnwKvFzUkE5GgP3qzeUNIlAGMqJ1l3fi00/zd+flXqJhpjQCRlB11JBItD9NDtihk+tMsShVLaEwZn6eyIlkdbTKLCdETFjvezNxf+8bmLCy37KRJwYEHTxUZhwbCSeJ4KHTAE1fGoJoYrZXTEdE0WosbmVbAj+8smrpFWr+l7Vv61V6ld5HEVURifoDPnoAtXRDWqgJqLoET2jV/TmPDkvzrvzsWgtOPnMMfoD5/MHfBSX/Q==</latexit><latexit sha1_base64="RVtkUNrE9H36Tf3wR3zpwzKivyM=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpV0gbGChbFI9CG1VeW4N61Vx45sB1FFHVj4FRYGEGLlI9j4G9w0A7Qc6UpH59xr33uCmDNtPO/bKaytb2xuFbdLO7t7+wfu4VFLy0RRaFLJpeoERANnApqGGQ6dWAGJAg7tYHI999v3oDST4s5MY+hHZCRYyCgxVhq45RqOiTKMcjgfSw4YHigzmakHbsWrehnwKvFzUkE5GgP3qzeUNIlAGMqJ1l3fi00/zd+flXqJhpjQCRlB11JBItD9NDtihk+tMsShVLaEwZn6eyIlkdbTKLCdETFjvezNxf+8bmLCy37KRJwYEHTxUZhwbCSeJ4KHTAE1fGoJoYrZXTEdE0WosbmVbAj+8smrpFWr+l7Vv61V6ld5HEVURifoDPnoAtXRDWqgJqLoET2jV/TmPDkvzrvzsWgtOPnMMfoD5/MHfBSX/Q==</latexit>

Ballistic motion:  
effective velocities 

Diffusion 
spreading: 

diffusion constants 

T

<latexit sha1_base64="8WGIRXE+E79ZUyiMFdW3Niv2cT8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj04rGFfkEbymY7adduNmF3I5TQX+DFgyJe/Une/Ddu2xy09cHA470ZZuYFieDauO63s7G5tb2zW9gr7h8cHh2XTk7bOk4VwxaLRay6AdUouMSW4UZgN1FIo0BgJ5jcz/3OEyrNY9k00wT9iI4kDzmjxkqN5qBUdivuAmSdeDkpQ476oPTVH8YsjVAaJqjWPc9NjJ9RZTgTOCv2U40JZRM6wp6lkkao/Wxx6IxcWmVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE976GZdJalCy5aIwFcTEZP41GXKFzIipJZQpbm8lbEwVZcZmU7QheKsvr5P2dcWrVqqNarl2l8dRgHO4gCvw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZeuGk8+cwR84nz+x74zf</latexit>

T dr

<latexit sha1_base64="lerjoC+CcK310r+j6BlEU+m8pa0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVQj0WvXis0C9s15LNZtvQJLskWaEs/RdePCji1X/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M797hNVmsWyZaYJ9QUeSRYxgo2VHlqP2UAJFKrZsFxxq+4CaJ14OalAjuaw/DUIY5IKKg3hWOu+5ybGz7AyjHA6Kw1STRNMJnhE+5ZKLKj2s8XFM3RhlRBFsbIlDVqovycyLLSeisB2CmzGetWbi/95/dRE137GZJIaKslyUZRyZGI0fx+FTFFi+NQSTBSztyIyxgoTY0Mq2RC81ZfXSeeq6tWqtftapXGTx1GEMziHS/CgDg24gya0gYCEZ3iFN0c7L86787FsLTj5zCn8gfP5A2gxkMA=</latexit>



SPIN SUPER-DIFFUSION IN THE SPIN-1/2 XXX CHAIN

. . .
<latexit sha1_base64="n2mR1YepKmld6jWS21bdMZhURto=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXZfhgrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8AvCGPOA==</latexit><latexit sha1_base64="n2mR1YepKmld6jWS21bdMZhURto=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXZfhgrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8AvCGPOA==</latexit><latexit sha1_base64="n2mR1YepKmld6jWS21bdMZhURto=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXZfhgrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8AvCGPOA==</latexit><latexit sha1_base64="n2mR1YepKmld6jWS21bdMZhURto=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXZfhgrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8AvCGPOA==</latexit>=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit> +

<latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit>

+
<latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit> +

<latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit>

+
<latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit>

#
<latexit sha1_base64="XJvpAxszcvIaomFKfma8x2lpJ+s=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuax5BkLGXof7hxoYhb/8Wdf2PazkJbDwQO59zDvTlRwpmxvv/tFdbWNza3itulnd29/YPy4VHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1uZ37riWrDlHywk4SGAg8kixnB1kmPqNtXY4m1VmOEUK9c8av+HGiVBDmpQI56r/zl8iQVVFrCsTGdwE9smGFtGeF0WuqmhiaYjPCAdhyVWFATZvOrp+jMKX0UK+2etGiu/k5kWBgzEZGbFNgOzbI3E//zOqmNr8OMySS1VJLFojjlyCo0qwD1mabE8okjmGjmbkVkiDUm1hVVciUEy19eJc2LauD4/WWldpPXUYQTOIVzCOAKanAHdWgAAQ3P8Apv3th78d69j8Vowcszx/AH3ucPY82RxQ==</latexit><latexit sha1_base64="XJvpAxszcvIaomFKfma8x2lpJ+s=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuax5BkLGXof7hxoYhb/8Wdf2PazkJbDwQO59zDvTlRwpmxvv/tFdbWNza3itulnd29/YPy4VHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1uZ37riWrDlHywk4SGAg8kixnB1kmPqNtXY4m1VmOEUK9c8av+HGiVBDmpQI56r/zl8iQVVFrCsTGdwE9smGFtGeF0WuqmhiaYjPCAdhyVWFATZvOrp+jMKX0UK+2etGiu/k5kWBgzEZGbFNgOzbI3E//zOqmNr8OMySS1VJLFojjlyCo0qwD1mabE8okjmGjmbkVkiDUm1hVVciUEy19eJc2LauD4/WWldpPXUYQTOIVzCOAKanAHdWgAAQ3P8Apv3th78d69j8Vowcszx/AH3ucPY82RxQ==</latexit><latexit sha1_base64="XJvpAxszcvIaomFKfma8x2lpJ+s=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuax5BkLGXof7hxoYhb/8Wdf2PazkJbDwQO59zDvTlRwpmxvv/tFdbWNza3itulnd29/YPy4VHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1uZ37riWrDlHywk4SGAg8kixnB1kmPqNtXY4m1VmOEUK9c8av+HGiVBDmpQI56r/zl8iQVVFrCsTGdwE9smGFtGeF0WuqmhiaYjPCAdhyVWFATZvOrp+jMKX0UK+2etGiu/k5kWBgzEZGbFNgOzbI3E//zOqmNr8OMySS1VJLFojjlyCo0qwD1mabE8okjmGjmbkVkiDUm1hVVciUEy19eJc2LauD4/WWldpPXUYQTOIVzCOAKanAHdWgAAQ3P8Apv3th78d69j8Vowcszx/AH3ucPY82RxQ==</latexit><latexit sha1_base64="XJvpAxszcvIaomFKfma8x2lpJ+s=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuax5BkLGXof7hxoYhb/8Wdf2PazkJbDwQO59zDvTlRwpmxvv/tFdbWNza3itulnd29/YPy4VHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1uZ37riWrDlHywk4SGAg8kixnB1kmPqNtXY4m1VmOEUK9c8av+HGiVBDmpQI56r/zl8iQVVFrCsTGdwE9smGFtGeF0WuqmhiaYjPCAdhyVWFATZvOrp+jMKX0UK+2etGiu/k5kWBgzEZGbFNgOzbI3E//zOqmNr8OMySS1VJLFojjlyCo0qwD1mabE8okjmGjmbkVkiDUm1hVVciUEy19eJc2LauD4/WWldpPXUYQTOIVzCOAKanAHdWgAAQ3P8Apv3th78d69j8Vowcszx/AH3ucPY82RxQ==</latexit>

##
<latexit sha1_base64="rjlhAoT7By1bWwWyxZebtcYicOA=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiG5cV7APaoWTSTBuaSYYkYylDwY2/4saFIm79CXf+jWk7C9t6IHByzj0k94QJZ9p43o+zsrq2vrFZ2Cpu7+zu7bsHh3UtU0VojUguVTPEmnImaM0ww2kzURTHIaeNcHA78RuPVGkmxYMZJTSIcU+wiBFsrNRxj1G7K4cCKyWHCM1dOm7JK3tToGXi56QEOaod99vGSRpTYQjHWrd8LzFBhpVhhNNxsZ1qmmAywD3aslTgmOogm+4wRmdW6aJIKnuEQVP1byLDsdajOLSTMTZ9vehNxP+8Vmqi6yBjIkkNFWT2UJRyZCSaFIK6TFFi+MgSTBSzf0WkjxUmxtZWtCX4iysvk/pF2bf8/rJUucnrKMAJnMI5+HAFFbiDKtSAwBO8wBu8O8/Oq/PhfM5GV5w8cwRzcL5+Ab5alu0=</latexit><latexit sha1_base64="rjlhAoT7By1bWwWyxZebtcYicOA=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiG5cV7APaoWTSTBuaSYYkYylDwY2/4saFIm79CXf+jWk7C9t6IHByzj0k94QJZ9p43o+zsrq2vrFZ2Cpu7+zu7bsHh3UtU0VojUguVTPEmnImaM0ww2kzURTHIaeNcHA78RuPVGkmxYMZJTSIcU+wiBFsrNRxj1G7K4cCKyWHCM1dOm7JK3tToGXi56QEOaod99vGSRpTYQjHWrd8LzFBhpVhhNNxsZ1qmmAywD3aslTgmOogm+4wRmdW6aJIKnuEQVP1byLDsdajOLSTMTZ9vehNxP+8Vmqi6yBjIkkNFWT2UJRyZCSaFIK6TFFi+MgSTBSzf0WkjxUmxtZWtCX4iysvk/pF2bf8/rJUucnrKMAJnMI5+HAFFbiDKtSAwBO8wBu8O8/Oq/PhfM5GV5w8cwRzcL5+Ab5alu0=</latexit><latexit sha1_base64="rjlhAoT7By1bWwWyxZebtcYicOA=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiG5cV7APaoWTSTBuaSYYkYylDwY2/4saFIm79CXf+jWk7C9t6IHByzj0k94QJZ9p43o+zsrq2vrFZ2Cpu7+zu7bsHh3UtU0VojUguVTPEmnImaM0ww2kzURTHIaeNcHA78RuPVGkmxYMZJTSIcU+wiBFsrNRxj1G7K4cCKyWHCM1dOm7JK3tToGXi56QEOaod99vGSRpTYQjHWrd8LzFBhpVhhNNxsZ1qmmAywD3aslTgmOogm+4wRmdW6aJIKnuEQVP1byLDsdajOLSTMTZ9vehNxP+8Vmqi6yBjIkkNFWT2UJRyZCSaFIK6TFFi+MgSTBSzf0WkjxUmxtZWtCX4iysvk/pF2bf8/rJUucnrKMAJnMI5+HAFFbiDKtSAwBO8wBu8O8/Oq/PhfM5GV5w8cwRzcL5+Ab5alu0=</latexit><latexit sha1_base64="rjlhAoT7By1bWwWyxZebtcYicOA=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiG5cV7APaoWTSTBuaSYYkYylDwY2/4saFIm79CXf+jWk7C9t6IHByzj0k94QJZ9p43o+zsrq2vrFZ2Cpu7+zu7bsHh3UtU0VojUguVTPEmnImaM0ww2kzURTHIaeNcHA78RuPVGkmxYMZJTSIcU+wiBFsrNRxj1G7K4cCKyWHCM1dOm7JK3tToGXi56QEOaod99vGSRpTYQjHWrd8LzFBhpVhhNNxsZ1qmmAywD3aslTgmOogm+4wRmdW6aJIKnuEQVP1byLDsdajOLSTMTZ9vehNxP+8Vmqi6yBjIkkNFWT2UJRyZCSaFIK6TFFi+MgSTBSzf0WkjxUmxtZWtCX4iysvk/pF2bf8/rJUucnrKMAJnMI5+HAFFbiDKtSAwBO8wBu8O8/Oq/PhfM5GV5w8cwRzcL5+Ab5alu0=</latexit>

###
<latexit sha1_base64="XAoakdCjT8+imBYMbqyFM0LijpE=">AAACD3icbZDLSgMxFIbP1Futt1GXboJFcVVmRNBl0Y3LCvYC7VAyaaYNzSRDkrGU0jdw46u4caGIW7fufBvTdha9eCDw5T/nJzl/mHCmjef9Orm19Y3Nrfx2YWd3b//APTyqaZkqQqtEcqkaIdaUM0GrhhlOG4miOA45rYf9u0m//kSVZlI8mmFCgxh3BYsYwcZKbfcctTpyILBScoDQwmWe227RK3nTQqvgZ1CErCpt98faSRpTYQjHWjd9LzHBCCvDCKfjQivVNMGkj7u0aVHgmOpgNN1njM6s0kGRVPYIg6bqvGOEY62HcWgnY2x6erk3Ef/rNVMT3QQjJpLUUEFmD0UpR0aiSTiowxQlhg8tYKKY/SsiPawwMTbCgg3BX155FWqXJd/yw1WxfJvFkYcTOIUL8OEaynAPFagCgWd4hXf4cF6cN+fT+ZqN5pzMcwwL5Xz/Adhlm+Q=</latexit><latexit sha1_base64="XAoakdCjT8+imBYMbqyFM0LijpE=">AAACD3icbZDLSgMxFIbP1Futt1GXboJFcVVmRNBl0Y3LCvYC7VAyaaYNzSRDkrGU0jdw46u4caGIW7fufBvTdha9eCDw5T/nJzl/mHCmjef9Orm19Y3Nrfx2YWd3b//APTyqaZkqQqtEcqkaIdaUM0GrhhlOG4miOA45rYf9u0m//kSVZlI8mmFCgxh3BYsYwcZKbfcctTpyILBScoDQwmWe227RK3nTQqvgZ1CErCpt98faSRpTYQjHWjd9LzHBCCvDCKfjQivVNMGkj7u0aVHgmOpgNN1njM6s0kGRVPYIg6bqvGOEY62HcWgnY2x6erk3Ef/rNVMT3QQjJpLUUEFmD0UpR0aiSTiowxQlhg8tYKKY/SsiPawwMTbCgg3BX155FWqXJd/yw1WxfJvFkYcTOIUL8OEaynAPFagCgWd4hXf4cF6cN+fT+ZqN5pzMcwwL5Xz/Adhlm+Q=</latexit><latexit sha1_base64="XAoakdCjT8+imBYMbqyFM0LijpE=">AAACD3icbZDLSgMxFIbP1Futt1GXboJFcVVmRNBl0Y3LCvYC7VAyaaYNzSRDkrGU0jdw46u4caGIW7fufBvTdha9eCDw5T/nJzl/mHCmjef9Orm19Y3Nrfx2YWd3b//APTyqaZkqQqtEcqkaIdaUM0GrhhlOG4miOA45rYf9u0m//kSVZlI8mmFCgxh3BYsYwcZKbfcctTpyILBScoDQwmWe227RK3nTQqvgZ1CErCpt98faSRpTYQjHWjd9LzHBCCvDCKfjQivVNMGkj7u0aVHgmOpgNN1njM6s0kGRVPYIg6bqvGOEY62HcWgnY2x6erk3Ef/rNVMT3QQjJpLUUEFmD0UpR0aiSTiowxQlhg8tYKKY/SsiPawwMTbCgg3BX155FWqXJd/yw1WxfJvFkYcTOIUL8OEaynAPFagCgWd4hXf4cF6cN+fT+ZqN5pzMcwwL5Xz/Adhlm+Q=</latexit><latexit sha1_base64="XAoakdCjT8+imBYMbqyFM0LijpE=">AAACD3icbZDLSgMxFIbP1Futt1GXboJFcVVmRNBl0Y3LCvYC7VAyaaYNzSRDkrGU0jdw46u4caGIW7fufBvTdha9eCDw5T/nJzl/mHCmjef9Orm19Y3Nrfx2YWd3b//APTyqaZkqQqtEcqkaIdaUM0GrhhlOG4miOA45rYf9u0m//kSVZlI8mmFCgxh3BYsYwcZKbfcctTpyILBScoDQwmWe227RK3nTQqvgZ1CErCpt98faSRpTYQjHWjd9LzHBCCvDCKfjQivVNMGkj7u0aVHgmOpgNN1njM6s0kGRVPYIg6bqvGOEY62HcWgnY2x6erk3Ef/rNVMT3QQjJpLUUEFmD0UpR0aiSTiowxQlhg8tYKKY/SsiPawwMTbCgg3BX155FWqXJd/yw1WxfJvFkYcTOIUL8OEaynAPFagCgWd4hXf4cF6cN+fT+ZqN5pzMcwwL5Xz/Adhlm+Q=</latexit>

##################
<latexit sha1_base64="OatGUuaL7DuG0Bek8aLKgUj4g50=">AAACzXicrVK7TsMwFHXCq5RXgJHFokJiqhKEBGMFC2KhSPQhtVHluE5r1Y/IdqhCKCv/x8bOh+C2GShlYOiVLB2fc+61fa+jhFFtfP/TcdfWNza3Stvlnd29/QPv8KipZaowaWDJpGpHSBNGBWkYahhpJ4ogHjHSika3U731TJSmUjyZLCEhRwNBY4qRsVTP+4LdvhwLpJQcQ7iwWRD+aVula3XFel7Fr/qzgMsgKEAFFFHveR82GaecCIMZ0roT+IkJc6QMxYxMyt1UkwThERqQjoUCcaLDfDaNCTyzTB/GUtklDJyxPzNyxLXOeGSdHJmh/q1Nyb+0Tmri6zCnIkkNEXh+UJwyaCScjhb2qSLYsMwChBW1d4V4iBTCxn6Asm1C8PvJy6B5UQ0sfrys1G6KdpTACTgF5yAAV6AG7kAdNAB27p3EyZwX98FN3Vf3bW51nSLnGCyE+/4NTtbfCg==</latexit><latexit sha1_base64="OatGUuaL7DuG0Bek8aLKgUj4g50=">AAACzXicrVK7TsMwFHXCq5RXgJHFokJiqhKEBGMFC2KhSPQhtVHluE5r1Y/IdqhCKCv/x8bOh+C2GShlYOiVLB2fc+61fa+jhFFtfP/TcdfWNza3Stvlnd29/QPv8KipZaowaWDJpGpHSBNGBWkYahhpJ4ogHjHSika3U731TJSmUjyZLCEhRwNBY4qRsVTP+4LdvhwLpJQcQ7iwWRD+aVula3XFel7Fr/qzgMsgKEAFFFHveR82GaecCIMZ0roT+IkJc6QMxYxMyt1UkwThERqQjoUCcaLDfDaNCTyzTB/GUtklDJyxPzNyxLXOeGSdHJmh/q1Nyb+0Tmri6zCnIkkNEXh+UJwyaCScjhb2qSLYsMwChBW1d4V4iBTCxn6Asm1C8PvJy6B5UQ0sfrys1G6KdpTACTgF5yAAV6AG7kAdNAB27p3EyZwX98FN3Vf3bW51nSLnGCyE+/4NTtbfCg==</latexit><latexit sha1_base64="OatGUuaL7DuG0Bek8aLKgUj4g50=">AAACzXicrVK7TsMwFHXCq5RXgJHFokJiqhKEBGMFC2KhSPQhtVHluE5r1Y/IdqhCKCv/x8bOh+C2GShlYOiVLB2fc+61fa+jhFFtfP/TcdfWNza3Stvlnd29/QPv8KipZaowaWDJpGpHSBNGBWkYahhpJ4ogHjHSika3U731TJSmUjyZLCEhRwNBY4qRsVTP+4LdvhwLpJQcQ7iwWRD+aVula3XFel7Fr/qzgMsgKEAFFFHveR82GaecCIMZ0roT+IkJc6QMxYxMyt1UkwThERqQjoUCcaLDfDaNCTyzTB/GUtklDJyxPzNyxLXOeGSdHJmh/q1Nyb+0Tmri6zCnIkkNEXh+UJwyaCScjhb2qSLYsMwChBW1d4V4iBTCxn6Asm1C8PvJy6B5UQ0sfrys1G6KdpTACTgF5yAAV6AG7kAdNAB27p3EyZwX98FN3Vf3bW51nSLnGCyE+/4NTtbfCg==</latexit><latexit sha1_base64="OatGUuaL7DuG0Bek8aLKgUj4g50=">AAACzXicrVK7TsMwFHXCq5RXgJHFokJiqhKEBGMFC2KhSPQhtVHluE5r1Y/IdqhCKCv/x8bOh+C2GShlYOiVLB2fc+61fa+jhFFtfP/TcdfWNza3Stvlnd29/QPv8KipZaowaWDJpGpHSBNGBWkYahhpJ4ogHjHSika3U731TJSmUjyZLCEhRwNBY4qRsVTP+4LdvhwLpJQcQ7iwWRD+aVula3XFel7Fr/qzgMsgKEAFFFHveR82GaecCIMZ0roT+IkJc6QMxYxMyt1UkwThERqQjoUCcaLDfDaNCTyzTB/GUtklDJyxPzNyxLXOeGSdHJmh/q1Nyb+0Tmri6zCnIkkNEXh+UJwyaCScjhb2qSLYsMwChBW1d4V4iBTCxn6Asm1C8PvJy6B5UQ0sfrys1G6KdpTACTgF5yAAV6AG7kAdNAB27p3EyZwX98FN3Vf3bW51nSLnGCyE+/4NTtbfCg==</latexit>

{

<latexit sha1_base64="Lg9FGcg5juCogo7jEW63wQEV4D0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoZ8NyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFpfOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhtZ9xmaQGJVsuClNBTEzmb5MhV8iMmFpCmeL2VsLGVFFmbDglG4K3+vI6aV9VvVq1dl+rNG7yOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A53KjWw=</latexit>

s

<latexit sha1_base64="t5Z8j6uw1dDrul9BiPoeucvIxm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6perVpr1ir12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A4OuM/g==</latexit>

=
X

s�1

ve↵s �s

<latexit sha1_base64="nuprq/WRaQmsO/t9gq472PIAAsE=">AAACIHicbVDLSsNAFJ34rPFVdelmsAiuSiKFuhGKblxWsA9oaphMb9qhM0mcmRRK6Ke48VfcuFBEd/o1TtsstPXCwOGcc++de4KEM6Ud58taWV1b39gsbNnbO7t7+8WDw6aKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhtdTvTUCqVgc3elxAl1B+hELGSXaUH6xeumpVPiZwl4fHrA7wV5s/NNxdjby1X3mSYEhDCdGwdjjZnSP+MovlpyyMyu8DNwclFBedb/46fVimgqINOVEqY7rJLqbEakZ5TCxvVRBQuiQ9KFjYEQEqG42O3CCTw3Tw2EszYs0nrG/OzIilBqLwDgF0QO1qE3J/7ROqsOLbsaiJNUQ0fmiMOVYx3iaFu4xCVTzsQGESmb+iumASEK1ydQ2IbiLJy+D5nnZrZQrt5VS7SqPo4CO0Qk6Qy6qohq6QXXUQBQ9omf0it6sJ+vFerc+5tYVK+85Qn/K+v4BGmui8Q==</latexit>

Dspin

<latexit sha1_base64="kYtr957ofn4o174bKxo9toVvf54=">AAACAHicbVBNS8NAEJ34WetX1IMHL4tF8FQSKeixqAePFewHNCFstpt26WYTdjdCCbn4V7x4UMSrP8Ob/8ZN24O2Phh4vDfDzLww5Uxpx/m2VlbX1jc2K1vV7Z3dvX374LCjkkwS2iYJT2QvxIpyJmhbM81pL5UUxyGn3XB8U/rdRyoVS8SDnqTUj/FQsIgRrI0U2MdejPUoknic3xZB7skYqZSJIrBrTt2ZAi0Td05qMEcrsL+8QUKymApNOFaq7zqp9nMsNSOcFlUvUzTFZIyHtG+owDFVfj59oEBnRhmgKJGmhEZT9fdEjmOlJnFoOstz1aJXiv95/UxHV37ORJppKshsUZRxpBNUpoEGTFKi+cQQTCQztyIywhITbTKrmhDcxZeXSeei7jbqjftGrXk9j6MCJ3AK5+DCJTThDlrQBgIFPMMrvFlP1ov1bn3MWles+cwR/IH1+QNgL5bq</latexit>

H =
X

j

~Sj · ~Sj+1

<latexit sha1_base64="0D3GB3qWk7Jq2XjqOjDIap2rON4=">AAACEXicbZDLSsNAFIYnXmu9RV26GSxCQSiJFHQjFN10WdFeoAlhMpm0004uzEwKJeQV3Pgqblwo4tadO9/GSRtEW38Y+OY/5zBzfjdmVEjD+NJWVtfWNzZLW+Xtnd29ff3gsCOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67vgmr3cnhAsahfdyGhM7QIOQ+hQjqSxHrzbhFbREEjgjaE0ITu+ynLAXyZ97OjozM0evGDVjJrgMZgEVUKjl6J+WF+EkIKHEDAnRN41Y2inikmJGsrKVCBIjPEYD0lcYooAIO51tlMFT5XjQj7g6oYQz9/dEigIhpoGrOgMkh2Kxlpv/1fqJ9C/tlIZxIkmI5w/5CYMygnk80KOcYMmmChDmVP0V4iHiCEsVYlmFYC6uvAyd85pZr9Vv65XGdRFHCRyDE1AFJrgADdAELdAGGDyAJ/ACXrVH7Vl7097nrStaMXME/kj7+AYZVJyX</latexit>

� = 1

<latexit sha1_base64="i2YGTCUh7pggpg2Ly25hwbCOoJk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9CIU9eCxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rSdUmsfywYwT9CM6kDzkjBortbu3KAy98nqlsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7Wezeyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDSz7hMUoOSzReFqSAmJtPnSZ8rZEaMLaFMcXsrYUOqKDM2oqINwVt8eZk0zytetVK9r5Zr13kcBTiGEzgDDy6gBndQhwYwEPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHWECPhQ==</latexit>

� > 1

<latexit sha1_base64="WT3h0dt4youTQLjyyp+igNyYOzA=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9CRFPXisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8MOME/YgOJA85o8ZK7e4tCkOvvF6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN84pXrVTvq+XadR5HAY7hBM7AgwuowR3UoQEMBDzDK7w5j86L8+58zFtXnHzmCP7A+fwBWcWPhg==</latexit>

Dspin ⇠ t1/3

<latexit sha1_base64="+uh5XXu7aXlJSqmnkq8prwgcatY=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCSmkkAlGCtgYCwSfUhNiBzXaa3aTmQ7SFWUH2DhV1gYQIiVnY2/wWk7QMuRrnR0zr26954wYVRpx/m2FhaXlldWS2vl9Y3NrW17Z7el4lRi0sQxi2UnRIowKkhTU81IJ5EE8ZCRdji8Kvz2A5GKxuJOjxLic9QXNKIYaSMF9qHHkR5EEg2z6zzIPMmhSqjIoacoh/o+c0/O8sCuOFVnDDhP3CmpgCkagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66hAnGi/Gz8TQ6PjNKDUSxNCQ3H6u+JDHGlRjw0ncXtatYrxP+8bqqjCz+jIkk1EXiyKEoZ1DEsooE9KgnWbGQIwpKaWyEeIImwNgGWTQju7MvzpHVadWvV2m2tUr+cxlEC++AAHAMXnIM6uAEN0AQYPIJn8ArerCfrxXq3PiatC9Z0Zg/8gfX5A0twm64=</latexit>

Dspin ! const

<latexit sha1_base64="VFOwWEUmUhqiuojrBXK5i36jEbs=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVQmqBGMFDIxFog+piSrHdVqrjh3ZDlIV5RNY+BUWBhBiZWTjb3DSDNByJEvH59yre+8JYkaVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJRKJSQcLJmQ/QIowyklHU81IP5YERQEjvWB6nfu9ByIVFfxez2LiR2jMaUgx0kYa2qdehPQklGia3mTD1JMRVDHlGfS0gMUXC650NrTrTsMpAJeJW5I6KNEe2l/eSOAkIlxjhpQauE6s/RRJTTEjWc1LFIkRnqIxGRjKUUSUnxYHZfDEKCMYCmke17BQf3ekKFJqFgWmMl9fLXq5+J83SHR46aeUx4kmHM8HhQmD5tg8HTiikmDNZoYgLKnZFeIJkghrk2HNhOAunrxMuucNt9lo3jXrrasyjio4AsfgDLjgArTALWiDDsDgETyDV/BmPVkv1rv1MS+tWGXPIfgD6/MHgEudgw==</latexit>



SPIN SUPER-DIFFUSION IN THE SPIN-1/2 XXX CHAIN

. . .
<latexit sha1_base64="n2mR1YepKmld6jWS21bdMZhURto=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXZfhgrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8AvCGPOA==</latexit><latexit sha1_base64="n2mR1YepKmld6jWS21bdMZhURto=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXZfhgrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8AvCGPOA==</latexit><latexit sha1_base64="n2mR1YepKmld6jWS21bdMZhURto=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXZfhgrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8AvCGPOA==</latexit><latexit sha1_base64="n2mR1YepKmld6jWS21bdMZhURto=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXZfhgrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8AvCGPOA==</latexit>=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit> +

<latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit>

+
<latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit> +

<latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit>

+
<latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit><latexit sha1_base64="+YVVPMe+Gc1BVoW652FTCqLEcpA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePLdgPaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9m9fYTKs1j+WAmCfoRHUoeckaNtRoX/XLFrbpzkVXwcqhArnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErkVJI9R+Nl90Ss6sMyBhrOyThszd3xMZjbSeRIHtjKgZ6eXazPyv1k1NeONnXCapQckWH4WpICYms6vJgCtkRkwsUKa43ZWwEVWUGZtNyYbgLZ+8Cq3Lqme5cVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gj5/MHcYeMrw==</latexit>

#
<latexit sha1_base64="XJvpAxszcvIaomFKfma8x2lpJ+s=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuax5BkLGXof7hxoYhb/8Wdf2PazkJbDwQO59zDvTlRwpmxvv/tFdbWNza3itulnd29/YPy4VHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1uZ37riWrDlHywk4SGAg8kixnB1kmPqNtXY4m1VmOEUK9c8av+HGiVBDmpQI56r/zl8iQVVFrCsTGdwE9smGFtGeF0WuqmhiaYjPCAdhyVWFATZvOrp+jMKX0UK+2etGiu/k5kWBgzEZGbFNgOzbI3E//zOqmNr8OMySS1VJLFojjlyCo0qwD1mabE8okjmGjmbkVkiDUm1hVVciUEy19eJc2LauD4/WWldpPXUYQTOIVzCOAKanAHdWgAAQ3P8Apv3th78d69j8Vowcszx/AH3ucPY82RxQ==</latexit><latexit sha1_base64="XJvpAxszcvIaomFKfma8x2lpJ+s=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuax5BkLGXof7hxoYhb/8Wdf2PazkJbDwQO59zDvTlRwpmxvv/tFdbWNza3itulnd29/YPy4VHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1uZ37riWrDlHywk4SGAg8kixnB1kmPqNtXY4m1VmOEUK9c8av+HGiVBDmpQI56r/zl8iQVVFrCsTGdwE9smGFtGeF0WuqmhiaYjPCAdhyVWFATZvOrp+jMKX0UK+2etGiu/k5kWBgzEZGbFNgOzbI3E//zOqmNr8OMySS1VJLFojjlyCo0qwD1mabE8okjmGjmbkVkiDUm1hVVciUEy19eJc2LauD4/WWldpPXUYQTOIVzCOAKanAHdWgAAQ3P8Apv3th78d69j8Vowcszx/AH3ucPY82RxQ==</latexit><latexit sha1_base64="XJvpAxszcvIaomFKfma8x2lpJ+s=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuax5BkLGXof7hxoYhb/8Wdf2PazkJbDwQO59zDvTlRwpmxvv/tFdbWNza3itulnd29/YPy4VHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1uZ37riWrDlHywk4SGAg8kixnB1kmPqNtXY4m1VmOEUK9c8av+HGiVBDmpQI56r/zl8iQVVFrCsTGdwE9smGFtGeF0WuqmhiaYjPCAdhyVWFATZvOrp+jMKX0UK+2etGiu/k5kWBgzEZGbFNgOzbI3E//zOqmNr8OMySS1VJLFojjlyCo0qwD1mabE8okjmGjmbkVkiDUm1hVVciUEy19eJc2LauD4/WWldpPXUYQTOIVzCOAKanAHdWgAAQ3P8Apv3th78d69j8Vowcszx/AH3ucPY82RxQ==</latexit><latexit sha1_base64="XJvpAxszcvIaomFKfma8x2lpJ+s=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuax5BkLGXof7hxoYhb/8Wdf2PazkJbDwQO59zDvTlRwpmxvv/tFdbWNza3itulnd29/YPy4VHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1uZ37riWrDlHywk4SGAg8kixnB1kmPqNtXY4m1VmOEUK9c8av+HGiVBDmpQI56r/zl8iQVVFrCsTGdwE9smGFtGeF0WuqmhiaYjPCAdhyVWFATZvOrp+jMKX0UK+2etGiu/k5kWBgzEZGbFNgOzbI3E//zOqmNr8OMySS1VJLFojjlyCo0qwD1mabE8okjmGjmbkVkiDUm1hVVciUEy19eJc2LauD4/WWldpPXUYQTOIVzCOAKanAHdWgAAQ3P8Apv3th78d69j8Vowcszx/AH3ucPY82RxQ==</latexit>

##
<latexit sha1_base64="rjlhAoT7By1bWwWyxZebtcYicOA=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiG5cV7APaoWTSTBuaSYYkYylDwY2/4saFIm79CXf+jWk7C9t6IHByzj0k94QJZ9p43o+zsrq2vrFZ2Cpu7+zu7bsHh3UtU0VojUguVTPEmnImaM0ww2kzURTHIaeNcHA78RuPVGkmxYMZJTSIcU+wiBFsrNRxj1G7K4cCKyWHCM1dOm7JK3tToGXi56QEOaod99vGSRpTYQjHWrd8LzFBhpVhhNNxsZ1qmmAywD3aslTgmOogm+4wRmdW6aJIKnuEQVP1byLDsdajOLSTMTZ9vehNxP+8Vmqi6yBjIkkNFWT2UJRyZCSaFIK6TFFi+MgSTBSzf0WkjxUmxtZWtCX4iysvk/pF2bf8/rJUucnrKMAJnMI5+HAFFbiDKtSAwBO8wBu8O8/Oq/PhfM5GV5w8cwRzcL5+Ab5alu0=</latexit><latexit sha1_base64="rjlhAoT7By1bWwWyxZebtcYicOA=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiG5cV7APaoWTSTBuaSYYkYylDwY2/4saFIm79CXf+jWk7C9t6IHByzj0k94QJZ9p43o+zsrq2vrFZ2Cpu7+zu7bsHh3UtU0VojUguVTPEmnImaM0ww2kzURTHIaeNcHA78RuPVGkmxYMZJTSIcU+wiBFsrNRxj1G7K4cCKyWHCM1dOm7JK3tToGXi56QEOaod99vGSRpTYQjHWrd8LzFBhpVhhNNxsZ1qmmAywD3aslTgmOogm+4wRmdW6aJIKnuEQVP1byLDsdajOLSTMTZ9vehNxP+8Vmqi6yBjIkkNFWT2UJRyZCSaFIK6TFFi+MgSTBSzf0WkjxUmxtZWtCX4iysvk/pF2bf8/rJUucnrKMAJnMI5+HAFFbiDKtSAwBO8wBu8O8/Oq/PhfM5GV5w8cwRzcL5+Ab5alu0=</latexit><latexit sha1_base64="rjlhAoT7By1bWwWyxZebtcYicOA=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiG5cV7APaoWTSTBuaSYYkYylDwY2/4saFIm79CXf+jWk7C9t6IHByzj0k94QJZ9p43o+zsrq2vrFZ2Cpu7+zu7bsHh3UtU0VojUguVTPEmnImaM0ww2kzURTHIaeNcHA78RuPVGkmxYMZJTSIcU+wiBFsrNRxj1G7K4cCKyWHCM1dOm7JK3tToGXi56QEOaod99vGSRpTYQjHWrd8LzFBhpVhhNNxsZ1qmmAywD3aslTgmOogm+4wRmdW6aJIKnuEQVP1byLDsdajOLSTMTZ9vehNxP+8Vmqi6yBjIkkNFWT2UJRyZCSaFIK6TFFi+MgSTBSzf0WkjxUmxtZWtCX4iysvk/pF2bf8/rJUucnrKMAJnMI5+HAFFbiDKtSAwBO8wBu8O8/Oq/PhfM5GV5w8cwRzcL5+Ab5alu0=</latexit><latexit sha1_base64="rjlhAoT7By1bWwWyxZebtcYicOA=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiG5cV7APaoWTSTBuaSYYkYylDwY2/4saFIm79CXf+jWk7C9t6IHByzj0k94QJZ9p43o+zsrq2vrFZ2Cpu7+zu7bsHh3UtU0VojUguVTPEmnImaM0ww2kzURTHIaeNcHA78RuPVGkmxYMZJTSIcU+wiBFsrNRxj1G7K4cCKyWHCM1dOm7JK3tToGXi56QEOaod99vGSRpTYQjHWrd8LzFBhpVhhNNxsZ1qmmAywD3aslTgmOogm+4wRmdW6aJIKnuEQVP1byLDsdajOLSTMTZ9vehNxP+8Vmqi6yBjIkkNFWT2UJRyZCSaFIK6TFFi+MgSTBSzf0WkjxUmxtZWtCX4iysvk/pF2bf8/rJUucnrKMAJnMI5+HAFFbiDKtSAwBO8wBu8O8/Oq/PhfM5GV5w8cwRzcL5+Ab5alu0=</latexit>

###
<latexit sha1_base64="XAoakdCjT8+imBYMbqyFM0LijpE=">AAACD3icbZDLSgMxFIbP1Futt1GXboJFcVVmRNBl0Y3LCvYC7VAyaaYNzSRDkrGU0jdw46u4caGIW7fufBvTdha9eCDw5T/nJzl/mHCmjef9Orm19Y3Nrfx2YWd3b//APTyqaZkqQqtEcqkaIdaUM0GrhhlOG4miOA45rYf9u0m//kSVZlI8mmFCgxh3BYsYwcZKbfcctTpyILBScoDQwmWe227RK3nTQqvgZ1CErCpt98faSRpTYQjHWjd9LzHBCCvDCKfjQivVNMGkj7u0aVHgmOpgNN1njM6s0kGRVPYIg6bqvGOEY62HcWgnY2x6erk3Ef/rNVMT3QQjJpLUUEFmD0UpR0aiSTiowxQlhg8tYKKY/SsiPawwMTbCgg3BX155FWqXJd/yw1WxfJvFkYcTOIUL8OEaynAPFagCgWd4hXf4cF6cN+fT+ZqN5pzMcwwL5Xz/Adhlm+Q=</latexit><latexit sha1_base64="XAoakdCjT8+imBYMbqyFM0LijpE=">AAACD3icbZDLSgMxFIbP1Futt1GXboJFcVVmRNBl0Y3LCvYC7VAyaaYNzSRDkrGU0jdw46u4caGIW7fufBvTdha9eCDw5T/nJzl/mHCmjef9Orm19Y3Nrfx2YWd3b//APTyqaZkqQqtEcqkaIdaUM0GrhhlOG4miOA45rYf9u0m//kSVZlI8mmFCgxh3BYsYwcZKbfcctTpyILBScoDQwmWe227RK3nTQqvgZ1CErCpt98faSRpTYQjHWjd9LzHBCCvDCKfjQivVNMGkj7u0aVHgmOpgNN1njM6s0kGRVPYIg6bqvGOEY62HcWgnY2x6erk3Ef/rNVMT3QQjJpLUUEFmD0UpR0aiSTiowxQlhg8tYKKY/SsiPawwMTbCgg3BX155FWqXJd/yw1WxfJvFkYcTOIUL8OEaynAPFagCgWd4hXf4cF6cN+fT+ZqN5pzMcwwL5Xz/Adhlm+Q=</latexit><latexit sha1_base64="XAoakdCjT8+imBYMbqyFM0LijpE=">AAACD3icbZDLSgMxFIbP1Futt1GXboJFcVVmRNBl0Y3LCvYC7VAyaaYNzSRDkrGU0jdw46u4caGIW7fufBvTdha9eCDw5T/nJzl/mHCmjef9Orm19Y3Nrfx2YWd3b//APTyqaZkqQqtEcqkaIdaUM0GrhhlOG4miOA45rYf9u0m//kSVZlI8mmFCgxh3BYsYwcZKbfcctTpyILBScoDQwmWe227RK3nTQqvgZ1CErCpt98faSRpTYQjHWjd9LzHBCCvDCKfjQivVNMGkj7u0aVHgmOpgNN1njM6s0kGRVPYIg6bqvGOEY62HcWgnY2x6erk3Ef/rNVMT3QQjJpLUUEFmD0UpR0aiSTiowxQlhg8tYKKY/SsiPawwMTbCgg3BX155FWqXJd/yw1WxfJvFkYcTOIUL8OEaynAPFagCgWd4hXf4cF6cN+fT+ZqN5pzMcwwL5Xz/Adhlm+Q=</latexit><latexit sha1_base64="XAoakdCjT8+imBYMbqyFM0LijpE=">AAACD3icbZDLSgMxFIbP1Futt1GXboJFcVVmRNBl0Y3LCvYC7VAyaaYNzSRDkrGU0jdw46u4caGIW7fufBvTdha9eCDw5T/nJzl/mHCmjef9Orm19Y3Nrfx2YWd3b//APTyqaZkqQqtEcqkaIdaUM0GrhhlOG4miOA45rYf9u0m//kSVZlI8mmFCgxh3BYsYwcZKbfcctTpyILBScoDQwmWe227RK3nTQqvgZ1CErCpt98faSRpTYQjHWjd9LzHBCCvDCKfjQivVNMGkj7u0aVHgmOpgNN1njM6s0kGRVPYIg6bqvGOEY62HcWgnY2x6erk3Ef/rNVMT3QQjJpLUUEFmD0UpR0aiSTiowxQlhg8tYKKY/SsiPawwMTbCgg3BX155FWqXJd/yw1WxfJvFkYcTOIUL8OEaynAPFagCgWd4hXf4cF6cN+fT+ZqN5pzMcwwL5Xz/Adhlm+Q=</latexit>

##################
<latexit sha1_base64="OatGUuaL7DuG0Bek8aLKgUj4g50=">AAACzXicrVK7TsMwFHXCq5RXgJHFokJiqhKEBGMFC2KhSPQhtVHluE5r1Y/IdqhCKCv/x8bOh+C2GShlYOiVLB2fc+61fa+jhFFtfP/TcdfWNza3Stvlnd29/QPv8KipZaowaWDJpGpHSBNGBWkYahhpJ4ogHjHSika3U731TJSmUjyZLCEhRwNBY4qRsVTP+4LdvhwLpJQcQ7iwWRD+aVula3XFel7Fr/qzgMsgKEAFFFHveR82GaecCIMZ0roT+IkJc6QMxYxMyt1UkwThERqQjoUCcaLDfDaNCTyzTB/GUtklDJyxPzNyxLXOeGSdHJmh/q1Nyb+0Tmri6zCnIkkNEXh+UJwyaCScjhb2qSLYsMwChBW1d4V4iBTCxn6Asm1C8PvJy6B5UQ0sfrys1G6KdpTACTgF5yAAV6AG7kAdNAB27p3EyZwX98FN3Vf3bW51nSLnGCyE+/4NTtbfCg==</latexit><latexit sha1_base64="OatGUuaL7DuG0Bek8aLKgUj4g50=">AAACzXicrVK7TsMwFHXCq5RXgJHFokJiqhKEBGMFC2KhSPQhtVHluE5r1Y/IdqhCKCv/x8bOh+C2GShlYOiVLB2fc+61fa+jhFFtfP/TcdfWNza3Stvlnd29/QPv8KipZaowaWDJpGpHSBNGBWkYahhpJ4ogHjHSika3U731TJSmUjyZLCEhRwNBY4qRsVTP+4LdvhwLpJQcQ7iwWRD+aVula3XFel7Fr/qzgMsgKEAFFFHveR82GaecCIMZ0roT+IkJc6QMxYxMyt1UkwThERqQjoUCcaLDfDaNCTyzTB/GUtklDJyxPzNyxLXOeGSdHJmh/q1Nyb+0Tmri6zCnIkkNEXh+UJwyaCScjhb2qSLYsMwChBW1d4V4iBTCxn6Asm1C8PvJy6B5UQ0sfrys1G6KdpTACTgF5yAAV6AG7kAdNAB27p3EyZwX98FN3Vf3bW51nSLnGCyE+/4NTtbfCg==</latexit><latexit sha1_base64="OatGUuaL7DuG0Bek8aLKgUj4g50=">AAACzXicrVK7TsMwFHXCq5RXgJHFokJiqhKEBGMFC2KhSPQhtVHluE5r1Y/IdqhCKCv/x8bOh+C2GShlYOiVLB2fc+61fa+jhFFtfP/TcdfWNza3Stvlnd29/QPv8KipZaowaWDJpGpHSBNGBWkYahhpJ4ogHjHSika3U731TJSmUjyZLCEhRwNBY4qRsVTP+4LdvhwLpJQcQ7iwWRD+aVula3XFel7Fr/qzgMsgKEAFFFHveR82GaecCIMZ0roT+IkJc6QMxYxMyt1UkwThERqQjoUCcaLDfDaNCTyzTB/GUtklDJyxPzNyxLXOeGSdHJmh/q1Nyb+0Tmri6zCnIkkNEXh+UJwyaCScjhb2qSLYsMwChBW1d4V4iBTCxn6Asm1C8PvJy6B5UQ0sfrys1G6KdpTACTgF5yAAV6AG7kAdNAB27p3EyZwX98FN3Vf3bW51nSLnGCyE+/4NTtbfCg==</latexit><latexit sha1_base64="OatGUuaL7DuG0Bek8aLKgUj4g50=">AAACzXicrVK7TsMwFHXCq5RXgJHFokJiqhKEBGMFC2KhSPQhtVHluE5r1Y/IdqhCKCv/x8bOh+C2GShlYOiVLB2fc+61fa+jhFFtfP/TcdfWNza3Stvlnd29/QPv8KipZaowaWDJpGpHSBNGBWkYahhpJ4ogHjHSika3U731TJSmUjyZLCEhRwNBY4qRsVTP+4LdvhwLpJQcQ7iwWRD+aVula3XFel7Fr/qzgMsgKEAFFFHveR82GaecCIMZ0roT+IkJc6QMxYxMyt1UkwThERqQjoUCcaLDfDaNCTyzTB/GUtklDJyxPzNyxLXOeGSdHJmh/q1Nyb+0Tmri6zCnIkkNEXh+UJwyaCScjhb2qSLYsMwChBW1d4V4iBTCxn6Asm1C8PvJy6B5UQ0sfrys1G6KdpTACTgF5yAAV6AG7kAdNAB27p3EyZwX98FN3Vf3bW51nSLnGCyE+/4NTtbfCg==</latexit>

{

<latexit sha1_base64="Lg9FGcg5juCogo7jEW63wQEV4D0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoZ8NyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFpfOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhtZ9xmaQGJVsuClNBTEzmb5MhV8iMmFpCmeL2VsLGVFFmbDglG4K3+vI6aV9VvVq1dl+rNG7yOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A53KjWw=</latexit>

s

<latexit sha1_base64="t5Z8j6uw1dDrul9BiPoeucvIxm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6perVpr1ir12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A4OuM/g==</latexit>

Dspin ⇠ smax

<latexit sha1_base64="FXLjMu3cDu4DzOpPCRPE2yGpEyA=">AAACEXicbZC7TsMwFIYdrqXcAowsFhVSpypBlWCsgIGxSPQiNVHkuE5r1XYi20FUUV6BhVdhYQAhVjY23ganzQAtv2Tp03/Okc/5w4RRpR3n21pZXVvf2KxsVbd3dvf27YPDropTiUkHxyyW/RApwqggHU01I/1EEsRDRnrh5Kqo9+6JVDQWd3qaEJ+jkaARxUgbK7DrHkd6HEk0ya7zIPMkhyqhIoeeogbnDkcPeWDXnIYzE1wGt4QaKNUO7C9vGOOUE6ExQ0oNXCfRfoakppiRvOqliiQIT9CIDAwKxInys9lFOTw1zhBGsTRPaDhzf09kiCs15aHpLPZXi7XC/K82SHV04WdUJKkmAs8/ilIGdQyLeOCQSoI1mxpAWFKzK8RjJBHWJsSqCcFdPHkZumcNt9lo3jZrrcsyjgo4BiegDlxwDlrgBrRBB2DwCJ7BK3iznqwX6936mLeuWOXMEfgj6/MHOVGd5A==</latexit>

=
X

s�1

ve↵s �s

<latexit sha1_base64="nuprq/WRaQmsO/t9gq472PIAAsE=">AAACIHicbVDLSsNAFJ34rPFVdelmsAiuSiKFuhGKblxWsA9oaphMb9qhM0mcmRRK6Ke48VfcuFBEd/o1TtsstPXCwOGcc++de4KEM6Ud58taWV1b39gsbNnbO7t7+8WDw6aKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhtdTvTUCqVgc3elxAl1B+hELGSXaUH6xeumpVPiZwl4fHrA7wV5s/NNxdjby1X3mSYEhDCdGwdjjZnSP+MovlpyyMyu8DNwclFBedb/46fVimgqINOVEqY7rJLqbEakZ5TCxvVRBQuiQ9KFjYEQEqG42O3CCTw3Tw2EszYs0nrG/OzIilBqLwDgF0QO1qE3J/7ROqsOLbsaiJNUQ0fmiMOVYx3iaFu4xCVTzsQGESmb+iumASEK1ydQ2IbiLJy+D5nnZrZQrt5VS7SqPo4CO0Qk6Qy6qohq6QXXUQBQ9omf0it6sJ+vFerc+5tYVK+85Qn/K+v4BGmui8Q==</latexit>

�s ⇠ s

<latexit sha1_base64="4d7gqRVnCA7wH/3Un+8h8wnof4g=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS0GXRjcsK9gFNCJPJpB06k4SZiVBD8VfcuFDErf/hzr9x2mahrQcGDuecy71zwowzpR3n21pZXVvf2KxsVbd3dvf27YPDjkpzSWibpDyVvRAryllC25ppTnuZpFiEnHbD0c3U7z5QqVia3OtxRn2BBwmLGcHaSIF9jBDyuMlHOFDIU0wghQK75tSdGdAycUtSgxKtwP7yopTkgiaacKxU33Uy7RdYakY4nVS9XNEMkxEe0L6hCRZU+cXs+gk6M0qE4lSal2g0U39PFFgoNRahSQqsh2rRm4r/ef1cx1d+wZIs1zQh80VxzpFO0bQKFDFJieZjQzCRzNyKyBBLTLQprGpKcBe/vEw6F3W3UW/cNWrN67KOCpzAKZyDC5fQhFtoQRsIPMIzvMKb9WS9WO/Wxzy6YpUzR/AH1ucPWD2T4Q==</latexit>

ve↵s ⇠ 1/s

<latexit sha1_base64="sfSTznyXW+PYI1ytcqBY+H+YijM=">AAACDXicbVC7TsMwFHXKq4RXgJHFoiAxlQRVgrGChbFI9CE1IXJcp7VqJ5HtVKqi/AALv8LCAEKs7Gz8DU6bAVqOZOnonHt0fU+QMCqVbX8blZXVtfWN6qa5tb2zu2ftH3RknApM2jhmsegFSBJGI9JWVDHSSwRBPGCkG4xvCr87IULSOLpX04R4HA0jGlKMlJZ86wS6sfaLuJlNfPmQuYJDEoZ5DqErKYfOufStml23Z4DLxClJDZRo+daXO4hxykmkMENS9h07UV6GhKKYkdx0U0kShMdoSPqaRogT6WWza3J4qpUBDGOhX6TgTP2dyBCXcsoDPcmRGslFrxD/8/qpCq+8jEZJqkiE54vClEEVw6IaOKCCYMWmmiAsqP4rxCMkEFa6QFOX4CyevEw6F3WnUW/cNWrN67KOKjgCx+AMOOASNMEtaIE2wOARPINX8GY8GS/Gu/ExH60YZeYQ/IHx+QMyRpr+</latexit>

Dspin

<latexit sha1_base64="kYtr957ofn4o174bKxo9toVvf54=">AAACAHicbVBNS8NAEJ34WetX1IMHL4tF8FQSKeixqAePFewHNCFstpt26WYTdjdCCbn4V7x4UMSrP8Ob/8ZN24O2Phh4vDfDzLww5Uxpx/m2VlbX1jc2K1vV7Z3dvX374LCjkkwS2iYJT2QvxIpyJmhbM81pL5UUxyGn3XB8U/rdRyoVS8SDnqTUj/FQsIgRrI0U2MdejPUoknic3xZB7skYqZSJIrBrTt2ZAi0Td05qMEcrsL+8QUKymApNOFaq7zqp9nMsNSOcFlUvUzTFZIyHtG+owDFVfj59oEBnRhmgKJGmhEZT9fdEjmOlJnFoOstz1aJXiv95/UxHV37ORJppKshsUZRxpBNUpoEGTFKi+cQQTCQztyIywhITbTKrmhDcxZeXSeei7jbqjftGrXk9j6MCJ3AK5+DCJTThDlrQBgIFPMMrvFlP1ov1bn3MWles+cwR/IH1+QNgL5bq</latexit>

H =
X

j

~Sj · ~Sj+1

<latexit sha1_base64="0D3GB3qWk7Jq2XjqOjDIap2rON4=">AAACEXicbZDLSsNAFIYnXmu9RV26GSxCQSiJFHQjFN10WdFeoAlhMpm0004uzEwKJeQV3Pgqblwo4tadO9/GSRtEW38Y+OY/5zBzfjdmVEjD+NJWVtfWNzZLW+Xtnd29ff3gsCOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67vgmr3cnhAsahfdyGhM7QIOQ+hQjqSxHrzbhFbREEjgjaE0ITu+ynLAXyZ97OjozM0evGDVjJrgMZgEVUKjl6J+WF+EkIKHEDAnRN41Y2inikmJGsrKVCBIjPEYD0lcYooAIO51tlMFT5XjQj7g6oYQz9/dEigIhpoGrOgMkh2Kxlpv/1fqJ9C/tlIZxIkmI5w/5CYMygnk80KOcYMmmChDmVP0V4iHiCEsVYlmFYC6uvAyd85pZr9Vv65XGdRFHCRyDE1AFJrgADdAELdAGGDyAJ/ACXrVH7Vl7097nrStaMXME/kj7+AYZVJyX</latexit>

� = 1

<latexit sha1_base64="i2YGTCUh7pggpg2Ly25hwbCOoJk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9CIU9eCxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rSdUmsfywYwT9CM6kDzkjBortbu3KAy98nqlsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7Wezeyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDSz7hMUoOSzReFqSAmJtPnSZ8rZEaMLaFMcXsrYUOqKDM2oqINwVt8eZk0zytetVK9r5Zr13kcBTiGEzgDDy6gBndQhwYwEPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHWECPhQ==</latexit>

� > 1

<latexit sha1_base64="WT3h0dt4youTQLjyyp+igNyYOzA=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9CRFPXisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8MOME/YgOJA85o8ZK7e4tCkOvvF6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN84pXrVTvq+XadR5HAY7hBM7AgwuowR3UoQEMBDzDK7w5j86L8+58zFtXnHzmCP7A+fwBWcWPhg==</latexit>

Dspin ⇠ t1/3

<latexit sha1_base64="+uh5XXu7aXlJSqmnkq8prwgcatY=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCSmkkAlGCtgYCwSfUhNiBzXaa3aTmQ7SFWUH2DhV1gYQIiVnY2/wWk7QMuRrnR0zr26954wYVRpx/m2FhaXlldWS2vl9Y3NrW17Z7el4lRi0sQxi2UnRIowKkhTU81IJ5EE8ZCRdji8Kvz2A5GKxuJOjxLic9QXNKIYaSMF9qHHkR5EEg2z6zzIPMmhSqjIoacoh/o+c0/O8sCuOFVnDDhP3CmpgCkagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66hAnGi/Gz8TQ6PjNKDUSxNCQ3H6u+JDHGlRjw0ncXtatYrxP+8bqqjCz+jIkk1EXiyKEoZ1DEsooE9KgnWbGQIwpKaWyEeIImwNgGWTQju7MvzpHVadWvV2m2tUr+cxlEC++AAHAMXnIM6uAEN0AQYPIJn8ArerCfrxXq3PiatC9Z0Zg/8gfX5A0twm64=</latexit>

Dspin ! const

<latexit sha1_base64="VFOwWEUmUhqiuojrBXK5i36jEbs=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVQmqBGMFDIxFog+piSrHdVqrjh3ZDlIV5RNY+BUWBhBiZWTjb3DSDNByJEvH59yre+8JYkaVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJRKJSQcLJmQ/QIowyklHU81IP5YERQEjvWB6nfu9ByIVFfxez2LiR2jMaUgx0kYa2qdehPQklGia3mTD1JMRVDHlGfS0gMUXC650NrTrTsMpAJeJW5I6KNEe2l/eSOAkIlxjhpQauE6s/RRJTTEjWc1LFIkRnqIxGRjKUUSUnxYHZfDEKCMYCmke17BQf3ekKFJqFgWmMl9fLXq5+J83SHR46aeUx4kmHM8HhQmD5tg8HTiikmDNZoYgLKnZFeIJkghrk2HNhOAunrxMuucNt9lo3jXrrasyjio4AsfgDLjgArTALWiDDsDgETyDV/BmPVkv1rv1MS+tWGXPIfgD6/MHgEudgw==</latexit>



SPIN SUPER-DIFFUSION IN THE SPIN-1/2 XXX CHAIN
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<latexit sha1_base64="9VaXUgQYznnzAjPs/q5d8D4Hndw=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkpSBV0W3QhuKtgHNiFMJpN26MwkzEyEErPwV9y4UMStv+HOv3HSZqGtBwYO557LPXOChBKpbPvbqCwtr6yuVddrG5tb2zvm7l5XxqlAuINiGot+ACWmhOOOIorifiIwZAHFvWB8Vcx7D1hIEvM7NUmwx+CQk4ggqLTkmwcu1eYQ+pnLoBoJlt207/PcN+t2w57CWiROSeqgRNs3v9wwRinDXCEKpRw4dqK8DApFEMV5zU0lTiAawyEeaMohw9LLpvlz61groRXFQj+urKn6eyODTMoJC7SzCCnnZ4X432yQqujCywhPUoU5mh2KUmqp2CrKsEIiMFJ0oglEguisFhpBAZHSldV0Cc78lxdJt9lwThvN27N667KsowoOwRE4AQ44By1wDdqgAxB4BM/gFbwZT8aL8W58zKwVo9zZB39gfP4AjFyWcQ==</latexit>

h

@t~S = ~S ⇥ @2
x
~S

<latexit sha1_base64="h0Qbzq+03jIqh5CFV6kraaOH5Q0=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwVWaqYDdC0Y3LivYBnXHIpGkbmnmQ3CmWob/ixl9x40KR7sSfMX1YtPVC4HDOuffmHj8WXIFlfRqZldW19Y3sZm5re2d3z9w/qKkokZRVaSQi2fCJYoKHrAocBGvEkpHAF6zu967Her3PpOJReA+DmLkB6YS8zSkBTXlmyYmJBE6EB9jpM5reDfHlHDnAA6bw3PP4UPzRPDNvFaxJ4WVgz0AezarimSOnFdEkYCFQQZRq2lYMbjqeTAUb5pxEsZjQHumwpoYh0ZvddHLhEJ9opoXbkdQvBDxhf3ekJFBqEPjaGRDoqkVtTP6nNRNol9yUh3ECLKTTRe1EYIjwOC7c4pJREAMNCJVc/xXTLpGEgg41p0OwF09eBrViwT4rFG/P8+WrWRxZdISO0Smy0QUqoxtUQVVE0RN6QW/o3Xg2Xo0PYzS1ZoxZzyH6U8bXN67do9U=</latexit>

H =
X

n

~̂
Sn · ~̂Sn+1

<latexit sha1_base64="v/3MQZYFV/83p7q9geoi1FLEZPM=">AAACHXicbVDLSgMxFM34rPVVdekmWARBKDO1oBuh6KbLivYBnaFk0rQNzWSG5E6hDPMjbvwVNy4UceFG/BvTdhbaeuDCyTn3knuPHwmuwba/rZXVtfWNzdxWfntnd2+/cHDY1GGsKGvQUISq7RPNBJesARwEa0eKkcAXrOWPbqd+a8yU5qF8gEnEvIAMJO9zSsBI3UKlhq+xq+OgK7E7ZjRxhwSS+zSdvmkvhAU1kedO2i0U7ZI9A14mTkaKKEO9W/h0eyGNAyaBCqJ1x7Ej8BKigFPB0rwbaxYROiID1jFUkoBpL5ldl+JTo/RwP1SmJOCZ+nsiIYHWk8A3nQGBoV70puJ/XieG/pWXcBnFwCSdf9SPBYYQT6PCPa4YBTExhFDFza6YDokiFEygeROCs3jyMmmWS85FqXxXKVZvsjhy6BidoDPkoEtURTVURw1E0SN6Rq/ozXqyXqx362PeumJlM0foD6yvH4ZUojo=</latexit>

1/h
<latexit sha1_base64="Q6Wh+AnNV8FQ9WVeyuHotj2pxjw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9eOfDXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPYzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxbuoVO8vy7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AGrMY1k</latexit>

Ts,s0(✓) ! T giant
⇠,⇠0 (u) =

1

⇡
log

4u2 + (⇠ + ⇠0)2

4u2 + (⇠ � ⇠0)2

<latexit sha1_base64="H9jwkdXb8uxxKJXwtmmWM3d0Kis="></latexit>

HLL =
1

2

Z
dx @x

~S(x) · @x~S(x)

<latexit sha1_base64="1i8QV3uHFP57M5G3exXaDa+CZKE="></latexit>

De Nardis, Gopalakrishnan, Ilievski, Vasseur, 2020



SPIN SUPER-DIFFUSION IN THE SPIN-1/2 XXX CHAIN

@ts
z + @x

⇣�KPZ

2
p
2
(sz)2 + �@xs

z +
p

2� ⌘
⌘
= 0

<latexit sha1_base64="d118kGOH//Xp8tb91BTPATfeamg="></latexit>

hŜz
n(t)Ŝ

z
0 (0)i '

�

(�KPZ t)2/3
fKPZ

✓
n

(�KPZ t)2/3

◆

<latexit sha1_base64="eXR24KMVEEgeBS3dpx0ckwnSt4w="></latexit>

De Nardis, Gopalakrishnan, Ilievski, Vasseur, 2020



SPIN SUPER-DIFFUSION IN THE SPIN-1/2 XXX CHAIN

@ts
z + @x

⇣�KPZ

2
p
2
(sz)2 + �@xs

z +
p

2� ⌘
⌘
= 0

<latexit sha1_base64="d118kGOH//Xp8tb91BTPATfeamg="></latexit>

hŜz
n(t)Ŝ

z
0 (0)i '

�

(�KPZ t)2/3
fKPZ

✓
n

(�KPZ t)2/3

◆

<latexit sha1_base64="eXR24KMVEEgeBS3dpx0ckwnSt4w="></latexit>

�KPZ(T ) = 4D0(T )
p

�(T )/�3/2
KPZ

<latexit sha1_base64="yNd+P8sQcsshbAWXhDHu9WyUS/0="></latexit>

Parameter of the  
emergent 

soliton thermal gas



SPIN SUPER-DIFFUSION IN THE SPIN-1/2 XXX CHAIN
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t�1/3

<latexit sha1_base64="7Q38jCTPS21UYHdkxZrdF46asc0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBC8GHc1oMegF48RzAOSNcxOZpMhs7PrTK8QlvyEFw+KePV3vPk3Th4HTSxoKKq66e4KEikMuu63s7S8srq2ntvIb25t7+wW9vbrJk414zUWy1g3A2q4FIrXUKDkzURzGgWSN4LBzdhvPHFtRKzucZhwP6I9JULBKFqpiQ/ZqXd2MeoUim7JnYAsEm9GijBDtVP4andjlkZcIZPUmJbnJuhnVKNgko/y7dTwhLIB7fGWpYpG3PjZ5N4RObZKl4SxtqWQTNTfExmNjBlGge2MKPbNvDcW//NaKYZXfiZUkiJXbLooTCXBmIyfJ12hOUM5tIQyLeythPWppgxtRHkbgjf/8iKpn5e8cql8Vy5Wrmdx5OAQjuAEPLiECtxCFWrAQMIzvMKb8+i8OO/Ox7R1yZnNHMAfOJ8/GBePWw==</latexit>

hŜz
n(t)Ŝ

z
0 (0)i '

�

(�KPZ t)2/3
fKPZ

✓
n

(�KPZ t)2/3

◆

<latexit sha1_base64="eXR24KMVEEgeBS3dpx0ckwnSt4w="></latexit>

�KPZ(T ) = 4D0(T )
p

�(T )/�3/2
KPZ

<latexit sha1_base64="yNd+P8sQcsshbAWXhDHu9WyUS/0="></latexit>

De Nardis, Gopalakrishnan, Ilievski, Vasseur, 2020



SPIN-FIELD THEORY OF ISOTROPIC MAGNETS

|~S| = 1

<latexit sha1_base64="95fcahSujMF16sNTpDYxtDdq1bs=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KrtS0ItQ9OKxov2A7VKyabYNzSZLki2UbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6387a+sbm1nZhp7i7t39wWDo6bmqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fw7uZ3xpRpZkUT2ac0CDGfcEiRrCxkj/pjCjJHqeTG69bKrsVdw60SryclCFHvVv66vQkSWMqDOFYa99zExNkWBlGOJ0WO6mmCSZD3Ke+pQLHVAfZ/OQpOrdKD0VS2RIGzdXfExmOtR7Hoe2MsRnoZW8m/uf5qYmug4yJJDVUkMWiKOXISDT7H/WYosTwsSWYKGZvRWSAFSbGplS0IXjLL6+S5mXFq1aqD9Vy7TaPowCncAYX4MEV1OAe6tAAAhKe4RXeHOO8OO/Ox6J1zclnTuAPnM8fPT2ROg==</latexit>

⌧ =
1

2
~S · (@x~S ⇥ @2

x
~S)

<latexit sha1_base64="BDKlVoOCyXspIyvv20gteC7gSvo="></latexit><latexit sha1_base64="BDKlVoOCyXspIyvv20gteC7gSvo="></latexit><latexit sha1_base64="BDKlVoOCyXspIyvv20gteC7gSvo="></latexit><latexit sha1_base64="BDKlVoOCyXspIyvv20gteC7gSvo="></latexit>

Frenet-Serret  
reference frame

2 = @x~S · @x~S

<latexit sha1_base64="f2FnEX2VkpflletnCiC0BLBapQg=">AAACH3icbVDLTgIxFO3gC/GFunTTSExckRlC1I0J0Y1LjPJImJHcKQUaOjNN2yGSCX/ixl9x40JjjDv+xgKzUOAkNzk559723uMLzpS27YmVWVvf2NzKbud2dvf2D/KHR3UVxZLQGol4JJs+KMpZSGuaaU6bQlIIfE4b/uB26jeGVCoWhY96JKgXQC9kXUZAG6mdv3AHIAQ8lfA1dgVIzYC3n7E7pCR5GGOXdCK9wmjnC3bRngEvEyclBZSi2s7/uJ2IxAENNeGgVMuxhfaS6buE03HOjRUVQAbQoy1DQwio8pLZfWN8ZpQO7kbSVKjxTP07kUCg1CjwTWcAuq8Wvam4ymvFunvlJSwUsaYhmX/UjTnWEZ6GhTtMUqL5yBAgkpldMemDBKJNpDkTgrN48jKpl4pOuVi+LxcqN2kcWXSCTtE5ctAlqqA7VEU1RNALekMf6NN6td6tL+t73pqx0plj9A/W5Be9Q6LU</latexit>

h�Sz(x, t)�Sz(0, 0)i ⇠ h�⌧(x, t)�⌧(0, 0)i

<latexit sha1_base64="JlP5a5UDSq7KrhbfrqiOZ/+WW9M=">AAACVHicbVFNSwMxEM2u3/Wr6tFLsAgKUnaloMeiF4+KVoVuLbPptIZms0syK9bij9SD4C/x4sG03YOtDgTevDePSV7iTElLQfDp+XPzC4tLyyul1bX1jc3y1vatTXMjsCFSlZr7GCwqqbFBkhTeZwYhiRXexf3zkX73hMbKVN/QIMNWAj0tu1IAOapd7kcKdE8hjzqoCPj1w8vB8xEd/u6Do8D1ppizMuEzpogg5xPbFMWnre1yJagG4+J/QViACivqsl1+jzqpyBPUJBRY2wyDjFpDMCSFwtdSlFvMQPShh00HNSRoW8NxKK983zEd3k2NO5r4mP3tGEJi7SCJ3WQC9GhntRH5n9bMqXvaGkqd5YRaTBZ1c8Up5aOEeUcaFKQGDoAw0t2Vi0cwIMj9Q8mFEM4++S+4Pa6GtWrtqlapnxVxLLNdtscOWMhOWJ1dsEvWYIK9sS+PeZ734X37c/7CZNT3Cs8Omyp/4wfGg664</latexit>

De Nardis, Medenjak, Karrasch, Ilievski, 2020

h⌘(x, t)⌘(0, 0)i = �(x� x0)�(t� t0)

<latexit sha1_base64="RcYLnZEzMtR6ckMkKsUo7teA9lU=">AAACJnicbZBNSwMxEIazflu/qh69BIvYgpZdKehFEL14VLBa6JYym05rMJtdkllpKf4aL/4VLx4UEW/+FNOPg1oHAk/ed4Zk3ihV0pLvf3pT0zOzc/MLi7ml5ZXVtfz6xrVNMiOwKhKVmFoEFpXUWCVJCmupQYgjhTfR3dnAv7lHY2Wir6iXYiOGjpZtKYCc1Mwfhwp0RyEPkaDY3aPSEPw9vxSakXPMwxYqAl7s7nd3S6NLkfZpt9TMF/yyPyw+CcEYCmxcF838a9hKRBajJqHA2nrgp9TogyEpFD7kwsxiCuIOOlh3qCFG2+gP13zgO05p8XZi3NHEh+rPiT7E1vbiyHXGQLf2rzcQ//PqGbWPGn2p04xQi9FD7UxxSvggM96SBgWpngMQRrq/cnELBgS5ZHMuhODvypNwfVAOKuXKZaVwcjqOY4FtsW1WZAE7ZCfsnF2wKhPskT2zV/bmPXkv3rv3MWqd8sYzm+xXeV/fuQCi1Q==</latexit>

Bulchandani, 2019

@t⌧ + @x(�⌧
n +

p
�⌘ +D�@x⌧) = @x(O(@m1

x ⌧
n+2

, @
m2
x 

2n))

<latexit sha1_base64="995CDcES6f8Hx7pbmo4wmD38Ph8="></latexit>

@t~S = ~S ⇥ ~B[~S, @x~S, . . . , @
n
x
~S]

<latexit sha1_base64="VHPv7ru3sSldg0ZMcFp/EgYJNnk="></latexit>

H

<latexit sha1_base64="ZSmqke+kantsOnTbqO/mwsbbfws=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj00mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUrA9KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXarJZrd3kcBTiHC7gCD26gBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBn7+M0w==</latexit>

Semi-classical 
mean-field limit



EFFECTIVE BURGERS’ EQUATION

Role of integrability?
Integrable:  

other modes are ballistic

Non-Integrable:  
other modes are diffusive

� ⇠ `�1 ⇠ t�1/2

<latexit sha1_base64="Gg5oXwIaMVfzXgtgmf/yQkUhXJY=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJioSRVJRgrWBiLRB9SEyrHdVqrdhLZN0hV1A9g4VdYGECIlQ9g429w2gzQciRLx+ecK/sePxZcg21/W4WV1bX1jeJmaWt7Z3evvH/Q1lGiKGvRSESq6xPNBA9ZCzgI1o0VI9IXrOOPrzO/88CU5lF4B5OYeZIMQx5wSsBI/XLFHRIpCXY1l9hlQtynZ850foWMn9emJmVX7RnwMnFyUkE5mv3ylzuIaCJZCFQQrXuOHYOXEgWcCjYtuYlmMaFjMmQ9Q0MimfbS2TJTfGKUAQ4iZU4IeKb+nkiJ1HoifZOUBEZ60cvE/7xeAsGll/IwToCFdP5QkAgMEc6awQOuGAUxMYRQxc1fMR0RRSiY/kqmBGdx5WXSrlWderV+W680rvI6iugIHaNT5KAL1EA3qIlaiKJH9Ixe0Zv1ZL1Y79bHPFqw8plD9AfW5w+bfZoP</latexit>

� ⇠ �0

<latexit sha1_base64="t+iJ9b0nKYMUx5AyPRjFgbGF2gE=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2ARXJUZKeiy6MZlBXuBzjCcSTNtaJIZkoxQS/FV3LhQxK3v4c63MW1noa0/BD7+cw7n5I8zzrTxvG9nZXVtfWOztFXe3tnd23cPDls6zRWhTZLyVHVi0JQzSZuGGU47maIgYk7b8fBmWm8/UKVZKu/NKKOhgL5kCSNgrBW5x0EfhAAcaCbwnCMvcite1ZsJL4NfQAUVakTuV9BLSS6oNISD1l3fy0w4BmUY4XRSDnJNMyBD6NOuRQmC6nA8u36Cz6zTw0mq7JMGz9zfE2MQWo9EbDsFmIFerE3N/2rd3CRX4ZjJLDdUkvmiJOfYpHgaBe4xRYnhIwtAFLO3YjIABcTYwMo2BH/xy8vQuqj6tWrtrlapXxdxlNAJOkXnyEeXqI5uUQM1EUGP6Bm9ojfnyXlx3p2PeeuKU8wcoT9yPn8Al46UrA==</latexit>

@t⌧ + @x(�⌧
n +

p
�⌘ +D�@x⌧) = 0

<latexit sha1_base64="xZBk+J2g2Sql/rm7BIN6gNbkfL0="></latexit>

H[~S, @x~S, . . . , @
n�1
x

~S]

<latexit sha1_base64="L7pAnCvcHZN+FxtRwHRMK7U6dF8=">AAACKnicbVDNT8IwHO38RPyaevTSSEw8KNkMiR5RLxwxykfCJulKgYauW9qOQJb9PV78V7xw0BCv/iF2sEQEX9Lk5b33a/t7XsioVJY1NdbWNza3tnM7+d29/YND8+i4LoNIYFLDAQtE00OSMMpJTVHFSDMUBPkeIw1v8JD6jSERkgb8WY1D4vqox2mXYqS01DbvKi1nSHD8lFxCJ0RCUcTaI/irsU6g5IIXj5KXmF/ZSRZx22bBKlozwFViZ6QAMlTb5sTpBDjyCVeYISlbthUqN07vx4wkeSeSJER4gHqkpSlHPpFuPFs1geda6cBuIPThCs7UxYkY+VKOfU8nfaT6ctlLxf+8VqS6t25MeRgpwvH8oW7EoApg2hvsUEGwYmNNEBZU/xXiPhIIK91uXpdgL6+8SurXRbtULD2WCuX7rI4cOAVn4ALY4AaUQQVUQQ1g8ArewQf4NN6MiTE1vubRNSObOQF/YHz/ADibp8s=</latexit>



EFFECTIVE BURGERS’ EQUATION

Role of integrability?
Integrable:  

other modes are ballistic

Non-Integrable:  
other modes are diffusive

� ⇠ `�1 ⇠ t�1/2

<latexit sha1_base64="Gg5oXwIaMVfzXgtgmf/yQkUhXJY=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJioSRVJRgrWBiLRB9SEyrHdVqrdhLZN0hV1A9g4VdYGECIlQ9g429w2gzQciRLx+ecK/sePxZcg21/W4WV1bX1jeJmaWt7Z3evvH/Q1lGiKGvRSESq6xPNBA9ZCzgI1o0VI9IXrOOPrzO/88CU5lF4B5OYeZIMQx5wSsBI/XLFHRIpCXY1l9hlQtynZ850foWMn9emJmVX7RnwMnFyUkE5mv3ylzuIaCJZCFQQrXuOHYOXEgWcCjYtuYlmMaFjMmQ9Q0MimfbS2TJTfGKUAQ4iZU4IeKb+nkiJ1HoifZOUBEZ60cvE/7xeAsGll/IwToCFdP5QkAgMEc6awQOuGAUxMYRQxc1fMR0RRSiY/kqmBGdx5WXSrlWderV+W680rvI6iugIHaNT5KAL1EA3qIlaiKJH9Ixe0Zv1ZL1Y79bHPFqw8plD9AfW5w+bfZoP</latexit>

� ⇠ �0

<latexit sha1_base64="t+iJ9b0nKYMUx5AyPRjFgbGF2gE=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2ARXJUZKeiy6MZlBXuBzjCcSTNtaJIZkoxQS/FV3LhQxK3v4c63MW1noa0/BD7+cw7n5I8zzrTxvG9nZXVtfWOztFXe3tnd23cPDls6zRWhTZLyVHVi0JQzSZuGGU47maIgYk7b8fBmWm8/UKVZKu/NKKOhgL5kCSNgrBW5x0EfhAAcaCbwnCMvcite1ZsJL4NfQAUVakTuV9BLSS6oNISD1l3fy0w4BmUY4XRSDnJNMyBD6NOuRQmC6nA8u36Cz6zTw0mq7JMGz9zfE2MQWo9EbDsFmIFerE3N/2rd3CRX4ZjJLDdUkvmiJOfYpHgaBe4xRYnhIwtAFLO3YjIABcTYwMo2BH/xy8vQuqj6tWrtrlapXxdxlNAJOkXnyEeXqI5uUQM1EUGP6Bm9ojfnyXlx3p2PeeuKU8wcoT9yPn8Al46UrA==</latexit>

@t⌧ + @x(�⌧
n +

p
�⌘ +D�@x⌧) = 0

<latexit sha1_base64="xZBk+J2g2Sql/rm7BIN6gNbkfL0="></latexit>

H[~S, @x~S, . . . , @
n�1
x

~S]

<latexit sha1_base64="L7pAnCvcHZN+FxtRwHRMK7U6dF8=">AAACKnicbVDNT8IwHO38RPyaevTSSEw8KNkMiR5RLxwxykfCJulKgYauW9qOQJb9PV78V7xw0BCv/iF2sEQEX9Lk5b33a/t7XsioVJY1NdbWNza3tnM7+d29/YND8+i4LoNIYFLDAQtE00OSMMpJTVHFSDMUBPkeIw1v8JD6jSERkgb8WY1D4vqox2mXYqS01DbvKi1nSHD8lFxCJ0RCUcTaI/irsU6g5IIXj5KXmF/ZSRZx22bBKlozwFViZ6QAMlTb5sTpBDjyCVeYISlbthUqN07vx4wkeSeSJER4gHqkpSlHPpFuPFs1geda6cBuIPThCs7UxYkY+VKOfU8nfaT6ctlLxf+8VqS6t25MeRgpwvH8oW7EoApg2hvsUEGwYmNNEBZU/xXiPhIIK91uXpdgL6+8SurXRbtULD2WCuX7rI4cOAVn4ALY4AaUQQVUQQ1g8ArewQf4NN6MiTE1vubRNSObOQF/YHz/ADibp8s=</latexit>



TRANSPORT IN SO(3) MAGNETS: CLASSIFICATION

h~S(0, t) · ~S(0, 0)i ⇠ t�1/z(log t)�b

<latexit sha1_base64="PgYWlS7SDazmtTkyOaIGO2USB9Q="></latexit>

De Nardis, Medenjak, Karrasch, Ilievski, 2020

integrable

non-integrable

@t⌧ + @x(�⌧
n +

p
�⌘ +D�@x⌧) = 0

<latexit sha1_base64="BEOJdxTaU9IxsSYG/aB3ilGcBgc="></latexit>

H[~S, @x~S, . . . , @
n�1
x

~S]

<latexit sha1_base64="L7pAnCvcHZN+FxtRwHRMK7U6dF8=">AAACKnicbVDNT8IwHO38RPyaevTSSEw8KNkMiR5RLxwxykfCJulKgYauW9qOQJb9PV78V7xw0BCv/iF2sEQEX9Lk5b33a/t7XsioVJY1NdbWNza3tnM7+d29/YND8+i4LoNIYFLDAQtE00OSMMpJTVHFSDMUBPkeIw1v8JD6jSERkgb8WY1D4vqox2mXYqS01DbvKi1nSHD8lFxCJ0RCUcTaI/irsU6g5IIXj5KXmF/ZSRZx22bBKlozwFViZ6QAMlTb5sTpBDjyCVeYISlbthUqN07vx4wkeSeSJER4gHqkpSlHPpFuPFs1geda6cBuIPThCs7UxYkY+VKOfU8nfaT6ctlLxf+8VqS6t25MeRgpwvH8oW7EoApg2hvsUEGwYmNNEBZU/xXiPhIIK91uXpdgL6+8SurXRbtULD2WCuX7rI4cOAVn4ALY4AaUQQVUQQ1g8ArewQf4NN6MiTE1vubRNSObOQF/YHz/ADibp8s=</latexit>

�(t) ⇠ t0

<latexit sha1_base64="9Ekfr5GY3vvHBo1+1Wir3m0NsUQ=">AAAB+3icbVBNSwMxEM36WevXWo9egkWol7IrBT0WvXisYD+gXUs2zbahSXZJZsWy9K948aCIV/+IN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dtbWNza3tgs7xd29/YND96jUMnGqKWvSWMS6ExLDBFesCRwE6ySaERkK1g7HNzO//ci04bG6h0nCAkmGikecErBS3y31hkRKUoFz3DNcYnjw+m7Zq3pz4FXi56SMcjT67ldvENNUMgVUEGO6vpdAkBENnAo2LfZSwxJCx2TIupYqIpkJsvntU3xmlQGOYm1LAZ6rvycyIo2ZyNB2SgIjs+zNxP+8bgrRVZBxlaTAFF0silKBIcazIPCAa0ZBTCwhVHN7K6YjogkFG1fRhuAvv7xKWhdVv1at3dXK9es8jgI6Qaeognx0ieroFjVQE1H0hJ7RK3pzps6L8+58LFrXnHzmGP2B8/kDfdmTcQ==</latexit>

�(t) ⇠ t�1/2

<latexit sha1_base64="WVt3iHvVRvWFq/ILvTbQebkzOcE=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBiIVxNwS0DNpYRjAPSGKYnUySITOzy8xdISzb+Cs2ForY+hl2/o2TR6GJBy4czrmXe+8JIsENeN63k1lZXVvfyG7mtrZ3dvfc/YO6CWNNWY2GItTNgBgmuGI14CBYM9KMyECwRjC6mfiNR6YND9U9jCPWkWSgeJ9TAlbqukftAZGSFOAMtw2XGB6Sc/+ilHbdvFf0psDLxJ+TPJqj2nW/2r2QxpIpoIIY0/K9CDoJ0cCpYGmuHRsWEToiA9ayVBHJTCeZPpDiU6v0cD/UthTgqfp7IiHSmLEMbKckMDSL3kT8z2vF0L/qJFxFMTBFZ4v6scAQ4kkauMc1oyDGlhCqub0V0yHRhILNLGdD8BdfXib1UtEvF8t35Xzleh5HFh2jE1RAPrpEFXSLqqiGKErRM3pFb86T8+K8Ox+z1owznzlEf+B8/gCp9JUq</latexit>



C0(t) = hSz
L/2(t)S

z
L/2(0)i

<latexit sha1_base64="uSY0AHqDOvgqpig1LCYigQAMwY4=">AAACG3icbVBLSwMxGMzWV62vVY9egkVoL3W3FPQiFHvx4KGifUC3Ltk0bUOz2SXJCnXp//DiX/HiQRFPggf/jdltQW0dCExm5iP5xgsZlcqyvozM0vLK6lp2PbexubW9Y+7uNWUQCUwaOGCBaHtIEkY5aSiqGGmHgiDfY6TljWqJ37ojQtKA36hxSLo+GnDapxgpLblmueZaBVWEZ9BhiA8Ygde39258eVyeJPLPxSpCR6QJ18xbJSsFXCT2jOTBDHXX/HB6AY58whVmSMqObYWqGyOhKGZkknMiSUKER2hAOppy5BPZjdPdJvBIKz3YD4Q+XMFU/T0RI1/Kse/ppI/UUM57ifif14lU/7QbUx5GinA8fagfMagCmBQFe1QQrNhYE4QF1X+FeIgEwkrXmdMl2PMrL5JmuWRXSpWrSr56PqsjCw7AISgAG5yAKrgAddAAGDyAJ/ACXo1H49l4M96n0Ywxm9kHf2B8fgMX8Z5i</latexit>

HHeis =
X

j

~Sj · ~Sj+1

<latexit sha1_base64="iXlpbxluUkmH4TM6jmL7RBoLitI=">AAACHHicbZDLSgMxFIYzXmu9VV26CRZBEMqMFnQjFN10WdFeoFOGTHrapk1mhiRTKMM8iBtfxY0LRdy4EHwb0wuirT8EvvznHJLz+xFnStv2l7W0vLK6tp7ZyG5ube/s5vb2ayqMJYUqDXkoGz5RwFkAVc00h0YkgQifQ90f3Izr9SFIxcLgXo8iaAnSDViHUaKN5eXOy17iSoHLwFSKr7CrYuH1sTsEmtylY6LtUP/ck/6pk3q5vF2wJ8KL4Mwgj2aqeLkPtx3SWECgKSdKNR070q2ESM0ohzTrxgoiQgekC02DARGgWslkuRQfG6eNO6E0J9B44v6eSIhQaiR80ymI7qn52tj8r9aMdeeylbAgijUEdPpQJ+ZYh3icFG4zCVTzkQFCJTN/xbRHJKHa5Jk1ITjzKy9C7azgFAvF22K+dD2LI4MO0RE6QQ66QCVURhVURRQ9oCf0gl6tR+vZerPep61L1mzmAP2R9fkN2v+hQA==</latexit>

HNNN =
X

j

~Sj · ~Sj+1 + ↵~Sj · ~Sj+2

<latexit sha1_base64="SV0Iw/xFXYZ4puesWFMOET61SYM="></latexit>

H
(3) =

X

j

~Sj · (~Sj+1 ⇥ ~Sj+2)

<latexit sha1_base64="VMVGnclW4i8PSr4r2H030kHlTlM="></latexit>

NON-INTEGRABLE SO(3) MAGNETS

C0(t) ⇠ t�1/2(log t)�2/3

<latexit sha1_base64="d0W66m3xaIRn4b3T3PjK2F7vSf0=">AAACDHicbVDLTgIxFO3gC/GFunTTSExgIcwgiS6JbFxiIo+EGUmnFGjoPNLeMSGT+QA3/oobFxrj1g9w599YYBYKnqTJ6Tnnpr3HDQVXYJrfRmZtfWNzK7ud29nd2z/IHx61VRBJylo0EIHsukQxwX3WAg6CdUPJiOcK1nEnjZnfeWBS8cC/g2nIHI+MfD7klICW+vlCo28WoYRtxT0M9/G5VakmRVsEIwwlfa1WLhKdMsvmHHiVWCkpoBTNfv7LHgQ08pgPVBClepYZghMTCZwKluTsSLGQ0AkZsZ6mPvGYcuL5Mgk+08oADwOpjw94rv6eiImn1NRzddIjMFbL3kz8z+tFMLxyYu6HETCfLh4aRgJDgGfN4AGXjIKYakKo5PqvmI6JJBR0fzldgrW88ippV8tWrVy7rRXq12kdWXSCTlERWegS1dENaqIWougRPaNX9GY8GS/Gu/GxiGaMdOYY/YHx+QNk1piv</latexit>

C0(t) ⇠ t�1/2

<latexit sha1_base64="Mc3k9SwKPfr6Ac38IVVS4edkNNY=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPViTUtBjsRePFewHtDFsttt26W4SdidCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRfEgmtwnG9rZXVtfWMzt5Xf3tnd27cPDps6ShRlDRqJSLUDopngIWsAB8HasWJEBoK1glFt6rcemdI8Cu9hHDNPkkHI+5wSMJJvH9d8pwjnuKu5xPCQXriX5Qn27YJTcmbAy8TNSAFlqPv2V7cX0USyEKggWndcJwYvJQo4FWyS7yaaxYSOyIB1DA2JZNpLZ+dP8JlRergfKVMh4Jn6eyIlUuuxDEynJDDUi95U/M/rJNC/9lIexgmwkM4X9ROBIcLTLHCPK0ZBjA0hVHFzK6ZDoggFk1jehOAuvrxMmuWSWylV7iqF6k0WRw6doFNURC66QlV0i+qogShK0TN6RW/Wk/VivVsf89YVK5s5Qn9gff4AHQWTqQ==</latexit>

H
(4) =

X

j

~Sj · (~Sj+1 ⇥ (~Sj+2 ⇥ ~Sj+4))

<latexit sha1_base64="28lkFDNDpeARUL7o7tL3I64vbKM="></latexit>
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●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
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<latexit sha1_base64="VXwS5WAqgjlxE5WaxBbQ9ftv4Ss=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbmqiAV0WdeGygn1AE8tkOmmHTiZhZiKUkKUbf8WNC0Xc+gnu/BsnbRZaPXDhcM693HuPHzMqlWV9GaWFxaXllfJqZW19Y3PL3N5pyygRmLRwxCLR9ZEkjHLSUlQx0o0FQaHPSMcfX+Z+554ISSN+qyYx8UI05DSgGCkt9c39mhsiNQoEGqdXWT91RQhlTHl2dJeeHjtZ36xadWsK+JfYBamCAs2++ekOIpyEhCvMkJQ924qVlyKhKGYkq7iJJDHCYzQkPU05Con00ukjGTzUygAGkdDFFZyqPydSFEo5CX3dmV8t571c/M/rJSo491LK40QRjmeLgoRBFcE8FTiggmDFJpogLKi+FeIREggrnV1Fh2DPv/yXtE/qtlN3bpxq46KIowz2wAGoARucgQa4Bk3QAhg8gCfwAl6NR+PZeDPeZ60lo5jZBb9gfHwDOm+Zdw==</latexit>



INTEGRABLE SU(2) QUANTUM CHAINS

H
(2) =

X

j

~Sj · ~Sj+1

<latexit sha1_base64="d5Wrbpy/4TDGjyxWvTmBqhUwk9I=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0WoCCUpBd0IRTddVrQPaGKYTKbttJMHM5NCCfkNN/6KGxeKuNSVf+O0DaKtBy6cOede5t7jRowKaRhfWm5ldW19I79Z2Nre2d3T9w9aIow5Jk0cspB3XCQIowFpSioZ6UScIN9lpO2Orqd+e0y4oGFwJycRsX3UD2iPYiSV5OhG/T4pVU5TeAktEftOMkyhNSY4uU2dIbSwF8qfdzI8M1NHLxplYwa4TMyMFEGGhqN/WF6IY58EEjMkRNc0ImkniEuKGUkLVixIhPAI9UlX0QD5RNjJ7LIUnijFg72QqwoknKm/JxLkCzHxXdXpIzkQi95U/M/rxrJ3YSc0iGJJAjz/qBczKEM4jQl6lBMs2UQRhDlVu0I8QBxhqcIsqBDMxZOXSatSNqvl6k21WLvK4siDI3AMSsAE56AG6qABmgCDB/AEXsCr9qg9a2/a+7w1p2Uzh+APtM9v/3WfuA==</latexit>

H
(3) =

X

j

~Sj · (~Sj+1 ⇥ ~Sj+2)

<latexit sha1_base64="VMVGnclW4i8PSr4r2H030kHlTlM="></latexit>

H
(4) =

X

j

2~Sj ·
�
~Sj+1 ⇥ (~Sj+2 ⇥ ~Sj+3)

�
+ 2~Sj · ~Sj+2 � 4~Sj · ~Sj+1

<latexit sha1_base64="JC1E0O+Z15XI+IM7S86RtrcoF+8="></latexit>

Dspin =
X

s�1

Z
dk

2⇡
ns(k)(1� ns(k))|ve↵s (k)|(ddrs )2

<latexit sha1_base64="C02B04zL81JgUGjzodOfpvlSDAQ="></latexit>

Here we can use  
the exact expression 

for the diffusion constant 
@t⌧ + @x(�⌧

n +
p
�⌘ +D�@x⌧) = 0

<latexit sha1_base64="xZBk+J2g2Sql/rm7BIN6gNbkfL0="></latexit>



INTEGRABLE SU(2) QUANTUM CHAINS

H
(2) =

X

j

~Sj · ~Sj+1

<latexit sha1_base64="d5Wrbpy/4TDGjyxWvTmBqhUwk9I=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0WoCCUpBd0IRTddVrQPaGKYTKbttJMHM5NCCfkNN/6KGxeKuNSVf+O0DaKtBy6cOede5t7jRowKaRhfWm5ldW19I79Z2Nre2d3T9w9aIow5Jk0cspB3XCQIowFpSioZ6UScIN9lpO2Orqd+e0y4oGFwJycRsX3UD2iPYiSV5OhG/T4pVU5TeAktEftOMkyhNSY4uU2dIbSwF8qfdzI8M1NHLxplYwa4TMyMFEGGhqN/WF6IY58EEjMkRNc0ImkniEuKGUkLVixIhPAI9UlX0QD5RNjJ7LIUnijFg72QqwoknKm/JxLkCzHxXdXpIzkQi95U/M/rxrJ3YSc0iGJJAjz/qBczKEM4jQl6lBMs2UQRhDlVu0I8QBxhqcIsqBDMxZOXSatSNqvl6k21WLvK4siDI3AMSsAE56AG6qABmgCDB/AEXsCr9qg9a2/a+7w1p2Uzh+APtM9v/3WfuA==</latexit>

H
(3) =

X

j

~Sj · (~Sj+1 ⇥ ~Sj+2)

<latexit sha1_base64="VMVGnclW4i8PSr4r2H030kHlTlM="></latexit>

D(2)
spin ⇠ t1/3

<latexit sha1_base64="XLoKYXGea55Im0YWjO+0NfT7bFs=">AAACE3icbVC7TsMwFHXKq5RXgZHFokIqDCUplWCsgIGxSPQhNWnkuE5r1XYi20GqovwDC7/CwgBCrCxs/A3uY4DCkSwdnXOvrs8JYkaVtu0vK7e0vLK6ll8vbGxube8Ud/daKkokJk0csUh2AqQIo4I0NdWMdGJJEA8YaQejq4nfvidS0Ujc6XFMPI4GgoYUI20kv3jicqSHoUSj9DrrpeXqceanruRQxVRk0FWUQ91LndOzzC+W7Io9BfxLnDkpgTkafvHT7Uc44URozJBSXceOtZciqSlmJCu4iSIxwiM0IF1DBeJEeek0UwaPjNKHYSTNExpO1Z8bKeJKjXlgJicJ1KI3Ef/zuokOL7yUijjRRODZoTBhUEdwUhDsU0mwZmNDEJbU/BXiIZIIa1NjwZTgLEb+S1rVilOr1G5rpfrlvI48OACHoAwccA7q4AY0QBNg8ACewAt4tR6tZ+vNep+N5qz5zj74BevjG0bnncM=</latexit>

D(3)
spin ⇠ log t

<latexit sha1_base64="+rLLvjF/gQTj5vVYmXY9CZXR0vM=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoCGVGC7os6sJlBfuAzlgyaaYNTTJDkhHKMB/hxl9x40IRty7c+Tem7Sy09UDgcM693JwTxIwq7TjfVmFpeWV1rbhe2tjc2t6xd/daKkokJk0csUh2AqQIo4I0NdWMdGJJEA8YaQejq4nffiBS0Ujc6XFMfI4GgoYUI22knn3icaSHoUSj9Dq7Tytnx1kv9SSHKqYig56iHEKPRQOoYc8uO1VnCrhI3JyUQY5Gz/7y+hFOOBEaM6RU13Vi7adIaooZyUpeokiM8AgNSNdQgThRfjoNlcEjo/RhGEnzhIZT9fdGirhSYx6YyUkENe9NxP+8bqLDCz+lIk40EXh2KEwY1BGcNAT7VBKs2dgQhCU1f4V4iCTC2vRYMiW485EXSeu06taqtdtauX6Z11EEB+AQVIALzkEd3IAGaAIMHsEzeAVv1pP1Yr1bH7PRgpXv7IM/sD5/AJvqneM=</latexit>

D(n>3)
spin ⇠ const

<latexit sha1_base64="ZtvZtancxGXugrgrRDBy5T+dX3o=">AAACGnicbVBLSwMxGMzWV62vVY9egkWol7KrBT1JUQ8eK9gHdGvJptk2NMkuSVYoy/4OL/4VLx4U8SZe/Dem2z1o60BgMvN9JDN+xKjSjvNtFZaWV1bXiuuljc2t7R17d6+lwlhi0sQhC2XHR4owKkhTU81IJ5IEcZ+Rtj++mvrtByIVDcWdnkSkx9FQ0IBipI3Ut12PIz0KJBon1+l9UhEXp8dpP/EkhyqiIoWeohxmdxwKpVPYt8tO1ckAF4mbkzLI0ejbn94gxDEnQmOGlOq6TqR7CZKaYkbSkhcrEiE8RkPSNVQgTlQvyaKl8MgoAxiE0hyhYab+3kgQV2rCfTM5DaLmvan4n9eNdXDeS6iIYk0Enj0UxAzqEE57ggMqCdZsYgjCkpq/QjxCEmFt2iyZEtz5yIukdVJ1a9Xaba1cv8zrKIIDcAgqwAVnoA5uQAM0AQaP4Bm8gjfryXqx3q2P2WjBynf2wR9YXz8tEaDz</latexit>

H
(4) =

X

j

2~Sj ·
�
~Sj+1 ⇥ (~Sj+2 ⇥ ~Sj+3)

�
+ 2~Sj · ~Sj+2 � 4~Sj · ~Sj+1

<latexit sha1_base64="JC1E0O+Z15XI+IM7S86RtrcoF+8="></latexit>

Dspin =
X

s�1

Z
dk

2⇡
ns(k)(1� ns(k))|ve↵s (k)|(ddrs )2

<latexit sha1_base64="C02B04zL81JgUGjzodOfpvlSDAQ="></latexit>

Derrida, Lebowitz, Speer, Spohn, 1991
@t⌧ + @x(�⌧

n +
p
�⌘ +D�@x⌧) = 0

<latexit sha1_base64="xZBk+J2g2Sql/rm7BIN6gNbkfL0="></latexit>

Here we can use  
the exact expression 

for the diffusion constant 



NON-INTEGRABLE SU(2) QUANTUM CHAINS

H =
X

j

~Sj · ~Sj+1

<latexit sha1_base64="0D3GB3qWk7Jq2XjqOjDIap2rON4=">AAACEXicbZDLSsNAFIYnXmu9RV26GSxCQSiJFHQjFN10WdFeoAlhMpm0004uzEwKJeQV3Pgqblwo4tadO9/GSRtEW38Y+OY/5zBzfjdmVEjD+NJWVtfWNzZLW+Xtnd29ff3gsCOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67vgmr3cnhAsahfdyGhM7QIOQ+hQjqSxHrzbhFbREEjgjaE0ITu+ynLAXyZ97OjozM0evGDVjJrgMZgEVUKjl6J+WF+EkIKHEDAnRN41Y2inikmJGsrKVCBIjPEYD0lcYooAIO51tlMFT5XjQj7g6oYQz9/dEigIhpoGrOgMkh2Kxlpv/1fqJ9C/tlIZxIkmI5w/5CYMygnk80KOcYMmmChDmVP0V4iHiCEsVYlmFYC6uvAyd85pZr9Vv65XGdRFHCRyDE1AFJrgADdAELdAGGDyAJ/ACXrVH7Vl7097nrStaMXME/kj7+AYZVJyX</latexit>

���� ���� ���� �
���

���

�

�

H� = HS=1 + �S
z
j S

z
j+1

<latexit sha1_base64="YlsHgDBWIVcNfzTLyhb04QclskM=">AAACFHicbVDLSsNAFJ34rPUVdelmsAhCoSRS0E2h6KbLSu0D2hgmk0k77eTBzESoIR/hxl9x40IRty7c+TdO0yy09cC9HM65l5l7nIhRIQ3jW1tZXVvf2CxsFbd3dvf29YPDjghjjkkbhyzkPQcJwmhA2pJKRnoRJ8h3GOk6k+uZ370nXNAwuJXTiFg+GgbUoxhJJdl6uWEPXMIkgjXYsJNWzUxhGeZS6+7BHmc9GZfN1NZLRsXIAJeJmZMSyNG09a+BG+LYJ4HEDAnRN41IWgnikmJG0uIgFiRCeIKGpK9ogHwirCQ7KoWnSnGhF3JVgYSZ+nsjQb4QU99Rkz6SI7HozcT/vH4svUsroUEUSxLg+UNezKAM4Swh6FJOsGRTRRDmVP0V4hHiCEuVY1GFYC6evEw65xWzWqneVEv1qzyOAjgGJ+AMmOAC1EEDNEEbYPAInsEreNOetBftXfuYj65o+c4R+APt8wdz+JyX</latexit>
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△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△△

▽

▽▽▽▽▽▽▽▽
▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽▽
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� � � � �� �� ��
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����

����

����

���� D ⇠ log �

<latexit sha1_base64="wz8qyHbWyRULrMTAa7pw3egT+mQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRS0GVRFy4r2Ac0oUymk3boPMLMRCihKzf+ihsXirj1G9z5N07aLLT1wIXDOfdy7z1Rwqg2nvftlFZW19Y3ypuVre2d3T13/6CtZaowaWHJpOpGSBNGBWkZahjpJoogHjHSicbXud95IEpTKe7NJCEhR0NBY4qRsVLfPQ44MqNYoXF2M4WBphwGTA5hMCDMoL5b9WreDHCZ+AWpggLNvvsVDCROOREGM6R1z/cSE2ZIGYoZmVaCVJME4TEakp6lAnGiw2z2xhSeWmUAY6lsCQNn6u+JDHGtJzyynfnRetHLxf+8XmriyzCjIkkNEXi+KE4ZNBLmmcABVQQbNrEEYUXtrRCPkELY2OQqNgR/8eVl0j6v+fVa/a5ebVwVcZTBETgBZ8AHF6ABbkETtAAGj+AZvII358l5cd6dj3lrySlmDsEfOJ8/5x6Yww==</latexit>

S = 1

<latexit sha1_base64="XbkmazdURwOofg+oZSln+CVL7rY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9CIUvXis1H5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+G7mt5+4NiJWjzhJuB/RoRKhYBSt1GjceP1S2a24c5BV4uWkDDnq/dJXbxCzNOIKmaTGdD03QT+jGgWTfFrspYYnlI3pkHctVTTixs/mp07JuVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdoQvOWXV0nrsuJVK9WHarl2m8dRgFM4gwvw4ApqcA91aAKDITzDK7w50nlx3p2PReuak8+cwB84nz+h341g</latexit>

D

<latexit sha1_base64="hGcphqjEoL6bCCAlMl7dPj99si8=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQKuizqwmUF+4CmlJvppB06mYSZiVBCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSATXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1nGqKGvRWMSqG6BmgkvWMtwI1k0UwygQrBNMbnO/88SU5rF8NNOE9SMcSR5yisZKvh+hGYcKJ9ndbFCpujV3DrJKvIJUoUBzUPnyhzFNIyYNFah1z3MT089QGU4Fm5X9VLME6QRHrGepxIjpfjbPPCPnVhmSMFb2SUPm6u+NDCOtp1FgJ/OMetnLxf+8XmrC637GZZIaJuniUJgKYmKSF0CGXDFqxNQSpIrbrISOUSE1tqayLcFb/vIqaV/WvHqt/lCvNm6KOkpwCmdwAR5cQQPuoQktoJDAM7zCm5M6L86787EYXXOKnRP4A+fzB1Cskd8=</latexit>
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P
Z

<latexit sha1_base64="9VaXUgQYznnzAjPs/q5d8D4Hndw=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkpSBV0W3QhuKtgHNiFMJpN26MwkzEyEErPwV9y4UMStv+HOv3HSZqGtBwYO557LPXOChBKpbPvbqCwtr6yuVddrG5tb2zvm7l5XxqlAuINiGot+ACWmhOOOIorifiIwZAHFvWB8Vcx7D1hIEvM7NUmwx+CQk4ggqLTkmwcu1eYQ+pnLoBoJlt207/PcN+t2w57CWiROSeqgRNs3v9wwRinDXCEKpRw4dqK8DApFEMV5zU0lTiAawyEeaMohw9LLpvlz61groRXFQj+urKn6eyODTMoJC7SzCCnnZ4X432yQqujCywhPUoU5mh2KUmqp2CrKsEIiMFJ0oglEguisFhpBAZHSldV0Cc78lxdJt9lwThvN27N667KsowoOwRE4AQ44By1wDdqgAxB4BM/gFbwZT8aL8W58zKwVo9zZB39gfP4AjFyWcQ==</latexit>

h

@t~S = ~S ⇥ @2
x
~S

<latexit sha1_base64="h0Qbzq+03jIqh5CFV6kraaOH5Q0=">AAACIXicbVDLSgMxFM3UV62vUZdugkVwVWaqYDdC0Y3LivYBnXHIpGkbmnmQ3CmWob/ixl9x40KR7sSfMX1YtPVC4HDOuffmHj8WXIFlfRqZldW19Y3sZm5re2d3z9w/qKkokZRVaSQi2fCJYoKHrAocBGvEkpHAF6zu967Her3PpOJReA+DmLkB6YS8zSkBTXlmyYmJBE6EB9jpM5reDfHlHDnAA6bw3PP4UPzRPDNvFaxJ4WVgz0AezarimSOnFdEkYCFQQZRq2lYMbjqeTAUb5pxEsZjQHumwpoYh0ZvddHLhEJ9opoXbkdQvBDxhf3ekJFBqEPjaGRDoqkVtTP6nNRNol9yUh3ECLKTTRe1EYIjwOC7c4pJREAMNCJVc/xXTLpGEgg41p0OwF09eBrViwT4rFG/P8+WrWRxZdISO0Smy0QUqoxtUQVVE0RN6QW/o3Xg2Xo0PYzS1ZoxZzyH6U8bXN67do9U=</latexit>

H =
X

n

~̂
Sn · ~̂Sn+1

<latexit sha1_base64="v/3MQZYFV/83p7q9geoi1FLEZPM=">AAACHXicbVDLSgMxFM34rPVVdekmWARBKDO1oBuh6KbLivYBnaFk0rQNzWSG5E6hDPMjbvwVNy4UceFG/BvTdhbaeuDCyTn3knuPHwmuwba/rZXVtfWNzdxWfntnd2+/cHDY1GGsKGvQUISq7RPNBJesARwEa0eKkcAXrOWPbqd+a8yU5qF8gEnEvIAMJO9zSsBI3UKlhq+xq+OgK7E7ZjRxhwSS+zSdvmkvhAU1kedO2i0U7ZI9A14mTkaKKEO9W/h0eyGNAyaBCqJ1x7Ej8BKigFPB0rwbaxYROiID1jFUkoBpL5ldl+JTo/RwP1SmJOCZ+nsiIYHWk8A3nQGBoV70puJ/XieG/pWXcBnFwCSdf9SPBYYQT6PCPa4YBTExhFDFza6YDokiFEygeROCs3jyMmmWS85FqXxXKVZvsjhy6BidoDPkoEtURTVURw1E0SN6Rq/ozXqyXqx362PeumJlM0foD6yvH4ZUojo=</latexit>

1/h
<latexit sha1_base64="Q6Wh+AnNV8FQ9WVeyuHotj2pxjw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9eOfDXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPYzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxbuoVO8vy7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AGrMY1k</latexit>

CONCLUSIONS

Anomalous KPZ transport in  
isotropic quantum chains  
is related to the emergent soliton gas  
(goldstone modes)

A full classifications of different  
types of transport is achieved  
by examining simply the  
torsion mode  
and the presence/absence  
of ballistic modes h~S(0, t) · ~S(0, 0)i ⇠ t�1/z(log t)�b

<latexit sha1_base64="PgYWlS7SDazmtTkyOaIGO2USB9Q="></latexit>



OPEN QUESTIONS

Prove the emergence of KPZ equation  
from first principle in integrable chains

Prove anomalous log-divergence of  
diffusion constant in non-integrable chains


