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Condensed matter physics: 
what can materials do?

Superconductivity magnetism

semiconductors topological phases



How to approach this 
problem?

Microscopically, a real 
material with a 
complicated Hilbert 
space

H
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Spectrum of H

Lots of  
chemistry/ 
physics…



Phases of matter: a paradigm for 
classifying possible material behaviors

Solid region: 
crystalline order 

(broken 
translational 
symmetry)

Liquid and gas: 
no broken 

translational 
symmetry. 

Many different microscopic systems in a phase, but all have the same low-
temperature behavior



How to approach this 
problem?

Microscopically, a real 
material with a 
complicated Hilbert 
space

H
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Spectrum of H

• Phase of matter (and low-temperature properties): 
understand the ground state and the low-energy excited 
states of the simplest possible H in that phase.

Math
chemistry/ 
physics…



What does this have to do 
with you?  An example

strong magnetic field

H
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(Specifics not important)

Microscopically, 
electrons (charge 1) in 
a strong magnetic 
field

Low-lying excited states: 
quasiparticles with 
fractional charge (e.g 1/
(2l+1) )



What does this have to do 
with you?  An example

• Quasiparticles with fractional charge are “anyons”


• Exchange them twice and the wave function changes by 
a phase



What does this have to do 
with you?  An example

strong magnetic field

H
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(Specifics not important)

Microscopically, 
electrons (charge 1) in 
a strong magnetic 
field

Mathematical description: 
anyons = simple objects 
in a UMTC (with projective 
U(1) symmetry action)



Summary: from materials to 
math

• Material properties (at 0 temperature and long 
lengthscales): 

• Determined by ground state and low-lying excited 

states (quasiparticles)

• basically the same within a phase


• Effective description:

• Simplified Hilbert space & Hamiltonian (maybe nothing 

to do with real material)

• Can be used to deduce correct mathematical structure 

(e.g. UMTC)



Goals of the rest of the talk

• Introduce some (simple) Hamiltonians that describe 
“fracton” phases in 3+1 d.  


• Tell you some things that are understood about their 
structure and how to generate more examples


• Describe some open questions about these types of 
systems which may be mathematically interesting



Simple Hamiltonian warm-
up: the Toric code

Hilbert space: 2 states per 
edge
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• Example of a “simple” Hamiltonian leading to a 
topological phase (Particles are simple objects in D(      ) )Z2
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<latexit sha1_base64="hbl1PXOPHeiuoCmhOPdViuWfAuY=">AAACIHicbVDLSgMxFM3UV62vqks3wWJxY5kRoW6EohuXFewDOrVkMnfa0ExmSDJiHfopbvwVNy4U0Z1+jekD0dYDCYdz7uXee7yYM6Vt+9PKLCwuLa9kV3Nr6xubW/ntnbqKEkmhRiMeyaZHFHAmoKaZ5tCMJZDQ49Dw+hcjv3ELUrFIXOtBDO2QdAULGCXaSJ182VWsG5Kbe3yGXQ+6TKRxSLRkd0MHF7GNXdd8RXzkYBeE/2N28gW7ZI+B54kzJQU0RbWT/3D9iCYhCE05Uarl2LFup0RqRjkMc26iICa0T7rQMlSQEFQ7HR84xAdG8XEQSfOExmP1d0dKQqUGoWcqzX49NeuNxP+8VqKD03bKRJxoEHQyKEg41hEepYV9JoFqPjCEUMnMrpj2iCRUm0xzJgRn9uR5Uj8uOYZfnRQq59M4smgP7aND5KAyqqBLVEU1RNEDekIv6NV6tJ6tN+t9Upqxpj276A+sr2+KB6FU</latexit><latexit sha1_base64="hbl1PXOPHeiuoCmhOPdViuWfAuY=">AAACIHicbVDLSgMxFM3UV62vqks3wWJxY5kRoW6EohuXFewDOrVkMnfa0ExmSDJiHfopbvwVNy4U0Z1+jekD0dYDCYdz7uXee7yYM6Vt+9PKLCwuLa9kV3Nr6xubW/ntnbqKEkmhRiMeyaZHFHAmoKaZ5tCMJZDQ49Dw+hcjv3ELUrFIXOtBDO2QdAULGCXaSJ182VWsG5Kbe3yGXQ+6TKRxSLRkd0MHF7GNXdd8RXzkYBeE/2N28gW7ZI+B54kzJQU0RbWT/3D9iCYhCE05Uarl2LFup0RqRjkMc26iICa0T7rQMlSQEFQ7HR84xAdG8XEQSfOExmP1d0dKQqUGoWcqzX49NeuNxP+8VqKD03bKRJxoEHQyKEg41hEepYV9JoFqPjCEUMnMrpj2iCRUm0xzJgRn9uR5Uj8uOYZfnRQq59M4smgP7aND5KAyqqBLVEU1RNEDekIv6NV6tJ6tN+t9Upqxpj276A+sr2+KB6FU</latexit><latexit sha1_base64="hbl1PXOPHeiuoCmhOPdViuWfAuY=">AAACIHicbVDLSgMxFM3UV62vqks3wWJxY5kRoW6EohuXFewDOrVkMnfa0ExmSDJiHfopbvwVNy4U0Z1+jekD0dYDCYdz7uXee7yYM6Vt+9PKLCwuLa9kV3Nr6xubW/ntnbqKEkmhRiMeyaZHFHAmoKaZ5tCMJZDQ49Dw+hcjv3ELUrFIXOtBDO2QdAULGCXaSJ182VWsG5Kbe3yGXQ+6TKRxSLRkd0MHF7GNXdd8RXzkYBeE/2N28gW7ZI+B54kzJQU0RbWT/3D9iCYhCE05Uarl2LFup0RqRjkMc26iICa0T7rQMlSQEFQ7HR84xAdG8XEQSfOExmP1d0dKQqUGoWcqzX49NeuNxP+8VqKD03bKRJxoEHQyKEg41hEepYV9JoFqPjCEUMnMrpj2iCRUm0xzJgRn9uR5Uj8uOYZfnRQq59M4smgP7aND5KAyqqBLVEU1RNEDekIv6NV6tJ6tN+t9Upqxpj276A+sr2+KB6FU</latexit><latexit sha1_base64="hbl1PXOPHeiuoCmhOPdViuWfAuY=">AAACIHicbVDLSgMxFM3UV62vqks3wWJxY5kRoW6EohuXFewDOrVkMnfa0ExmSDJiHfopbvwVNy4U0Z1+jekD0dYDCYdz7uXee7yYM6Vt+9PKLCwuLa9kV3Nr6xubW/ntnbqKEkmhRiMeyaZHFHAmoKaZ5tCMJZDQ49Dw+hcjv3ELUrFIXOtBDO2QdAULGCXaSJ182VWsG5Kbe3yGXQ+6TKRxSLRkd0MHF7GNXdd8RXzkYBeE/2N28gW7ZI+B54kzJQU0RbWT/3D9iCYhCE05Uarl2LFup0RqRjkMc26iICa0T7rQMlSQEFQ7HR84xAdG8XEQSfOExmP1d0dKQqUGoWcqzX49NeuNxP+8VqKD03bKRJxoEHQyKEg41hEepYV9JoFqPjCEUMnMrpj2iCRUm0xzJgRn9uR5Uj8uOYZfnRQq59M4smgP7aND5KAyqqBLVEU1RNEDekIv6NV6tJ6tN+t9Upqxpj276A+sr2+KB6FU</latexit>

Abuse of notation!

State: �z = Eigenvalue

Operator:�z = Pauli matrix
<latexit sha1_base64="otBPvjUBKF3ny6fTV/EYbv7+Ufw="></latexit><latexit sha1_base64="otBPvjUBKF3ny6fTV/EYbv7+Ufw="></latexit><latexit sha1_base64="otBPvjUBKF3ny6fTV/EYbv7+Ufw="></latexit><latexit sha1_base64="otBPvjUBKF3ny6fTV/EYbv7+Ufw="></latexit>

�x�z = ��z�x

<latexit sha1_base64="D19cwdo7WZR9vW0ZX0ctUjGtAZs=">AAACEHicbZDLSgMxFIbPeK31NurSTbCIbiwzIuhGKLpxWcFeoB1LJs20ocnMkGTEOvQR3Pgqblwo4talO9/GtB1RWw8Evvz/OSTn92POlHacT2tmdm5+YTG3lF9eWV1btzc2qypKJKEVEvFI1n2sKGchrWimOa3HkmLhc1rze+dDv3ZDpWJReKX7MfUE7oQsYARrI7XsvaZiHYGvb1EGd+gUHfxcvu2WXXCKzqjQNLgZFCCrcsv+aLYjkggaasKxUg3XibWXYqkZ4XSQbyaKxpj0cIc2DIZYUOWlo4UGaNcobRRE0pxQo5H6eyLFQqm+8E2nwLqrJr2h+J/XSHRw4qUsjBNNQzJ+KEg40hEapoPaTFKied8AJpKZvyLSxRITbTLMmxDcyZWnoXpYdA1fHhVKZ1kcOdiGHdgHF46hBBdQhgoQuIdHeIYX68F6sl6tt3HrjJXNbMGfst6/AJa4nEs=</latexit><latexit sha1_base64="D19cwdo7WZR9vW0ZX0ctUjGtAZs=">AAACEHicbZDLSgMxFIbPeK31NurSTbCIbiwzIuhGKLpxWcFeoB1LJs20ocnMkGTEOvQR3Pgqblwo4talO9/GtB1RWw8Evvz/OSTn92POlHacT2tmdm5+YTG3lF9eWV1btzc2qypKJKEVEvFI1n2sKGchrWimOa3HkmLhc1rze+dDv3ZDpWJReKX7MfUE7oQsYARrI7XsvaZiHYGvb1EGd+gUHfxcvu2WXXCKzqjQNLgZFCCrcsv+aLYjkggaasKxUg3XibWXYqkZ4XSQbyaKxpj0cIc2DIZYUOWlo4UGaNcobRRE0pxQo5H6eyLFQqm+8E2nwLqrJr2h+J/XSHRw4qUsjBNNQzJ+KEg40hEapoPaTFKied8AJpKZvyLSxRITbTLMmxDcyZWnoXpYdA1fHhVKZ1kcOdiGHdgHF46hBBdQhgoQuIdHeIYX68F6sl6tt3HrjJXNbMGfst6/AJa4nEs=</latexit><latexit sha1_base64="D19cwdo7WZR9vW0ZX0ctUjGtAZs=">AAACEHicbZDLSgMxFIbPeK31NurSTbCIbiwzIuhGKLpxWcFeoB1LJs20ocnMkGTEOvQR3Pgqblwo4talO9/GtB1RWw8Evvz/OSTn92POlHacT2tmdm5+YTG3lF9eWV1btzc2qypKJKEVEvFI1n2sKGchrWimOa3HkmLhc1rze+dDv3ZDpWJReKX7MfUE7oQsYARrI7XsvaZiHYGvb1EGd+gUHfxcvu2WXXCKzqjQNLgZFCCrcsv+aLYjkggaasKxUg3XibWXYqkZ4XSQbyaKxpj0cIc2DIZYUOWlo4UGaNcobRRE0pxQo5H6eyLFQqm+8E2nwLqrJr2h+J/XSHRw4qUsjBNNQzJ+KEg40hEapoPaTFKied8AJpKZvyLSxRITbTLMmxDcyZWnoXpYdA1fHhVKZ1kcOdiGHdgHF46hBBdQhgoQuIdHeIYX68F6sl6tt3HrjJXNbMGfst6/AJa4nEs=</latexit><latexit sha1_base64="D19cwdo7WZR9vW0ZX0ctUjGtAZs=">AAACEHicbZDLSgMxFIbPeK31NurSTbCIbiwzIuhGKLpxWcFeoB1LJs20ocnMkGTEOvQR3Pgqblwo4talO9/GtB1RWw8Evvz/OSTn92POlHacT2tmdm5+YTG3lF9eWV1btzc2qypKJKEVEvFI1n2sKGchrWimOa3HkmLhc1rze+dDv3ZDpWJReKX7MfUE7oQsYARrI7XsvaZiHYGvb1EGd+gUHfxcvu2WXXCKzqjQNLgZFCCrcsv+aLYjkggaasKxUg3XibWXYqkZ4XSQbyaKxpj0cIc2DIZYUOWlo4UGaNcobRRE0pxQo5H6eyLFQqm+8E2nwLqrJr2h+J/XSHRw4qUsjBNNQzJ+KEg40hEapoPaTFKied8AJpKZvyLSxRITbTLMmxDcyZWnoXpYdA1fHhVKZ1kcOdiGHdgHF46hBBdQhgoQuIdHeIYX68F6sl6tt3HrjJXNbMGfst6/AJa4nEs=</latexit>



Simple Hamiltonian warm-
up: the Toric code

Hilbert space: 2 states per 
edge
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Y
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�x

i

<latexit sha1_base64="Gc9p+CoxE0ThuFOQpwZCbVocRuk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdCOUunFZwT6giWEymbRDJ5MwMxFLyGe48VfcuFDEbXf+jZM2C209MHDuOfdy5x4/YVQqy/o2Kiura+sb1c3a1vbO7p65f9CVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj++KfzeIxGSxvxeTRLiRmjIaUgxUlryzLOW14bX0ElEHHgZhQ7lukBCUcRgksPM8UPoSDqMUP7w5FHPrFsNawa4TOyS1EGJtmdOnSDGaUS4wgxJObCtRLlZsQEzktecVJIE4TEakoGmHEVEutnssByeaCWAYSz04wrO1N8TGYqknES+7oyQGslFrxD/8wapCq/cjPIkVYTj+aIwZVDFsEgJBlQQrNhEE4QF1X+FeIQEwkpnWdMh2IsnL5PuecO2GvbdRb3ZKuOogiNwDE6BDS5BE9yCNugADJ7BK3gHH8aL8WZ8Gl/z1opRzhyCPzCmP3jan3M=</latexit><latexit sha1_base64="Gc9p+CoxE0ThuFOQpwZCbVocRuk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdCOUunFZwT6giWEymbRDJ5MwMxFLyGe48VfcuFDEbXf+jZM2C209MHDuOfdy5x4/YVQqy/o2Kiura+sb1c3a1vbO7p65f9CVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj++KfzeIxGSxvxeTRLiRmjIaUgxUlryzLOW14bX0ElEHHgZhQ7lukBCUcRgksPM8UPoSDqMUP7w5FHPrFsNawa4TOyS1EGJtmdOnSDGaUS4wgxJObCtRLlZsQEzktecVJIE4TEakoGmHEVEutnssByeaCWAYSz04wrO1N8TGYqknES+7oyQGslFrxD/8wapCq/cjPIkVYTj+aIwZVDFsEgJBlQQrNhEE4QF1X+FeIQEwkpnWdMh2IsnL5PuecO2GvbdRb3ZKuOogiNwDE6BDS5BE9yCNugADJ7BK3gHH8aL8WZ8Gl/z1opRzhyCPzCmP3jan3M=</latexit><latexit sha1_base64="Gc9p+CoxE0ThuFOQpwZCbVocRuk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdCOUunFZwT6giWEymbRDJ5MwMxFLyGe48VfcuFDEbXf+jZM2C209MHDuOfdy5x4/YVQqy/o2Kiura+sb1c3a1vbO7p65f9CVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj++KfzeIxGSxvxeTRLiRmjIaUgxUlryzLOW14bX0ElEHHgZhQ7lukBCUcRgksPM8UPoSDqMUP7w5FHPrFsNawa4TOyS1EGJtmdOnSDGaUS4wgxJObCtRLlZsQEzktecVJIE4TEakoGmHEVEutnssByeaCWAYSz04wrO1N8TGYqknES+7oyQGslFrxD/8wapCq/cjPIkVYTj+aIwZVDFsEgJBlQQrNhEE4QF1X+FeIQEwkpnWdMh2IsnL5PuecO2GvbdRb3ZKuOogiNwDE6BDS5BE9yCNugADJ7BK3gHH8aL8WZ8Gl/z1opRzhyCPzCmP3jan3M=</latexit><latexit sha1_base64="Gc9p+CoxE0ThuFOQpwZCbVocRuk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdCOUunFZwT6giWEymbRDJ5MwMxFLyGe48VfcuFDEbXf+jZM2C209MHDuOfdy5x4/YVQqy/o2Kiura+sb1c3a1vbO7p65f9CVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj++KfzeIxGSxvxeTRLiRmjIaUgxUlryzLOW14bX0ElEHHgZhQ7lukBCUcRgksPM8UPoSDqMUP7w5FHPrFsNawa4TOyS1EGJtmdOnSDGaUS4wgxJObCtRLlZsQEzktecVJIE4TEakoGmHEVEutnssByeaCWAYSz04wrO1N8TGYqknES+7oyQGslFrxD/8wapCq/cjPIkVYTj+aIwZVDFsEgJBlQQrNhEE4QF1X+FeIQEwkpnWdMh2IsnL5PuecO2GvbdRb3ZKuOogiNwDE6BDS5BE9yCNugADJ7BK3gHH8aL8WZ8Gl/z1opRzhyCPzCmP3jan3M=</latexit>

Av =
Y

i2⇤v

�z
i

<latexit sha1_base64="88oZJw+AsQG4GpTAC4k3zLD3Qt0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHERUlE0I1QdeOygn1Ak4bJZNoOnZmEmUmhhu7d+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwc3Ebw6JVDQW93qUEJ+jnqBdipE2UmCXroIhvIReIuMoyKhHBeycDOEYeor2OOo8BDSwy07FmQIuEjcnZZCjFthfXhTjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mv4zhkVEi2I2lKaHhVP09kSGu1IiHppMj3Vfz3kT8z2ununvhZ1QkqSYCzxZ1UwZ1DCfBwIhKgjUbGYKwpOZWiPtIIqxNfEUTgjv/8iJpnFZcp+LenZWr13kcBXAISuAYuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w9isJoB</latexit><latexit sha1_base64="88oZJw+AsQG4GpTAC4k3zLD3Qt0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHERUlE0I1QdeOygn1Ak4bJZNoOnZmEmUmhhu7d+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwc3Ebw6JVDQW93qUEJ+jnqBdipE2UmCXroIhvIReIuMoyKhHBeycDOEYeor2OOo8BDSwy07FmQIuEjcnZZCjFthfXhTjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mv4zhkVEi2I2lKaHhVP09kSGu1IiHppMj3Vfz3kT8z2ununvhZ1QkqSYCzxZ1UwZ1DCfBwIhKgjUbGYKwpOZWiPtIIqxNfEUTgjv/8iJpnFZcp+LenZWr13kcBXAISuAYuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w9isJoB</latexit><latexit sha1_base64="88oZJw+AsQG4GpTAC4k3zLD3Qt0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHERUlE0I1QdeOygn1Ak4bJZNoOnZmEmUmhhu7d+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwc3Ebw6JVDQW93qUEJ+jnqBdipE2UmCXroIhvIReIuMoyKhHBeycDOEYeor2OOo8BDSwy07FmQIuEjcnZZCjFthfXhTjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mv4zhkVEi2I2lKaHhVP09kSGu1IiHppMj3Vfz3kT8z2ununvhZ1QkqSYCzxZ1UwZ1DCfBwIhKgjUbGYKwpOZWiPtIIqxNfEUTgjv/8iJpnFZcp+LenZWr13kcBXAISuAYuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w9isJoB</latexit><latexit sha1_base64="88oZJw+AsQG4GpTAC4k3zLD3Qt0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHERUlE0I1QdeOygn1Ak4bJZNoOnZmEmUmhhu7d+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwc3Ebw6JVDQW93qUEJ+jnqBdipE2UmCXroIhvIReIuMoyKhHBeycDOEYeor2OOo8BDSwy07FmQIuEjcnZZCjFthfXhTjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mv4zhkVEi2I2lKaHhVP09kSGu1IiHppMj3Vfz3kT8z2ununvhZ1QkqSYCzxZ1UwZ1DCfBwIhKgjUbGYKwpOZWiPtIIqxNfEUTgjv/8iJpnFZcp+LenZWr13kcBXAISuAYuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w9isJoB</latexit>

�z
i 2 {�1, 1}

<latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit><latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit><latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit><latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit>

[Av, Bp] = 0
<latexit sha1_base64="TeJHp3/JtYBIeGwQAPtsYp6+v3M=">AAAB+HicbZDLSsNAFIZP6q3WS6su3QwWwYWURATdCLVuXFawF0hDmEwn7dDJJMxMCjX0Sdy4UMStj+LOt3HaZqGtPwx8/Occzpk/SDhT2ra/rcLa+sbmVnG7tLO7t1+uHBy2VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOM7mb1zphKxWLxqCcJ9SI8ECxkBGtj+ZWye+uPz1HDT5CHbpDtV6p2zZ4LrYKTQxVyNf3KV68fkzSiQhOOlXIdO9FehqVmhNNpqZcqmmAywgPqGhQ4osrL5odP0alx+iiMpXlCo7n7eyLDkVKTKDCdEdZDtVybmf/V3FSH117GRJJqKshiUZhypGM0SwH1maRE84kBTCQztyIyxBITbbIqmRCc5S+vQvui5hh+uKzWG3kcRTiGEzgDB66gDvfQhBYQSOEZXuHNerJerHfrY9FasPKZI/gj6/MH0JKROQ==</latexit><latexit sha1_base64="TeJHp3/JtYBIeGwQAPtsYp6+v3M=">AAAB+HicbZDLSsNAFIZP6q3WS6su3QwWwYWURATdCLVuXFawF0hDmEwn7dDJJMxMCjX0Sdy4UMStj+LOt3HaZqGtPwx8/Occzpk/SDhT2ra/rcLa+sbmVnG7tLO7t1+uHBy2VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOM7mb1zphKxWLxqCcJ9SI8ECxkBGtj+ZWye+uPz1HDT5CHbpDtV6p2zZ4LrYKTQxVyNf3KV68fkzSiQhOOlXIdO9FehqVmhNNpqZcqmmAywgPqGhQ4osrL5odP0alx+iiMpXlCo7n7eyLDkVKTKDCdEdZDtVybmf/V3FSH117GRJJqKshiUZhypGM0SwH1maRE84kBTCQztyIyxBITbbIqmRCc5S+vQvui5hh+uKzWG3kcRTiGEzgDB66gDvfQhBYQSOEZXuHNerJerHfrY9FasPKZI/gj6/MH0JKROQ==</latexit><latexit sha1_base64="TeJHp3/JtYBIeGwQAPtsYp6+v3M=">AAAB+HicbZDLSsNAFIZP6q3WS6su3QwWwYWURATdCLVuXFawF0hDmEwn7dDJJMxMCjX0Sdy4UMStj+LOt3HaZqGtPwx8/Occzpk/SDhT2ra/rcLa+sbmVnG7tLO7t1+uHBy2VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOM7mb1zphKxWLxqCcJ9SI8ECxkBGtj+ZWye+uPz1HDT5CHbpDtV6p2zZ4LrYKTQxVyNf3KV68fkzSiQhOOlXIdO9FehqVmhNNpqZcqmmAywgPqGhQ4osrL5odP0alx+iiMpXlCo7n7eyLDkVKTKDCdEdZDtVybmf/V3FSH117GRJJqKshiUZhypGM0SwH1maRE84kBTCQztyIyxBITbbIqmRCc5S+vQvui5hh+uKzWG3kcRTiGEzgDB66gDvfQhBYQSOEZXuHNerJerHfrY9FasPKZI/gj6/MH0JKROQ==</latexit><latexit sha1_base64="TeJHp3/JtYBIeGwQAPtsYp6+v3M=">AAAB+HicbZDLSsNAFIZP6q3WS6su3QwWwYWURATdCLVuXFawF0hDmEwn7dDJJMxMCjX0Sdy4UMStj+LOt3HaZqGtPwx8/Occzpk/SDhT2ra/rcLa+sbmVnG7tLO7t1+uHBy2VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOM7mb1zphKxWLxqCcJ9SI8ECxkBGtj+ZWye+uPz1HDT5CHbpDtV6p2zZ4LrYKTQxVyNf3KV68fkzSiQhOOlXIdO9FehqVmhNNpqZcqmmAywgPqGhQ4osrL5odP0alx+iiMpXlCo7n7eyLDkVKTKDCdEdZDtVybmf/V3FSH117GRJJqKshiUZhypGM0SwH1maRE84kBTCQztyIyxBITbbIqmRCc5S+vQvui5hh+uKzWG3kcRTiGEzgDB66gDvfQhBYQSOEZXuHNerJerHfrY9FasPKZI/gj6/MH0JKROQ==</latexit>

�x�z = ��z�x

<latexit sha1_base64="D19cwdo7WZR9vW0ZX0ctUjGtAZs=">AAACEHicbZDLSgMxFIbPeK31NurSTbCIbiwzIuhGKLpxWcFeoB1LJs20ocnMkGTEOvQR3Pgqblwo4talO9/GtB1RWw8Evvz/OSTn92POlHacT2tmdm5+YTG3lF9eWV1btzc2qypKJKEVEvFI1n2sKGchrWimOa3HkmLhc1rze+dDv3ZDpWJReKX7MfUE7oQsYARrI7XsvaZiHYGvb1EGd+gUHfxcvu2WXXCKzqjQNLgZFCCrcsv+aLYjkggaasKxUg3XibWXYqkZ4XSQbyaKxpj0cIc2DIZYUOWlo4UGaNcobRRE0pxQo5H6eyLFQqm+8E2nwLqrJr2h+J/XSHRw4qUsjBNNQzJ+KEg40hEapoPaTFKied8AJpKZvyLSxRITbTLMmxDcyZWnoXpYdA1fHhVKZ1kcOdiGHdgHF46hBBdQhgoQuIdHeIYX68F6sl6tt3HrjJXNbMGfst6/AJa4nEs=</latexit><latexit sha1_base64="D19cwdo7WZR9vW0ZX0ctUjGtAZs=">AAACEHicbZDLSgMxFIbPeK31NurSTbCIbiwzIuhGKLpxWcFeoB1LJs20ocnMkGTEOvQR3Pgqblwo4talO9/GtB1RWw8Evvz/OSTn92POlHacT2tmdm5+YTG3lF9eWV1btzc2qypKJKEVEvFI1n2sKGchrWimOa3HkmLhc1rze+dDv3ZDpWJReKX7MfUE7oQsYARrI7XsvaZiHYGvb1EGd+gUHfxcvu2WXXCKzqjQNLgZFCCrcsv+aLYjkggaasKxUg3XibWXYqkZ4XSQbyaKxpj0cIc2DIZYUOWlo4UGaNcobRRE0pxQo5H6eyLFQqm+8E2nwLqrJr2h+J/XSHRw4qUsjBNNQzJ+KEg40hEapoPaTFKied8AJpKZvyLSxRITbTLMmxDcyZWnoXpYdA1fHhVKZ1kcOdiGHdgHF46hBBdQhgoQuIdHeIYX68F6sl6tt3HrjJXNbMGfst6/AJa4nEs=</latexit><latexit sha1_base64="D19cwdo7WZR9vW0ZX0ctUjGtAZs=">AAACEHicbZDLSgMxFIbPeK31NurSTbCIbiwzIuhGKLpxWcFeoB1LJs20ocnMkGTEOvQR3Pgqblwo4talO9/GtB1RWw8Evvz/OSTn92POlHacT2tmdm5+YTG3lF9eWV1btzc2qypKJKEVEvFI1n2sKGchrWimOa3HkmLhc1rze+dDv3ZDpWJReKX7MfUE7oQsYARrI7XsvaZiHYGvb1EGd+gUHfxcvu2WXXCKzqjQNLgZFCCrcsv+aLYjkggaasKxUg3XibWXYqkZ4XSQbyaKxpj0cIc2DIZYUOWlo4UGaNcobRRE0pxQo5H6eyLFQqm+8E2nwLqrJr2h+J/XSHRw4qUsjBNNQzJ+KEg40hEapoPaTFKied8AJpKZvyLSxRITbTLMmxDcyZWnoXpYdA1fHhVKZ1kcOdiGHdgHF46hBBdQhgoQuIdHeIYX68F6sl6tt3HrjJXNbMGfst6/AJa4nEs=</latexit><latexit sha1_base64="D19cwdo7WZR9vW0ZX0ctUjGtAZs=">AAACEHicbZDLSgMxFIbPeK31NurSTbCIbiwzIuhGKLpxWcFeoB1LJs20ocnMkGTEOvQR3Pgqblwo4talO9/GtB1RWw8Evvz/OSTn92POlHacT2tmdm5+YTG3lF9eWV1btzc2qypKJKEVEvFI1n2sKGchrWimOa3HkmLhc1rze+dDv3ZDpWJReKX7MfUE7oQsYARrI7XsvaZiHYGvb1EGd+gUHfxcvu2WXXCKzqjQNLgZFCCrcsv+aLYjkggaasKxUg3XibWXYqkZ4XSQbyaKxpj0cIc2DIZYUOWlo4UGaNcobRRE0pxQo5H6eyLFQqm+8E2nwLqrJr2h+J/XSHRw4qUsjBNNQzJ+KEg40hEapoPaTFKied8AJpKZvyLSxRITbTLMmxDcyZWnoXpYdA1fHhVKZ1kcOdiGHdgHF46hBBdQhgoQuIdHeIYX68F6sl6tt3HrjJXNbMGfst6/AJa4nEs=</latexit>



Simple Hamiltonian warm-
up: the Toric code

Hilbert space: 2 states per 
edge
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<latexit sha1_base64="Gc9p+CoxE0ThuFOQpwZCbVocRuk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdCOUunFZwT6giWEymbRDJ5MwMxFLyGe48VfcuFDEbXf+jZM2C209MHDuOfdy5x4/YVQqy/o2Kiura+sb1c3a1vbO7p65f9CVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj++KfzeIxGSxvxeTRLiRmjIaUgxUlryzLOW14bX0ElEHHgZhQ7lukBCUcRgksPM8UPoSDqMUP7w5FHPrFsNawa4TOyS1EGJtmdOnSDGaUS4wgxJObCtRLlZsQEzktecVJIE4TEakoGmHEVEutnssByeaCWAYSz04wrO1N8TGYqknES+7oyQGslFrxD/8wapCq/cjPIkVYTj+aIwZVDFsEgJBlQQrNhEE4QF1X+FeIQEwkpnWdMh2IsnL5PuecO2GvbdRb3ZKuOogiNwDE6BDS5BE9yCNugADJ7BK3gHH8aL8WZ8Gl/z1opRzhyCPzCmP3jan3M=</latexit><latexit sha1_base64="Gc9p+CoxE0ThuFOQpwZCbVocRuk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdCOUunFZwT6giWEymbRDJ5MwMxFLyGe48VfcuFDEbXf+jZM2C209MHDuOfdy5x4/YVQqy/o2Kiura+sb1c3a1vbO7p65f9CVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj++KfzeIxGSxvxeTRLiRmjIaUgxUlryzLOW14bX0ElEHHgZhQ7lukBCUcRgksPM8UPoSDqMUP7w5FHPrFsNawa4TOyS1EGJtmdOnSDGaUS4wgxJObCtRLlZsQEzktecVJIE4TEakoGmHEVEutnssByeaCWAYSz04wrO1N8TGYqknES+7oyQGslFrxD/8wapCq/cjPIkVYTj+aIwZVDFsEgJBlQQrNhEE4QF1X+FeIQEwkpnWdMh2IsnL5PuecO2GvbdRb3ZKuOogiNwDE6BDS5BE9yCNugADJ7BK3gHH8aL8WZ8Gl/z1opRzhyCPzCmP3jan3M=</latexit><latexit sha1_base64="Gc9p+CoxE0ThuFOQpwZCbVocRuk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdCOUunFZwT6giWEymbRDJ5MwMxFLyGe48VfcuFDEbXf+jZM2C209MHDuOfdy5x4/YVQqy/o2Kiura+sb1c3a1vbO7p65f9CVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj++KfzeIxGSxvxeTRLiRmjIaUgxUlryzLOW14bX0ElEHHgZhQ7lukBCUcRgksPM8UPoSDqMUP7w5FHPrFsNawa4TOyS1EGJtmdOnSDGaUS4wgxJObCtRLlZsQEzktecVJIE4TEakoGmHEVEutnssByeaCWAYSz04wrO1N8TGYqknES+7oyQGslFrxD/8wapCq/cjPIkVYTj+aIwZVDFsEgJBlQQrNhEE4QF1X+FeIQEwkpnWdMh2IsnL5PuecO2GvbdRb3ZKuOogiNwDE6BDS5BE9yCNugADJ7BK3gHH8aL8WZ8Gl/z1opRzhyCPzCmP3jan3M=</latexit><latexit sha1_base64="Gc9p+CoxE0ThuFOQpwZCbVocRuk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdCOUunFZwT6giWEymbRDJ5MwMxFLyGe48VfcuFDEbXf+jZM2C209MHDuOfdy5x4/YVQqy/o2Kiura+sb1c3a1vbO7p65f9CVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj++KfzeIxGSxvxeTRLiRmjIaUgxUlryzLOW14bX0ElEHHgZhQ7lukBCUcRgksPM8UPoSDqMUP7w5FHPrFsNawa4TOyS1EGJtmdOnSDGaUS4wgxJObCtRLlZsQEzktecVJIE4TEakoGmHEVEutnssByeaCWAYSz04wrO1N8TGYqknES+7oyQGslFrxD/8wapCq/cjPIkVYTj+aIwZVDFsEgJBlQQrNhEE4QF1X+FeIQEwkpnWdMh2IsnL5PuecO2GvbdRb3ZKuOogiNwDE6BDS5BE9yCNugADJ7BK3gHH8aL8WZ8Gl/z1opRzhyCPzCmP3jan3M=</latexit>

Av =
Y

i2⇤v
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i

<latexit sha1_base64="88oZJw+AsQG4GpTAC4k3zLD3Qt0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHERUlE0I1QdeOygn1Ak4bJZNoOnZmEmUmhhu7d+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwc3Ebw6JVDQW93qUEJ+jnqBdipE2UmCXroIhvIReIuMoyKhHBeycDOEYeor2OOo8BDSwy07FmQIuEjcnZZCjFthfXhTjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mv4zhkVEi2I2lKaHhVP09kSGu1IiHppMj3Vfz3kT8z2ununvhZ1QkqSYCzxZ1UwZ1DCfBwIhKgjUbGYKwpOZWiPtIIqxNfEUTgjv/8iJpnFZcp+LenZWr13kcBXAISuAYuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w9isJoB</latexit><latexit sha1_base64="88oZJw+AsQG4GpTAC4k3zLD3Qt0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHERUlE0I1QdeOygn1Ak4bJZNoOnZmEmUmhhu7d+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwc3Ebw6JVDQW93qUEJ+jnqBdipE2UmCXroIhvIReIuMoyKhHBeycDOEYeor2OOo8BDSwy07FmQIuEjcnZZCjFthfXhTjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mv4zhkVEi2I2lKaHhVP09kSGu1IiHppMj3Vfz3kT8z2ununvhZ1QkqSYCzxZ1UwZ1DCfBwIhKgjUbGYKwpOZWiPtIIqxNfEUTgjv/8iJpnFZcp+LenZWr13kcBXAISuAYuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w9isJoB</latexit><latexit sha1_base64="88oZJw+AsQG4GpTAC4k3zLD3Qt0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHERUlE0I1QdeOygn1Ak4bJZNoOnZmEmUmhhu7d+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwc3Ebw6JVDQW93qUEJ+jnqBdipE2UmCXroIhvIReIuMoyKhHBeycDOEYeor2OOo8BDSwy07FmQIuEjcnZZCjFthfXhTjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mv4zhkVEi2I2lKaHhVP09kSGu1IiHppMj3Vfz3kT8z2ununvhZ1QkqSYCzxZ1UwZ1DCfBwIhKgjUbGYKwpOZWiPtIIqxNfEUTgjv/8iJpnFZcp+LenZWr13kcBXAISuAYuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w9isJoB</latexit><latexit sha1_base64="88oZJw+AsQG4GpTAC4k3zLD3Qt0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHERUlE0I1QdeOygn1Ak4bJZNoOnZmEmUmhhu7d+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwc3Ebw6JVDQW93qUEJ+jnqBdipE2UmCXroIhvIReIuMoyKhHBeycDOEYeor2OOo8BDSwy07FmQIuEjcnZZCjFthfXhTjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mv4zhkVEi2I2lKaHhVP09kSGu1IiHppMj3Vfz3kT8z2ununvhZ1QkqSYCzxZ1UwZ1DCfBwIhKgjUbGYKwpOZWiPtIIqxNfEUTgjv/8iJpnFZcp+LenZWr13kcBXAISuAYuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w9isJoB</latexit>

H = �
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p
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v

Av

<latexit sha1_base64="2CpCqcX7O8abheR4JXptyc1YRC4=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJppQ5OZIckUSunKjb/ixoUibv0Gd/6NaTsLbT1w4eSce7m5J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4iWtdMc9pKJMUi4LQZDO6mfnNIpWJx9KBHCfUE7kUsZARrI/n2cRXdoHPUUanwE1QxlT2G6NYf+nbRKTkzoGXiZqQIGWq+/dXpxiQVNNKEY6XarpNob4ylZoTTSaGTKppgMsA92jY0woIqbzw7Y4JOjdJFYSxNRRrN1N8TYyyUGonAdAqs+2rRm4r/ee1Uh9femEVJqmlE5ovClCMdo2kmqMskJZqPDMFEMvNXRPpYYqJNcgUTgrt48jJpXJRcp+TeXxbLlSyOPBzBCZyBC1dQhirUoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHr7SWuQ==</latexit><latexit sha1_base64="2CpCqcX7O8abheR4JXptyc1YRC4=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJppQ5OZIckUSunKjb/ixoUibv0Gd/6NaTsLbT1w4eSce7m5J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4iWtdMc9pKJMUi4LQZDO6mfnNIpWJx9KBHCfUE7kUsZARrI/n2cRXdoHPUUanwE1QxlT2G6NYf+nbRKTkzoGXiZqQIGWq+/dXpxiQVNNKEY6XarpNob4ylZoTTSaGTKppgMsA92jY0woIqbzw7Y4JOjdJFYSxNRRrN1N8TYyyUGonAdAqs+2rRm4r/ee1Uh9femEVJqmlE5ovClCMdo2kmqMskJZqPDMFEMvNXRPpYYqJNcgUTgrt48jJpXJRcp+TeXxbLlSyOPBzBCZyBC1dQhirUoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHr7SWuQ==</latexit><latexit sha1_base64="2CpCqcX7O8abheR4JXptyc1YRC4=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJppQ5OZIckUSunKjb/ixoUibv0Gd/6NaTsLbT1w4eSce7m5J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4iWtdMc9pKJMUi4LQZDO6mfnNIpWJx9KBHCfUE7kUsZARrI/n2cRXdoHPUUanwE1QxlT2G6NYf+nbRKTkzoGXiZqQIGWq+/dXpxiQVNNKEY6XarpNob4ylZoTTSaGTKppgMsA92jY0woIqbzw7Y4JOjdJFYSxNRRrN1N8TYyyUGonAdAqs+2rRm4r/ee1Uh9femEVJqmlE5ovClCMdo2kmqMskJZqPDMFEMvNXRPpYYqJNcgUTgrt48jJpXJRcp+TeXxbLlSyOPBzBCZyBC1dQhirUoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHr7SWuQ==</latexit><latexit sha1_base64="2CpCqcX7O8abheR4JXptyc1YRC4=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJppQ5OZIckUSunKjb/ixoUibv0Gd/6NaTsLbT1w4eSce7m5J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4iWtdMc9pKJMUi4LQZDO6mfnNIpWJx9KBHCfUE7kUsZARrI/n2cRXdoHPUUanwE1QxlT2G6NYf+nbRKTkzoGXiZqQIGWq+/dXpxiQVNNKEY6XarpNob4ylZoTTSaGTKppgMsA92jY0woIqbzw7Y4JOjdJFYSxNRRrN1N8TYyyUGonAdAqs+2rRm4r/ee1Uh9femEVJqmlE5ovClCMdo2kmqMskJZqPDMFEMvNXRPpYYqJNcgUTgrt48jJpXJRcp+TeXxbLlSyOPBzBCZyBC1dQhirUoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHr7SWuQ==</latexit>

�z
i 2 {�1, 1}

<latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit><latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit><latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit><latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit>

Hamiltonian: commuting 
projectors



Ground state: loop gas /string net

�z
i = �1

<latexit sha1_base64="2zvr3CUH9VwYoOsNk0osEAfNy78=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0sigl6EohePFewHtDFstpt26WYTdjdKjf0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7xy7vNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8mfuueSsVicatHCfUi3BcsZARrI/l2uatYP8J32ePYZ+gCHbu+XXGqzhRokbg5qUCOum9/dXsxSSMqNOFYqY7rJNrLsNSMcDoudVNFE0yGuE87hgocUeVl09PH6NAoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rw3MuYSFJNBZktClOOdIwmOaAek5RoPjIEE8nMrYgMsMREm7RKJgR3/uVF0jypuk7VvTmt1C7zOIqwDwdwBC6cQQ2uoQ4NIPAAz/AKb9aT9WK9Wx+z1oKVz+zBH1ifPxWSkzU=</latexit><latexit sha1_base64="2zvr3CUH9VwYoOsNk0osEAfNy78=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0sigl6EohePFewHtDFstpt26WYTdjdKjf0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7xy7vNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8mfuueSsVicatHCfUi3BcsZARrI/l2uatYP8J32ePYZ+gCHbu+XXGqzhRokbg5qUCOum9/dXsxSSMqNOFYqY7rJNrLsNSMcDoudVNFE0yGuE87hgocUeVl09PH6NAoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rw3MuYSFJNBZktClOOdIwmOaAek5RoPjIEE8nMrYgMsMREm7RKJgR3/uVF0jypuk7VvTmt1C7zOIqwDwdwBC6cQQ2uoQ4NIPAAz/AKb9aT9WK9Wx+z1oKVz+zBH1ifPxWSkzU=</latexit><latexit sha1_base64="2zvr3CUH9VwYoOsNk0osEAfNy78=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0sigl6EohePFewHtDFstpt26WYTdjdKjf0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7xy7vNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8mfuueSsVicatHCfUi3BcsZARrI/l2uatYP8J32ePYZ+gCHbu+XXGqzhRokbg5qUCOum9/dXsxSSMqNOFYqY7rJNrLsNSMcDoudVNFE0yGuE87hgocUeVl09PH6NAoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rw3MuYSFJNBZktClOOdIwmOaAek5RoPjIEE8nMrYgMsMREm7RKJgR3/uVF0jypuk7VvTmt1C7zOIqwDwdwBC6cQQ2uoQ4NIPAAz/AKb9aT9WK9Wx+z1oKVz+zBH1ifPxWSkzU=</latexit><latexit sha1_base64="2zvr3CUH9VwYoOsNk0osEAfNy78=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0sigl6EohePFewHtDFstpt26WYTdjdKjf0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7xy7vNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8mfuueSsVicatHCfUi3BcsZARrI/l2uatYP8J32ePYZ+gCHbu+XXGqzhRokbg5qUCOum9/dXsxSSMqNOFYqY7rJNrLsNSMcDoudVNFE0yGuE87hgocUeVl09PH6NAoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rw3MuYSFJNBZktClOOdIwmOaAek5RoPjIEE8nMrYgMsMREm7RKJgR3/uVF0jypuk7VvTmt1C7zOIqwDwdwBC6cQQ2uoQ4NIPAAz/AKb9aT9WK9Wx+z1oKVz+zBH1ifPxWSkzU=</latexit>

�x

i

= �1
<latexit sha1_base64="iHjoVDnkc9YSU2R/vGucTGQt4GI=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0sigl6EohePFewHtDFstpt26WYTdjdqif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7xy7vNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8mfuueSsVicatHCfUi3BcsZARrI/l2uatYP8J32ePYZ+gCHbu+XXGqzhRokbg5qUCOum9/dXsxSSMqNOFYqY7rJNrLsNSMcDoudVNFE0yGuE87hgocUeVl09PH6NAoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rw3MuYSFJNBZktClOOdIwmOaAek5RoPjIEE8nMrYgMsMREm7RKJgR3/uVF0jypuk7VvTmt1C7zOIqwDwdwBC6cQQ2uoQ4NIPAAz/AKb9aT9WK9Wx+z1oKVz+zBH1ifPxJ6kzM=</latexit><latexit sha1_base64="iHjoVDnkc9YSU2R/vGucTGQt4GI=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0sigl6EohePFewHtDFstpt26WYTdjdqif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7xy7vNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8mfuueSsVicatHCfUi3BcsZARrI/l2uatYP8J32ePYZ+gCHbu+XXGqzhRokbg5qUCOum9/dXsxSSMqNOFYqY7rJNrLsNSMcDoudVNFE0yGuE87hgocUeVl09PH6NAoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rw3MuYSFJNBZktClOOdIwmOaAek5RoPjIEE8nMrYgMsMREm7RKJgR3/uVF0jypuk7VvTmt1C7zOIqwDwdwBC6cQQ2uoQ4NIPAAz/AKb9aT9WK9Wx+z1oKVz+zBH1ifPxJ6kzM=</latexit><latexit sha1_base64="iHjoVDnkc9YSU2R/vGucTGQt4GI=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0sigl6EohePFewHtDFstpt26WYTdjdqif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7xy7vNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8mfuueSsVicatHCfUi3BcsZARrI/l2uatYP8J32ePYZ+gCHbu+XXGqzhRokbg5qUCOum9/dXsxSSMqNOFYqY7rJNrLsNSMcDoudVNFE0yGuE87hgocUeVl09PH6NAoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rw3MuYSFJNBZktClOOdIwmOaAek5RoPjIEE8nMrYgMsMREm7RKJgR3/uVF0jypuk7VvTmt1C7zOIqwDwdwBC6cQQ2uoQ4NIPAAz/AKb9aT9WK9Wx+z1oKVz+zBH1ifPxJ6kzM=</latexit><latexit sha1_base64="iHjoVDnkc9YSU2R/vGucTGQt4GI=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0sigl6EohePFewHtDFstpt26WYTdjdqif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7xy7vNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8mfuueSsVicatHCfUi3BcsZARrI/l2uatYP8J32ePYZ+gCHbu+XXGqzhRokbg5qUCOum9/dXsxSSMqNOFYqY7rJNrLsNSMcDoudVNFE0yGuE87hgocUeVl09PH6NAoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rw3MuYSFJNBZktClOOdIwmOaAek5RoPjIEE8nMrYgMsMREm7RKJgR3/uVF0jypuk7VvTmt1C7zOIqwDwdwBC6cQQ2uoQ4NIPAAz/AKb9aT9WK9Wx+z1oKVz+zBH1ifPxJ6kzM=</latexit>
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i

= 1

<latexit sha1_base64="2TvXopsM1z8qb5XmyqO0R5cpl/Y=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEhMVYKQYEGqysJYJPqQmhA5jtNadRzLdhBV1L9g4VdYGECIFTb+BqfNAC1HsnR8zr3XvicUjCrtON/W0vLK6tp6ZaO6ubW9s2vv7XdUmklM2jhlqeyFSBFGOWlrqhnpCUlQEjLSDUdXhd+9J1LRlN/qsSB+ggacxhQjbaTArjcDAS+hJ2QawSCn0KPc3JDUFDEoJtBTdJCgu4eAmjI3sGtO3ZkCLhK3JDVQohXYX16U4iwhXGOGlOq7jtB+XszHjEyqXqaIQHiEBqRvKEcJUX4+3WsCj40SwTiV5nANp+rvjhwlSo2T0FQmSA/VvFeI/3n9TMcXfk65yDThePZQnDGoU1iEBCMqCdZsbAjCkpq/QjxEEmFtoqyaENz5lRdJ57TuGn5zVms0yzgq4BAcgRPggnPQANegBdoAg0fwDF7Bm/VkvVjv1sesdMkqew7AH1ifP0ZYnhs=</latexit><latexit sha1_base64="2TvXopsM1z8qb5XmyqO0R5cpl/Y=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEhMVYKQYEGqysJYJPqQmhA5jtNadRzLdhBV1L9g4VdYGECIFTb+BqfNAC1HsnR8zr3XvicUjCrtON/W0vLK6tp6ZaO6ubW9s2vv7XdUmklM2jhlqeyFSBFGOWlrqhnpCUlQEjLSDUdXhd+9J1LRlN/qsSB+ggacxhQjbaTArjcDAS+hJ2QawSCn0KPc3JDUFDEoJtBTdJCgu4eAmjI3sGtO3ZkCLhK3JDVQohXYX16U4iwhXGOGlOq7jtB+XszHjEyqXqaIQHiEBqRvKEcJUX4+3WsCj40SwTiV5nANp+rvjhwlSo2T0FQmSA/VvFeI/3n9TMcXfk65yDThePZQnDGoU1iEBCMqCdZsbAjCkpq/QjxEEmFtoqyaENz5lRdJ57TuGn5zVms0yzgq4BAcgRPggnPQANegBdoAg0fwDF7Bm/VkvVjv1sesdMkqew7AH1ifP0ZYnhs=</latexit><latexit sha1_base64="2TvXopsM1z8qb5XmyqO0R5cpl/Y=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEhMVYKQYEGqysJYJPqQmhA5jtNadRzLdhBV1L9g4VdYGECIFTb+BqfNAC1HsnR8zr3XvicUjCrtON/W0vLK6tp6ZaO6ubW9s2vv7XdUmklM2jhlqeyFSBFGOWlrqhnpCUlQEjLSDUdXhd+9J1LRlN/qsSB+ggacxhQjbaTArjcDAS+hJ2QawSCn0KPc3JDUFDEoJtBTdJCgu4eAmjI3sGtO3ZkCLhK3JDVQohXYX16U4iwhXGOGlOq7jtB+XszHjEyqXqaIQHiEBqRvKEcJUX4+3WsCj40SwTiV5nANp+rvjhwlSo2T0FQmSA/VvFeI/3n9TMcXfk65yDThePZQnDGoU1iEBCMqCdZsbAjCkpq/QjxEEmFtoqyaENz5lRdJ57TuGn5zVms0yzgq4BAcgRPggnPQANegBdoAg0fwDF7Bm/VkvVjv1sesdMkqew7AH1ifP0ZYnhs=</latexit><latexit sha1_base64="2TvXopsM1z8qb5XmyqO0R5cpl/Y=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEhMVYKQYEGqysJYJPqQmhA5jtNadRzLdhBV1L9g4VdYGECIFTb+BqfNAC1HsnR8zr3XvicUjCrtON/W0vLK6tp6ZaO6ubW9s2vv7XdUmklM2jhlqeyFSBFGOWlrqhnpCUlQEjLSDUdXhd+9J1LRlN/qsSB+ggacxhQjbaTArjcDAS+hJ2QawSCn0KPc3JDUFDEoJtBTdJCgu4eAmjI3sGtO3ZkCLhK3JDVQohXYX16U4iwhXGOGlOq7jtB+XszHjEyqXqaIQHiEBqRvKEcJUX4+3WsCj40SwTiV5nANp+rvjhwlSo2T0FQmSA/VvFeI/3n9TMcXfk65yDThePZQnDGoU1iEBCMqCdZsbAjCkpq/QjxEEmFtoqyaENz5lRdJ57TuGn5zVms0yzgq4BAcgRPggnPQANegBdoAg0fwDF7Bm/VkvVjv1sesdMkqew7AH1ifP0ZYnhs=</latexit>
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�z
i = 1

<latexit sha1_base64="B5Py6TSReMU2/LaeJQqXXPgbIfg=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiuCgzIuhGqLpxWcFeoDMdMplMG5pJhiRTqEMfwY2v4saFIm5duvNtTC8LbT0Q+Pj/czg5f5gyqrTjfFsLi0vLK6uFteL6xubWtr2zW1cik5jUsGBCNkOkCKOc1DTVjDRTSVASMtIIezcjv9EnUlHB7/UgJX6COpzGFCNtpMA+ugr68BJ6qRQRDHIKPcph+6Q/hJ6inQS1HwJqfDewS07ZGRecB3cKJTCtamB/eZHAWUK4xgwp1XKdVPs5kppiRoZFL1MkRbiHOqRlkKOEKD8fHzSEh0aJYCykeVzDsfp7IkeJUoMkNJ0J0l01643E/7xWpuMLP6c8zTTheLIozhjUAo7SgRGVBGs2MICwpOavEHeRRFibDIsmBHf25Hmon5Zdw3dnpcr1NI4C2AcH4Bi44BxUwC2oghrA4BE8g1fwZj1ZL9a79TFpXbCmM3vgT1mfP4wKmwE=</latexit><latexit sha1_base64="B5Py6TSReMU2/LaeJQqXXPgbIfg=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiuCgzIuhGqLpxWcFeoDMdMplMG5pJhiRTqEMfwY2v4saFIm5duvNtTC8LbT0Q+Pj/czg5f5gyqrTjfFsLi0vLK6uFteL6xubWtr2zW1cik5jUsGBCNkOkCKOc1DTVjDRTSVASMtIIezcjv9EnUlHB7/UgJX6COpzGFCNtpMA+ugr68BJ6qRQRDHIKPcph+6Q/hJ6inQS1HwJqfDewS07ZGRecB3cKJTCtamB/eZHAWUK4xgwp1XKdVPs5kppiRoZFL1MkRbiHOqRlkKOEKD8fHzSEh0aJYCykeVzDsfp7IkeJUoMkNJ0J0l01643E/7xWpuMLP6c8zTTheLIozhjUAo7SgRGVBGs2MICwpOavEHeRRFibDIsmBHf25Hmon5Zdw3dnpcr1NI4C2AcH4Bi44BxUwC2oghrA4BE8g1fwZj1ZL9a79TFpXbCmM3vgT1mfP4wKmwE=</latexit><latexit sha1_base64="B5Py6TSReMU2/LaeJQqXXPgbIfg=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiuCgzIuhGqLpxWcFeoDMdMplMG5pJhiRTqEMfwY2v4saFIm5duvNtTC8LbT0Q+Pj/czg5f5gyqrTjfFsLi0vLK6uFteL6xubWtr2zW1cik5jUsGBCNkOkCKOc1DTVjDRTSVASMtIIezcjv9EnUlHB7/UgJX6COpzGFCNtpMA+ugr68BJ6qRQRDHIKPcph+6Q/hJ6inQS1HwJqfDewS07ZGRecB3cKJTCtamB/eZHAWUK4xgwp1XKdVPs5kppiRoZFL1MkRbiHOqRlkKOEKD8fHzSEh0aJYCykeVzDsfp7IkeJUoMkNJ0J0l01643E/7xWpuMLP6c8zTTheLIozhjUAo7SgRGVBGs2MICwpOavEHeRRFibDIsmBHf25Hmon5Zdw3dnpcr1NI4C2AcH4Bi44BxUwC2oghrA4BE8g1fwZj1ZL9a79TFpXbCmM3vgT1mfP4wKmwE=</latexit><latexit sha1_base64="B5Py6TSReMU2/LaeJQqXXPgbIfg=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiuCgzIuhGqLpxWcFeoDMdMplMG5pJhiRTqEMfwY2v4saFIm5duvNtTC8LbT0Q+Pj/czg5f5gyqrTjfFsLi0vLK6uFteL6xubWtr2zW1cik5jUsGBCNkOkCKOc1DTVjDRTSVASMtIIezcjv9EnUlHB7/UgJX6COpzGFCNtpMA+ugr68BJ6qRQRDHIKPcph+6Q/hJ6inQS1HwJqfDewS07ZGRecB3cKJTCtamB/eZHAWUK4xgwp1XKdVPs5kppiRoZFL1MkRbiHOqRlkKOEKD8fHzSEh0aJYCykeVzDsfp7IkeJUoMkNJ0J0l01643E/7xWpuMLP6c8zTTheLIozhjUAo7SgRGVBGs2MICwpOavEHeRRFibDIsmBHf25Hmon5Zdw3dnpcr1NI4C2AcH4Bi44BxUwC2oghrA4BE8g1fwZj1ZL9a79TFpXbCmM3vgT1mfP4wKmwE=</latexit>
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<latexit sha1_base64="2CpCqcX7O8abheR4JXptyc1YRC4=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJppQ5OZIckUSunKjb/ixoUibv0Gd/6NaTsLbT1w4eSce7m5J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4iWtdMc9pKJMUi4LQZDO6mfnNIpWJx9KBHCfUE7kUsZARrI/n2cRXdoHPUUanwE1QxlT2G6NYf+nbRKTkzoGXiZqQIGWq+/dXpxiQVNNKEY6XarpNob4ylZoTTSaGTKppgMsA92jY0woIqbzw7Y4JOjdJFYSxNRRrN1N8TYyyUGonAdAqs+2rRm4r/ee1Uh9femEVJqmlE5ovClCMdo2kmqMskJZqPDMFEMvNXRPpYYqJNcgUTgrt48jJpXJRcp+TeXxbLlSyOPBzBCZyBC1dQhirUoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHr7SWuQ==</latexit><latexit sha1_base64="2CpCqcX7O8abheR4JXptyc1YRC4=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJppQ5OZIckUSunKjb/ixoUibv0Gd/6NaTsLbT1w4eSce7m5J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4iWtdMc9pKJMUi4LQZDO6mfnNIpWJx9KBHCfUE7kUsZARrI/n2cRXdoHPUUanwE1QxlT2G6NYf+nbRKTkzoGXiZqQIGWq+/dXpxiQVNNKEY6XarpNob4ylZoTTSaGTKppgMsA92jY0woIqbzw7Y4JOjdJFYSxNRRrN1N8TYyyUGonAdAqs+2rRm4r/ee1Uh9femEVJqmlE5ovClCMdo2kmqMskJZqPDMFEMvNXRPpYYqJNcgUTgrt48jJpXJRcp+TeXxbLlSyOPBzBCZyBC1dQhirUoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHr7SWuQ==</latexit><latexit sha1_base64="2CpCqcX7O8abheR4JXptyc1YRC4=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJppQ5OZIckUSunKjb/ixoUibv0Gd/6NaTsLbT1w4eSce7m5J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4iWtdMc9pKJMUi4LQZDO6mfnNIpWJx9KBHCfUE7kUsZARrI/n2cRXdoHPUUanwE1QxlT2G6NYf+nbRKTkzoGXiZqQIGWq+/dXpxiQVNNKEY6XarpNob4ylZoTTSaGTKppgMsA92jY0woIqbzw7Y4JOjdJFYSxNRRrN1N8TYyyUGonAdAqs+2rRm4r/ee1Uh9femEVJqmlE5ovClCMdo2kmqMskJZqPDMFEMvNXRPpYYqJNcgUTgrt48jJpXJRcp+TeXxbLlSyOPBzBCZyBC1dQhirUoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHr7SWuQ==</latexit><latexit sha1_base64="2CpCqcX7O8abheR4JXptyc1YRC4=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJppQ5OZIckUSunKjb/ixoUibv0Gd/6NaTsLbT1w4eSce7m5J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4iWtdMc9pKJMUi4LQZDO6mfnNIpWJx9KBHCfUE7kUsZARrI/n2cRXdoHPUUanwE1QxlT2G6NYf+nbRKTkzoGXiZqQIGWq+/dXpxiQVNNKEY6XarpNob4ylZoTTSaGTKppgMsA92jY0woIqbzw7Y4JOjdJFYSxNRRrN1N8TYyyUGonAdAqs+2rRm4r/ee1Uh9femEVJqmlE5ovClCMdo2kmqMskJZqPDMFEMvNXRPpYYqJNcgUTgrt48jJpXJRcp+TeXxbLlSyOPBzBCZyBC1dQhirUoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHr7SWuQ==</latexit>



Av = �1
<latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit>

Bp = �1
<latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit>
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p
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v

Av

<latexit sha1_base64="2CpCqcX7O8abheR4JXptyc1YRC4=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJppQ5OZIckUSunKjb/ixoUibv0Gd/6NaTsLbT1w4eSce7m5J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4iWtdMc9pKJMUi4LQZDO6mfnNIpWJx9KBHCfUE7kUsZARrI/n2cRXdoHPUUanwE1QxlT2G6NYf+nbRKTkzoGXiZqQIGWq+/dXpxiQVNNKEY6XarpNob4ylZoTTSaGTKppgMsA92jY0woIqbzw7Y4JOjdJFYSxNRRrN1N8TYyyUGonAdAqs+2rRm4r/ee1Uh9femEVJqmlE5ovClCMdo2kmqMskJZqPDMFEMvNXRPpYYqJNcgUTgrt48jJpXJRcp+TeXxbLlSyOPBzBCZyBC1dQhirUoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHr7SWuQ==</latexit><latexit sha1_base64="2CpCqcX7O8abheR4JXptyc1YRC4=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJppQ5OZIckUSunKjb/ixoUibv0Gd/6NaTsLbT1w4eSce7m5J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4iWtdMc9pKJMUi4LQZDO6mfnNIpWJx9KBHCfUE7kUsZARrI/n2cRXdoHPUUanwE1QxlT2G6NYf+nbRKTkzoGXiZqQIGWq+/dXpxiQVNNKEY6XarpNob4ylZoTTSaGTKppgMsA92jY0woIqbzw7Y4JOjdJFYSxNRRrN1N8TYyyUGonAdAqs+2rRm4r/ee1Uh9femEVJqmlE5ovClCMdo2kmqMskJZqPDMFEMvNXRPpYYqJNcgUTgrt48jJpXJRcp+TeXxbLlSyOPBzBCZyBC1dQhirUoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHr7SWuQ==</latexit><latexit sha1_base64="2CpCqcX7O8abheR4JXptyc1YRC4=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJppQ5OZIckUSunKjb/ixoUibv0Gd/6NaTsLbT1w4eSce7m5J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4iWtdMc9pKJMUi4LQZDO6mfnNIpWJx9KBHCfUE7kUsZARrI/n2cRXdoHPUUanwE1QxlT2G6NYf+nbRKTkzoGXiZqQIGWq+/dXpxiQVNNKEY6XarpNob4ylZoTTSaGTKppgMsA92jY0woIqbzw7Y4JOjdJFYSxNRRrN1N8TYyyUGonAdAqs+2rRm4r/ee1Uh9femEVJqmlE5ovClCMdo2kmqMskJZqPDMFEMvNXRPpYYqJNcgUTgrt48jJpXJRcp+TeXxbLlSyOPBzBCZyBC1dQhirUoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHr7SWuQ==</latexit><latexit sha1_base64="2CpCqcX7O8abheR4JXptyc1YRC4=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJppQ5OZIckUSunKjb/ixoUibv0Gd/6NaTsLbT1w4eSce7m5J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4iWtdMc9pKJMUi4LQZDO6mfnNIpWJx9KBHCfUE7kUsZARrI/n2cRXdoHPUUanwE1QxlT2G6NYf+nbRKTkzoGXiZqQIGWq+/dXpxiQVNNKEY6XarpNob4ylZoTTSaGTKppgMsA92jY0woIqbzw7Y4JOjdJFYSxNRRrN1N8TYyyUGonAdAqs+2rRm4r/ee1Uh9femEVJqmlE5ovClCMdo2kmqMskJZqPDMFEMvNXRPpYYqJNcgUTgrt48jJpXJRcp+TeXxbLlSyOPBzBCZyBC1dQhirUoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHr7SWuQ==</latexit>

“e� particle00
<latexit sha1_base64="HYXbL6oiJTVDDaPZJ0fles1V2yQ=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3ASL1I0lEUGXRTcuK9gLtKGdTE/aoZMLMydiCQVfxY0LRdz6HO58G6dtBG09MPDx/+fMnPm9WHCFtv1l5JaWV1bX8uuFjc2t7R1zd6+uokQyqLFIRLLpUQWCh1BDjgKasQQaeAIa3vB64jfuQSoehXc4isENaD/kPmcUtdQxD7pdOG0jPGAaU4mcCRiXSh2zaJftaVmL4GRQJFlVO+ZnuxexJIAQmaBKtRw7Rjf9ubHQThTElA1pH1oaQxqActPp+mPrWCs9y4+kPiFaU/X3REoDpUaBpzsDigM1703E/7xWgv6lm/IwThBCNnvIT4SFkTXJwupxCQzFSANlkutdLTagkjLUiRV0CM78lxehflZ2NN+eFytXWRx5ckiOyAlxyAWpkBtSJTXCSEqeyAt5NR6NZ+PNeJ+15oxsZp/8KePjGxM+lYo=</latexit><latexit sha1_base64="HYXbL6oiJTVDDaPZJ0fles1V2yQ=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3ASL1I0lEUGXRTcuK9gLtKGdTE/aoZMLMydiCQVfxY0LRdz6HO58G6dtBG09MPDx/+fMnPm9WHCFtv1l5JaWV1bX8uuFjc2t7R1zd6+uokQyqLFIRLLpUQWCh1BDjgKasQQaeAIa3vB64jfuQSoehXc4isENaD/kPmcUtdQxD7pdOG0jPGAaU4mcCRiXSh2zaJftaVmL4GRQJFlVO+ZnuxexJIAQmaBKtRw7Rjf9ubHQThTElA1pH1oaQxqActPp+mPrWCs9y4+kPiFaU/X3REoDpUaBpzsDigM1703E/7xWgv6lm/IwThBCNnvIT4SFkTXJwupxCQzFSANlkutdLTagkjLUiRV0CM78lxehflZ2NN+eFytXWRx5ckiOyAlxyAWpkBtSJTXCSEqeyAt5NR6NZ+PNeJ+15oxsZp/8KePjGxM+lYo=</latexit><latexit sha1_base64="HYXbL6oiJTVDDaPZJ0fles1V2yQ=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3ASL1I0lEUGXRTcuK9gLtKGdTE/aoZMLMydiCQVfxY0LRdz6HO58G6dtBG09MPDx/+fMnPm9WHCFtv1l5JaWV1bX8uuFjc2t7R1zd6+uokQyqLFIRLLpUQWCh1BDjgKasQQaeAIa3vB64jfuQSoehXc4isENaD/kPmcUtdQxD7pdOG0jPGAaU4mcCRiXSh2zaJftaVmL4GRQJFlVO+ZnuxexJIAQmaBKtRw7Rjf9ubHQThTElA1pH1oaQxqActPp+mPrWCs9y4+kPiFaU/X3REoDpUaBpzsDigM1703E/7xWgv6lm/IwThBCNnvIT4SFkTXJwupxCQzFSANlkutdLTagkjLUiRV0CM78lxehflZ2NN+eFytXWRx5ckiOyAlxyAWpkBtSJTXCSEqeyAt5NR6NZ+PNeJ+15oxsZp/8KePjGxM+lYo=</latexit><latexit sha1_base64="HYXbL6oiJTVDDaPZJ0fles1V2yQ=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3ASL1I0lEUGXRTcuK9gLtKGdTE/aoZMLMydiCQVfxY0LRdz6HO58G6dtBG09MPDx/+fMnPm9WHCFtv1l5JaWV1bX8uuFjc2t7R1zd6+uokQyqLFIRLLpUQWCh1BDjgKasQQaeAIa3vB64jfuQSoehXc4isENaD/kPmcUtdQxD7pdOG0jPGAaU4mcCRiXSh2zaJftaVmL4GRQJFlVO+ZnuxexJIAQmaBKtRw7Rjf9ubHQThTElA1pH1oaQxqActPp+mPrWCs9y4+kPiFaU/X3REoDpUaBpzsDigM1703E/7xWgv6lm/IwThBCNnvIT4SFkTXJwupxCQzFSANlkutdLTagkjLUiRV0CM78lxehflZ2NN+eFytXWRx5ckiOyAlxyAWpkBtSJTXCSEqeyAt5NR6NZ+PNeJ+15oxsZp/8KePjGxM+lYo=</latexit>

“m� particle”
<latexit sha1_base64="shOjBaeJ23Q/M6+dKD2W1SmM7vU=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3IQWwY1lRgRdFt24rGAv0A5tJs20oZnMkJwR61B8FTcuFHHre7jzbUzbEbT1QODj/89JTn4/FlyD43xZuaXlldW1/HphY3Nre8fe3avrKFGU1WgkItX0iWaCS1YDDoI1Y8VI6AvW8IdXE79xx5TmkbyFUcy8kPQlDzglYKSOfdDthidtYPeQxkQBp4KNix275JSdaeFFcDMooayqHfuz3YtoEjIJVBCtW64Tg5f+XFhoJ5rFhA5Jn7UMShIy7aXT7cf4yCg9HETKHAl4qv6eSEmo9Sj0TWdIYKDnvYn4n9dKILjwUi7jBJiks4eCRGCI8CQK3OOKURAjA4QqbnbFdEAUoWACK5gQ3PkvL0L9tOwavjkrVS6zOPLoEBXRMXLROaqga1RFNUTRA3pCL+jVerSerTfrfdaas7KZffSnrI9vsBiVXA==</latexit><latexit sha1_base64="shOjBaeJ23Q/M6+dKD2W1SmM7vU=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3IQWwY1lRgRdFt24rGAv0A5tJs20oZnMkJwR61B8FTcuFHHre7jzbUzbEbT1QODj/89JTn4/FlyD43xZuaXlldW1/HphY3Nre8fe3avrKFGU1WgkItX0iWaCS1YDDoI1Y8VI6AvW8IdXE79xx5TmkbyFUcy8kPQlDzglYKSOfdDthidtYPeQxkQBp4KNix275JSdaeFFcDMooayqHfuz3YtoEjIJVBCtW64Tg5f+XFhoJ5rFhA5Jn7UMShIy7aXT7cf4yCg9HETKHAl4qv6eSEmo9Sj0TWdIYKDnvYn4n9dKILjwUi7jBJiks4eCRGCI8CQK3OOKURAjA4QqbnbFdEAUoWACK5gQ3PkvL0L9tOwavjkrVS6zOPLoEBXRMXLROaqga1RFNUTRA3pCL+jVerSerTfrfdaas7KZffSnrI9vsBiVXA==</latexit><latexit sha1_base64="shOjBaeJ23Q/M6+dKD2W1SmM7vU=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3IQWwY1lRgRdFt24rGAv0A5tJs20oZnMkJwR61B8FTcuFHHre7jzbUzbEbT1QODj/89JTn4/FlyD43xZuaXlldW1/HphY3Nre8fe3avrKFGU1WgkItX0iWaCS1YDDoI1Y8VI6AvW8IdXE79xx5TmkbyFUcy8kPQlDzglYKSOfdDthidtYPeQxkQBp4KNix275JSdaeFFcDMooayqHfuz3YtoEjIJVBCtW64Tg5f+XFhoJ5rFhA5Jn7UMShIy7aXT7cf4yCg9HETKHAl4qv6eSEmo9Sj0TWdIYKDnvYn4n9dKILjwUi7jBJiks4eCRGCI8CQK3OOKURAjA4QqbnbFdEAUoWACK5gQ3PkvL0L9tOwavjkrVS6zOPLoEBXRMXLROaqga1RFNUTRA3pCL+jVerSerTfrfdaas7KZffSnrI9vsBiVXA==</latexit><latexit sha1_base64="shOjBaeJ23Q/M6+dKD2W1SmM7vU=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3IQWwY1lRgRdFt24rGAv0A5tJs20oZnMkJwR61B8FTcuFHHre7jzbUzbEbT1QODj/89JTn4/FlyD43xZuaXlldW1/HphY3Nre8fe3avrKFGU1WgkItX0iWaCS1YDDoI1Y8VI6AvW8IdXE79xx5TmkbyFUcy8kPQlDzglYKSOfdDthidtYPeQxkQBp4KNix275JSdaeFFcDMooayqHfuz3YtoEjIJVBCtW64Tg5f+XFhoJ5rFhA5Jn7UMShIy7aXT7cf4yCg9HETKHAl4qv6eSEmo9Sj0TWdIYKDnvYn4n9dKILjwUi7jBJiks4eCRGCI8CQK3OOKURAjA4QqbnbFdEAUoWACK5gQ3PkvL0L9tOwavjkrVS6zOPLoEBXRMXLROaqga1RFNUTRA3pCL+jVerSerTfrfdaas7KZffSnrI9vsBiVXA==</latexit>

Quasiparticles in the Toric code
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<latexit sha1_base64="Gc9p+CoxE0ThuFOQpwZCbVocRuk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdCOUunFZwT6giWEymbRDJ5MwMxFLyGe48VfcuFDEbXf+jZM2C209MHDuOfdy5x4/YVQqy/o2Kiura+sb1c3a1vbO7p65f9CVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj++KfzeIxGSxvxeTRLiRmjIaUgxUlryzLOW14bX0ElEHHgZhQ7lukBCUcRgksPM8UPoSDqMUP7w5FHPrFsNawa4TOyS1EGJtmdOnSDGaUS4wgxJObCtRLlZsQEzktecVJIE4TEakoGmHEVEutnssByeaCWAYSz04wrO1N8TGYqknES+7oyQGslFrxD/8wapCq/cjPIkVYTj+aIwZVDFsEgJBlQQrNhEE4QF1X+FeIQEwkpnWdMh2IsnL5PuecO2GvbdRb3ZKuOogiNwDE6BDS5BE9yCNugADJ7BK3gHH8aL8WZ8Gl/z1opRzhyCPzCmP3jan3M=</latexit><latexit sha1_base64="Gc9p+CoxE0ThuFOQpwZCbVocRuk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdCOUunFZwT6giWEymbRDJ5MwMxFLyGe48VfcuFDEbXf+jZM2C209MHDuOfdy5x4/YVQqy/o2Kiura+sb1c3a1vbO7p65f9CVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj++KfzeIxGSxvxeTRLiRmjIaUgxUlryzLOW14bX0ElEHHgZhQ7lukBCUcRgksPM8UPoSDqMUP7w5FHPrFsNawa4TOyS1EGJtmdOnSDGaUS4wgxJObCtRLlZsQEzktecVJIE4TEakoGmHEVEutnssByeaCWAYSz04wrO1N8TGYqknES+7oyQGslFrxD/8wapCq/cjPIkVYTj+aIwZVDFsEgJBlQQrNhEE4QF1X+FeIQEwkpnWdMh2IsnL5PuecO2GvbdRb3ZKuOogiNwDE6BDS5BE9yCNugADJ7BK3gHH8aL8WZ8Gl/z1opRzhyCPzCmP3jan3M=</latexit><latexit sha1_base64="Gc9p+CoxE0ThuFOQpwZCbVocRuk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdCOUunFZwT6giWEymbRDJ5MwMxFLyGe48VfcuFDEbXf+jZM2C209MHDuOfdy5x4/YVQqy/o2Kiura+sb1c3a1vbO7p65f9CVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj++KfzeIxGSxvxeTRLiRmjIaUgxUlryzLOW14bX0ElEHHgZhQ7lukBCUcRgksPM8UPoSDqMUP7w5FHPrFsNawa4TOyS1EGJtmdOnSDGaUS4wgxJObCtRLlZsQEzktecVJIE4TEakoGmHEVEutnssByeaCWAYSz04wrO1N8TGYqknES+7oyQGslFrxD/8wapCq/cjPIkVYTj+aIwZVDFsEgJBlQQrNhEE4QF1X+FeIQEwkpnWdMh2IsnL5PuecO2GvbdRb3ZKuOogiNwDE6BDS5BE9yCNugADJ7BK3gHH8aL8WZ8Gl/z1opRzhyCPzCmP3jan3M=</latexit><latexit sha1_base64="Gc9p+CoxE0ThuFOQpwZCbVocRuk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwVRMRdCOUunFZwT6giWEymbRDJ5MwMxFLyGe48VfcuFDEbXf+jZM2C209MHDuOfdy5x4/YVQqy/o2Kiura+sb1c3a1vbO7p65f9CVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj++KfzeIxGSxvxeTRLiRmjIaUgxUlryzLOW14bX0ElEHHgZhQ7lukBCUcRgksPM8UPoSDqMUP7w5FHPrFsNawa4TOyS1EGJtmdOnSDGaUS4wgxJObCtRLlZsQEzktecVJIE4TEakoGmHEVEutnssByeaCWAYSz04wrO1N8TGYqknES+7oyQGslFrxD/8wapCq/cjPIkVYTj+aIwZVDFsEgJBlQQrNhEE4QF1X+FeIQEwkpnWdMh2IsnL5PuecO2GvbdRb3ZKuOogiNwDE6BDS5BE9yCNugADJ7BK3gHH8aL8WZ8Gl/z1opRzhyCPzCmP3jan3M=</latexit>

Av =
Y

i2⇤v

�z
i

<latexit sha1_base64="88oZJw+AsQG4GpTAC4k3zLD3Qt0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHERUlE0I1QdeOygn1Ak4bJZNoOnZmEmUmhhu7d+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwc3Ebw6JVDQW93qUEJ+jnqBdipE2UmCXroIhvIReIuMoyKhHBeycDOEYeor2OOo8BDSwy07FmQIuEjcnZZCjFthfXhTjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mv4zhkVEi2I2lKaHhVP09kSGu1IiHppMj3Vfz3kT8z2ununvhZ1QkqSYCzxZ1UwZ1DCfBwIhKgjUbGYKwpOZWiPtIIqxNfEUTgjv/8iJpnFZcp+LenZWr13kcBXAISuAYuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w9isJoB</latexit><latexit sha1_base64="88oZJw+AsQG4GpTAC4k3zLD3Qt0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHERUlE0I1QdeOygn1Ak4bJZNoOnZmEmUmhhu7d+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwc3Ebw6JVDQW93qUEJ+jnqBdipE2UmCXroIhvIReIuMoyKhHBeycDOEYeor2OOo8BDSwy07FmQIuEjcnZZCjFthfXhTjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mv4zhkVEi2I2lKaHhVP09kSGu1IiHppMj3Vfz3kT8z2ununvhZ1QkqSYCzxZ1UwZ1DCfBwIhKgjUbGYKwpOZWiPtIIqxNfEUTgjv/8iJpnFZcp+LenZWr13kcBXAISuAYuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w9isJoB</latexit><latexit sha1_base64="88oZJw+AsQG4GpTAC4k3zLD3Qt0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHERUlE0I1QdeOygn1Ak4bJZNoOnZmEmUmhhu7d+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwc3Ebw6JVDQW93qUEJ+jnqBdipE2UmCXroIhvIReIuMoyKhHBeycDOEYeor2OOo8BDSwy07FmQIuEjcnZZCjFthfXhTjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mv4zhkVEi2I2lKaHhVP09kSGu1IiHppMj3Vfz3kT8z2ununvhZ1QkqSYCzxZ1UwZ1DCfBwIhKgjUbGYKwpOZWiPtIIqxNfEUTgjv/8iJpnFZcp+LenZWr13kcBXAISuAYuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w9isJoB</latexit><latexit sha1_base64="88oZJw+AsQG4GpTAC4k3zLD3Qt0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHERUlE0I1QdeOygn1Ak4bJZNoOnZmEmUmhhu7d+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWyFShFFB6ppqRlqJJIiHjDTDwc3Ebw6JVDQW93qUEJ+jnqBdipE2UmCXroIhvIReIuMoyKhHBeycDOEYeor2OOo8BDSwy07FmQIuEjcnZZCjFthfXhTjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mv4zhkVEi2I2lKaHhVP09kSGu1IiHppMj3Vfz3kT8z2ununvhZ1QkqSYCzxZ1UwZ1DCfBwIhKgjUbGYKwpOZWiPtIIqxNfEUTgjv/8iJpnFZcp+LenZWr13kcBXAISuAYuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w9isJoB</latexit>

Av = �1
<latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit>

Bp = �1
<latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit>

Operator: Operator: 
Y

i

�x

i

<latexit sha1_base64="oDecltUIUPAybA77w2M89DL0aA8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9DEMJlM2qHzCDMTaQn9FTcuFHHrj7jzb5y2WWjrgQuHc+7l3nvijFFtPO/bWVvf2NzaruxUd/f2Dw7do1pHy1xh0saSSdWLkSaMCtI21DDSyxRBPGakG49uZ373iShNpXgwk4yEHA0ETSlGxkqRWwsyJZOIwkDTAUeP44hGbt1reHPAVeKXpA5KtCL3K0gkzjkRBjOkdd/3MhMWSBmKGZlWg1yTDOERGpC+pQJxosNifvsUnlklgalUtoSBc/X3RIG41hMe206OzFAvezPxP6+fm/Q6LKjIckMEXixKcwaNhLMgYEIVwYZNLEFYUXsrxEOkEDY2rqoNwV9+eZV0Lhq+1/DvL+vNmzKOCjgBp+Ac+OAKNMEdaIE2wGAMnsEreHOmzovz7nwsWteccuYY/IHz+QP6xJRj</latexit><latexit sha1_base64="oDecltUIUPAybA77w2M89DL0aA8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9DEMJlM2qHzCDMTaQn9FTcuFHHrj7jzb5y2WWjrgQuHc+7l3nvijFFtPO/bWVvf2NzaruxUd/f2Dw7do1pHy1xh0saSSdWLkSaMCtI21DDSyxRBPGakG49uZ373iShNpXgwk4yEHA0ETSlGxkqRWwsyJZOIwkDTAUeP44hGbt1reHPAVeKXpA5KtCL3K0gkzjkRBjOkdd/3MhMWSBmKGZlWg1yTDOERGpC+pQJxosNifvsUnlklgalUtoSBc/X3RIG41hMe206OzFAvezPxP6+fm/Q6LKjIckMEXixKcwaNhLMgYEIVwYZNLEFYUXsrxEOkEDY2rqoNwV9+eZV0Lhq+1/DvL+vNmzKOCjgBp+Ac+OAKNMEdaIE2wGAMnsEreHOmzovz7nwsWteccuYY/IHz+QP6xJRj</latexit><latexit sha1_base64="oDecltUIUPAybA77w2M89DL0aA8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9DEMJlM2qHzCDMTaQn9FTcuFHHrj7jzb5y2WWjrgQuHc+7l3nvijFFtPO/bWVvf2NzaruxUd/f2Dw7do1pHy1xh0saSSdWLkSaMCtI21DDSyxRBPGakG49uZ373iShNpXgwk4yEHA0ETSlGxkqRWwsyJZOIwkDTAUeP44hGbt1reHPAVeKXpA5KtCL3K0gkzjkRBjOkdd/3MhMWSBmKGZlWg1yTDOERGpC+pQJxosNifvsUnlklgalUtoSBc/X3RIG41hMe206OzFAvezPxP6+fm/Q6LKjIckMEXixKcwaNhLMgYEIVwYZNLEFYUXsrxEOkEDY2rqoNwV9+eZV0Lhq+1/DvL+vNmzKOCjgBp+Ac+OAKNMEdaIE2wGAMnsEreHOmzovz7nwsWteccuYY/IHz+QP6xJRj</latexit><latexit sha1_base64="oDecltUIUPAybA77w2M89DL0aA8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9DEMJlM2qHzCDMTaQn9FTcuFHHrj7jzb5y2WWjrgQuHc+7l3nvijFFtPO/bWVvf2NzaruxUd/f2Dw7do1pHy1xh0saSSdWLkSaMCtI21DDSyxRBPGakG49uZ373iShNpXgwk4yEHA0ETSlGxkqRWwsyJZOIwkDTAUeP44hGbt1reHPAVeKXpA5KtCL3K0gkzjkRBjOkdd/3MhMWSBmKGZlWg1yTDOERGpC+pQJxosNifvsUnlklgalUtoSBc/X3RIG41hMe206OzFAvezPxP6+fm/Q6LKjIckMEXixKcwaNhLMgYEIVwYZNLEFYUXsrxEOkEDY2rqoNwV9+eZV0Lhq+1/DvL+vNmzKOCjgBp+Ac+OAKNMEdaIE2wGAMnsEreHOmzovz7nwsWteccuYY/IHz+QP6xJRj</latexit>

Y

i

�z
i

<latexit sha1_base64="GDWdoelhhZg6neOkg6qK1q3Q2Wc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9DEMJlM2qHzCDMTsYb+ihsXirj1R9z5N07bLLT1wIXDOfdy7z1xxqg2nvftrKyurW9sVraq2zu7e/vuQa2jZa4waWPJpOrFSBNGBWkbahjpZYogHjPSjUfXU7/7QJSmUtyZcUZCjgaCphQjY6XIrQWZkklEYaDpgKP7p4hGbt1reDPAZeKXpA5KtCL3K0gkzjkRBjOkdd/3MhMWSBmKGZlUg1yTDOERGpC+pQJxosNidvsEnlglgalUtoSBM/X3RIG41mMe206OzFAvelPxP6+fm/QyLKjIckMEni9KcwaNhNMgYEIVwYaNLUFYUXsrxEOkEDY2rqoNwV98eZl0zhq+1/Bvz+vNqzKOCjgCx+AU+OACNMENaIE2wOARPINX8OZMnBfn3fmYt6445cwh+APn8wf90JRl</latexit><latexit sha1_base64="GDWdoelhhZg6neOkg6qK1q3Q2Wc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9DEMJlM2qHzCDMTsYb+ihsXirj1R9z5N07bLLT1wIXDOfdy7z1xxqg2nvftrKyurW9sVraq2zu7e/vuQa2jZa4waWPJpOrFSBNGBWkbahjpZYogHjPSjUfXU7/7QJSmUtyZcUZCjgaCphQjY6XIrQWZkklEYaDpgKP7p4hGbt1reDPAZeKXpA5KtCL3K0gkzjkRBjOkdd/3MhMWSBmKGZlUg1yTDOERGpC+pQJxosNidvsEnlglgalUtoSBM/X3RIG41mMe206OzFAvelPxP6+fm/QyLKjIckMEni9KcwaNhNMgYEIVwYaNLUFYUXsrxEOkEDY2rqoNwV98eZl0zhq+1/Bvz+vNqzKOCjgCx+AU+OACNMENaIE2wOARPINX8OZMnBfn3fmYt6445cwh+APn8wf90JRl</latexit><latexit sha1_base64="GDWdoelhhZg6neOkg6qK1q3Q2Wc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9DEMJlM2qHzCDMTsYb+ihsXirj1R9z5N07bLLT1wIXDOfdy7z1xxqg2nvftrKyurW9sVraq2zu7e/vuQa2jZa4waWPJpOrFSBNGBWkbahjpZYogHjPSjUfXU7/7QJSmUtyZcUZCjgaCphQjY6XIrQWZkklEYaDpgKP7p4hGbt1reDPAZeKXpA5KtCL3K0gkzjkRBjOkdd/3MhMWSBmKGZlUg1yTDOERGpC+pQJxosNidvsEnlglgalUtoSBM/X3RIG41mMe206OzFAvelPxP6+fm/QyLKjIckMEni9KcwaNhNMgYEIVwYaNLUFYUXsrxEOkEDY2rqoNwV98eZl0zhq+1/Bvz+vNqzKOCjgCx+AU+OACNMENaIE2wOARPINX8OZMnBfn3fmYt6445cwh+APn8wf90JRl</latexit><latexit sha1_base64="GDWdoelhhZg6neOkg6qK1q3Q2Wc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9DEMJlM2qHzCDMTsYb+ihsXirj1R9z5N07bLLT1wIXDOfdy7z1xxqg2nvftrKyurW9sVraq2zu7e/vuQa2jZa4waWPJpOrFSBNGBWkbahjpZYogHjPSjUfXU7/7QJSmUtyZcUZCjgaCphQjY6XIrQWZkklEYaDpgKP7p4hGbt1reDPAZeKXpA5KtCL3K0gkzjkRBjOkdd/3MhMWSBmKGZlUg1yTDOERGpC+pQJxosNidvsEnlglgalUtoSBM/X3RIG41mMe206OzFAvelPxP6+fm/QyLKjIckMEni9KcwaNhNMgYEIVwYaNLUFYUXsrxEOkEDY2rqoNwV98eZl0zhq+1/Bvz+vNqzKOCjgCx+AU+OACNMENaIE2wOARPINX8OZMnBfn3fmYt6445cwh+APn8wf90JRl</latexit>

Sv =
<latexit sha1_base64="8tsqi8I3nE2T+5RdYyQ43UNY90M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxomkLbSib7aRdutmE3U2hlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48augkUwx9lohEtUKqUXCJvuFGYCtVSONQYDMc3s385giV5ol8MuMUg5j2JY84o8ZK/mN3RG665Ypbdecgq8TLSQVy1Lvlr04vYVmM0jBBtW57bmqCCVWGM4HTUifTmFI2pH1sWyppjDqYzI+dkjOr9EiUKFvSkLn6e2JCY63HcWg7Y2oGetmbif957cxE18GEyzQzKNliUZQJYhIy+5z0uEJmxNgSyhS3txI2oIoyY/Mp2RC85ZdXSeOi6rlV7+GyUrvN4yjCCZzCOXhwBTW4hzr4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8ARUrjjE=</latexit><latexit sha1_base64="8tsqi8I3nE2T+5RdYyQ43UNY90M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxomkLbSib7aRdutmE3U2hlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48augkUwx9lohEtUKqUXCJvuFGYCtVSONQYDMc3s385giV5ol8MuMUg5j2JY84o8ZK/mN3RG665Ypbdecgq8TLSQVy1Lvlr04vYVmM0jBBtW57bmqCCVWGM4HTUifTmFI2pH1sWyppjDqYzI+dkjOr9EiUKFvSkLn6e2JCY63HcWg7Y2oGetmbif957cxE18GEyzQzKNliUZQJYhIy+5z0uEJmxNgSyhS3txI2oIoyY/Mp2RC85ZdXSeOi6rlV7+GyUrvN4yjCCZzCOXhwBTW4hzr4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8ARUrjjE=</latexit><latexit sha1_base64="8tsqi8I3nE2T+5RdYyQ43UNY90M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxomkLbSib7aRdutmE3U2hlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48augkUwx9lohEtUKqUXCJvuFGYCtVSONQYDMc3s385giV5ol8MuMUg5j2JY84o8ZK/mN3RG665Ypbdecgq8TLSQVy1Lvlr04vYVmM0jBBtW57bmqCCVWGM4HTUifTmFI2pH1sWyppjDqYzI+dkjOr9EiUKFvSkLn6e2JCY63HcWg7Y2oGetmbif957cxE18GEyzQzKNliUZQJYhIy+5z0uEJmxNgSyhS3txI2oIoyY/Mp2RC85ZdXSeOi6rlV7+GyUrvN4yjCCZzCOXhwBTW4hzr4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8ARUrjjE=</latexit><latexit sha1_base64="8tsqi8I3nE2T+5RdYyQ43UNY90M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxomkLbSib7aRdutmE3U2hlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48augkUwx9lohEtUKqUXCJvuFGYCtVSONQYDMc3s385giV5ol8MuMUg5j2JY84o8ZK/mN3RG665Ypbdecgq8TLSQVy1Lvlr04vYVmM0jBBtW57bmqCCVWGM4HTUifTmFI2pH1sWyppjDqYzI+dkjOr9EiUKFvSkLn6e2JCY63HcWg7Y2oGetmbif957cxE18GEyzQzKNliUZQJYhIy+5z0uEJmxNgSyhS3txI2oIoyY/Mp2RC85ZdXSeOi6rlV7+GyUrvN4yjCCZzCOXhwBTW4hzr4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8ARUrjjE=</latexit>

Sp =
<latexit sha1_base64="TL90+lrbhAkRhD8A4l6SKEBzLNk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxorGFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5ol8MOMUg5gOJI84o8ZK/n0vJVe9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s5rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fDAeOKw==</latexit><latexit sha1_base64="TL90+lrbhAkRhD8A4l6SKEBzLNk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxorGFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5ol8MOMUg5gOJI84o8ZK/n0vJVe9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s5rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fDAeOKw==</latexit><latexit sha1_base64="TL90+lrbhAkRhD8A4l6SKEBzLNk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxorGFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5ol8MOMUg5gOJI84o8ZK/n0vJVe9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s5rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fDAeOKw==</latexit><latexit sha1_base64="TL90+lrbhAkRhD8A4l6SKEBzLNk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxorGFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5ol8MOMUg5gOJI84o8ZK/n0vJVe9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s5rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fDAeOKw==</latexit>

Odd number of

�z
i i 2⇤ v

<latexit sha1_base64="nfAtwn+zSj1fi3F6awgobJKwsac=">AAACGnicbZBNSyNBEIZ7/N74FfW4l8KgiAeZEUGP4l68rYJRIRNDT09NbOzuGbprxDjkd+zFv+LFw4p4Ey/7b7YTc/DrhYaHt6qorjcplHQUhv+CsfGJyanpmR+12bn5hcX60vKpy0srsClyldvzhDtU0mCTJCk8LyxynSg8S65+Depn12idzM0J9Qpsa941MpOCk7c69Wg9Jryh6neagil1ghbyDPoQx7AeO9nV/OK2I6EmIZYGLjbhulNvhFvhUPAVohE02EhHnfpLnOai1GhIKO5cKwoLalfckhQK+7W4dFhwccW72PJouEbXroan9WHNOylkufXPEAzd9xMV1871dOI7NadL97k2ML+rtUrK9tqVNEVJaMTboqxUQDkMcoJUWhSkeh64sNL/FcQlt1yQT7PmQ4g+n/wVTre3Is/HO439g1EcM+wnW2UbLGK7bJ8dsiPWZIL9YffsL3sM7oKH4Cl4fmsdC0YzK+yDgtf/FQme+A==</latexit><latexit sha1_base64="nfAtwn+zSj1fi3F6awgobJKwsac=">AAACGnicbZBNSyNBEIZ7/N74FfW4l8KgiAeZEUGP4l68rYJRIRNDT09NbOzuGbprxDjkd+zFv+LFw4p4Ey/7b7YTc/DrhYaHt6qorjcplHQUhv+CsfGJyanpmR+12bn5hcX60vKpy0srsClyldvzhDtU0mCTJCk8LyxynSg8S65+Depn12idzM0J9Qpsa941MpOCk7c69Wg9Jryh6neagil1ghbyDPoQx7AeO9nV/OK2I6EmIZYGLjbhulNvhFvhUPAVohE02EhHnfpLnOai1GhIKO5cKwoLalfckhQK+7W4dFhwccW72PJouEbXroan9WHNOylkufXPEAzd9xMV1871dOI7NadL97k2ML+rtUrK9tqVNEVJaMTboqxUQDkMcoJUWhSkeh64sNL/FcQlt1yQT7PmQ4g+n/wVTre3Is/HO439g1EcM+wnW2UbLGK7bJ8dsiPWZIL9YffsL3sM7oKH4Cl4fmsdC0YzK+yDgtf/FQme+A==</latexit><latexit sha1_base64="nfAtwn+zSj1fi3F6awgobJKwsac=">AAACGnicbZBNSyNBEIZ7/N74FfW4l8KgiAeZEUGP4l68rYJRIRNDT09NbOzuGbprxDjkd+zFv+LFw4p4Ey/7b7YTc/DrhYaHt6qorjcplHQUhv+CsfGJyanpmR+12bn5hcX60vKpy0srsClyldvzhDtU0mCTJCk8LyxynSg8S65+Depn12idzM0J9Qpsa941MpOCk7c69Wg9Jryh6neagil1ghbyDPoQx7AeO9nV/OK2I6EmIZYGLjbhulNvhFvhUPAVohE02EhHnfpLnOai1GhIKO5cKwoLalfckhQK+7W4dFhwccW72PJouEbXroan9WHNOylkufXPEAzd9xMV1871dOI7NadL97k2ML+rtUrK9tqVNEVJaMTboqxUQDkMcoJUWhSkeh64sNL/FcQlt1yQT7PmQ4g+n/wVTre3Is/HO439g1EcM+wnW2UbLGK7bJ8dsiPWZIL9YffsL3sM7oKH4Cl4fmsdC0YzK+yDgtf/FQme+A==</latexit><latexit sha1_base64="nfAtwn+zSj1fi3F6awgobJKwsac=">AAACGnicbZBNSyNBEIZ7/N74FfW4l8KgiAeZEUGP4l68rYJRIRNDT09NbOzuGbprxDjkd+zFv+LFw4p4Ey/7b7YTc/DrhYaHt6qorjcplHQUhv+CsfGJyanpmR+12bn5hcX60vKpy0srsClyldvzhDtU0mCTJCk8LyxynSg8S65+Depn12idzM0J9Qpsa941MpOCk7c69Wg9Jryh6neagil1ghbyDPoQx7AeO9nV/OK2I6EmIZYGLjbhulNvhFvhUPAVohE02EhHnfpLnOai1GhIKO5cKwoLalfckhQK+7W4dFhwccW72PJouEbXroan9WHNOylkufXPEAzd9xMV1871dOI7NadL97k2ML+rtUrK9tqVNEVJaMTboqxUQDkMcoJUWhSkeh64sNL/FcQlt1yQT7PmQ4g+n/wVTre3Is/HO439g1EcM+wnW2UbLGK7bJ8dsiPWZIL9YffsL3sM7oKH4Cl4fmsdC0YzK+yDgtf/FQme+A==</latexit>

Odd number of

�x

i

i 2 @p
<latexit sha1_base64="09nUVTqKex3NKd0PH/cFyi97yXk="></latexit><latexit sha1_base64="09nUVTqKex3NKd0PH/cFyi97yXk="></latexit><latexit sha1_base64="09nUVTqKex3NKd0PH/cFyi97yXk="></latexit><latexit sha1_base64="09nUVTqKex3NKd0PH/cFyi97yXk="></latexit>



Statistics

�z

i

�x

i

= ��x

i

�z

i

<latexit sha1_base64="jRnENxcB/5y5MbRETm2WX9s/17Y=">AAACGHicbZDLSgMxFIbPeK31NurSTbAIbqwzIuhGKLpxWcFeoB2HTJppQ5OZIcmItfQx3Pgqblwo4rY738a0HbC2/hD48p9zSM4fJJwp7Tjf1sLi0vLKam4tv76xubVt7+xWVZxKQisk5rGsB1hRziJa0UxzWk8kxSLgtBZ0r0f12gOVisXRne4l1BO4HbGQEayN5dsnTcXaAt8/+Qxl+GjwEh1PX3+bfLvgFJ2x0Dy4GRQgU9m3h81WTFJBI004VqrhOon2+lhqRjgd5JupogkmXdymDYMRFlR5/fFiA3RonBYKY2lOpNHYnZ7oY6FUTwSmU2DdUbO1kflfrZHq8MLrsyhJNY3I5KEw5UjHaJQSajFJieY9A5hIZv6KSAdLTLTJMm9CcGdXnofqadF1iu7tWaF0lcWRg304gCNw4RxKcANlqACBZ3iFd/iwXqw369P6mrQuWNnMHvyRNfwB/wSfuw==</latexit><latexit sha1_base64="jRnENxcB/5y5MbRETm2WX9s/17Y=">AAACGHicbZDLSgMxFIbPeK31NurSTbAIbqwzIuhGKLpxWcFeoB2HTJppQ5OZIcmItfQx3Pgqblwo4rY738a0HbC2/hD48p9zSM4fJJwp7Tjf1sLi0vLKam4tv76xubVt7+xWVZxKQisk5rGsB1hRziJa0UxzWk8kxSLgtBZ0r0f12gOVisXRne4l1BO4HbGQEayN5dsnTcXaAt8/+Qxl+GjwEh1PX3+bfLvgFJ2x0Dy4GRQgU9m3h81WTFJBI004VqrhOon2+lhqRjgd5JupogkmXdymDYMRFlR5/fFiA3RonBYKY2lOpNHYnZ7oY6FUTwSmU2DdUbO1kflfrZHq8MLrsyhJNY3I5KEw5UjHaJQSajFJieY9A5hIZv6KSAdLTLTJMm9CcGdXnofqadF1iu7tWaF0lcWRg304gCNw4RxKcANlqACBZ3iFd/iwXqw369P6mrQuWNnMHvyRNfwB/wSfuw==</latexit><latexit sha1_base64="jRnENxcB/5y5MbRETm2WX9s/17Y=">AAACGHicbZDLSgMxFIbPeK31NurSTbAIbqwzIuhGKLpxWcFeoB2HTJppQ5OZIcmItfQx3Pgqblwo4rY738a0HbC2/hD48p9zSM4fJJwp7Tjf1sLi0vLKam4tv76xubVt7+xWVZxKQisk5rGsB1hRziJa0UxzWk8kxSLgtBZ0r0f12gOVisXRne4l1BO4HbGQEayN5dsnTcXaAt8/+Qxl+GjwEh1PX3+bfLvgFJ2x0Dy4GRQgU9m3h81WTFJBI004VqrhOon2+lhqRjgd5JupogkmXdymDYMRFlR5/fFiA3RonBYKY2lOpNHYnZ7oY6FUTwSmU2DdUbO1kflfrZHq8MLrsyhJNY3I5KEw5UjHaJQSajFJieY9A5hIZv6KSAdLTLTJMm9CcGdXnofqadF1iu7tWaF0lcWRg304gCNw4RxKcANlqACBZ3iFd/iwXqw369P6mrQuWNnMHvyRNfwB/wSfuw==</latexit><latexit sha1_base64="jRnENxcB/5y5MbRETm2WX9s/17Y=">AAACGHicbZDLSgMxFIbPeK31NurSTbAIbqwzIuhGKLpxWcFeoB2HTJppQ5OZIcmItfQx3Pgqblwo4rY738a0HbC2/hD48p9zSM4fJJwp7Tjf1sLi0vLKam4tv76xubVt7+xWVZxKQisk5rGsB1hRziJa0UxzWk8kxSLgtBZ0r0f12gOVisXRne4l1BO4HbGQEayN5dsnTcXaAt8/+Qxl+GjwEh1PX3+bfLvgFJ2x0Dy4GRQgU9m3h81WTFJBI004VqrhOon2+lhqRjgd5JupogkmXdymDYMRFlR5/fFiA3RonBYKY2lOpNHYnZ7oY6FUTwSmU2DdUbO1kflfrZHq8MLrsyhJNY3I5KEw5UjHaJQSajFJieY9A5hIZv6KSAdLTLTJMm9CcGdXnofqadF1iu7tWaF0lcWRg304gCNw4RxKcANlqACBZ3iFd/iwXqw369P6mrQuWNnMHvyRNfwB/wSfuw==</latexit>

S�1
p S�1

v SpSv = �1
<latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit>



Statistics
S�1
p S�1

v SpSv = �1
<latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit>

Sv
<latexit sha1_base64="sPvJidZouqvfQ833oYAFkvZGOEY=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZApl6Cu4caGIW1/InW9jpp2FVn8IfPznHHLOHyaCG+t5X6i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83pkybXisHu0sYYEkI8UjTonNrYfBFA+qNa/uLYT/gl9ADQo1B9XP/jCmqWTKUkGM6fleYoOMaMupYPNKPzUsIXRCRqznUBHJTJAtdp3jM+cMcRRr95TFC/fnREakMTMZuk5J7Nis1nLzv1ovtdF1kHGVpJYpuvwoSgW2Mc4Px0OuGbVi5oBQzd2umI6JJtS6eCouBH/15L/Qvqj7ju8va42bIo4ynMApnIMPV9CAO2hCCyiM4Qle4BVJ9Ize0PuytYSKmWP4JfTxDZJ4jeo=</latexit><latexit sha1_base64="sPvJidZouqvfQ833oYAFkvZGOEY=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZApl6Cu4caGIW1/InW9jpp2FVn8IfPznHHLOHyaCG+t5X6i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83pkybXisHu0sYYEkI8UjTonNrYfBFA+qNa/uLYT/gl9ADQo1B9XP/jCmqWTKUkGM6fleYoOMaMupYPNKPzUsIXRCRqznUBHJTJAtdp3jM+cMcRRr95TFC/fnREakMTMZuk5J7Nis1nLzv1ovtdF1kHGVpJYpuvwoSgW2Mc4Px0OuGbVi5oBQzd2umI6JJtS6eCouBH/15L/Qvqj7ju8va42bIo4ynMApnIMPV9CAO2hCCyiM4Qle4BVJ9Ize0PuytYSKmWP4JfTxDZJ4jeo=</latexit><latexit sha1_base64="sPvJidZouqvfQ833oYAFkvZGOEY=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZApl6Cu4caGIW1/InW9jpp2FVn8IfPznHHLOHyaCG+t5X6i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83pkybXisHu0sYYEkI8UjTonNrYfBFA+qNa/uLYT/gl9ADQo1B9XP/jCmqWTKUkGM6fleYoOMaMupYPNKPzUsIXRCRqznUBHJTJAtdp3jM+cMcRRr95TFC/fnREakMTMZuk5J7Nis1nLzv1ovtdF1kHGVpJYpuvwoSgW2Mc4Px0OuGbVi5oBQzd2umI6JJtS6eCouBH/15L/Qvqj7ju8va42bIo4ynMApnIMPV9CAO2hCCyiM4Qle4BVJ9Ize0PuytYSKmWP4JfTxDZJ4jeo=</latexit><latexit sha1_base64="sPvJidZouqvfQ833oYAFkvZGOEY=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXRZdOOyor1AO5RMmmlDk8yQZApl6Cu4caGIW1/InW9jpp2FVn8IfPznHHLOHyaCG+t5X6i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9u83pkybXisHu0sYYEkI8UjTonNrYfBFA+qNa/uLYT/gl9ADQo1B9XP/jCmqWTKUkGM6fleYoOMaMupYPNKPzUsIXRCRqznUBHJTJAtdp3jM+cMcRRr95TFC/fnREakMTMZuk5J7Nis1nLzv1ovtdF1kHGVpJYpuvwoSgW2Mc4Px0OuGbVi5oBQzd2umI6JJtS6eCouBH/15L/Qvqj7ju8va42bIo4ynMApnIMPV9CAO2hCCyiM4Qle4BVJ9Ize0PuytYSKmWP4JfTxDZJ4jeo=</latexit>

Av = �1
<latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit>

Av = �1
<latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit>

time t0
<latexit sha1_base64="goI9g9Rvhsi9zCnLoOjEBdDAqqg=">AAAB+XicbZBNS8NAEIY3ftb6FfXoZbEInkoigh6LXjxWsB/QhrDZTtulu0nYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6VSGPS8b2dtfWNza7u0U97d2z84dI+OmybJNIcGT2Si2xEzIEUMDRQooZ1qYCqS0IpGd7N6awzaiCR+xEkKgWKDWPQFZ2it0HW7CE+Yo1BApxRDL3QrXtWbi66CX0CFFKqH7le3l/BMQYxcMmM6vpdikDONgkuYlruZgZTxERtAx2LMFJggn18+pefW6dF+ou2Lkc7d3xM5U8ZMVGQ7FcOhWa7NzP9qnQz7N0Eu4jRDiPliUT+TFBM6i4H2hAaOcmKBcS3srZQPmWYcbVhlG4K//OVVaF5WfcsPV5XabRFHiZySM3JBfHJNauSe1EmDcDImz+SVvDm58+K8Ox+L1jWnmDkhf+R8/gAs9JNW</latexit><latexit sha1_base64="goI9g9Rvhsi9zCnLoOjEBdDAqqg=">AAAB+XicbZBNS8NAEIY3ftb6FfXoZbEInkoigh6LXjxWsB/QhrDZTtulu0nYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6VSGPS8b2dtfWNza7u0U97d2z84dI+OmybJNIcGT2Si2xEzIEUMDRQooZ1qYCqS0IpGd7N6awzaiCR+xEkKgWKDWPQFZ2it0HW7CE+Yo1BApxRDL3QrXtWbi66CX0CFFKqH7le3l/BMQYxcMmM6vpdikDONgkuYlruZgZTxERtAx2LMFJggn18+pefW6dF+ou2Lkc7d3xM5U8ZMVGQ7FcOhWa7NzP9qnQz7N0Eu4jRDiPliUT+TFBM6i4H2hAaOcmKBcS3srZQPmWYcbVhlG4K//OVVaF5WfcsPV5XabRFHiZySM3JBfHJNauSe1EmDcDImz+SVvDm58+K8Ox+L1jWnmDkhf+R8/gAs9JNW</latexit><latexit sha1_base64="goI9g9Rvhsi9zCnLoOjEBdDAqqg=">AAAB+XicbZBNS8NAEIY3ftb6FfXoZbEInkoigh6LXjxWsB/QhrDZTtulu0nYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6VSGPS8b2dtfWNza7u0U97d2z84dI+OmybJNIcGT2Si2xEzIEUMDRQooZ1qYCqS0IpGd7N6awzaiCR+xEkKgWKDWPQFZ2it0HW7CE+Yo1BApxRDL3QrXtWbi66CX0CFFKqH7le3l/BMQYxcMmM6vpdikDONgkuYlruZgZTxERtAx2LMFJggn18+pefW6dF+ou2Lkc7d3xM5U8ZMVGQ7FcOhWa7NzP9qnQz7N0Eu4jRDiPliUT+TFBM6i4H2hAaOcmKBcS3srZQPmWYcbVhlG4K//OVVaF5WfcsPV5XabRFHiZySM3JBfHJNauSe1EmDcDImz+SVvDm58+K8Ox+L1jWnmDkhf+R8/gAs9JNW</latexit><latexit sha1_base64="goI9g9Rvhsi9zCnLoOjEBdDAqqg=">AAAB+XicbZBNS8NAEIY3ftb6FfXoZbEInkoigh6LXjxWsB/QhrDZTtulu0nYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6VSGPS8b2dtfWNza7u0U97d2z84dI+OmybJNIcGT2Si2xEzIEUMDRQooZ1qYCqS0IpGd7N6awzaiCR+xEkKgWKDWPQFZ2it0HW7CE+Yo1BApxRDL3QrXtWbi66CX0CFFKqH7le3l/BMQYxcMmM6vpdikDONgkuYlruZgZTxERtAx2LMFJggn18+pefW6dF+ou2Lkc7d3xM5U8ZMVGQ7FcOhWa7NzP9qnQz7N0Eu4jRDiPliUT+TFBM6i4H2hAaOcmKBcS3srZQPmWYcbVhlG4K//OVVaF5WfcsPV5XabRFHiZySM3JBfHJNauSe1EmDcDImz+SVvDm58+K8Ox+L1jWnmDkhf+R8/gAs9JNW</latexit>



Statistics
S�1
p S�1

v SpSv = �1
<latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit>

Av = �1
<latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit>

Av = �1
<latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit><latexit sha1_base64="S9MlFVl1aX6NFzbZsMrRgyi3xNU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArgl6EqBePEcwDkiXMTibJkNnZdaY3EJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXkOBkjdjzWkYSN4IhndTvzHi2ohIPeI45n5I+0r0BKNopeZNZ0SuyZnXKZbcsjsDWSZeRkqQodopfrW7EUtCrpBJakzLc2P0U6pRMMknhXZieEzZkPZ5y1JFQ278dHbvhJxYpUt6kbalkMzU3xMpDY0Zh4HtDCkOzKI3Ff/zWgn2rvxUqDhBrth8US+RBCMyfZ50heYM5dgSyrSwtxI2oJoytBEVbAje4svLpH5e9tyy93BRqtxmceThCI7hFDy4hArcQxVqwEDCM7zCm/PkvDjvzse8NedkM4fwB87nDywyjrs=</latexit>

Evolve forward in time...

<latexit sha1_base64="EVcPsOyk0VXkWtk7S55OHFuQB/U=">AAACCnicbZC7SgNBFIZn4y3GW9TSZjQIVsuuCFoGRbCMYC6QhDA7OUmGzM4uM2ejYUlt46vYWChi6xPY+TZOLoUm/jDw8Z9zmHP+IJbCoOd9O5ml5ZXVtex6bmNza3snv7tXMVGiOZR5JCNdC5gBKRSUUaCEWqyBhYGEatC/GterA9BGROoOhzE0Q9ZVoiM4Q2u18ocNhAdMrweRHADtRPqe6TYViqIIwXVdOmrlC57rTUQXwZ9BgcxUauW/Gu2IJyEo5JIZU/e9GJsp0yi4hFGukRiIGe+zLtQtKhaCaaaTU0b02Drt8R72KaQT9/dEykJjhmFgO0OGPTNfG5v/1eoJdi6aqVBxgqD49KNOIilGdJwLbQsNHOXQAuNa2F0p7zHNONr0cjYEf/7kRaicur7l27NC8XIWR5YckCNyQnxyTorkhpRImXDySJ7JK3lznpwX5935mLZmnNnMPvkj5/MHYoqaBA==</latexit><latexit sha1_base64="EVcPsOyk0VXkWtk7S55OHFuQB/U=">AAACCnicbZC7SgNBFIZn4y3GW9TSZjQIVsuuCFoGRbCMYC6QhDA7OUmGzM4uM2ejYUlt46vYWChi6xPY+TZOLoUm/jDw8Z9zmHP+IJbCoOd9O5ml5ZXVtex6bmNza3snv7tXMVGiOZR5JCNdC5gBKRSUUaCEWqyBhYGEatC/GterA9BGROoOhzE0Q9ZVoiM4Q2u18ocNhAdMrweRHADtRPqe6TYViqIIwXVdOmrlC57rTUQXwZ9BgcxUauW/Gu2IJyEo5JIZU/e9GJsp0yi4hFGukRiIGe+zLtQtKhaCaaaTU0b02Drt8R72KaQT9/dEykJjhmFgO0OGPTNfG5v/1eoJdi6aqVBxgqD49KNOIilGdJwLbQsNHOXQAuNa2F0p7zHNONr0cjYEf/7kRaicur7l27NC8XIWR5YckCNyQnxyTorkhpRImXDySJ7JK3lznpwX5935mLZmnNnMPvkj5/MHYoqaBA==</latexit><latexit sha1_base64="EVcPsOyk0VXkWtk7S55OHFuQB/U=">AAACCnicbZC7SgNBFIZn4y3GW9TSZjQIVsuuCFoGRbCMYC6QhDA7OUmGzM4uM2ejYUlt46vYWChi6xPY+TZOLoUm/jDw8Z9zmHP+IJbCoOd9O5ml5ZXVtex6bmNza3snv7tXMVGiOZR5JCNdC5gBKRSUUaCEWqyBhYGEatC/GterA9BGROoOhzE0Q9ZVoiM4Q2u18ocNhAdMrweRHADtRPqe6TYViqIIwXVdOmrlC57rTUQXwZ9BgcxUauW/Gu2IJyEo5JIZU/e9GJsp0yi4hFGukRiIGe+zLtQtKhaCaaaTU0b02Drt8R72KaQT9/dEykJjhmFgO0OGPTNfG5v/1eoJdi6aqVBxgqD49KNOIilGdJwLbQsNHOXQAuNa2F0p7zHNONr0cjYEf/7kRaicur7l27NC8XIWR5YckCNyQnxyTorkhpRImXDySJ7JK3lznpwX5935mLZmnNnMPvkj5/MHYoqaBA==</latexit><latexit sha1_base64="EVcPsOyk0VXkWtk7S55OHFuQB/U=">AAACCnicbZC7SgNBFIZn4y3GW9TSZjQIVsuuCFoGRbCMYC6QhDA7OUmGzM4uM2ejYUlt46vYWChi6xPY+TZOLoUm/jDw8Z9zmHP+IJbCoOd9O5ml5ZXVtex6bmNza3snv7tXMVGiOZR5JCNdC5gBKRSUUaCEWqyBhYGEatC/GterA9BGROoOhzE0Q9ZVoiM4Q2u18ocNhAdMrweRHADtRPqe6TYViqIIwXVdOmrlC57rTUQXwZ9BgcxUauW/Gu2IJyEo5JIZU/e9GJsp0yi4hFGukRiIGe+zLtQtKhaCaaaTU0b02Drt8R72KaQT9/dEykJjhmFgO0OGPTNfG5v/1eoJdi6aqVBxgqD49KNOIilGdJwLbQsNHOXQAuNa2F0p7zHNONr0cjYEf/7kRaicur7l27NC8XIWR5YckCNyQnxyTorkhpRImXDySJ7JK3lznpwX5935mLZmnNnMPvkj5/MHYoqaBA==</latexit>



Statistics
S�1
p S�1

v SpSv = �1
<latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit>

time t1
<latexit sha1_base64="GgrVw+S4iGv8Us5kPSZc8HTCOoA=">AAAB+XicbZBNS8NAEIY3ftb6FfXoZbEInkoigh6LXjxWsB/QhrDZTtulu0nYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6VSGPS8b2dtfWNza7u0U97d2z84dI+OmybJNIcGT2Si2xEzIEUMDRQooZ1qYCqS0IpGd7N6awzaiCR+xEkKgWKDWPQFZ2it0HW7CE+Yo1BApxRDP3QrXtWbi66CX0CFFKqH7le3l/BMQYxcMmM6vpdikDONgkuYlruZgZTxERtAx2LMFJggn18+pefW6dF+ou2Lkc7d3xM5U8ZMVGQ7FcOhWa7NzP9qnQz7N0Eu4jRDiPliUT+TFBM6i4H2hAaOcmKBcS3srZQPmWYcbVhlG4K//OVVaF5WfcsPV5XabRFHiZySM3JBfHJNauSe1EmDcDImz+SVvDm58+K8Ox+L1jWnmDkhf+R8/gAueJNX</latexit><latexit sha1_base64="GgrVw+S4iGv8Us5kPSZc8HTCOoA=">AAAB+XicbZBNS8NAEIY3ftb6FfXoZbEInkoigh6LXjxWsB/QhrDZTtulu0nYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6VSGPS8b2dtfWNza7u0U97d2z84dI+OmybJNIcGT2Si2xEzIEUMDRQooZ1qYCqS0IpGd7N6awzaiCR+xEkKgWKDWPQFZ2it0HW7CE+Yo1BApxRDP3QrXtWbi66CX0CFFKqH7le3l/BMQYxcMmM6vpdikDONgkuYlruZgZTxERtAx2LMFJggn18+pefW6dF+ou2Lkc7d3xM5U8ZMVGQ7FcOhWa7NzP9qnQz7N0Eu4jRDiPliUT+TFBM6i4H2hAaOcmKBcS3srZQPmWYcbVhlG4K//OVVaF5WfcsPV5XabRFHiZySM3JBfHJNauSe1EmDcDImz+SVvDm58+K8Ox+L1jWnmDkhf+R8/gAueJNX</latexit><latexit sha1_base64="GgrVw+S4iGv8Us5kPSZc8HTCOoA=">AAAB+XicbZBNS8NAEIY3ftb6FfXoZbEInkoigh6LXjxWsB/QhrDZTtulu0nYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6VSGPS8b2dtfWNza7u0U97d2z84dI+OmybJNIcGT2Si2xEzIEUMDRQooZ1qYCqS0IpGd7N6awzaiCR+xEkKgWKDWPQFZ2it0HW7CE+Yo1BApxRDP3QrXtWbi66CX0CFFKqH7le3l/BMQYxcMmM6vpdikDONgkuYlruZgZTxERtAx2LMFJggn18+pefW6dF+ou2Lkc7d3xM5U8ZMVGQ7FcOhWa7NzP9qnQz7N0Eu4jRDiPliUT+TFBM6i4H2hAaOcmKBcS3srZQPmWYcbVhlG4K//OVVaF5WfcsPV5XabRFHiZySM3JBfHJNauSe1EmDcDImz+SVvDm58+K8Ox+L1jWnmDkhf+R8/gAueJNX</latexit><latexit sha1_base64="GgrVw+S4iGv8Us5kPSZc8HTCOoA=">AAAB+XicbZBNS8NAEIY3ftb6FfXoZbEInkoigh6LXjxWsB/QhrDZTtulu0nYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6VSGPS8b2dtfWNza7u0U97d2z84dI+OmybJNIcGT2Si2xEzIEUMDRQooZ1qYCqS0IpGd7N6awzaiCR+xEkKgWKDWPQFZ2it0HW7CE+Yo1BApxRDP3QrXtWbi66CX0CFFKqH7le3l/BMQYxcMmM6vpdikDONgkuYlruZgZTxERtAx2LMFJggn18+pefW6dF+ou2Lkc7d3xM5U8ZMVGQ7FcOhWa7NzP9qnQz7N0Eu4jRDiPliUT+TFBM6i4H2hAaOcmKBcS3srZQPmWYcbVhlG4K//OVVaF5WfcsPV5XabRFHiZySM3JBfHJNauSe1EmDcDImz+SVvDm58+K8Ox+L1jWnmDkhf+R8/gAueJNX</latexit>

Bp = �1
<latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit>

Bp = �1
<latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit>

Sp
<latexit sha1_base64="pi5gzo+AbVYSZnfXq1oPZyfXaNY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjpfYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN650nro2I1SNOE+5HdKREKBhFazWbg2RQrrhVdyGyDl4OFcjVGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnUdGIGz9brDojF9YZkjDW9ikkC/f3REYjY6ZRYDsjimOzWpub/9V6KYY3fiZUkiJXbPlRmEqCMZnfTYZCc4ZyaoEyLeyuhI2ppgxtOiUbgrd68jq0r6qe5YfrSv02j6MIZ3AOl+BBDepwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHzLQjbo=</latexit><latexit sha1_base64="pi5gzo+AbVYSZnfXq1oPZyfXaNY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjpfYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN650nro2I1SNOE+5HdKREKBhFazWbg2RQrrhVdyGyDl4OFcjVGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnUdGIGz9brDojF9YZkjDW9ikkC/f3REYjY6ZRYDsjimOzWpub/9V6KYY3fiZUkiJXbPlRmEqCMZnfTYZCc4ZyaoEyLeyuhI2ppgxtOiUbgrd68jq0r6qe5YfrSv02j6MIZ3AOl+BBDepwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHzLQjbo=</latexit><latexit sha1_base64="pi5gzo+AbVYSZnfXq1oPZyfXaNY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjpfYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN650nro2I1SNOE+5HdKREKBhFazWbg2RQrrhVdyGyDl4OFcjVGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnUdGIGz9brDojF9YZkjDW9ikkC/f3REYjY6ZRYDsjimOzWpub/9V6KYY3fiZUkiJXbPlRmEqCMZnfTYZCc4ZyaoEyLeyuhI2ppgxtOiUbgrd68jq0r6qe5YfrSv02j6MIZ3AOl+BBDepwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHzLQjbo=</latexit><latexit sha1_base64="pi5gzo+AbVYSZnfXq1oPZyfXaNY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjpfYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN650nro2I1SNOE+5HdKREKBhFazWbg2RQrrhVdyGyDl4OFcjVGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnUdGIGz9brDojF9YZkjDW9ikkC/f3REYjY6ZRYDsjimOzWpub/9V6KYY3fiZUkiJXbPlRmEqCMZnfTYZCc4ZyaoEyLeyuhI2ppgxtOiUbgrd68jq0r6qe5YfrSv02j6MIZ3AOl+BBDepwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHzLQjbo=</latexit>



Statistics
S�1
p S�1

v SpSv = �1
<latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit>

Bp = �1
<latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit>

Bp = �1
<latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit><latexit sha1_base64="oyTFmaRR+AdCWPP2888Y0uWzAyI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUo9eKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortWu9hNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJIeOtg==</latexit>

time t2
<latexit sha1_base64="GAHZ7qgDaaInqY+xdg9c8qLfyVQ=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosunFZwV6gDWEyPWmHTi7MnBRL6Ju4caGIW9/EnW/jtM1CW38Y+PjPOZwzf5BKodFxvq3SxubW9k55t7K3f3B4ZB+ftHWSKQ4tnshEdQOmQYoYWihQQjdVwKJAQicY383rnQkoLZL4EacpeBEbxiIUnKGxfNvuIzxhjiICOqPo13276tScheg6uAVUSaGmb3/1BwnPIoiRS6Z1z3VS9HKmUHAJs0o/05AyPmZD6BmMWQTayxeXz+iFcQY0TJR5MdKF+3siZ5HW0ygwnRHDkV6tzc3/ar0MwxsvF3GaIcR8uSjMJMWEzmOgA6GAo5waYFwJcyvlI6YYRxNWxYTgrn55Hdr1mmv44arauC3iKJMzck4uiUuuSYPckyZpEU4m5Jm8kjcrt16sd+tj2VqyiplT8kfW5w8v/JNY</latexit><latexit sha1_base64="GAHZ7qgDaaInqY+xdg9c8qLfyVQ=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosunFZwV6gDWEyPWmHTi7MnBRL6Ju4caGIW9/EnW/jtM1CW38Y+PjPOZwzf5BKodFxvq3SxubW9k55t7K3f3B4ZB+ftHWSKQ4tnshEdQOmQYoYWihQQjdVwKJAQicY383rnQkoLZL4EacpeBEbxiIUnKGxfNvuIzxhjiICOqPo13276tScheg6uAVUSaGmb3/1BwnPIoiRS6Z1z3VS9HKmUHAJs0o/05AyPmZD6BmMWQTayxeXz+iFcQY0TJR5MdKF+3siZ5HW0ygwnRHDkV6tzc3/ar0MwxsvF3GaIcR8uSjMJMWEzmOgA6GAo5waYFwJcyvlI6YYRxNWxYTgrn55Hdr1mmv44arauC3iKJMzck4uiUuuSYPckyZpEU4m5Jm8kjcrt16sd+tj2VqyiplT8kfW5w8v/JNY</latexit><latexit sha1_base64="GAHZ7qgDaaInqY+xdg9c8qLfyVQ=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosunFZwV6gDWEyPWmHTi7MnBRL6Ju4caGIW9/EnW/jtM1CW38Y+PjPOZwzf5BKodFxvq3SxubW9k55t7K3f3B4ZB+ftHWSKQ4tnshEdQOmQYoYWihQQjdVwKJAQicY383rnQkoLZL4EacpeBEbxiIUnKGxfNvuIzxhjiICOqPo13276tScheg6uAVUSaGmb3/1BwnPIoiRS6Z1z3VS9HKmUHAJs0o/05AyPmZD6BmMWQTayxeXz+iFcQY0TJR5MdKF+3siZ5HW0ygwnRHDkV6tzc3/ar0MwxsvF3GaIcR8uSjMJMWEzmOgA6GAo5waYFwJcyvlI6YYRxNWxYTgrn55Hdr1mmv44arauC3iKJMzck4uiUuuSYPckyZpEU4m5Jm8kjcrt16sd+tj2VqyiplT8kfW5w8v/JNY</latexit><latexit sha1_base64="GAHZ7qgDaaInqY+xdg9c8qLfyVQ=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJWkCLosunFZwV6gDWEyPWmHTi7MnBRL6Ju4caGIW9/EnW/jtM1CW38Y+PjPOZwzf5BKodFxvq3SxubW9k55t7K3f3B4ZB+ftHWSKQ4tnshEdQOmQYoYWihQQjdVwKJAQicY383rnQkoLZL4EacpeBEbxiIUnKGxfNvuIzxhjiICOqPo13276tScheg6uAVUSaGmb3/1BwnPIoiRS6Z1z3VS9HKmUHAJs0o/05AyPmZD6BmMWQTayxeXz+iFcQY0TJR5MdKF+3siZ5HW0ygwnRHDkV6tzc3/ar0MwxsvF3GaIcR8uSjMJMWEzmOgA6GAo5waYFwJcyvlI6YYRxNWxYTgrn55Hdr1mmv44arauC3iKJMzck4uiUuuSYPckyZpEU4m5Jm8kjcrt16sd+tj2VqyiplT8kfW5w8v/JNY</latexit>

S�1
v

<latexit sha1_base64="YeQEVbLJ+gbzm1ZwwCRbhMSk26o=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8GLZFUGPRS8eK9oPaNeSTadtaDa7JtlCWfonvHhQxKt/x5v/xrTdg7a+EHh4Z4bMvEEsuDau++3kVlbX1jfym4Wt7Z3dveL+QV1HiWJYY5GIVDOgGgWXWDPcCGzGCmkYCGwEw5tpvTFCpXkkH8w4Rj+kfcl7nFFjreZ9Z/SYnnmTTrHklt2ZyDJ4GZQgU7VT/Gp3I5aEKA0TVOuW58bGT6kynAmcFNqJxpiyIe1jy6KkIWo/ne07ISfW6ZJepOyThszc3xMpDbUeh4HtDKkZ6MXa1Pyv1kpM78pPuYwTg5LNP+olgpiITI8nXa6QGTG2QJnidlfCBlRRZmxEBRuCt3jyMtTPy57lu4tS5TqLIw9HcAyn4MElVOAWqlADBgKe4RXenCfnxXl3PuatOSebOYQ/cj5/AJK9j6Y=</latexit><latexit sha1_base64="YeQEVbLJ+gbzm1ZwwCRbhMSk26o=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8GLZFUGPRS8eK9oPaNeSTadtaDa7JtlCWfonvHhQxKt/x5v/xrTdg7a+EHh4Z4bMvEEsuDau++3kVlbX1jfym4Wt7Z3dveL+QV1HiWJYY5GIVDOgGgWXWDPcCGzGCmkYCGwEw5tpvTFCpXkkH8w4Rj+kfcl7nFFjreZ9Z/SYnnmTTrHklt2ZyDJ4GZQgU7VT/Gp3I5aEKA0TVOuW58bGT6kynAmcFNqJxpiyIe1jy6KkIWo/ne07ISfW6ZJepOyThszc3xMpDbUeh4HtDKkZ6MXa1Pyv1kpM78pPuYwTg5LNP+olgpiITI8nXa6QGTG2QJnidlfCBlRRZmxEBRuCt3jyMtTPy57lu4tS5TqLIw9HcAyn4MElVOAWqlADBgKe4RXenCfnxXl3PuatOSebOYQ/cj5/AJK9j6Y=</latexit><latexit sha1_base64="YeQEVbLJ+gbzm1ZwwCRbhMSk26o=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8GLZFUGPRS8eK9oPaNeSTadtaDa7JtlCWfonvHhQxKt/x5v/xrTdg7a+EHh4Z4bMvEEsuDau++3kVlbX1jfym4Wt7Z3dveL+QV1HiWJYY5GIVDOgGgWXWDPcCGzGCmkYCGwEw5tpvTFCpXkkH8w4Rj+kfcl7nFFjreZ9Z/SYnnmTTrHklt2ZyDJ4GZQgU7VT/Gp3I5aEKA0TVOuW58bGT6kynAmcFNqJxpiyIe1jy6KkIWo/ne07ISfW6ZJepOyThszc3xMpDbUeh4HtDKkZ6MXa1Pyv1kpM78pPuYwTg5LNP+olgpiITI8nXa6QGTG2QJnidlfCBlRRZmxEBRuCt3jyMtTPy57lu4tS5TqLIw9HcAyn4MElVOAWqlADBgKe4RXenCfnxXl3PuatOSebOYQ/cj5/AJK9j6Y=</latexit><latexit sha1_base64="YeQEVbLJ+gbzm1ZwwCRbhMSk26o=">AAAB73icbZBNSwMxEIZn61etX1WPXoJF8GLZFUGPRS8eK9oPaNeSTadtaDa7JtlCWfonvHhQxKt/x5v/xrTdg7a+EHh4Z4bMvEEsuDau++3kVlbX1jfym4Wt7Z3dveL+QV1HiWJYY5GIVDOgGgWXWDPcCGzGCmkYCGwEw5tpvTFCpXkkH8w4Rj+kfcl7nFFjreZ9Z/SYnnmTTrHklt2ZyDJ4GZQgU7VT/Gp3I5aEKA0TVOuW58bGT6kynAmcFNqJxpiyIe1jy6KkIWo/ne07ISfW6ZJepOyThszc3xMpDbUeh4HtDKkZ6MXa1Pyv1kpM78pPuYwTg5LNP+olgpiITI8nXa6QGTG2QJnidlfCBlRRZmxEBRuCt3jyMtTPy57lu4tS5TqLIw9HcAyn4MElVOAWqlADBgKe4RXenCfnxXl3PuatOSebOYQ/cj5/AJK9j6Y=</latexit>



Statistics
S�1
p S�1

v SpSv = �1
<latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit>

time t3
<latexit sha1_base64="QygNraJqLMk4Z3MtGwAKYugupGA=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBV0W3bisYC/QhjCZnrRDJxdmTool9E3cuFDErW/izrdx2mahrT8MfPznHM6ZP0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PWjrJFIcmT2SiOgHTIEUMTRQooZMqYFEgoR2M7mb19hiUFkn8iJMUvIgNYhEKztBYvm33EJ4wRxEBnVL0L3276tScuegquAVUSaGGb3/1+gnPIoiRS6Z113VS9HKmUHAJ00ov05AyPmID6BqMWQTay+eXT+mZcfo0TJR5MdK5+3siZ5HWkygwnRHDoV6uzcz/at0MwxsvF3GaIcR8sSjMJMWEzmKgfaGAo5wYYFwJcyvlQ6YYRxNWxYTgLn95FVoXNdfww1W1flvEUSYn5JScE5dckzq5Jw3SJJyMyTN5JW9Wbr1Y79bHorVkFTPH5I+szx8xgJNZ</latexit><latexit sha1_base64="QygNraJqLMk4Z3MtGwAKYugupGA=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBV0W3bisYC/QhjCZnrRDJxdmTool9E3cuFDErW/izrdx2mahrT8MfPznHM6ZP0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PWjrJFIcmT2SiOgHTIEUMTRQooZMqYFEgoR2M7mb19hiUFkn8iJMUvIgNYhEKztBYvm33EJ4wRxEBnVL0L3276tScuegquAVUSaGGb3/1+gnPIoiRS6Z113VS9HKmUHAJ00ov05AyPmID6BqMWQTay+eXT+mZcfo0TJR5MdK5+3siZ5HWkygwnRHDoV6uzcz/at0MwxsvF3GaIcR8sSjMJMWEzmKgfaGAo5wYYFwJcyvlQ6YYRxNWxYTgLn95FVoXNdfww1W1flvEUSYn5JScE5dckzq5Jw3SJJyMyTN5JW9Wbr1Y79bHorVkFTPH5I+szx8xgJNZ</latexit><latexit sha1_base64="QygNraJqLMk4Z3MtGwAKYugupGA=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBV0W3bisYC/QhjCZnrRDJxdmTool9E3cuFDErW/izrdx2mahrT8MfPznHM6ZP0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PWjrJFIcmT2SiOgHTIEUMTRQooZMqYFEgoR2M7mb19hiUFkn8iJMUvIgNYhEKztBYvm33EJ4wRxEBnVL0L3276tScuegquAVUSaGGb3/1+gnPIoiRS6Z113VS9HKmUHAJ00ov05AyPmID6BqMWQTay+eXT+mZcfo0TJR5MdK5+3siZ5HWkygwnRHDoV6uzcz/at0MwxsvF3GaIcR8sSjMJMWEzmKgfaGAo5wYYFwJcyvlQ6YYRxNWxYTgLn95FVoXNdfww1W1flvEUSYn5JScE5dckzq5Jw3SJJyMyTN5JW9Wbr1Y79bHorVkFTPH5I+szx8xgJNZ</latexit><latexit sha1_base64="QygNraJqLMk4Z3MtGwAKYugupGA=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBV0W3bisYC/QhjCZnrRDJxdmTool9E3cuFDErW/izrdx2mahrT8MfPznHM6ZP0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PWjrJFIcmT2SiOgHTIEUMTRQooZMqYFEgoR2M7mb19hiUFkn8iJMUvIgNYhEKztBYvm33EJ4wRxEBnVL0L3276tScuegquAVUSaGGb3/1+gnPIoiRS6Z113VS9HKmUHAJ00ov05AyPmID6BqMWQTay+eXT+mZcfo0TJR5MdK5+3siZ5HWkygwnRHDoV6uzcz/at0MwxsvF3GaIcR8sSjMJMWEzmKgfaGAo5wYYFwJcyvlQ6YYRxNWxYTgLn95FVoXNdfww1W1flvEUSYn5JScE5dckzq5Jw3SJJyMyTN5JW9Wbr1Y79bHorVkFTPH5I+szx8xgJNZ</latexit>

S�1
p

<latexit sha1_base64="0V0ghKSOjO4iJqJoJnR5oKx26vQ=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEIXiyJCHosevFY0X5AG8tmO2mXbjZxdyOU0D/hxYMiXv073vw3btsctPWFhYd3ZtiZN0gE18Z1v52l5ZXVtfXCRnFza3tnt7S339BxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HpSbz6h0jyW92aUoB/RvuQhZ9RYq3XXTR6yU2/cLZXdijsVWQQvhzLkqnVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sW5Q0Qu1n033H5Ng6PRLGyj5pyNT9PZHRSOtRFNjOiJqBnq9NzP9q7dSEl37GZZIalGz2UZgKYmIyOZ70uEJmxMgCZYrbXQkbUEWZsREVbQje/MmL0DireJZvz8vVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyR8/kDiYePoA==</latexit><latexit sha1_base64="0V0ghKSOjO4iJqJoJnR5oKx26vQ=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEIXiyJCHosevFY0X5AG8tmO2mXbjZxdyOU0D/hxYMiXv073vw3btsctPWFhYd3ZtiZN0gE18Z1v52l5ZXVtfXCRnFza3tnt7S339BxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HpSbz6h0jyW92aUoB/RvuQhZ9RYq3XXTR6yU2/cLZXdijsVWQQvhzLkqnVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sW5Q0Qu1n033H5Ng6PRLGyj5pyNT9PZHRSOtRFNjOiJqBnq9NzP9q7dSEl37GZZIalGz2UZgKYmIyOZ70uEJmxMgCZYrbXQkbUEWZsREVbQje/MmL0DireJZvz8vVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyR8/kDiYePoA==</latexit><latexit sha1_base64="0V0ghKSOjO4iJqJoJnR5oKx26vQ=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEIXiyJCHosevFY0X5AG8tmO2mXbjZxdyOU0D/hxYMiXv073vw3btsctPWFhYd3ZtiZN0gE18Z1v52l5ZXVtfXCRnFza3tnt7S339BxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HpSbz6h0jyW92aUoB/RvuQhZ9RYq3XXTR6yU2/cLZXdijsVWQQvhzLkqnVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sW5Q0Qu1n033H5Ng6PRLGyj5pyNT9PZHRSOtRFNjOiJqBnq9NzP9q7dSEl37GZZIalGz2UZgKYmIyOZ70uEJmxMgCZYrbXQkbUEWZsREVbQje/MmL0DireJZvz8vVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyR8/kDiYePoA==</latexit><latexit sha1_base64="0V0ghKSOjO4iJqJoJnR5oKx26vQ=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEIXiyJCHosevFY0X5AG8tmO2mXbjZxdyOU0D/hxYMiXv073vw3btsctPWFhYd3ZtiZN0gE18Z1v52l5ZXVtfXCRnFza3tnt7S339BxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HpSbz6h0jyW92aUoB/RvuQhZ9RYq3XXTR6yU2/cLZXdijsVWQQvhzLkqnVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sW5Q0Qu1n033H5Ng6PRLGyj5pyNT9PZHRSOtRFNjOiJqBnq9NzP9q7dSEl37GZZIalGz2UZgKYmIyOZ70uEJmxMgCZYrbXQkbUEWZsREVbQje/MmL0DireJZvz8vVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyR8/kDiYePoA==</latexit>



Statistics

S�1
p S�1

v SpSv = �1
<latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit><latexit sha1_base64="zpUdKbLvNZhAcex20TVfVfC+eLk=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuGmZiKAboejGZaX2Au04ZNJMG5qZCUmmUIbu3Pgqblwo4tZXcOfbmLYjaOsPgY//nMPJ+X3BmdKO82XllpZXVtfy64WNza3tHXt3r6HiRBJaJzGPZcvHinIW0bpmmtOWkBSHPqdNf3A9qTeHVCoWR3d6JKgb4l7EAkawNpZnH9Y8cZ+W0BjWvOEPCMPwEpYQ9OyiU3amgouAMiiCTFXP/ux0Y5KENNKEY6XayBHaTbHUjHA6LnQSRQUmA9yjbYMRDqly0+kdY3hsnC4MYmlepOHU/T2R4lCpUeibzhDrvpqvTcz/au1EBxduyiKRaBqR2aIg4VDHcBIK7DJJieYjA5hIZv4KSR9LTLSJrmBCQPMnL0LjtIycMro9K1ausjjy4AAcgROAwDmogBtQBXVAwAN4Ai/g1Xq0nq03633WmrOymX3wR9bHN2UXlw4=</latexit>

time t3
<latexit sha1_base64="QygNraJqLMk4Z3MtGwAKYugupGA=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBV0W3bisYC/QhjCZnrRDJxdmTool9E3cuFDErW/izrdx2mahrT8MfPznHM6ZP0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PWjrJFIcmT2SiOgHTIEUMTRQooZMqYFEgoR2M7mb19hiUFkn8iJMUvIgNYhEKztBYvm33EJ4wRxEBnVL0L3276tScuegquAVUSaGGb3/1+gnPIoiRS6Z113VS9HKmUHAJ00ov05AyPmID6BqMWQTay+eXT+mZcfo0TJR5MdK5+3siZ5HWkygwnRHDoV6uzcz/at0MwxsvF3GaIcR8sSjMJMWEzmKgfaGAo5wYYFwJcyvlQ6YYRxNWxYTgLn95FVoXNdfww1W1flvEUSYn5JScE5dckzq5Jw3SJJyMyTN5JW9Wbr1Y79bHorVkFTPH5I+szx8xgJNZ</latexit><latexit sha1_base64="QygNraJqLMk4Z3MtGwAKYugupGA=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBV0W3bisYC/QhjCZnrRDJxdmTool9E3cuFDErW/izrdx2mahrT8MfPznHM6ZP0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PWjrJFIcmT2SiOgHTIEUMTRQooZMqYFEgoR2M7mb19hiUFkn8iJMUvIgNYhEKztBYvm33EJ4wRxEBnVL0L3276tScuegquAVUSaGGb3/1+gnPIoiRS6Z113VS9HKmUHAJ00ov05AyPmID6BqMWQTay+eXT+mZcfo0TJR5MdK5+3siZ5HWkygwnRHDoV6uzcz/at0MwxsvF3GaIcR8sSjMJMWEzmKgfaGAo5wYYFwJcyvlQ6YYRxNWxYTgLn95FVoXNdfww1W1flvEUSYn5JScE5dckzq5Jw3SJJyMyTN5JW9Wbr1Y79bHorVkFTPH5I+szx8xgJNZ</latexit><latexit sha1_base64="QygNraJqLMk4Z3MtGwAKYugupGA=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBV0W3bisYC/QhjCZnrRDJxdmTool9E3cuFDErW/izrdx2mahrT8MfPznHM6ZP0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PWjrJFIcmT2SiOgHTIEUMTRQooZMqYFEgoR2M7mb19hiUFkn8iJMUvIgNYhEKztBYvm33EJ4wRxEBnVL0L3276tScuegquAVUSaGGb3/1+gnPIoiRS6Z113VS9HKmUHAJ00ov05AyPmID6BqMWQTay+eXT+mZcfo0TJR5MdK5+3siZ5HWkygwnRHDoV6uzcz/at0MwxsvF3GaIcR8sSjMJMWEzmKgfaGAo5wYYFwJcyvlQ6YYRxNWxYTgLn95FVoXNdfww1W1flvEUSYn5JScE5dckzq5Jw3SJJyMyTN5JW9Wbr1Y79bHorVkFTPH5I+szx8xgJNZ</latexit><latexit sha1_base64="QygNraJqLMk4Z3MtGwAKYugupGA=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBV0W3bisYC/QhjCZnrRDJxdmTool9E3cuFDErW/izrdx2mahrT8MfPznHM6ZP0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PWjrJFIcmT2SiOgHTIEUMTRQooZMqYFEgoR2M7mb19hiUFkn8iJMUvIgNYhEKztBYvm33EJ4wRxEBnVL0L3276tScuegquAVUSaGGb3/1+gnPIoiRS6Z113VS9HKmUHAJ00ov05AyPmID6BqMWQTay+eXT+mZcfo0TJR5MdK5+3siZ5HWkygwnRHDoV6uzcz/at0MwxsvF3GaIcR8sSjMJMWEzmKgfaGAo5wYYFwJcyvlQ6YYRxNWxYTgLn95FVoXNdfww1W1flvEUSYn5JScE5dckzq5Jw3SJJyMyTN5JW9Wbr1Y79bHorVkFTPH5I+szx8xgJNZ</latexit>

S�1
p

<latexit sha1_base64="0V0ghKSOjO4iJqJoJnR5oKx26vQ=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEIXiyJCHosevFY0X5AG8tmO2mXbjZxdyOU0D/hxYMiXv073vw3btsctPWFhYd3ZtiZN0gE18Z1v52l5ZXVtfXCRnFza3tnt7S339BxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HpSbz6h0jyW92aUoB/RvuQhZ9RYq3XXTR6yU2/cLZXdijsVWQQvhzLkqnVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sW5Q0Qu1n033H5Ng6PRLGyj5pyNT9PZHRSOtRFNjOiJqBnq9NzP9q7dSEl37GZZIalGz2UZgKYmIyOZ70uEJmxMgCZYrbXQkbUEWZsREVbQje/MmL0DireJZvz8vVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyR8/kDiYePoA==</latexit><latexit sha1_base64="0V0ghKSOjO4iJqJoJnR5oKx26vQ=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEIXiyJCHosevFY0X5AG8tmO2mXbjZxdyOU0D/hxYMiXv073vw3btsctPWFhYd3ZtiZN0gE18Z1v52l5ZXVtfXCRnFza3tnt7S339BxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HpSbz6h0jyW92aUoB/RvuQhZ9RYq3XXTR6yU2/cLZXdijsVWQQvhzLkqnVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sW5Q0Qu1n033H5Ng6PRLGyj5pyNT9PZHRSOtRFNjOiJqBnq9NzP9q7dSEl37GZZIalGz2UZgKYmIyOZ70uEJmxMgCZYrbXQkbUEWZsREVbQje/MmL0DireJZvz8vVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyR8/kDiYePoA==</latexit><latexit sha1_base64="0V0ghKSOjO4iJqJoJnR5oKx26vQ=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEIXiyJCHosevFY0X5AG8tmO2mXbjZxdyOU0D/hxYMiXv073vw3btsctPWFhYd3ZtiZN0gE18Z1v52l5ZXVtfXCRnFza3tnt7S339BxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HpSbz6h0jyW92aUoB/RvuQhZ9RYq3XXTR6yU2/cLZXdijsVWQQvhzLkqnVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sW5Q0Qu1n033H5Ng6PRLGyj5pyNT9PZHRSOtRFNjOiJqBnq9NzP9q7dSEl37GZZIalGz2UZgKYmIyOZ70uEJmxMgCZYrbXQkbUEWZsREVbQje/MmL0DireJZvz8vVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyR8/kDiYePoA==</latexit><latexit sha1_base64="0V0ghKSOjO4iJqJoJnR5oKx26vQ=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEIXiyJCHosevFY0X5AG8tmO2mXbjZxdyOU0D/hxYMiXv073vw3btsctPWFhYd3ZtiZN0gE18Z1v52l5ZXVtfXCRnFza3tnt7S339BxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HpSbz6h0jyW92aUoB/RvuQhZ9RYq3XXTR6yU2/cLZXdijsVWQQvhzLkqnVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sW5Q0Qu1n033H5Ng6PRLGyj5pyNT9PZHRSOtRFNjOiJqBnq9NzP9q7dSEl37GZZIalGz2UZgKYmIyOZ70uEJmxMgCZYrbXQkbUEWZsREVbQje/MmL0DireJZvz8vVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyR8/kDiYePoA==</latexit>

• Space-time 
process of 
“braiding” (S-
matrix in UMTC) 
described by the 
operator product 



Simple Hamiltonians for 
Fracton phases

• Fracton phase: has some features reminiscent of topological 
order (UMTC), but many important differences, including


• Explicit dependence on a lattice geometry (no smooth 
space-time)


• Particles with restricted mobility 


• statistical (braiding-like) interactions in 3D, due to 
restricted mobility


• Goal: explore these properties and mathematical structure 
through simple models.  (General framework not yet known)



Model 1: X-cube
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Vijay, Haah, Fu 



Model 1: X-cube
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<latexit sha1_base64="g0HnVZM3RwQq3pRH+2JneNbji/s=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQEixIVVkYi0QfUhMix3Faq44d2Q6iivoNLPwKCwMIsTKx8Tc4bQdoOZKl43PuvfY9Ycqo0o7zbZWWlldW18rrlY3Nre0de3evrUQmMWlhwYTshkgRRjlpaaoZ6aaSoCRkpBMOrwq/c0+kooLf6lFK/AT1OY0pRtpIgX3SCDC8hF4qRRTkFHqUmwuSmiIG8Rh6ivYTdPcQ0MCuOjVnArhI3Bmpghmagf3lRQJnCeEaM6RUz3VS7efFbMzIuOJliqQID1Gf9AzlKCHKzycrjeGRUSIYC2kO13Ci/u7IUaLUKAlNZYL0QM17hfif18t0fOHnlKeZJhxPH4ozBrWART4wopJgzUaGICyp+SvEAyQR1ibFignBnV95kbRPa67hN2fVemMWRxkcgENwDFxwDurgGjRBC2DwCJ7BK3iznqwX6936mJaWrFnPPvgD6/MH5R2dAQ==</latexit><latexit sha1_base64="g0HnVZM3RwQq3pRH+2JneNbji/s=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQEixIVVkYi0QfUhMix3Faq44d2Q6iivoNLPwKCwMIsTKx8Tc4bQdoOZKl43PuvfY9Ycqo0o7zbZWWlldW18rrlY3Nre0de3evrUQmMWlhwYTshkgRRjlpaaoZ6aaSoCRkpBMOrwq/c0+kooLf6lFK/AT1OY0pRtpIgX3SCDC8hF4qRRTkFHqUmwuSmiIG8Rh6ivYTdPcQ0MCuOjVnArhI3Bmpghmagf3lRQJnCeEaM6RUz3VS7efFbMzIuOJliqQID1Gf9AzlKCHKzycrjeGRUSIYC2kO13Ci/u7IUaLUKAlNZYL0QM17hfif18t0fOHnlKeZJhxPH4ozBrWART4wopJgzUaGICyp+SvEAyQR1ibFignBnV95kbRPa67hN2fVemMWRxkcgENwDFxwDurgGjRBC2DwCJ7BK3iznqwX6936mJaWrFnPPvgD6/MH5R2dAQ==</latexit><latexit sha1_base64="g0HnVZM3RwQq3pRH+2JneNbji/s=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQEixIVVkYi0QfUhMix3Faq44d2Q6iivoNLPwKCwMIsTKx8Tc4bQdoOZKl43PuvfY9Ycqo0o7zbZWWlldW18rrlY3Nre0de3evrUQmMWlhwYTshkgRRjlpaaoZ6aaSoCRkpBMOrwq/c0+kooLf6lFK/AT1OY0pRtpIgX3SCDC8hF4qRRTkFHqUmwuSmiIG8Rh6ivYTdPcQ0MCuOjVnArhI3Bmpghmagf3lRQJnCeEaM6RUz3VS7efFbMzIuOJliqQID1Gf9AzlKCHKzycrjeGRUSIYC2kO13Ci/u7IUaLUKAlNZYL0QM17hfif18t0fOHnlKeZJhxPH4ozBrWART4wopJgzUaGICyp+SvEAyQR1ibFignBnV95kbRPa67hN2fVemMWRxkcgENwDFxwDurgGjRBC2DwCJ7BK3iznqwX6936mJaWrFnPPvgD6/MH5R2dAQ==</latexit><latexit sha1_base64="g0HnVZM3RwQq3pRH+2JneNbji/s=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQEixIVVkYi0QfUhMix3Faq44d2Q6iivoNLPwKCwMIsTKx8Tc4bQdoOZKl43PuvfY9Ycqo0o7zbZWWlldW18rrlY3Nre0de3evrUQmMWlhwYTshkgRRjlpaaoZ6aaSoCRkpBMOrwq/c0+kooLf6lFK/AT1OY0pRtpIgX3SCDC8hF4qRRTkFHqUmwuSmiIG8Rh6ivYTdPcQ0MCuOjVnArhI3Bmpghmagf3lRQJnCeEaM6RUz3VS7efFbMzIuOJliqQID1Gf9AzlKCHKzycrjeGRUSIYC2kO13Ci/u7IUaLUKAlNZYL0QM17hfif18t0fOHnlKeZJhxPH4ozBrWART4wopJgzUaGICyp+SvEAyQR1ibFignBnV95kbRPa67hN2fVemMWRxkcgENwDFxwDurgGjRBC2DwCJ7BK3iznqwX6936mJaWrFnPPvgD6/MH5R2dAQ==</latexit>
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<latexit sha1_base64="TJvChtAT8UgAVKKAc/5sO/RdLXg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMCLoRqm5cVrAP6LRDJpO2oUlmSDLFcegvuPFX3LhQxK07d/6N6WOhrQcCh3PO5eaeIGZUacf5tnJLyyura/n1wsbm1vaOvbtXV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCMYXI/9xpBIRSNxp9OYtDnqCdqlGGkj+XbpsvPgD+EF9GIZhX5GoUcF7GTH9+loOIKeoj2OTIT6dtEpOxPAReLOSBHMUPXtLy+McMKJ0JghpVquE+t2hqSmmJFRwUsUiREeoB5pGSoQJ6qdTS4awSOjhLAbSfOEhhP190SGuFIpD0ySI91X895Y/M9rJbp73s6oiBNNBJ4u6iYM6giO64EhlQRrlhqCsKTmrxD3kURYmxILpgR3/uRFUj8pu4bfnhYrV7M68uAAHIIScMEZqIAbUAU1gMEjeAav4M16sl6sd+tjGs1Zs5l98AfW5w/FbJz+</latexit><latexit sha1_base64="TJvChtAT8UgAVKKAc/5sO/RdLXg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMCLoRqm5cVrAP6LRDJpO2oUlmSDLFcegvuPFX3LhQxK07d/6N6WOhrQcCh3PO5eaeIGZUacf5tnJLyyura/n1wsbm1vaOvbtXV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCMYXI/9xpBIRSNxp9OYtDnqCdqlGGkj+XbpsvPgD+EF9GIZhX5GoUcF7GTH9+loOIKeoj2OTIT6dtEpOxPAReLOSBHMUPXtLy+McMKJ0JghpVquE+t2hqSmmJFRwUsUiREeoB5pGSoQJ6qdTS4awSOjhLAbSfOEhhP190SGuFIpD0ySI91X895Y/M9rJbp73s6oiBNNBJ4u6iYM6giO64EhlQRrlhqCsKTmrxD3kURYmxILpgR3/uRFUj8pu4bfnhYrV7M68uAAHIIScMEZqIAbUAU1gMEjeAav4M16sl6sd+tjGs1Zs5l98AfW5w/FbJz+</latexit><latexit sha1_base64="TJvChtAT8UgAVKKAc/5sO/RdLXg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMCLoRqm5cVrAP6LRDJpO2oUlmSDLFcegvuPFX3LhQxK07d/6N6WOhrQcCh3PO5eaeIGZUacf5tnJLyyura/n1wsbm1vaOvbtXV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCMYXI/9xpBIRSNxp9OYtDnqCdqlGGkj+XbpsvPgD+EF9GIZhX5GoUcF7GTH9+loOIKeoj2OTIT6dtEpOxPAReLOSBHMUPXtLy+McMKJ0JghpVquE+t2hqSmmJFRwUsUiREeoB5pGSoQJ6qdTS4awSOjhLAbSfOEhhP190SGuFIpD0ySI91X895Y/M9rJbp73s6oiBNNBJ4u6iYM6giO64EhlQRrlhqCsKTmrxD3kURYmxILpgR3/uRFUj8pu4bfnhYrV7M68uAAHIIScMEZqIAbUAU1gMEjeAav4M16sl6sd+tjGs1Zs5l98AfW5w/FbJz+</latexit><latexit sha1_base64="TJvChtAT8UgAVKKAc/5sO/RdLXg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMCLoRqm5cVrAP6LRDJpO2oUlmSDLFcegvuPFX3LhQxK07d/6N6WOhrQcCh3PO5eaeIGZUacf5tnJLyyura/n1wsbm1vaOvbtXV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCMYXI/9xpBIRSNxp9OYtDnqCdqlGGkj+XbpsvPgD+EF9GIZhX5GoUcF7GTH9+loOIKeoj2OTIT6dtEpOxPAReLOSBHMUPXtLy+McMKJ0JghpVquE+t2hqSmmJFRwUsUiREeoB5pGSoQJ6qdTS4awSOjhLAbSfOEhhP190SGuFIpD0ySI91X895Y/M9rJbp73s6oiBNNBJ4u6iYM6giO64EhlQRrlhqCsKTmrxD3kURYmxILpgR3/uRFUj8pu4bfnhYrV7M68uAAHIIScMEZqIAbUAU1gMEjeAav4M16sl6sd+tjGs1Zs5l98AfW5w/FbJz+</latexit>
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<latexit sha1_base64="tRJpYc2muvLVJssGztk8wC+2HA4=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCCykzIuiy1o3LCvYC7Thk0kwbmsmMSaZQhj6HGxeKuPVh3Pk2pu0stPWHwMd/zuGc/EEiuDaO841WVtfWNzYLW8Xtnd29/dLBYVPHqaKsQWMRq3ZANBNcsobhRrB2ohiJAsFawfB2Wm+NmNI8lg9mnDAvIn3JQ06JsZZ388j9ET7HXVzzqV8qOxVnJrwMbg5lyFX3S1/dXkzTiElDBdG64zqJ8TKiDKeCTYrdVLOE0CHps45FSSKmvWx29ASfWqeHw1jZJw2eub8nMhJpPY4C2xkRM9CLtan5X62TmvDay7hMUsMknS8KU4FNjKcJ4B5XjBoxtkCo4vZWTAdEEWpsTkUbgrv45WVoXlRcy/eX5Wotj6MAx3ACZ+DCFVThDurQAApP8Ayv8IZG6AW9o4956wrKZ47gj9DnD8AOkMU=</latexit><latexit sha1_base64="tRJpYc2muvLVJssGztk8wC+2HA4=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCCykzIuiy1o3LCvYC7Thk0kwbmsmMSaZQhj6HGxeKuPVh3Pk2pu0stPWHwMd/zuGc/EEiuDaO841WVtfWNzYLW8Xtnd29/dLBYVPHqaKsQWMRq3ZANBNcsobhRrB2ohiJAsFawfB2Wm+NmNI8lg9mnDAvIn3JQ06JsZZ388j9ET7HXVzzqV8qOxVnJrwMbg5lyFX3S1/dXkzTiElDBdG64zqJ8TKiDKeCTYrdVLOE0CHps45FSSKmvWx29ASfWqeHw1jZJw2eub8nMhJpPY4C2xkRM9CLtan5X62TmvDay7hMUsMknS8KU4FNjKcJ4B5XjBoxtkCo4vZWTAdEEWpsTkUbgrv45WVoXlRcy/eX5Wotj6MAx3ACZ+DCFVThDurQAApP8Ayv8IZG6AW9o4956wrKZ47gj9DnD8AOkMU=</latexit><latexit sha1_base64="tRJpYc2muvLVJssGztk8wC+2HA4=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCCykzIuiy1o3LCvYC7Thk0kwbmsmMSaZQhj6HGxeKuPVh3Pk2pu0stPWHwMd/zuGc/EEiuDaO841WVtfWNzYLW8Xtnd29/dLBYVPHqaKsQWMRq3ZANBNcsobhRrB2ohiJAsFawfB2Wm+NmNI8lg9mnDAvIn3JQ06JsZZ388j9ET7HXVzzqV8qOxVnJrwMbg5lyFX3S1/dXkzTiElDBdG64zqJ8TKiDKeCTYrdVLOE0CHps45FSSKmvWx29ASfWqeHw1jZJw2eub8nMhJpPY4C2xkRM9CLtan5X62TmvDay7hMUsMknS8KU4FNjKcJ4B5XjBoxtkCo4vZWTAdEEWpsTkUbgrv45WVoXlRcy/eX5Wotj6MAx3ACZ+DCFVThDurQAApP8Ayv8IZG6AW9o4956wrKZ47gj9DnD8AOkMU=</latexit><latexit sha1_base64="tRJpYc2muvLVJssGztk8wC+2HA4=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCCykzIuiy1o3LCvYC7Thk0kwbmsmMSaZQhj6HGxeKuPVh3Pk2pu0stPWHwMd/zuGc/EEiuDaO841WVtfWNzYLW8Xtnd29/dLBYVPHqaKsQWMRq3ZANBNcsobhRrB2ohiJAsFawfB2Wm+NmNI8lg9mnDAvIn3JQ06JsZZ388j9ET7HXVzzqV8qOxVnJrwMbg5lyFX3S1/dXkzTiElDBdG64zqJ8TKiDKeCTYrdVLOE0CHps45FSSKmvWx29ASfWqeHw1jZJw2eub8nMhJpPY4C2xkRM9CLtan5X62TmvDay7hMUsMknS8KU4FNjKcJ4B5XjBoxtkCo4vZWTAdEEWpsTkUbgrv45WVoXlRcy/eX5Wotj6MAx3ACZ+DCFVThDurQAApP8Ayv8IZG6AW9o4956wrKZ47gj9DnD8AOkMU=</latexit>



Model 1: X-cube
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<latexit sha1_base64="g0HnVZM3RwQq3pRH+2JneNbji/s=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQEixIVVkYi0QfUhMix3Faq44d2Q6iivoNLPwKCwMIsTKx8Tc4bQdoOZKl43PuvfY9Ycqo0o7zbZWWlldW18rrlY3Nre0de3evrUQmMWlhwYTshkgRRjlpaaoZ6aaSoCRkpBMOrwq/c0+kooLf6lFK/AT1OY0pRtpIgX3SCDC8hF4qRRTkFHqUmwuSmiIG8Rh6ivYTdPcQ0MCuOjVnArhI3Bmpghmagf3lRQJnCeEaM6RUz3VS7efFbMzIuOJliqQID1Gf9AzlKCHKzycrjeGRUSIYC2kO13Ci/u7IUaLUKAlNZYL0QM17hfif18t0fOHnlKeZJhxPH4ozBrWART4wopJgzUaGICyp+SvEAyQR1ibFignBnV95kbRPa67hN2fVemMWRxkcgENwDFxwDurgGjRBC2DwCJ7BK3iznqwX6936mJaWrFnPPvgD6/MH5R2dAQ==</latexit><latexit sha1_base64="g0HnVZM3RwQq3pRH+2JneNbji/s=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQEixIVVkYi0QfUhMix3Faq44d2Q6iivoNLPwKCwMIsTKx8Tc4bQdoOZKl43PuvfY9Ycqo0o7zbZWWlldW18rrlY3Nre0de3evrUQmMWlhwYTshkgRRjlpaaoZ6aaSoCRkpBMOrwq/c0+kooLf6lFK/AT1OY0pRtpIgX3SCDC8hF4qRRTkFHqUmwuSmiIG8Rh6ivYTdPcQ0MCuOjVnArhI3Bmpghmagf3lRQJnCeEaM6RUz3VS7efFbMzIuOJliqQID1Gf9AzlKCHKzycrjeGRUSIYC2kO13Ci/u7IUaLUKAlNZYL0QM17hfif18t0fOHnlKeZJhxPH4ozBrWART4wopJgzUaGICyp+SvEAyQR1ibFignBnV95kbRPa67hN2fVemMWRxkcgENwDFxwDurgGjRBC2DwCJ7BK3iznqwX6936mJaWrFnPPvgD6/MH5R2dAQ==</latexit><latexit sha1_base64="g0HnVZM3RwQq3pRH+2JneNbji/s=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQEixIVVkYi0QfUhMix3Faq44d2Q6iivoNLPwKCwMIsTKx8Tc4bQdoOZKl43PuvfY9Ycqo0o7zbZWWlldW18rrlY3Nre0de3evrUQmMWlhwYTshkgRRjlpaaoZ6aaSoCRkpBMOrwq/c0+kooLf6lFK/AT1OY0pRtpIgX3SCDC8hF4qRRTkFHqUmwuSmiIG8Rh6ivYTdPcQ0MCuOjVnArhI3Bmpghmagf3lRQJnCeEaM6RUz3VS7efFbMzIuOJliqQID1Gf9AzlKCHKzycrjeGRUSIYC2kO13Ci/u7IUaLUKAlNZYL0QM17hfif18t0fOHnlKeZJhxPH4ozBrWART4wopJgzUaGICyp+SvEAyQR1ibFignBnV95kbRPa67hN2fVemMWRxkcgENwDFxwDurgGjRBC2DwCJ7BK3iznqwX6936mJaWrFnPPvgD6/MH5R2dAQ==</latexit><latexit sha1_base64="g0HnVZM3RwQq3pRH+2JneNbji/s=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQEixIVVkYi0QfUhMix3Faq44d2Q6iivoNLPwKCwMIsTKx8Tc4bQdoOZKl43PuvfY9Ycqo0o7zbZWWlldW18rrlY3Nre0de3evrUQmMWlhwYTshkgRRjlpaaoZ6aaSoCRkpBMOrwq/c0+kooLf6lFK/AT1OY0pRtpIgX3SCDC8hF4qRRTkFHqUmwuSmiIG8Rh6ivYTdPcQ0MCuOjVnArhI3Bmpghmagf3lRQJnCeEaM6RUz3VS7efFbMzIuOJliqQID1Gf9AzlKCHKzycrjeGRUSIYC2kO13Ci/u7IUaLUKAlNZYL0QM17hfif18t0fOHnlKeZJhxPH4ozBrWART4wopJgzUaGICyp+SvEAyQR1ibFignBnV95kbRPa67hN2fVemMWRxkcgENwDFxwDurgGjRBC2DwCJ7BK3iznqwX6936mJaWrFnPPvgD6/MH5R2dAQ==</latexit>

Az
v =

Y

i2⇤xyv

�z
i

<latexit sha1_base64="TJvChtAT8UgAVKKAc/5sO/RdLXg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMCLoRqm5cVrAP6LRDJpO2oUlmSDLFcegvuPFX3LhQxK07d/6N6WOhrQcCh3PO5eaeIGZUacf5tnJLyyura/n1wsbm1vaOvbtXV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCMYXI/9xpBIRSNxp9OYtDnqCdqlGGkj+XbpsvPgD+EF9GIZhX5GoUcF7GTH9+loOIKeoj2OTIT6dtEpOxPAReLOSBHMUPXtLy+McMKJ0JghpVquE+t2hqSmmJFRwUsUiREeoB5pGSoQJ6qdTS4awSOjhLAbSfOEhhP190SGuFIpD0ySI91X895Y/M9rJbp73s6oiBNNBJ4u6iYM6giO64EhlQRrlhqCsKTmrxD3kURYmxILpgR3/uRFUj8pu4bfnhYrV7M68uAAHIIScMEZqIAbUAU1gMEjeAav4M16sl6sd+tjGs1Zs5l98AfW5w/FbJz+</latexit><latexit sha1_base64="TJvChtAT8UgAVKKAc/5sO/RdLXg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMCLoRqm5cVrAP6LRDJpO2oUlmSDLFcegvuPFX3LhQxK07d/6N6WOhrQcCh3PO5eaeIGZUacf5tnJLyyura/n1wsbm1vaOvbtXV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCMYXI/9xpBIRSNxp9OYtDnqCdqlGGkj+XbpsvPgD+EF9GIZhX5GoUcF7GTH9+loOIKeoj2OTIT6dtEpOxPAReLOSBHMUPXtLy+McMKJ0JghpVquE+t2hqSmmJFRwUsUiREeoB5pGSoQJ6qdTS4awSOjhLAbSfOEhhP190SGuFIpD0ySI91X895Y/M9rJbp73s6oiBNNBJ4u6iYM6giO64EhlQRrlhqCsKTmrxD3kURYmxILpgR3/uRFUj8pu4bfnhYrV7M68uAAHIIScMEZqIAbUAU1gMEjeAav4M16sl6sd+tjGs1Zs5l98AfW5w/FbJz+</latexit><latexit sha1_base64="TJvChtAT8UgAVKKAc/5sO/RdLXg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMCLoRqm5cVrAP6LRDJpO2oUlmSDLFcegvuPFX3LhQxK07d/6N6WOhrQcCh3PO5eaeIGZUacf5tnJLyyura/n1wsbm1vaOvbtXV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCMYXI/9xpBIRSNxp9OYtDnqCdqlGGkj+XbpsvPgD+EF9GIZhX5GoUcF7GTH9+loOIKeoj2OTIT6dtEpOxPAReLOSBHMUPXtLy+McMKJ0JghpVquE+t2hqSmmJFRwUsUiREeoB5pGSoQJ6qdTS4awSOjhLAbSfOEhhP190SGuFIpD0ySI91X895Y/M9rJbp73s6oiBNNBJ4u6iYM6giO64EhlQRrlhqCsKTmrxD3kURYmxILpgR3/uRFUj8pu4bfnhYrV7M68uAAHIIScMEZqIAbUAU1gMEjeAav4M16sl6sd+tjGs1Zs5l98AfW5w/FbJz+</latexit><latexit sha1_base64="TJvChtAT8UgAVKKAc/5sO/RdLXg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMCLoRqm5cVrAP6LRDJpO2oUlmSDLFcegvuPFX3LhQxK07d/6N6WOhrQcCh3PO5eaeIGZUacf5tnJLyyura/n1wsbm1vaOvbtXV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCMYXI/9xpBIRSNxp9OYtDnqCdqlGGkj+XbpsvPgD+EF9GIZhX5GoUcF7GTH9+loOIKeoj2OTIT6dtEpOxPAReLOSBHMUPXtLy+McMKJ0JghpVquE+t2hqSmmJFRwUsUiREeoB5pGSoQJ6qdTS4awSOjhLAbSfOEhhP190SGuFIpD0ySI91X895Y/M9rJbp73s6oiBNNBJ4u6iYM6giO64EhlQRrlhqCsKTmrxD3kURYmxILpgR3/uRFUj8pu4bfnhYrV7M68uAAHIIScMEZqIAbUAU1gMEjeAav4M16sl6sd+tjGs1Zs5l98AfW5w/FbJz+</latexit>

Sum of Commuting projectors
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<latexit sha1_base64="4vfppRpGJ2sPtIDzEwOEJT4Dew0=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0Ibd10WcE+oJ0OmTTThmYeJJniOPQ73Pgrblwo4k7c+Dem7QjaeiHcwznncnOPEzIqpGF8aZml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzvJ7ozRHhggb+rYxDYnmo71OXYiQVZetmFV7BU9gRkWePYKHcvVPtBJa7cdrv7dHxjwHDio1tPW8UjWnBRWCmIA/Sqtn6R6cX4MgjvsQMCdE2jVBaCeKSYkbGuU4kSIjwEPVJW0EfeURYyfS0MTxSTA+6AVfPl3DK/p5IkCdE7DnK6SE5EPPahPxPa0fSvbQS6oeRJD6eLXIjBmUAJznBHuUESxYrgDCn6q8QDxBHWKo0cyoEc/7kRdA4K5oK35znS5U0jiw4AIegAExwAUqgCmqgDjB4AE/gBbxqj9qz9qa9z6wZLZ3ZB39K+/wGLzmdPw==</latexit><latexit sha1_base64="4vfppRpGJ2sPtIDzEwOEJT4Dew0=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0Ibd10WcE+oJ0OmTTThmYeJJniOPQ73Pgrblwo4k7c+Dem7QjaeiHcwznncnOPEzIqpGF8aZml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzvJ7ozRHhggb+rYxDYnmo71OXYiQVZetmFV7BU9gRkWePYKHcvVPtBJa7cdrv7dHxjwHDio1tPW8UjWnBRWCmIA/Sqtn6R6cX4MgjvsQMCdE2jVBaCeKSYkbGuU4kSIjwEPVJW0EfeURYyfS0MTxSTA+6AVfPl3DK/p5IkCdE7DnK6SE5EPPahPxPa0fSvbQS6oeRJD6eLXIjBmUAJznBHuUESxYrgDCn6q8QDxBHWKo0cyoEc/7kRdA4K5oK35znS5U0jiw4AIegAExwAUqgCmqgDjB4AE/gBbxqj9qz9qa9z6wZLZ3ZB39K+/wGLzmdPw==</latexit><latexit sha1_base64="4vfppRpGJ2sPtIDzEwOEJT4Dew0=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0Ibd10WcE+oJ0OmTTThmYeJJniOPQ73Pgrblwo4k7c+Dem7QjaeiHcwznncnOPEzIqpGF8aZml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzvJ7ozRHhggb+rYxDYnmo71OXYiQVZetmFV7BU9gRkWePYKHcvVPtBJa7cdrv7dHxjwHDio1tPW8UjWnBRWCmIA/Sqtn6R6cX4MgjvsQMCdE2jVBaCeKSYkbGuU4kSIjwEPVJW0EfeURYyfS0MTxSTA+6AVfPl3DK/p5IkCdE7DnK6SE5EPPahPxPa0fSvbQS6oeRJD6eLXIjBmUAJznBHuUESxYrgDCn6q8QDxBHWKo0cyoEc/7kRdA4K5oK35znS5U0jiw4AIegAExwAUqgCmqgDjB4AE/gBbxqj9qz9qa9z6wZLZ3ZB39K+/wGLzmdPw==</latexit><latexit sha1_base64="4vfppRpGJ2sPtIDzEwOEJT4Dew0=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0Ibd10WcE+oJ0OmTTThmYeJJniOPQ73Pgrblwo4k7c+Dem7QjaeiHcwznncnOPEzIqpGF8aZml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzvJ7ozRHhggb+rYxDYnmo71OXYiQVZetmFV7BU9gRkWePYKHcvVPtBJa7cdrv7dHxjwHDio1tPW8UjWnBRWCmIA/Sqtn6R6cX4MgjvsQMCdE2jVBaCeKSYkbGuU4kSIjwEPVJW0EfeURYyfS0MTxSTA+6AVfPl3DK/p5IkCdE7DnK6SE5EPPahPxPa0fSvbQS6oeRJD6eLXIjBmUAJznBHuUESxYrgDCn6q8QDxBHWKo0cyoEc/7kRdA4K5oK35znS5U0jiw4AIegAExwAUqgCmqgDjB4AE/gBbxqj9qz9qa9z6wZLZ3ZB39K+/wGLzmdPw==</latexit>



Ground state: “cage net”
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<latexit sha1_base64="4vfppRpGJ2sPtIDzEwOEJT4Dew0=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0Ibd10WcE+oJ0OmTTThmYeJJniOPQ73Pgrblwo4k7c+Dem7QjaeiHcwznncnOPEzIqpGF8aZml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzvJ7ozRHhggb+rYxDYnmo71OXYiQVZetmFV7BU9gRkWePYKHcvVPtBJa7cdrv7dHxjwHDio1tPW8UjWnBRWCmIA/Sqtn6R6cX4MgjvsQMCdE2jVBaCeKSYkbGuU4kSIjwEPVJW0EfeURYyfS0MTxSTA+6AVfPl3DK/p5IkCdE7DnK6SE5EPPahPxPa0fSvbQS6oeRJD6eLXIjBmUAJznBHuUESxYrgDCn6q8QDxBHWKo0cyoEc/7kRdA4K5oK35znS5U0jiw4AIegAExwAUqgCmqgDjB4AE/gBbxqj9qz9qa9z6wZLZ3ZB39K+/wGLzmdPw==</latexit><latexit sha1_base64="4vfppRpGJ2sPtIDzEwOEJT4Dew0=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0Ibd10WcE+oJ0OmTTThmYeJJniOPQ73Pgrblwo4k7c+Dem7QjaeiHcwznncnOPEzIqpGF8aZml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzvJ7ozRHhggb+rYxDYnmo71OXYiQVZetmFV7BU9gRkWePYKHcvVPtBJa7cdrv7dHxjwHDio1tPW8UjWnBRWCmIA/Sqtn6R6cX4MgjvsQMCdE2jVBaCeKSYkbGuU4kSIjwEPVJW0EfeURYyfS0MTxSTA+6AVfPl3DK/p5IkCdE7DnK6SE5EPPahPxPa0fSvbQS6oeRJD6eLXIjBmUAJznBHuUESxYrgDCn6q8QDxBHWKo0cyoEc/7kRdA4K5oK35znS5U0jiw4AIegAExwAUqgCmqgDjB4AE/gBbxqj9qz9qa9z6wZLZ3ZB39K+/wGLzmdPw==</latexit><latexit sha1_base64="4vfppRpGJ2sPtIDzEwOEJT4Dew0=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0Ibd10WcE+oJ0OmTTThmYeJJniOPQ73Pgrblwo4k7c+Dem7QjaeiHcwznncnOPEzIqpGF8aZml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzvJ7ozRHhggb+rYxDYnmo71OXYiQVZetmFV7BU9gRkWePYKHcvVPtBJa7cdrv7dHxjwHDio1tPW8UjWnBRWCmIA/Sqtn6R6cX4MgjvsQMCdE2jVBaCeKSYkbGuU4kSIjwEPVJW0EfeURYyfS0MTxSTA+6AVfPl3DK/p5IkCdE7DnK6SE5EPPahPxPa0fSvbQS6oeRJD6eLXIjBmUAJznBHuUESxYrgDCn6q8QDxBHWKo0cyoEc/7kRdA4K5oK35znS5U0jiw4AIegAExwAUqgCmqgDjB4AE/gBbxqj9qz9qa9z6wZLZ3ZB39K+/wGLzmdPw==</latexit><latexit sha1_base64="4vfppRpGJ2sPtIDzEwOEJT4Dew0=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0Ibd10WcE+oJ0OmTTThmYeJJniOPQ73Pgrblwo4k7c+Dem7QjaeiHcwznncnOPEzIqpGF8aZml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzvJ7ozRHhggb+rYxDYnmo71OXYiQVZetmFV7BU9gRkWePYKHcvVPtBJa7cdrv7dHxjwHDio1tPW8UjWnBRWCmIA/Sqtn6R6cX4MgjvsQMCdE2jVBaCeKSYkbGuU4kSIjwEPVJW0EfeURYyfS0MTxSTA+6AVfPl3DK/p5IkCdE7DnK6SE5EPPahPxPa0fSvbQS6oeRJD6eLXIjBmUAJznBHuUESxYrgDCn6q8QDxBHWKo0cyoEc/7kRdA4K5oK35znS5U0jiw4AIegAExwAUqgCmqgDjB4AE/gBbxqj9qz9qa9z6wZLZ3ZB39K+/wGLzmdPw==</latexit>
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<latexit sha1_base64="kN8uQ0oe6lcxcGIpn9MesdhH04U=">AAACBHicbVC7SgNBFL3rM8bXqmWawSAIQtgVQRsh0cYygnlAsllmJ7PJkNkHM7PBNaSw8VdsLBSx9SPs/BsnyRaaeGC4h3Pu5c49XsyZVJb1bSwtr6yurec28ptb2zu75t5+XUaJILRGIh6Jpocl5SykNcUUp81YUBx4nDa8wfXEbwypkCwK71QaUyfAvZD5jGClJdcsVDr37hBdokonzeqDrpqc2K5ZtErWFGiR2BkpQoaqa361uxFJAhoqwrGULduKlTPCQjHC6TjfTiSNMRngHm1pGuKASmc0PWKMjrTSRX4k9AsVmqq/J0Y4kDINPN0ZYNWX895E/M9rJcq/cEYsjBNFQzJb5CccqQhNEkFdJihRPNUEE8H0XxHpY4GJ0rnldQj2/MmLpH5asq2SfXtWLF9lceSgAIdwDDacQxluoAo1IPAIz/AKb8aT8WK8Gx+z1iUjmzmAPzA+fwCPDZVz</latexit><latexit sha1_base64="kN8uQ0oe6lcxcGIpn9MesdhH04U=">AAACBHicbVC7SgNBFL3rM8bXqmWawSAIQtgVQRsh0cYygnlAsllmJ7PJkNkHM7PBNaSw8VdsLBSx9SPs/BsnyRaaeGC4h3Pu5c49XsyZVJb1bSwtr6yurec28ptb2zu75t5+XUaJILRGIh6Jpocl5SykNcUUp81YUBx4nDa8wfXEbwypkCwK71QaUyfAvZD5jGClJdcsVDr37hBdokonzeqDrpqc2K5ZtErWFGiR2BkpQoaqa361uxFJAhoqwrGULduKlTPCQjHC6TjfTiSNMRngHm1pGuKASmc0PWKMjrTSRX4k9AsVmqq/J0Y4kDINPN0ZYNWX895E/M9rJcq/cEYsjBNFQzJb5CccqQhNEkFdJihRPNUEE8H0XxHpY4GJ0rnldQj2/MmLpH5asq2SfXtWLF9lceSgAIdwDDacQxluoAo1IPAIz/AKb8aT8WK8Gx+z1iUjmzmAPzA+fwCPDZVz</latexit><latexit sha1_base64="kN8uQ0oe6lcxcGIpn9MesdhH04U=">AAACBHicbVC7SgNBFL3rM8bXqmWawSAIQtgVQRsh0cYygnlAsllmJ7PJkNkHM7PBNaSw8VdsLBSx9SPs/BsnyRaaeGC4h3Pu5c49XsyZVJb1bSwtr6yurec28ptb2zu75t5+XUaJILRGIh6Jpocl5SykNcUUp81YUBx4nDa8wfXEbwypkCwK71QaUyfAvZD5jGClJdcsVDr37hBdokonzeqDrpqc2K5ZtErWFGiR2BkpQoaqa361uxFJAhoqwrGULduKlTPCQjHC6TjfTiSNMRngHm1pGuKASmc0PWKMjrTSRX4k9AsVmqq/J0Y4kDINPN0ZYNWX895E/M9rJcq/cEYsjBNFQzJb5CccqQhNEkFdJihRPNUEE8H0XxHpY4GJ0rnldQj2/MmLpH5asq2SfXtWLF9lceSgAIdwDDacQxluoAo1IPAIz/AKb8aT8WK8Gx+z1iUjmzmAPzA+fwCPDZVz</latexit><latexit sha1_base64="kN8uQ0oe6lcxcGIpn9MesdhH04U=">AAACBHicbVC7SgNBFL3rM8bXqmWawSAIQtgVQRsh0cYygnlAsllmJ7PJkNkHM7PBNaSw8VdsLBSx9SPs/BsnyRaaeGC4h3Pu5c49XsyZVJb1bSwtr6yurec28ptb2zu75t5+XUaJILRGIh6Jpocl5SykNcUUp81YUBx4nDa8wfXEbwypkCwK71QaUyfAvZD5jGClJdcsVDr37hBdokonzeqDrpqc2K5ZtErWFGiR2BkpQoaqa361uxFJAhoqwrGULduKlTPCQjHC6TjfTiSNMRngHm1pGuKASmc0PWKMjrTSRX4k9AsVmqq/J0Y4kDINPN0ZYNWX895E/M9rJcq/cEYsjBNFQzJb5CccqQhNEkFdJihRPNUEE8H0XxHpY4GJ0rnldQj2/MmLpH5asq2SfXtWLF9lceSgAIdwDDacQxluoAo1IPAIz/AKb8aT8WK8Gx+z1iUjmzmAPzA+fwCPDZVz</latexit>

: Even number of blue edges in each 
plane at each vertex

Bc = +1
<latexit sha1_base64="KwPgV0qE+Ox0RTqmX/Lf3ZzWMwg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ6sVjBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWatd6jNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fDYiOpw==</latexit><latexit sha1_base64="KwPgV0qE+Ox0RTqmX/Lf3ZzWMwg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ6sVjBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWatd6jNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fDYiOpw==</latexit><latexit sha1_base64="KwPgV0qE+Ox0RTqmX/Lf3ZzWMwg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ6sVjBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWatd6jNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fDYiOpw==</latexit><latexit sha1_base64="KwPgV0qE+Ox0RTqmX/Lf3ZzWMwg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ6sVjBfsBbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWatd6jNyQc69XKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxBHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fDYiOpw==</latexit>

: equal amplitude superposition of all 
cages

Prem, Huang, Song, Hermele



Excitations of X-cube

B
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i

<latexit sha1_base64="g0HnVZM3RwQq3pRH+2JneNbji/s=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQEixIVVkYi0QfUhMix3Faq44d2Q6iivoNLPwKCwMIsTKx8Tc4bQdoOZKl43PuvfY9Ycqo0o7zbZWWlldW18rrlY3Nre0de3evrUQmMWlhwYTshkgRRjlpaaoZ6aaSoCRkpBMOrwq/c0+kooLf6lFK/AT1OY0pRtpIgX3SCDC8hF4qRRTkFHqUmwuSmiIG8Rh6ivYTdPcQ0MCuOjVnArhI3Bmpghmagf3lRQJnCeEaM6RUz3VS7efFbMzIuOJliqQID1Gf9AzlKCHKzycrjeGRUSIYC2kO13Ci/u7IUaLUKAlNZYL0QM17hfif18t0fOHnlKeZJhxPH4ozBrWART4wopJgzUaGICyp+SvEAyQR1ibFignBnV95kbRPa67hN2fVemMWRxkcgENwDFxwDurgGjRBC2DwCJ7BK3iznqwX6936mJaWrFnPPvgD6/MH5R2dAQ==</latexit><latexit sha1_base64="g0HnVZM3RwQq3pRH+2JneNbji/s=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQEixIVVkYi0QfUhMix3Faq44d2Q6iivoNLPwKCwMIsTKx8Tc4bQdoOZKl43PuvfY9Ycqo0o7zbZWWlldW18rrlY3Nre0de3evrUQmMWlhwYTshkgRRjlpaaoZ6aaSoCRkpBMOrwq/c0+kooLf6lFK/AT1OY0pRtpIgX3SCDC8hF4qRRTkFHqUmwuSmiIG8Rh6ivYTdPcQ0MCuOjVnArhI3Bmpghmagf3lRQJnCeEaM6RUz3VS7efFbMzIuOJliqQID1Gf9AzlKCHKzycrjeGRUSIYC2kO13Ci/u7IUaLUKAlNZYL0QM17hfif18t0fOHnlKeZJhxPH4ozBrWART4wopJgzUaGICyp+SvEAyQR1ibFignBnV95kbRPa67hN2fVemMWRxkcgENwDFxwDurgGjRBC2DwCJ7BK3iznqwX6936mJaWrFnPPvgD6/MH5R2dAQ==</latexit><latexit sha1_base64="g0HnVZM3RwQq3pRH+2JneNbji/s=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQEixIVVkYi0QfUhMix3Faq44d2Q6iivoNLPwKCwMIsTKx8Tc4bQdoOZKl43PuvfY9Ycqo0o7zbZWWlldW18rrlY3Nre0de3evrUQmMWlhwYTshkgRRjlpaaoZ6aaSoCRkpBMOrwq/c0+kooLf6lFK/AT1OY0pRtpIgX3SCDC8hF4qRRTkFHqUmwuSmiIG8Rh6ivYTdPcQ0MCuOjVnArhI3Bmpghmagf3lRQJnCeEaM6RUz3VS7efFbMzIuOJliqQID1Gf9AzlKCHKzycrjeGRUSIYC2kO13Ci/u7IUaLUKAlNZYL0QM17hfif18t0fOHnlKeZJhxPH4ozBrWART4wopJgzUaGICyp+SvEAyQR1ibFignBnV95kbRPa67hN2fVemMWRxkcgENwDFxwDurgGjRBC2DwCJ7BK3iznqwX6936mJaWrFnPPvgD6/MH5R2dAQ==</latexit><latexit sha1_base64="g0HnVZM3RwQq3pRH+2JneNbji/s=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQEixIVVkYi0QfUhMix3Faq44d2Q6iivoNLPwKCwMIsTKx8Tc4bQdoOZKl43PuvfY9Ycqo0o7zbZWWlldW18rrlY3Nre0de3evrUQmMWlhwYTshkgRRjlpaaoZ6aaSoCRkpBMOrwq/c0+kooLf6lFK/AT1OY0pRtpIgX3SCDC8hF4qRRTkFHqUmwuSmiIG8Rh6ivYTdPcQ0MCuOjVnArhI3Bmpghmagf3lRQJnCeEaM6RUz3VS7efFbMzIuOJliqQID1Gf9AzlKCHKzycrjeGRUSIYC2kO13Ci/u7IUaLUKAlNZYL0QM17hfif18t0fOHnlKeZJhxPH4ozBrWART4wopJgzUaGICyp+SvEAyQR1ibFignBnV95kbRPa67hN2fVemMWRxkcgENwDFxwDurgGjRBC2DwCJ7BK3iznqwX6936mJaWrFnPPvgD6/MH5R2dAQ==</latexit>

Az
v =

Y

i2⇤xyv

�z
i

<latexit sha1_base64="TJvChtAT8UgAVKKAc/5sO/RdLXg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMCLoRqm5cVrAP6LRDJpO2oUlmSDLFcegvuPFX3LhQxK07d/6N6WOhrQcCh3PO5eaeIGZUacf5tnJLyyura/n1wsbm1vaOvbtXV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCMYXI/9xpBIRSNxp9OYtDnqCdqlGGkj+XbpsvPgD+EF9GIZhX5GoUcF7GTH9+loOIKeoj2OTIT6dtEpOxPAReLOSBHMUPXtLy+McMKJ0JghpVquE+t2hqSmmJFRwUsUiREeoB5pGSoQJ6qdTS4awSOjhLAbSfOEhhP190SGuFIpD0ySI91X895Y/M9rJbp73s6oiBNNBJ4u6iYM6giO64EhlQRrlhqCsKTmrxD3kURYmxILpgR3/uRFUj8pu4bfnhYrV7M68uAAHIIScMEZqIAbUAU1gMEjeAav4M16sl6sd+tjGs1Zs5l98AfW5w/FbJz+</latexit><latexit sha1_base64="TJvChtAT8UgAVKKAc/5sO/RdLXg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMCLoRqm5cVrAP6LRDJpO2oUlmSDLFcegvuPFX3LhQxK07d/6N6WOhrQcCh3PO5eaeIGZUacf5tnJLyyura/n1wsbm1vaOvbtXV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCMYXI/9xpBIRSNxp9OYtDnqCdqlGGkj+XbpsvPgD+EF9GIZhX5GoUcF7GTH9+loOIKeoj2OTIT6dtEpOxPAReLOSBHMUPXtLy+McMKJ0JghpVquE+t2hqSmmJFRwUsUiREeoB5pGSoQJ6qdTS4awSOjhLAbSfOEhhP190SGuFIpD0ySI91X895Y/M9rJbp73s6oiBNNBJ4u6iYM6giO64EhlQRrlhqCsKTmrxD3kURYmxILpgR3/uRFUj8pu4bfnhYrV7M68uAAHIIScMEZqIAbUAU1gMEjeAav4M16sl6sd+tjGs1Zs5l98AfW5w/FbJz+</latexit><latexit sha1_base64="TJvChtAT8UgAVKKAc/5sO/RdLXg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMCLoRqm5cVrAP6LRDJpO2oUlmSDLFcegvuPFX3LhQxK07d/6N6WOhrQcCh3PO5eaeIGZUacf5tnJLyyura/n1wsbm1vaOvbtXV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCMYXI/9xpBIRSNxp9OYtDnqCdqlGGkj+XbpsvPgD+EF9GIZhX5GoUcF7GTH9+loOIKeoj2OTIT6dtEpOxPAReLOSBHMUPXtLy+McMKJ0JghpVquE+t2hqSmmJFRwUsUiREeoB5pGSoQJ6qdTS4awSOjhLAbSfOEhhP190SGuFIpD0ySI91X895Y/M9rJbp73s6oiBNNBJ4u6iYM6giO64EhlQRrlhqCsKTmrxD3kURYmxILpgR3/uRFUj8pu4bfnhYrV7M68uAAHIIScMEZqIAbUAU1gMEjeAav4M16sl6sd+tjGs1Zs5l98AfW5w/FbJz+</latexit><latexit sha1_base64="TJvChtAT8UgAVKKAc/5sO/RdLXg=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoLsqMCLoRqm5cVrAP6LRDJpO2oUlmSDLFcegvuPFX3LhQxK07d/6N6WOhrQcCh3PO5eaeIGZUacf5tnJLyyura/n1wsbm1vaOvbtXV1EiManhiEWyGSBFGBWkpqlmpBlLgnjASCMYXI/9xpBIRSNxp9OYtDnqCdqlGGkj+XbpsvPgD+EF9GIZhX5GoUcF7GTH9+loOIKeoj2OTIT6dtEpOxPAReLOSBHMUPXtLy+McMKJ0JghpVquE+t2hqSmmJFRwUsUiREeoB5pGSoQJ6qdTS4awSOjhLAbSfOEhhP190SGuFIpD0ySI91X895Y/M9rJbp73s6oiBNNBJ4u6iYM6giO64EhlQRrlhqCsKTmrxD3kURYmxILpgR3/uRFUj8pu4bfnhYrV7M68uAAHIIScMEZqIAbUAU1gMEjeAav4M16sl6sd+tjGs1Zs5l98AfW5w/FbJz+</latexit>

line operator:

ˆl =
Y

i

�x

i

<latexit sha1_base64="JYM3H2xgcwpOHy6i4dSiDWLXQ9A=">AAACHXicbVDLSgNBEJz1bXxFPXoZDIKnsCuCIgiiF48KJgrZuPROOsng7M4y0yuGJT/ixV/x4kERD17Ev3HyOPgqGCiquujpijMlLfn+pzcxOTU9Mzs3X1pYXFpeKa+u1a3OjcCa0EqbqxgsKplijSQpvMoMQhIrvIxvTgb+5S0aK3V6Qb0Mmwl0UtmWAshJUXk3JLyjYhDnOkMDpM0B7/OwC07t80POw8zoViR5aGUngeu7SEblil/1h+B/STAmFTbGWVR+D1ta5AmmJBRY2wj8jJoFGJJCYb8U5hYzEDfQwYajKSRom8Xwuj7fckqLt7VxLyU+VL8nCkis7SWxm0yAuva3NxD/8xo5tfebhUyznDAVo0XtXHHSfFAVb0mDglTPERBGur9y0QUDglyhJVdC8Pvkv6S+Uw38anC+Wzk6HtcxxzbYJttmAdtjR+yUnbEaE+yePbJn9uI9eE/eq/c2Gp3wxpl19gPexxdub6IY</latexit><latexit sha1_base64="JYM3H2xgcwpOHy6i4dSiDWLXQ9A=">AAACHXicbVDLSgNBEJz1bXxFPXoZDIKnsCuCIgiiF48KJgrZuPROOsng7M4y0yuGJT/ixV/x4kERD17Ev3HyOPgqGCiquujpijMlLfn+pzcxOTU9Mzs3X1pYXFpeKa+u1a3OjcCa0EqbqxgsKplijSQpvMoMQhIrvIxvTgb+5S0aK3V6Qb0Mmwl0UtmWAshJUXk3JLyjYhDnOkMDpM0B7/OwC07t80POw8zoViR5aGUngeu7SEblil/1h+B/STAmFTbGWVR+D1ta5AmmJBRY2wj8jJoFGJJCYb8U5hYzEDfQwYajKSRom8Xwuj7fckqLt7VxLyU+VL8nCkis7SWxm0yAuva3NxD/8xo5tfebhUyznDAVo0XtXHHSfFAVb0mDglTPERBGur9y0QUDglyhJVdC8Pvkv6S+Uw38anC+Wzk6HtcxxzbYJttmAdtjR+yUnbEaE+yePbJn9uI9eE/eq/c2Gp3wxpl19gPexxdub6IY</latexit><latexit sha1_base64="JYM3H2xgcwpOHy6i4dSiDWLXQ9A=">AAACHXicbVDLSgNBEJz1bXxFPXoZDIKnsCuCIgiiF48KJgrZuPROOsng7M4y0yuGJT/ixV/x4kERD17Ev3HyOPgqGCiquujpijMlLfn+pzcxOTU9Mzs3X1pYXFpeKa+u1a3OjcCa0EqbqxgsKplijSQpvMoMQhIrvIxvTgb+5S0aK3V6Qb0Mmwl0UtmWAshJUXk3JLyjYhDnOkMDpM0B7/OwC07t80POw8zoViR5aGUngeu7SEblil/1h+B/STAmFTbGWVR+D1ta5AmmJBRY2wj8jJoFGJJCYb8U5hYzEDfQwYajKSRom8Xwuj7fckqLt7VxLyU+VL8nCkis7SWxm0yAuva3NxD/8xo5tfebhUyznDAVo0XtXHHSfFAVb0mDglTPERBGur9y0QUDglyhJVdC8Pvkv6S+Uw38anC+Wzk6HtcxxzbYJttmAdtjR+yUnbEaE+yePbJn9uI9eE/eq/c2Gp3wxpl19gPexxdub6IY</latexit><latexit sha1_base64="JYM3H2xgcwpOHy6i4dSiDWLXQ9A=">AAACHXicbVDLSgNBEJz1bXxFPXoZDIKnsCuCIgiiF48KJgrZuPROOsng7M4y0yuGJT/ixV/x4kERD17Ev3HyOPgqGCiquujpijMlLfn+pzcxOTU9Mzs3X1pYXFpeKa+u1a3OjcCa0EqbqxgsKplijSQpvMoMQhIrvIxvTgb+5S0aK3V6Qb0Mmwl0UtmWAshJUXk3JLyjYhDnOkMDpM0B7/OwC07t80POw8zoViR5aGUngeu7SEblil/1h+B/STAmFTbGWVR+D1ta5AmmJBRY2wj8jJoFGJJCYb8U5hYzEDfQwYajKSRom8Xwuj7fckqLt7VxLyU+VL8nCkis7SWxm0yAuva3NxD/8xo5tfebhUyznDAVo0XtXHHSfFAVb0mDglTPERBGur9y0QUDglyhJVdC8Pvkv6S+Uw38anC+Wzk6HtcxxzbYJttmAdtjR+yUnbEaE+yePbJn9uI9eE/eq/c2Gp3wxpl19gPexxdub6IY</latexit>

Membrane operator:

ˆM =

Y

i

�z
i

<latexit sha1_base64="OygYfdCgTxhuhezZ1t+F2R3uuKA="></latexit><latexit sha1_base64="OygYfdCgTxhuhezZ1t+F2R3uuKA="></latexit><latexit sha1_base64="OygYfdCgTxhuhezZ1t+F2R3uuKA="></latexit><latexit sha1_base64="OygYfdCgTxhuhezZ1t+F2R3uuKA="></latexit>



Notions of fusion

• Like in Toric code, we have


• But lines cannot turn corners, so 
there is a distinct mx for each 
value of y and z 


• Membranes must be square, so 
there’s a different e for every site.

ei ⇥ ei = 1

ma
i ⇥ma

i = 1
<latexit sha1_base64="ZYlFirCMppwml6xQ2VeZ/oa8bD4=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuLIkIuhGKblxWsA9oYphMJ+3QmUmYmQgl9Cvc+CtuXCjiVtz5N07aCNp6YODcc+7lzj1RyqjSrvtlLSwuLa+sVtbs9Y3NrW1nZ7elkkxi0sQJS2QnQoowKkhTU81IJ5UE8YiRdjS8Kvz2PZGKJuJWj1IScNQXNKYYaSOFzjEJKfQ15UTBgl5AD/q+zUN6h370aVE4oVN1a+4EcJ54JamCEo3Q+fR7Cc44ERozpFTXc1Md5EhqihkZ236mSIrwEPVJ11CBzL4gn5w1hodG6cE4keYJDSfq74kccaVGPDKdHOmBmvUK8T+vm+n4PMipSDNNBJ4uijMGdQKLjGCPSoI1GxmCsKTmrxAPkERYmyRtE4I3e/I8aZ3UPLfm3ZxW65dlHBWwDw7AEfDAGaiDa9AATYDBA3gCL+DVerSerTfrfdq6YJUze+APrI9vscqciQ==</latexit><latexit sha1_base64="ZYlFirCMppwml6xQ2VeZ/oa8bD4=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuLIkIuhGKblxWsA9oYphMJ+3QmUmYmQgl9Cvc+CtuXCjiVtz5N07aCNp6YODcc+7lzj1RyqjSrvtlLSwuLa+sVtbs9Y3NrW1nZ7elkkxi0sQJS2QnQoowKkhTU81IJ5UE8YiRdjS8Kvz2PZGKJuJWj1IScNQXNKYYaSOFzjEJKfQ15UTBgl5AD/q+zUN6h370aVE4oVN1a+4EcJ54JamCEo3Q+fR7Cc44ERozpFTXc1Md5EhqihkZ236mSIrwEPVJ11CBzL4gn5w1hodG6cE4keYJDSfq74kccaVGPDKdHOmBmvUK8T+vm+n4PMipSDNNBJ4uijMGdQKLjGCPSoI1GxmCsKTmrxAPkERYmyRtE4I3e/I8aZ3UPLfm3ZxW65dlHBWwDw7AEfDAGaiDa9AATYDBA3gCL+DVerSerTfrfdq6YJUze+APrI9vscqciQ==</latexit><latexit sha1_base64="ZYlFirCMppwml6xQ2VeZ/oa8bD4=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuLIkIuhGKblxWsA9oYphMJ+3QmUmYmQgl9Cvc+CtuXCjiVtz5N07aCNp6YODcc+7lzj1RyqjSrvtlLSwuLa+sVtbs9Y3NrW1nZ7elkkxi0sQJS2QnQoowKkhTU81IJ5UE8YiRdjS8Kvz2PZGKJuJWj1IScNQXNKYYaSOFzjEJKfQ15UTBgl5AD/q+zUN6h370aVE4oVN1a+4EcJ54JamCEo3Q+fR7Cc44ERozpFTXc1Md5EhqihkZ236mSIrwEPVJ11CBzL4gn5w1hodG6cE4keYJDSfq74kccaVGPDKdHOmBmvUK8T+vm+n4PMipSDNNBJ4uijMGdQKLjGCPSoI1GxmCsKTmrxAPkERYmyRtE4I3e/I8aZ3UPLfm3ZxW65dlHBWwDw7AEfDAGaiDa9AATYDBA3gCL+DVerSerTfrfdq6YJUze+APrI9vscqciQ==</latexit><latexit sha1_base64="ZYlFirCMppwml6xQ2VeZ/oa8bD4=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuLIkIuhGKblxWsA9oYphMJ+3QmUmYmQgl9Cvc+CtuXCjiVtz5N07aCNp6YODcc+7lzj1RyqjSrvtlLSwuLa+sVtbs9Y3NrW1nZ7elkkxi0sQJS2QnQoowKkhTU81IJ5UE8YiRdjS8Kvz2PZGKJuJWj1IScNQXNKYYaSOFzjEJKfQ15UTBgl5AD/q+zUN6h370aVE4oVN1a+4EcJ54JamCEo3Q+fR7Cc44ERozpFTXc1Md5EhqihkZ236mSIrwEPVJ11CBzL4gn5w1hodG6cE4keYJDSfq74kccaVGPDKdHOmBmvUK8T+vm+n4PMipSDNNBJ4uijMGdQKLjGCPSoI1GxmCsKTmrxAPkERYmyRtE4I3e/I8aZ3UPLfm3ZxW65dlHBWwDw7AEfDAGaiDa9AATYDBA3gCL+DVerSerTfrfdq6YJUze+APrI9vscqciQ==</latexit>

Pai, Hermele



Statistical processes:
• This is different from 

statistics associated with 2D 
topological phases: extra 
particles are created at 
intermediate times


• But we call it statistics 
because it is invariant under 
a (restricted) family of 
geometric distortions 


• The membrane cannot be 
pulled over the line if we 
require that the fractons are 
never close to the lineon 

(1) (2)

(3) (4)

l̂�1M̂�1 l̂M̂ = �1
<latexit sha1_base64="zcMGcATXqGeGMBVFCkhpAn1+vdY=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR3LRMRNCNUHTjRqhgL9COJZOmbWjmQnJGKMM8hRtfxY0LRdyKO9/GdDoLbT0Q+Pj/czg5vxdJocFxvq3C0vLK6lpxvbSxubW9Y+/uNXUYK8YbLJShantUcykC3gABkrcjxanvSd7yxldTv/XAlRZhcAeTiLs+HQZiIBgFI/XsSndEIZHpfVIhacY3M8a5kWv4AlcI7tllp+pkhReB5FBGedV79le3H7LY5wEwSbXuECcCN6EKBJM8LXVjzSPKxnTIOwYD6nPtJtlZKT4ySh8PQmVeADhTf08k1Nd64num06cw0vPeVPzP68QwOHcTEUQx8IDNFg1iiSHE04xwXyjOQE4MUKaE+StmI6ooA5NkyYRA5k9ehOZJlThVcntarl3mcRTRATpEx4igM1RD16iOGoihR/SMXtGb9WS9WO/Wx6y1YOUz++hPWZ8/ICeepg==</latexit><latexit sha1_base64="zcMGcATXqGeGMBVFCkhpAn1+vdY=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR3LRMRNCNUHTjRqhgL9COJZOmbWjmQnJGKMM8hRtfxY0LRdyKO9/GdDoLbT0Q+Pj/czg5vxdJocFxvq3C0vLK6lpxvbSxubW9Y+/uNXUYK8YbLJShantUcykC3gABkrcjxanvSd7yxldTv/XAlRZhcAeTiLs+HQZiIBgFI/XsSndEIZHpfVIhacY3M8a5kWv4AlcI7tllp+pkhReB5FBGedV79le3H7LY5wEwSbXuECcCN6EKBJM8LXVjzSPKxnTIOwYD6nPtJtlZKT4ySh8PQmVeADhTf08k1Nd64num06cw0vPeVPzP68QwOHcTEUQx8IDNFg1iiSHE04xwXyjOQE4MUKaE+StmI6ooA5NkyYRA5k9ehOZJlThVcntarl3mcRTRATpEx4igM1RD16iOGoihR/SMXtGb9WS9WO/Wx6y1YOUz++hPWZ8/ICeepg==</latexit><latexit sha1_base64="zcMGcATXqGeGMBVFCkhpAn1+vdY=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR3LRMRNCNUHTjRqhgL9COJZOmbWjmQnJGKMM8hRtfxY0LRdyKO9/GdDoLbT0Q+Pj/czg5vxdJocFxvq3C0vLK6lpxvbSxubW9Y+/uNXUYK8YbLJShantUcykC3gABkrcjxanvSd7yxldTv/XAlRZhcAeTiLs+HQZiIBgFI/XsSndEIZHpfVIhacY3M8a5kWv4AlcI7tllp+pkhReB5FBGedV79le3H7LY5wEwSbXuECcCN6EKBJM8LXVjzSPKxnTIOwYD6nPtJtlZKT4ySh8PQmVeADhTf08k1Nd64num06cw0vPeVPzP68QwOHcTEUQx8IDNFg1iiSHE04xwXyjOQE4MUKaE+StmI6ooA5NkyYRA5k9ehOZJlThVcntarl3mcRTRATpEx4igM1RD16iOGoihR/SMXtGb9WS9WO/Wx6y1YOUz++hPWZ8/ICeepg==</latexit><latexit sha1_base64="zcMGcATXqGeGMBVFCkhpAn1+vdY=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR3LRMRNCNUHTjRqhgL9COJZOmbWjmQnJGKMM8hRtfxY0LRdyKO9/GdDoLbT0Q+Pj/czg5vxdJocFxvq3C0vLK6lpxvbSxubW9Y+/uNXUYK8YbLJShantUcykC3gABkrcjxanvSd7yxldTv/XAlRZhcAeTiLs+HQZiIBgFI/XsSndEIZHpfVIhacY3M8a5kWv4AlcI7tllp+pkhReB5FBGedV79le3H7LY5wEwSbXuECcCN6EKBJM8LXVjzSPKxnTIOwYD6nPtJtlZKT4ySh8PQmVeADhTf08k1Nd64num06cw0vPeVPzP68QwOHcTEUQx8IDNFg1iiSHE04xwXyjOQE4MUKaE+StmI6ooA5NkyYRA5k9ehOZJlThVcntarl3mcRTRATpEx4igM1RD16iOGoihR/SMXtGb9WS9WO/Wx6y1YOUz++hPWZ8/ICeepg==</latexit>

Pai, Hermele 
You, Devakul, FJB, Sondhi



Model 2: Twisted X-cube

�z
i 2 {�1, 1}

<latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit><latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit><latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit><latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit>

on each edge

You, Devakul, FJB, Sondhi 
Ma, Hermele



Model 2: Twisted X-cube
Commuting operators

Az
v =

Y

i

�z
i

<latexit sha1_base64="Fr6jRzOsTmcbI0DjTdXW06cL2pw=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokIuhGqblxWsA9o0zCZTNqhM5MwMym0oeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r0nSBhV2nG+raXlldW19cJGcXNre2fX3tuvqziVmNRwzGLZDJAijApS01Qz0kwkQTxgpBH0byd+Y0CkorF40MOEeBx1BY0oRtpIvn147Q86I3gF24mMQ5/CtqJdjjojn/p2ySk7U8BF4uakBHJUffurHcY45URozJBSLddJtJchqSlmZFxsp4okCPdRl7QMFYgT5WXTH8bwxCghjGJpSmg4VX9PZIgrNeSB6eRI99S8NxH/81qpji69jIok1UTg2aIoZVDHcBIIDKkkWLOhIQhLam6FuIckwtrEVjQhuPMvL5L6Wdl1yu79ealyk8dRAEfgGJwCF1yACrgDVVADGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sD6/AEG7pcg</latexit><latexit sha1_base64="Fr6jRzOsTmcbI0DjTdXW06cL2pw=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokIuhGqblxWsA9o0zCZTNqhM5MwMym0oeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r0nSBhV2nG+raXlldW19cJGcXNre2fX3tuvqziVmNRwzGLZDJAijApS01Qz0kwkQTxgpBH0byd+Y0CkorF40MOEeBx1BY0oRtpIvn147Q86I3gF24mMQ5/CtqJdjjojn/p2ySk7U8BF4uakBHJUffurHcY45URozJBSLddJtJchqSlmZFxsp4okCPdRl7QMFYgT5WXTH8bwxCghjGJpSmg4VX9PZIgrNeSB6eRI99S8NxH/81qpji69jIok1UTg2aIoZVDHcBIIDKkkWLOhIQhLam6FuIckwtrEVjQhuPMvL5L6Wdl1yu79ealyk8dRAEfgGJwCF1yACrgDVVADGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sD6/AEG7pcg</latexit><latexit sha1_base64="Fr6jRzOsTmcbI0DjTdXW06cL2pw=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokIuhGqblxWsA9o0zCZTNqhM5MwMym0oeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r0nSBhV2nG+raXlldW19cJGcXNre2fX3tuvqziVmNRwzGLZDJAijApS01Qz0kwkQTxgpBH0byd+Y0CkorF40MOEeBx1BY0oRtpIvn147Q86I3gF24mMQ5/CtqJdjjojn/p2ySk7U8BF4uakBHJUffurHcY45URozJBSLddJtJchqSlmZFxsp4okCPdRl7QMFYgT5WXTH8bwxCghjGJpSmg4VX9PZIgrNeSB6eRI99S8NxH/81qpji69jIok1UTg2aIoZVDHcBIIDKkkWLOhIQhLam6FuIckwtrEVjQhuPMvL5L6Wdl1yu79ealyk8dRAEfgGJwCF1yACrgDVVADGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sD6/AEG7pcg</latexit><latexit sha1_base64="Fr6jRzOsTmcbI0DjTdXW06cL2pw=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokIuhGqblxWsA9o0zCZTNqhM5MwMym0oeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r0nSBhV2nG+raXlldW19cJGcXNre2fX3tuvqziVmNRwzGLZDJAijApS01Qz0kwkQTxgpBH0byd+Y0CkorF40MOEeBx1BY0oRtpIvn147Q86I3gF24mMQ5/CtqJdjjojn/p2ySk7U8BF4uakBHJUffurHcY45URozJBSLddJtJchqSlmZFxsp4okCPdRl7QMFYgT5WXTH8bwxCghjGJpSmg4VX9PZIgrNeSB6eRI99S8NxH/81qpji69jIok1UTg2aIoZVDHcBIIDKkkWLOhIQhLam6FuIckwtrEVjQhuPMvL5L6Wdl1yu79ealyk8dRAEfgGJwCF1yACrgDVVADGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sD6/AEG7pcg</latexit>

Ai
v, Bc, B

i
p

<latexit sha1_base64="kA10/cdDvBh5zz6lhgsNttC8QyA=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBRSmJCLqsdeOygn1Am4bJdNIOnTyYmRRCqL/ixoUibv0Qd/6N0zYLbT1wL4dz7mXuHC/mTCrL+jYKG5tb2zvF3dLe/sHhkXl80pZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3I39ztTKiSLwkeVxtQJ8ChkPiNYack1y7fudMCqqI8aLqnqFg+Ya1asmrUAWid2TiqQo+maX/1hRJKAhopwLGXPtmLlZFgoRjidlfqJpDEmEzyiPU1DHFDpZIvjZ+hcK0PkR0JXqNBC/b2R4UDKNPD0ZIDVWK56c/E/r5co/8bJWBgnioZk+ZCfcKQiNE8CDZmgRPFUE0wE07ciMsYCE6XzKukQ7NUvr5P2Zc22avbDVaXeyOMowimcwQXYcA11uIcmtIBACs/wCm/Gk/FivBsfy9GCke+U4Q+Mzx9Ap5M2</latexit><latexit sha1_base64="kA10/cdDvBh5zz6lhgsNttC8QyA=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBRSmJCLqsdeOygn1Am4bJdNIOnTyYmRRCqL/ixoUibv0Qd/6N0zYLbT1wL4dz7mXuHC/mTCrL+jYKG5tb2zvF3dLe/sHhkXl80pZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3I39ztTKiSLwkeVxtQJ8ChkPiNYack1y7fudMCqqI8aLqnqFg+Ya1asmrUAWid2TiqQo+maX/1hRJKAhopwLGXPtmLlZFgoRjidlfqJpDEmEzyiPU1DHFDpZIvjZ+hcK0PkR0JXqNBC/b2R4UDKNPD0ZIDVWK56c/E/r5co/8bJWBgnioZk+ZCfcKQiNE8CDZmgRPFUE0wE07ciMsYCE6XzKukQ7NUvr5P2Zc22avbDVaXeyOMowimcwQXYcA11uIcmtIBACs/wCm/Gk/FivBsfy9GCke+U4Q+Mzx9Ap5M2</latexit><latexit sha1_base64="kA10/cdDvBh5zz6lhgsNttC8QyA=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBRSmJCLqsdeOygn1Am4bJdNIOnTyYmRRCqL/ixoUibv0Qd/6N0zYLbT1wL4dz7mXuHC/mTCrL+jYKG5tb2zvF3dLe/sHhkXl80pZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3I39ztTKiSLwkeVxtQJ8ChkPiNYack1y7fudMCqqI8aLqnqFg+Ya1asmrUAWid2TiqQo+maX/1hRJKAhopwLGXPtmLlZFgoRjidlfqJpDEmEzyiPU1DHFDpZIvjZ+hcK0PkR0JXqNBC/b2R4UDKNPD0ZIDVWK56c/E/r5co/8bJWBgnioZk+ZCfcKQiNE8CDZmgRPFUE0wE07ciMsYCE6XzKukQ7NUvr5P2Zc22avbDVaXeyOMowimcwQXYcA11uIcmtIBACs/wCm/Gk/FivBsfy9GCke+U4Q+Mzx9Ap5M2</latexit><latexit sha1_base64="kA10/cdDvBh5zz6lhgsNttC8QyA=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBRSmJCLqsdeOygn1Am4bJdNIOnTyYmRRCqL/ixoUibv0Qd/6N0zYLbT1wL4dz7mXuHC/mTCrL+jYKG5tb2zvF3dLe/sHhkXl80pZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3I39ztTKiSLwkeVxtQJ8ChkPiNYack1y7fudMCqqI8aLqnqFg+Ya1asmrUAWid2TiqQo+maX/1hRJKAhopwLGXPtmLlZFgoRjidlfqJpDEmEzyiPU1DHFDpZIvjZ+hcK0PkR0JXqNBC/b2R4UDKNPD0ZIDVWK56c/E/r5co/8bJWBgnioZk+ZCfcKQiNE8CDZmgRPFUE0wE07ciMsYCE6XzKukQ7NUvr5P2Zc22avbDVaXeyOMowimcwQXYcA11uIcmtIBACs/wCm/Gk/FivBsfy9GCke+U4Q+Mzx9Ap5M2</latexit>

Bz

p

= (i)n
Y

i

�x

i

<latexit sha1_base64="hGZMYofL5DQsSUyBQ5FBgZ65QDQ=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZEXQjlLpxWcFeoNMOmUymDc1kQpIR69CtG1/FjQtF3PoG7nwb03YW2vpD4OM/53By/kAwqrTjfFtLyyura+uFjeLm1vbOrr2331RJKjFp4IQlsh0gRRjlpKGpZqQtJEFxwEgrGF5N6q07IhVN+K0eCdKNUZ/TiGKkjeXbsOaL3sMlLNOTHoeekEnoU+gp2o9R796gb5ecijMVXAQ3hxLIVfftLy9McBoTrjFDSnVcR+huhqSmmJFx0UsVEQgPUZ90DHIUE9XNppeM4bFxQhgl0jyu4dT9PZGhWKlRHJjOGOmBmq9NzP9qnVRHF92McpFqwvFsUZQyqBM4iQWGVBKs2cgAwpKav0I8QBJhbcIrmhDc+ZMXoXlacZ2Ke3NWqtbyOArgEByBMnDBOaiCa1AHDYDBI3gGr+DNerJerHfrY9a6ZOUzB+CPrM8fkOaY+w==</latexit><latexit sha1_base64="hGZMYofL5DQsSUyBQ5FBgZ65QDQ=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZEXQjlLpxWcFeoNMOmUymDc1kQpIR69CtG1/FjQtF3PoG7nwb03YW2vpD4OM/53By/kAwqrTjfFtLyyura+uFjeLm1vbOrr2331RJKjFp4IQlsh0gRRjlpKGpZqQtJEFxwEgrGF5N6q07IhVN+K0eCdKNUZ/TiGKkjeXbsOaL3sMlLNOTHoeekEnoU+gp2o9R796gb5ecijMVXAQ3hxLIVfftLy9McBoTrjFDSnVcR+huhqSmmJFx0UsVEQgPUZ90DHIUE9XNppeM4bFxQhgl0jyu4dT9PZGhWKlRHJjOGOmBmq9NzP9qnVRHF92McpFqwvFsUZQyqBM4iQWGVBKs2cgAwpKav0I8QBJhbcIrmhDc+ZMXoXlacZ2Ke3NWqtbyOArgEByBMnDBOaiCa1AHDYDBI3gGr+DNerJerHfrY9a6ZOUzB+CPrM8fkOaY+w==</latexit><latexit sha1_base64="hGZMYofL5DQsSUyBQ5FBgZ65QDQ=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZEXQjlLpxWcFeoNMOmUymDc1kQpIR69CtG1/FjQtF3PoG7nwb03YW2vpD4OM/53By/kAwqrTjfFtLyyura+uFjeLm1vbOrr2331RJKjFp4IQlsh0gRRjlpKGpZqQtJEFxwEgrGF5N6q07IhVN+K0eCdKNUZ/TiGKkjeXbsOaL3sMlLNOTHoeekEnoU+gp2o9R796gb5ecijMVXAQ3hxLIVfftLy9McBoTrjFDSnVcR+huhqSmmJFx0UsVEQgPUZ90DHIUE9XNppeM4bFxQhgl0jyu4dT9PZGhWKlRHJjOGOmBmq9NzP9qnVRHF92McpFqwvFsUZQyqBM4iQWGVBKs2cgAwpKav0I8QBJhbcIrmhDc+ZMXoXlacZ2Ke3NWqtbyOArgEByBMnDBOaiCa1AHDYDBI3gGr+DNerJerHfrY9a6ZOUzB+CPrM8fkOaY+w==</latexit><latexit sha1_base64="hGZMYofL5DQsSUyBQ5FBgZ65QDQ=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZEXQjlLpxWcFeoNMOmUymDc1kQpIR69CtG1/FjQtF3PoG7nwb03YW2vpD4OM/53By/kAwqrTjfFtLyyura+uFjeLm1vbOrr2331RJKjFp4IQlsh0gRRjlpKGpZqQtJEFxwEgrGF5N6q07IhVN+K0eCdKNUZ/TiGKkjeXbsOaL3sMlLNOTHoeekEnoU+gp2o9R796gb5ecijMVXAQ3hxLIVfftLy9McBoTrjFDSnVcR+huhqSmmJFx0UsVEQgPUZ90DHIUE9XNppeM4bFxQhgl0jyu4dT9PZGhWKlRHJjOGOmBmq9NzP9qnVRHF92McpFqwvFsUZQyqBM4iQWGVBKs2cgAwpKav0I8QBJhbcIrmhDc+ZMXoXlacZ2Ke3NWqtbyOArgEByBMnDBOaiCa1AHDYDBI3gGr+DNerJerHfrY9a6ZOUzB+CPrM8fkOaY+w==</latexit>
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<latexit sha1_base64="Ieru94nuKUsFsCrUrfnrNi7cf7o=">AAACB3icbZDLSgMxFIYzXmu9jboUJFiEuikzIuhGKHXjsoK9QDsdMplMG5pJhiQjlqE7N76KGxeKuPUV3Pk2pu0stPWHwMd/zuHk/EHCqNKO820tLa+srq0XNoqbW9s7u/beflOJVGLSwIIJ2Q6QIoxy0tBUM9JOJEFxwEgrGF5P6q17IhUV/E6PEuLFqM9pRDHSxvLto5qPr2CZnvY47CZShD6FXUX7Meo9GPTtklNxpoKL4OZQArnqvv3VDQVOY8I1Zkipjusk2suQ1BQzMi52U0UShIeoTzoGOYqJ8rLpHWN4YpwQRkKaxzWcur8nMhQrNYoD0xkjPVDztYn5X62T6ujSyyhPUk04ni2KUga1gJNQYEglwZqNDCAsqfkrxAMkEdYmuqIJwZ0/eRGaZxXXqbi356VqLY+jAA7BMSgDF1yAKrgBddAAGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sj6/AHQkZgC</latexit><latexit sha1_base64="Ieru94nuKUsFsCrUrfnrNi7cf7o=">AAACB3icbZDLSgMxFIYzXmu9jboUJFiEuikzIuhGKHXjsoK9QDsdMplMG5pJhiQjlqE7N76KGxeKuPUV3Pk2pu0stPWHwMd/zuHk/EHCqNKO820tLa+srq0XNoqbW9s7u/beflOJVGLSwIIJ2Q6QIoxy0tBUM9JOJEFxwEgrGF5P6q17IhUV/E6PEuLFqM9pRDHSxvLto5qPr2CZnvY47CZShD6FXUX7Meo9GPTtklNxpoKL4OZQArnqvv3VDQVOY8I1Zkipjusk2suQ1BQzMi52U0UShIeoTzoGOYqJ8rLpHWN4YpwQRkKaxzWcur8nMhQrNYoD0xkjPVDztYn5X62T6ujSyyhPUk04ni2KUga1gJNQYEglwZqNDCAsqfkrxAMkEdYmuqIJwZ0/eRGaZxXXqbi356VqLY+jAA7BMSgDF1yAKrgBddAAGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sj6/AHQkZgC</latexit><latexit sha1_base64="Ieru94nuKUsFsCrUrfnrNi7cf7o=">AAACB3icbZDLSgMxFIYzXmu9jboUJFiEuikzIuhGKHXjsoK9QDsdMplMG5pJhiQjlqE7N76KGxeKuPUV3Pk2pu0stPWHwMd/zuHk/EHCqNKO820tLa+srq0XNoqbW9s7u/beflOJVGLSwIIJ2Q6QIoxy0tBUM9JOJEFxwEgrGF5P6q17IhUV/E6PEuLFqM9pRDHSxvLto5qPr2CZnvY47CZShD6FXUX7Meo9GPTtklNxpoKL4OZQArnqvv3VDQVOY8I1Zkipjusk2suQ1BQzMi52U0UShIeoTzoGOYqJ8rLpHWN4YpwQRkKaxzWcur8nMhQrNYoD0xkjPVDztYn5X62T6ujSyyhPUk04ni2KUga1gJNQYEglwZqNDCAsqfkrxAMkEdYmuqIJwZ0/eRGaZxXXqbi356VqLY+jAA7BMSgDF1yAKrgBddAAGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sj6/AHQkZgC</latexit><latexit sha1_base64="Ieru94nuKUsFsCrUrfnrNi7cf7o=">AAACB3icbZDLSgMxFIYzXmu9jboUJFiEuikzIuhGKHXjsoK9QDsdMplMG5pJhiQjlqE7N76KGxeKuPUV3Pk2pu0stPWHwMd/zuHk/EHCqNKO820tLa+srq0XNoqbW9s7u/beflOJVGLSwIIJ2Q6QIoxy0tBUM9JOJEFxwEgrGF5P6q17IhUV/E6PEuLFqM9pRDHSxvLto5qPr2CZnvY47CZShD6FXUX7Meo9GPTtklNxpoKL4OZQArnqvv3VDQVOY8I1Zkipjusk2suQ1BQzMi52U0UShIeoTzoGOYqJ8rLpHWN4YpwQRkKaxzWcur8nMhQrNYoD0xkjPVDztYn5X62T6ujSyyhPUk04ni2KUga1gJNQYEglwZqNDCAsqfkrxAMkEdYmuqIJwZ0/eRGaZxXXqbi356VqLY+jAA7BMSgDF1yAKrgBddAAGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sj6/AHQkZgC</latexit>



Why the phases?
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<latexit sha1_base64="hGZMYofL5DQsSUyBQ5FBgZ65QDQ=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZEXQjlLpxWcFeoNMOmUymDc1kQpIR69CtG1/FjQtF3PoG7nwb03YW2vpD4OM/53By/kAwqrTjfFtLyyura+uFjeLm1vbOrr2331RJKjFp4IQlsh0gRRjlpKGpZqQtJEFxwEgrGF5N6q07IhVN+K0eCdKNUZ/TiGKkjeXbsOaL3sMlLNOTHoeekEnoU+gp2o9R796gb5ecijMVXAQ3hxLIVfftLy9McBoTrjFDSnVcR+huhqSmmJFx0UsVEQgPUZ90DHIUE9XNppeM4bFxQhgl0jyu4dT9PZGhWKlRHJjOGOmBmq9NzP9qnVRHF92McpFqwvFsUZQyqBM4iQWGVBKs2cgAwpKav0I8QBJhbcIrmhDc+ZMXoXlacZ2Ke3NWqtbyOArgEByBMnDBOaiCa1AHDYDBI3gGr+DNerJerHfrY9a6ZOUzB+CPrM8fkOaY+w==</latexit><latexit sha1_base64="hGZMYofL5DQsSUyBQ5FBgZ65QDQ=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZEXQjlLpxWcFeoNMOmUymDc1kQpIR69CtG1/FjQtF3PoG7nwb03YW2vpD4OM/53By/kAwqrTjfFtLyyura+uFjeLm1vbOrr2331RJKjFp4IQlsh0gRRjlpKGpZqQtJEFxwEgrGF5N6q07IhVN+K0eCdKNUZ/TiGKkjeXbsOaL3sMlLNOTHoeekEnoU+gp2o9R796gb5ecijMVXAQ3hxLIVfftLy9McBoTrjFDSnVcR+huhqSmmJFx0UsVEQgPUZ90DHIUE9XNppeM4bFxQhgl0jyu4dT9PZGhWKlRHJjOGOmBmq9NzP9qnVRHF92McpFqwvFsUZQyqBM4iQWGVBKs2cgAwpKav0I8QBJhbcIrmhDc+ZMXoXlacZ2Ke3NWqtbyOArgEByBMnDBOaiCa1AHDYDBI3gGr+DNerJerHfrY9a6ZOUzB+CPrM8fkOaY+w==</latexit><latexit sha1_base64="hGZMYofL5DQsSUyBQ5FBgZ65QDQ=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZEXQjlLpxWcFeoNMOmUymDc1kQpIR69CtG1/FjQtF3PoG7nwb03YW2vpD4OM/53By/kAwqrTjfFtLyyura+uFjeLm1vbOrr2331RJKjFp4IQlsh0gRRjlpKGpZqQtJEFxwEgrGF5N6q07IhVN+K0eCdKNUZ/TiGKkjeXbsOaL3sMlLNOTHoeekEnoU+gp2o9R796gb5ecijMVXAQ3hxLIVfftLy9McBoTrjFDSnVcR+huhqSmmJFx0UsVEQgPUZ90DHIUE9XNppeM4bFxQhgl0jyu4dT9PZGhWKlRHJjOGOmBmq9NzP9qnVRHF92McpFqwvFsUZQyqBM4iQWGVBKs2cgAwpKav0I8QBJhbcIrmhDc+ZMXoXlacZ2Ke3NWqtbyOArgEByBMnDBOaiCa1AHDYDBI3gGr+DNerJerHfrY9a6ZOUzB+CPrM8fkOaY+w==</latexit><latexit sha1_base64="hGZMYofL5DQsSUyBQ5FBgZ65QDQ=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZEXQjlLpxWcFeoNMOmUymDc1kQpIR69CtG1/FjQtF3PoG7nwb03YW2vpD4OM/53By/kAwqrTjfFtLyyura+uFjeLm1vbOrr2331RJKjFp4IQlsh0gRRjlpKGpZqQtJEFxwEgrGF5N6q07IhVN+K0eCdKNUZ/TiGKkjeXbsOaL3sMlLNOTHoeekEnoU+gp2o9R796gb5ecijMVXAQ3hxLIVfftLy9McBoTrjFDSnVcR+huhqSmmJFx0UsVEQgPUZ90DHIUE9XNppeM4bFxQhgl0jyu4dT9PZGhWKlRHJjOGOmBmq9NzP9qnVRHF92McpFqwvFsUZQyqBM4iQWGVBKs2cgAwpKav0I8QBJhbcIrmhDc+ZMXoXlacZ2Ke3NWqtbyOArgEByBMnDBOaiCa1AHDYDBI3gGr+DNerJerHfrY9a6ZOUzB+CPrM8fkOaY+w==</latexit>
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<latexit sha1_base64="Ieru94nuKUsFsCrUrfnrNi7cf7o=">AAACB3icbZDLSgMxFIYzXmu9jboUJFiEuikzIuhGKHXjsoK9QDsdMplMG5pJhiQjlqE7N76KGxeKuPUV3Pk2pu0stPWHwMd/zuHk/EHCqNKO820tLa+srq0XNoqbW9s7u/beflOJVGLSwIIJ2Q6QIoxy0tBUM9JOJEFxwEgrGF5P6q17IhUV/E6PEuLFqM9pRDHSxvLto5qPr2CZnvY47CZShD6FXUX7Meo9GPTtklNxpoKL4OZQArnqvv3VDQVOY8I1Zkipjusk2suQ1BQzMi52U0UShIeoTzoGOYqJ8rLpHWN4YpwQRkKaxzWcur8nMhQrNYoD0xkjPVDztYn5X62T6ujSyyhPUk04ni2KUga1gJNQYEglwZqNDCAsqfkrxAMkEdYmuqIJwZ0/eRGaZxXXqbi356VqLY+jAA7BMSgDF1yAKrgBddAAGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sj6/AHQkZgC</latexit><latexit sha1_base64="Ieru94nuKUsFsCrUrfnrNi7cf7o=">AAACB3icbZDLSgMxFIYzXmu9jboUJFiEuikzIuhGKHXjsoK9QDsdMplMG5pJhiQjlqE7N76KGxeKuPUV3Pk2pu0stPWHwMd/zuHk/EHCqNKO820tLa+srq0XNoqbW9s7u/beflOJVGLSwIIJ2Q6QIoxy0tBUM9JOJEFxwEgrGF5P6q17IhUV/E6PEuLFqM9pRDHSxvLto5qPr2CZnvY47CZShD6FXUX7Meo9GPTtklNxpoKL4OZQArnqvv3VDQVOY8I1Zkipjusk2suQ1BQzMi52U0UShIeoTzoGOYqJ8rLpHWN4YpwQRkKaxzWcur8nMhQrNYoD0xkjPVDztYn5X62T6ujSyyhPUk04ni2KUga1gJNQYEglwZqNDCAsqfkrxAMkEdYmuqIJwZ0/eRGaZxXXqbi356VqLY+jAA7BMSgDF1yAKrgBddAAGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sj6/AHQkZgC</latexit><latexit sha1_base64="Ieru94nuKUsFsCrUrfnrNi7cf7o=">AAACB3icbZDLSgMxFIYzXmu9jboUJFiEuikzIuhGKHXjsoK9QDsdMplMG5pJhiQjlqE7N76KGxeKuPUV3Pk2pu0stPWHwMd/zuHk/EHCqNKO820tLa+srq0XNoqbW9s7u/beflOJVGLSwIIJ2Q6QIoxy0tBUM9JOJEFxwEgrGF5P6q17IhUV/E6PEuLFqM9pRDHSxvLto5qPr2CZnvY47CZShD6FXUX7Meo9GPTtklNxpoKL4OZQArnqvv3VDQVOY8I1Zkipjusk2suQ1BQzMi52U0UShIeoTzoGOYqJ8rLpHWN4YpwQRkKaxzWcur8nMhQrNYoD0xkjPVDztYn5X62T6ujSyyhPUk04ni2KUga1gJNQYEglwZqNDCAsqfkrxAMkEdYmuqIJwZ0/eRGaZxXXqbi356VqLY+jAA7BMSgDF1yAKrgBddAAGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sj6/AHQkZgC</latexit><latexit sha1_base64="Ieru94nuKUsFsCrUrfnrNi7cf7o=">AAACB3icbZDLSgMxFIYzXmu9jboUJFiEuikzIuhGKHXjsoK9QDsdMplMG5pJhiQjlqE7N76KGxeKuPUV3Pk2pu0stPWHwMd/zuHk/EHCqNKO820tLa+srq0XNoqbW9s7u/beflOJVGLSwIIJ2Q6QIoxy0tBUM9JOJEFxwEgrGF5P6q17IhUV/E6PEuLFqM9pRDHSxvLto5qPr2CZnvY47CZShD6FXUX7Meo9GPTtklNxpoKL4OZQArnqvv3VDQVOY8I1Zkipjusk2suQ1BQzMi52U0UShIeoTzoGOYqJ8rLpHWN4YpwQRkKaxzWcur8nMhQrNYoD0xkjPVDztYn5X62T6ujSyyhPUk04ni2KUga1gJNQYEglwZqNDCAsqfkrxAMkEdYmuqIJwZ0/eRGaZxXXqbi356VqLY+jAA7BMSgDF1yAKrgBddAAGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sj6/AHQkZgC</latexit>

• A similar adaptation of the toric code gives a twisted Z2 
gauge theory


• Connections to distinct phases of matter with no 
topological order and the same Z2 symmetry



Ground state: cage net

• (Here the relative - sign is important!)



Twisted X-cube excitations

• As before, we get membrane operators creating 
fractons, and line operators creating lineons, mobile in 
only 1 dimension


• New kind of “statistical” process:

Twisting lineon left Twisting lineon right

Difference between the 
two processes: right and 
left twists differ by a sign! 



Model 3: Haah code

• 4 states at each site

�z
i 2 {�1, 1}

<latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit><latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit><latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit><latexit sha1_base64="Uu4ioRhvv8mMX9mgHNCZt4ap188=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZaMCLosunFZwT6giWEynbRDJ5MwMxFqCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udpxvq7SwuLS8Ul6trK1vbG7Z2zstFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfDq7HfvqdSsVjc6lFCvQj3BQsZwdpIvr3nKtaP8F32kPsMukxANztBxwi6uW9XnZozAZwnqCBVUKDh219uLyZpRIUmHCvVRU6ivQxLzQinecVNFU0wGeI+7RoqcESVl01+yOGhUXowjKUpoeFE/T2R4UipURSYzgjrgZr1xuJ/XjfV4YWXMZGkmgoyXRSmHOoYjgOBPSYp0XxkCCaSmVshGWCJiTaxVUwIaPbledI6rSGnhm7OqvXLIo4y2AcH4AggcA7q4Bo0QBMQ8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A2sClrI=</latexit>

⌧zi 2 {�1, 1}
<latexit sha1_base64="7xeAHn+6H+UzTDeS5PqbTaaIEBc=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8KAlEUGPRS8eK9gPaGLYbLft0s0m7G6EGnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e6eh4lQSWicxj2UrxIpyJmhdM81pK5EURyGnzXBwNfab91QqFotbPUyoH+GeYF1GsDZSYO95Gqd3DwFDHhPIy07cYxd5o8AuOxVnAjRP3JyUIUctsL+8TkzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/Gxy/wgdGqWDurE0JTSaqL8nMhwpNYxC0xlh3Vez3lj8z2ununvhZ0wkqaaCTBd1U450jMZhoA6TlGg+NAQTycytiPSxxESbyEomBHf25XnSOK24TsW9OStXL/M4irAPB3AELpxDFa6hBnUg8AjP8Apv1pP1Yr1bH9PWgpXP7MIfWJ8/CGSUyw==</latexit><latexit sha1_base64="7xeAHn+6H+UzTDeS5PqbTaaIEBc=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8KAlEUGPRS8eK9gPaGLYbLft0s0m7G6EGnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e6eh4lQSWicxj2UrxIpyJmhdM81pK5EURyGnzXBwNfab91QqFotbPUyoH+GeYF1GsDZSYO95Gqd3DwFDHhPIy07cYxd5o8AuOxVnAjRP3JyUIUctsL+8TkzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/Gxy/wgdGqWDurE0JTSaqL8nMhwpNYxC0xlh3Vez3lj8z2ununvhZ0wkqaaCTBd1U450jMZhoA6TlGg+NAQTycytiPSxxESbyEomBHf25XnSOK24TsW9OStXL/M4irAPB3AELpxDFa6hBnUg8AjP8Apv1pP1Yr1bH9PWgpXP7MIfWJ8/CGSUyw==</latexit><latexit sha1_base64="7xeAHn+6H+UzTDeS5PqbTaaIEBc=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8KAlEUGPRS8eK9gPaGLYbLft0s0m7G6EGnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e6eh4lQSWicxj2UrxIpyJmhdM81pK5EURyGnzXBwNfab91QqFotbPUyoH+GeYF1GsDZSYO95Gqd3DwFDHhPIy07cYxd5o8AuOxVnAjRP3JyUIUctsL+8TkzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/Gxy/wgdGqWDurE0JTSaqL8nMhwpNYxC0xlh3Vez3lj8z2ununvhZ0wkqaaCTBd1U450jMZhoA6TlGg+NAQTycytiPSxxESbyEomBHf25XnSOK24TsW9OStXL/M4irAPB3AELpxDFa6hBnUg8AjP8Apv1pP1Yr1bH9PWgpXP7MIfWJ8/CGSUyw==</latexit><latexit sha1_base64="7xeAHn+6H+UzTDeS5PqbTaaIEBc=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8KAlEUGPRS8eK9gPaGLYbLft0s0m7G6EGnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e6eh4lQSWicxj2UrxIpyJmhdM81pK5EURyGnzXBwNfab91QqFotbPUyoH+GeYF1GsDZSYO95Gqd3DwFDHhPIy07cYxd5o8AuOxVnAjRP3JyUIUctsL+8TkzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/Gxy/wgdGqWDurE0JTSaqL8nMhwpNYxC0xlh3Vez3lj8z2ununvhZ0wkqaaCTBd1U450jMZhoA6TlGg+NAQTycytiPSxxESbyEomBHf25XnSOK24TsW9OStXL/M4irAPB3AELpxDFa6hBnUg8AjP8Apv1pP1Yr1bH9PWgpXP7MIfWJ8/CGSUyw==</latexit>

Haah 2011



Model 3: Haah code
⌧zi 2 {�1, 1}

<latexit sha1_base64="7xeAHn+6H+UzTDeS5PqbTaaIEBc=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8KAlEUGPRS8eK9gPaGLYbLft0s0m7G6EGnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e6eh4lQSWicxj2UrxIpyJmhdM81pK5EURyGnzXBwNfab91QqFotbPUyoH+GeYF1GsDZSYO95Gqd3DwFDHhPIy07cYxd5o8AuOxVnAjRP3JyUIUctsL+8TkzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/Gxy/wgdGqWDurE0JTSaqL8nMhwpNYxC0xlh3Vez3lj8z2ununvhZ0wkqaaCTBd1U450jMZhoA6TlGg+NAQTycytiPSxxESbyEomBHf25XnSOK24TsW9OStXL/M4irAPB3AELpxDFa6hBnUg8AjP8Apv1pP1Yr1bH9PWgpXP7MIfWJ8/CGSUyw==</latexit><latexit sha1_base64="7xeAHn+6H+UzTDeS5PqbTaaIEBc=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8KAlEUGPRS8eK9gPaGLYbLft0s0m7G6EGnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e6eh4lQSWicxj2UrxIpyJmhdM81pK5EURyGnzXBwNfab91QqFotbPUyoH+GeYF1GsDZSYO95Gqd3DwFDHhPIy07cYxd5o8AuOxVnAjRP3JyUIUctsL+8TkzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/Gxy/wgdGqWDurE0JTSaqL8nMhwpNYxC0xlh3Vez3lj8z2ununvhZ0wkqaaCTBd1U450jMZhoA6TlGg+NAQTycytiPSxxESbyEomBHf25XnSOK24TsW9OStXL/M4irAPB3AELpxDFa6hBnUg8AjP8Apv1pP1Yr1bH9PWgpXP7MIfWJ8/CGSUyw==</latexit><latexit sha1_base64="7xeAHn+6H+UzTDeS5PqbTaaIEBc=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8KAlEUGPRS8eK9gPaGLYbLft0s0m7G6EGnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e6eh4lQSWicxj2UrxIpyJmhdM81pK5EURyGnzXBwNfab91QqFotbPUyoH+GeYF1GsDZSYO95Gqd3DwFDHhPIy07cYxd5o8AuOxVnAjRP3JyUIUctsL+8TkzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/Gxy/wgdGqWDurE0JTSaqL8nMhwpNYxC0xlh3Vez3lj8z2ununvhZ0wkqaaCTBd1U450jMZhoA6TlGg+NAQTycytiPSxxESbyEomBHf25XnSOK24TsW9OStXL/M4irAPB3AELpxDFa6hBnUg8AjP8Apv1pP1Yr1bH9PWgpXP7MIfWJ8/CGSUyw==</latexit><latexit sha1_base64="7xeAHn+6H+UzTDeS5PqbTaaIEBc=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8KAlEUGPRS8eK9gPaGLYbLft0s0m7G6EGnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlhwpnSjvNtFRYWl5ZXiqultfWNzS17e6eh4lQSWicxj2UrxIpyJmhdM81pK5EURyGnzXBwNfab91QqFotbPUyoH+GeYF1GsDZSYO95Gqd3DwFDHhPIy07cYxd5o8AuOxVnAjRP3JyUIUctsL+8TkzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/Gxy/wgdGqWDurE0JTSaqL8nMhwpNYxC0xlh3Vez3lj8z2ununvhZ0wkqaaCTBd1U450jMZhoA6TlGg+NAQTycytiPSxxESbyEomBHf25XnSOK24TsW9OStXL/M4irAPB3AELpxDFa6hBnUg8AjP8Apv1pP1Yr1bH9PWgpXP7MIfWJ8/CGSUyw==</latexit>

IZ ⌘ 1⇥ ⌧z

XI ⌘ �x ⇥ 1

etc.
<latexit sha1_base64="cAXvqh8mA7mp3sv3Hk2Y+zLYdPo="></latexit><latexit sha1_base64="cAXvqh8mA7mp3sv3Hk2Y+zLYdPo="></latexit><latexit sha1_base64="cAXvqh8mA7mp3sv3Hk2Y+zLYdPo="></latexit><latexit sha1_base64="cAXvqh8mA7mp3sv3Hk2Y+zLYdPo="></latexit>

H = �
X

c

Ac �
X

c

Bc

<latexit sha1_base64="HPlwgKfo0wcRFI6Dxtcj6ZL6Sas=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJq2oZnMkGSEMnTlxl9x40IRt36DO//GtB1EWw9cODnnXm7uCWLOlHacLyu3tLyyupZfL2xsbm3v2Lt7DRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gw5uJ37ynUrFI3OlRTL0Q9wXrMYK1kXz7sIqu0CnqqCT0Cbo29fOo+MS3i07JmQItEjcjRchQ8+3PTjciSUiFJhwr1XadWHsplpoRTseFTqJojMkQ92nbUIFDqrx0esYYHRuli3qRNCU0mqq/J1IcKjUKA9MZYj1Q895E/M9rJ7p36aVMxImmgswW9RKOdIQmmaAuk5RoPjIEE8nMXxEZYImJNskVTAju/MmLpHFWcp2Se3teLFeyOPJwAEdwAi5cQBmqUIM6EHiAJ3iBV+vRerberPdZa87KZvbhD6yPb0zVlnk=</latexit><latexit sha1_base64="HPlwgKfo0wcRFI6Dxtcj6ZL6Sas=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJq2oZnMkGSEMnTlxl9x40IRt36DO//GtB1EWw9cODnnXm7uCWLOlHacLyu3tLyyupZfL2xsbm3v2Lt7DRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gw5uJ37ynUrFI3OlRTL0Q9wXrMYK1kXz7sIqu0CnqqCT0Cbo29fOo+MS3i07JmQItEjcjRchQ8+3PTjciSUiFJhwr1XadWHsplpoRTseFTqJojMkQ92nbUIFDqrx0esYYHRuli3qRNCU0mqq/J1IcKjUKA9MZYj1Q895E/M9rJ7p36aVMxImmgswW9RKOdIQmmaAuk5RoPjIEE8nMXxEZYImJNskVTAju/MmLpHFWcp2Se3teLFeyOPJwAEdwAi5cQBmqUIM6EHiAJ3iBV+vRerberPdZa87KZvbhD6yPb0zVlnk=</latexit><latexit sha1_base64="HPlwgKfo0wcRFI6Dxtcj6ZL6Sas=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJq2oZnMkGSEMnTlxl9x40IRt36DO//GtB1EWw9cODnnXm7uCWLOlHacLyu3tLyyupZfL2xsbm3v2Lt7DRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gw5uJ37ynUrFI3OlRTL0Q9wXrMYK1kXz7sIqu0CnqqCT0Cbo29fOo+MS3i07JmQItEjcjRchQ8+3PTjciSUiFJhwr1XadWHsplpoRTseFTqJojMkQ92nbUIFDqrx0esYYHRuli3qRNCU0mqq/J1IcKjUKA9MZYj1Q895E/M9rJ7p36aVMxImmgswW9RKOdIQmmaAuk5RoPjIEE8nMXxEZYImJNskVTAju/MmLpHFWcp2Se3teLFeyOPJwAEdwAi5cQBmqUIM6EHiAJ3iBV+vRerberPdZa87KZvbhD6yPb0zVlnk=</latexit><latexit sha1_base64="HPlwgKfo0wcRFI6Dxtcj6ZL6Sas=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCG8uMCLoRat10WcE+oB2GTJq2oZnMkGSEMnTlxl9x40IRt36DO//GtB1EWw9cODnnXm7uCWLOlHacLyu3tLyyupZfL2xsbm3v2Lt7DRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gw5uJ37ynUrFI3OlRTL0Q9wXrMYK1kXz7sIqu0CnqqCT0Cbo29fOo+MS3i07JmQItEjcjRchQ8+3PTjciSUiFJhwr1XadWHsplpoRTseFTqJojMkQ92nbUIFDqrx0esYYHRuli3qRNCU0mqq/J1IcKjUKA9MZYj1Q895E/M9rJ7p36aVMxImmgswW9RKOdIQmmaAuk5RoPjIEE8nMXxEZYImJNskVTAju/MmLpHFWcp2Se3teLFeyOPJwAEdwAi5cQBmqUIM6EHiAJ3iBV+vRerberPdZa87KZvbhD6yPb0zVlnk=</latexit>



Excitations of Haah’s code

• Makes a tetrahedron of 4 cubes no longer in ground state

= �x

doesn’t commute

<latexit sha1_base64="s8kzfPXoT3wogce7aEFvMG0ZqH4=">AAACCnicbVC7SgNBFJ31bXxFLW1Gg2gVdkXQRhBtLCMYE0himJ3cxMF5LDN3JWFJbeOv2FgoYusX2Pk3TmIKTTwwcDjnXuaeEydSOAzDr2BqemZ2bn5hMbe0vLK6ll/fuHYmtRzK3EhjqzFzIIWGMgqUUE0sMBVLqMR35wO/cg/WCaOvsJdAQ7GOFm3BGXqpmd8+oXUnOorddOsIXcxoy4DTe0i5USpF6DfzhbAYDkEnSTQiBTJCqZn/rLcMTxVo5JI5V4vCBBsZsyi4hH6unjpIGL9jHah5qpkC18iGUfp01yst2jbWPz04wqu/NzKmnOup2E8qhrdu3BuI/3m1FNvHjUzoxGfS/OejdiopGjrohbaEBY6y5wnjVvhbKb9llnH07eV8CdF45ElyfVCMwmJ0eVg4PRvVsUC2yA7ZJxE5IqfkgpRImXDyQJ7IC3kNHoPn4C14/xmdCkY7m+QPgo9vPRyanA==</latexit><latexit sha1_base64="s8kzfPXoT3wogce7aEFvMG0ZqH4=">AAACCnicbVC7SgNBFJ31bXxFLW1Gg2gVdkXQRhBtLCMYE0himJ3cxMF5LDN3JWFJbeOv2FgoYusX2Pk3TmIKTTwwcDjnXuaeEydSOAzDr2BqemZ2bn5hMbe0vLK6ll/fuHYmtRzK3EhjqzFzIIWGMgqUUE0sMBVLqMR35wO/cg/WCaOvsJdAQ7GOFm3BGXqpmd8+oXUnOorddOsIXcxoy4DTe0i5USpF6DfzhbAYDkEnSTQiBTJCqZn/rLcMTxVo5JI5V4vCBBsZsyi4hH6unjpIGL9jHah5qpkC18iGUfp01yst2jbWPz04wqu/NzKmnOup2E8qhrdu3BuI/3m1FNvHjUzoxGfS/OejdiopGjrohbaEBY6y5wnjVvhbKb9llnH07eV8CdF45ElyfVCMwmJ0eVg4PRvVsUC2yA7ZJxE5IqfkgpRImXDyQJ7IC3kNHoPn4C14/xmdCkY7m+QPgo9vPRyanA==</latexit><latexit sha1_base64="s8kzfPXoT3wogce7aEFvMG0ZqH4=">AAACCnicbVC7SgNBFJ31bXxFLW1Gg2gVdkXQRhBtLCMYE0himJ3cxMF5LDN3JWFJbeOv2FgoYusX2Pk3TmIKTTwwcDjnXuaeEydSOAzDr2BqemZ2bn5hMbe0vLK6ll/fuHYmtRzK3EhjqzFzIIWGMgqUUE0sMBVLqMR35wO/cg/WCaOvsJdAQ7GOFm3BGXqpmd8+oXUnOorddOsIXcxoy4DTe0i5USpF6DfzhbAYDkEnSTQiBTJCqZn/rLcMTxVo5JI5V4vCBBsZsyi4hH6unjpIGL9jHah5qpkC18iGUfp01yst2jbWPz04wqu/NzKmnOup2E8qhrdu3BuI/3m1FNvHjUzoxGfS/OejdiopGjrohbaEBY6y5wnjVvhbKb9llnH07eV8CdF45ElyfVCMwmJ0eVg4PRvVsUC2yA7ZJxE5IqfkgpRImXDyQJ7IC3kNHoPn4C14/xmdCkY7m+QPgo9vPRyanA==</latexit><latexit sha1_base64="s8kzfPXoT3wogce7aEFvMG0ZqH4=">AAACCnicbVC7SgNBFJ31bXxFLW1Gg2gVdkXQRhBtLCMYE0himJ3cxMF5LDN3JWFJbeOv2FgoYusX2Pk3TmIKTTwwcDjnXuaeEydSOAzDr2BqemZ2bn5hMbe0vLK6ll/fuHYmtRzK3EhjqzFzIIWGMgqUUE0sMBVLqMR35wO/cg/WCaOvsJdAQ7GOFm3BGXqpmd8+oXUnOorddOsIXcxoy4DTe0i5USpF6DfzhbAYDkEnSTQiBTJCqZn/rLcMTxVo5JI5V4vCBBsZsyi4hH6unjpIGL9jHah5qpkC18iGUfp01yst2jbWPz04wqu/NzKmnOup2E8qhrdu3BuI/3m1FNvHjUzoxGfS/OejdiopGjrohbaEBY6y5wnjVvhbKb9llnH07eV8CdF45ElyfVCMwmJ0eVg4PRvVsUC2yA7ZJxE5IqfkgpRImXDyQJ7IC3kNHoPn4C14/xmdCkY7m+QPgo9vPRyanA==</latexit>



Excitations of Haah’s code
• Only immobile 

particles (fractons)


• These occur at the 
“boundary” of a 
fractal-like structure


• “statistics”:  (2 
kinds of excitations, 
made by fractal 
arrays of             )


• Fusion: distinct 
particle for each site

�x,�z

<latexit sha1_base64="i1cQ0aqKxNDbAapqRNrkFqWRWmQ=">AAAB+3icbZDLSgMxFIbPeK31Ntalm2ARXEiZEUGXRTcuK9gLtGPJpJk2NMkMSUZah76KGxeKuPVF3Pk2pu0stPWHwMd/zuGc/GHCmTae9+2srK6tb2wWtorbO7t7++5BqaHjVBFaJzGPVSvEmnImad0ww2krURSLkNNmOLyZ1puPVGkWy3szTmggcF+yiBFsrNV1Sx3N+gI/jM5QTk9dt+xVvJnQMvg5lCFXret+dXoxSQWVhnCsddv3EhNkWBlGOJ0UO6mmCSZD3KdtixILqoNsdvsEnVinh6JY2ScNmrm/JzIstB6L0HYKbAZ6sTY1/6u1UxNdBRmTSWqoJPNFUcqRidE0CNRjihLDxxYwUczeisgAK0yMjatoQ/AXv7wMjfOK71X8u4ty9TqPowBHcAyn4MMlVOEWalAHAiN4hld4cybOi/PufMxbV5x85hD+yPn8AbBolDM=</latexit><latexit sha1_base64="i1cQ0aqKxNDbAapqRNrkFqWRWmQ=">AAAB+3icbZDLSgMxFIbPeK31Ntalm2ARXEiZEUGXRTcuK9gLtGPJpJk2NMkMSUZah76KGxeKuPVF3Pk2pu0stPWHwMd/zuGc/GHCmTae9+2srK6tb2wWtorbO7t7++5BqaHjVBFaJzGPVSvEmnImad0ww2krURSLkNNmOLyZ1puPVGkWy3szTmggcF+yiBFsrNV1Sx3N+gI/jM5QTk9dt+xVvJnQMvg5lCFXret+dXoxSQWVhnCsddv3EhNkWBlGOJ0UO6mmCSZD3KdtixILqoNsdvsEnVinh6JY2ScNmrm/JzIstB6L0HYKbAZ6sTY1/6u1UxNdBRmTSWqoJPNFUcqRidE0CNRjihLDxxYwUczeisgAK0yMjatoQ/AXv7wMjfOK71X8u4ty9TqPowBHcAyn4MMlVOEWalAHAiN4hld4cybOi/PufMxbV5x85hD+yPn8AbBolDM=</latexit><latexit sha1_base64="i1cQ0aqKxNDbAapqRNrkFqWRWmQ=">AAAB+3icbZDLSgMxFIbPeK31Ntalm2ARXEiZEUGXRTcuK9gLtGPJpJk2NMkMSUZah76KGxeKuPVF3Pk2pu0stPWHwMd/zuGc/GHCmTae9+2srK6tb2wWtorbO7t7++5BqaHjVBFaJzGPVSvEmnImad0ww2krURSLkNNmOLyZ1puPVGkWy3szTmggcF+yiBFsrNV1Sx3N+gI/jM5QTk9dt+xVvJnQMvg5lCFXret+dXoxSQWVhnCsddv3EhNkWBlGOJ0UO6mmCSZD3KdtixILqoNsdvsEnVinh6JY2ScNmrm/JzIstB6L0HYKbAZ6sTY1/6u1UxNdBRmTSWqoJPNFUcqRidE0CNRjihLDxxYwUczeisgAK0yMjatoQ/AXv7wMjfOK71X8u4ty9TqPowBHcAyn4MMlVOEWalAHAiN4hld4cybOi/PufMxbV5x85hD+yPn8AbBolDM=</latexit><latexit sha1_base64="i1cQ0aqKxNDbAapqRNrkFqWRWmQ=">AAAB+3icbZDLSgMxFIbPeK31Ntalm2ARXEiZEUGXRTcuK9gLtGPJpJk2NMkMSUZah76KGxeKuPVF3Pk2pu0stPWHwMd/zuGc/GHCmTae9+2srK6tb2wWtorbO7t7++5BqaHjVBFaJzGPVSvEmnImad0ww2krURSLkNNmOLyZ1puPVGkWy3szTmggcF+yiBFsrNV1Sx3N+gI/jM5QTk9dt+xVvJnQMvg5lCFXret+dXoxSQWVhnCsddv3EhNkWBlGOJ0UO6mmCSZD3KdtixILqoNsdvsEnVinh6JY2ScNmrm/JzIstB6L0HYKbAZ6sTY1/6u1UxNdBRmTSWqoJPNFUcqRidE0CNRjihLDxxYwUczeisgAK0yMjatoQ/AXv7wMjfOK71X8u4ty9TqPowBHcAyn4MMlVOEWalAHAiN4hld4cybOi/PufMxbV5x85hD+yPn8AbBolDM=</latexit>



Summary: models

• X-cube, twisted X-cube: 

• immobile “fracton” particles at corners of membranes, 

and 1-d “lineon” particles at ends or corners of lines

• Some generalized notion of statistics (braiding-like 

process) between these; possible in 3+1 d due to 
restricted mobility


• “Type I” fracton model

• Haah code: 

• Fractons at boundary of fractal structure

• “Type II” fracton model



Type I models: hints at the 
underlying structure

• How to make X-cube from the Toric code:

• 3 stacks of 
decoupled, 2 
(spatial) 
dimensional Toric 
code models

Ma, Hermele; 
Slagle, Aasen, Williamson 



Type I models: hints at the 
underlying structure

• How to make X-cube from the Toric code:

Bc =
Y

p2@c

Bp

<latexit sha1_base64="GB2UwerPo2VUcqnTpUpadPdrmtE=">AAACC3icbVBNS8MwGE7n15xfVY9ewobgabQi6EUY8+JxgvuAtZQ0TbewNA1JKoyyuxf/ihcPinj1D3jz35huPejmA4Enz/O+b/I+oWBUacf5tipr6xubW9Xt2s7u3v6BfXjUU2kmMenilKVyECJFGOWkq6lmZCAkQUnISD+c3BR+/4FIRVN+r6eC+AkacRpTjLSRArveDjC8hp6QaRTkAnqUmwuSmiIW4BlsByKwG07TmQOuErckDVCiE9hfXpTiLCFcY4aUGrqO0H5eDMWMzGpepohAeIJGZGgoRwlRfj7fZQZPjRLBOJXmcA3n6u+OHCVKTZPQVCZIj9WyV4j/ecNMx1d+TrnINOF48VCcMahTWAQDIyoJ1mxqCMKSmr9CPEYSYW3iq5kQ3OWVV0nvvOk6TffuotFql3FUwQmogzPggkvQAregA7oAg0fwDF7Bm/VkvVjv1seitGKVPcfgD6zPH2zamgc=</latexit><latexit sha1_base64="GB2UwerPo2VUcqnTpUpadPdrmtE=">AAACC3icbVBNS8MwGE7n15xfVY9ewobgabQi6EUY8+JxgvuAtZQ0TbewNA1JKoyyuxf/ihcPinj1D3jz35huPejmA4Enz/O+b/I+oWBUacf5tipr6xubW9Xt2s7u3v6BfXjUU2kmMenilKVyECJFGOWkq6lmZCAkQUnISD+c3BR+/4FIRVN+r6eC+AkacRpTjLSRArveDjC8hp6QaRTkAnqUmwuSmiIW4BlsByKwG07TmQOuErckDVCiE9hfXpTiLCFcY4aUGrqO0H5eDMWMzGpepohAeIJGZGgoRwlRfj7fZQZPjRLBOJXmcA3n6u+OHCVKTZPQVCZIj9WyV4j/ecNMx1d+TrnINOF48VCcMahTWAQDIyoJ1mxqCMKSmr9CPEYSYW3iq5kQ3OWVV0nvvOk6TffuotFql3FUwQmogzPggkvQAregA7oAg0fwDF7Bm/VkvVjv1seitGKVPcfgD6zPH2zamgc=</latexit><latexit sha1_base64="GB2UwerPo2VUcqnTpUpadPdrmtE=">AAACC3icbVBNS8MwGE7n15xfVY9ewobgabQi6EUY8+JxgvuAtZQ0TbewNA1JKoyyuxf/ihcPinj1D3jz35huPejmA4Enz/O+b/I+oWBUacf5tipr6xubW9Xt2s7u3v6BfXjUU2kmMenilKVyECJFGOWkq6lmZCAkQUnISD+c3BR+/4FIRVN+r6eC+AkacRpTjLSRArveDjC8hp6QaRTkAnqUmwuSmiIW4BlsByKwG07TmQOuErckDVCiE9hfXpTiLCFcY4aUGrqO0H5eDMWMzGpepohAeIJGZGgoRwlRfj7fZQZPjRLBOJXmcA3n6u+OHCVKTZPQVCZIj9WyV4j/ecNMx1d+TrnINOF48VCcMahTWAQDIyoJ1mxqCMKSmr9CPEYSYW3iq5kQ3OWVV0nvvOk6TffuotFql3FUwQmogzPggkvQAregA7oAg0fwDF7Bm/VkvVjv1seitGKVPcfgD6zPH2zamgc=</latexit><latexit sha1_base64="GB2UwerPo2VUcqnTpUpadPdrmtE=">AAACC3icbVBNS8MwGE7n15xfVY9ewobgabQi6EUY8+JxgvuAtZQ0TbewNA1JKoyyuxf/ihcPinj1D3jz35huPejmA4Enz/O+b/I+oWBUacf5tipr6xubW9Xt2s7u3v6BfXjUU2kmMenilKVyECJFGOWkq6lmZCAkQUnISD+c3BR+/4FIRVN+r6eC+AkacRpTjLSRArveDjC8hp6QaRTkAnqUmwuSmiIW4BlsByKwG07TmQOuErckDVCiE9hfXpTiLCFcY4aUGrqO0H5eDMWMzGpepohAeIJGZGgoRwlRfj7fZQZPjRLBOJXmcA3n6u+OHCVKTZPQVCZIj9WyV4j/ecNMx1d+TrnINOF48VCcMahTWAQDIyoJ1mxqCMKSmr9CPEYSYW3iq5kQ3OWVV0nvvOk6TffuotFql3FUwQmogzPggkvQAregA7oAg0fwDF7Bm/VkvVjv1seitGKVPcfgD6zPH2zamgc=</latexit>

Av
<latexit sha1_base64="F9AlVDCbWyasKDJFawftLLbdTH4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaUDbbTbt0swm7k0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94SThfkQHSoSCUbTS401v3CtX3Ko7B1klXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWaVPwljbUkjm6u+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW355lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gAgeo2u</latexit><latexit sha1_base64="F9AlVDCbWyasKDJFawftLLbdTH4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaUDbbTbt0swm7k0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94SThfkQHSoSCUbTS401v3CtX3Ko7B1klXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWaVPwljbUkjm6u+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW355lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gAgeo2u</latexit><latexit sha1_base64="F9AlVDCbWyasKDJFawftLLbdTH4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaUDbbTbt0swm7k0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94SThfkQHSoSCUbTS401v3CtX3Ko7B1klXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWaVPwljbUkjm6u+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW355lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gAgeo2u</latexit><latexit sha1_base64="F9AlVDCbWyasKDJFawftLLbdTH4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaUDbbTbt0swm7k0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94SThfkQHSoSCUbTS401v3CtX3Ko7B1klXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWaVPwljbUkjm6u+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW355lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gAgeo2u</latexit>



Type I models: hints at the 
underlying structure

• How to make X-cube from the Toric code:

Bc =
Y

p2@c

Bp

<latexit sha1_base64="GB2UwerPo2VUcqnTpUpadPdrmtE=">AAACC3icbVBNS8MwGE7n15xfVY9ewobgabQi6EUY8+JxgvuAtZQ0TbewNA1JKoyyuxf/ihcPinj1D3jz35huPejmA4Enz/O+b/I+oWBUacf5tipr6xubW9Xt2s7u3v6BfXjUU2kmMenilKVyECJFGOWkq6lmZCAkQUnISD+c3BR+/4FIRVN+r6eC+AkacRpTjLSRArveDjC8hp6QaRTkAnqUmwuSmiIW4BlsByKwG07TmQOuErckDVCiE9hfXpTiLCFcY4aUGrqO0H5eDMWMzGpepohAeIJGZGgoRwlRfj7fZQZPjRLBOJXmcA3n6u+OHCVKTZPQVCZIj9WyV4j/ecNMx1d+TrnINOF48VCcMahTWAQDIyoJ1mxqCMKSmr9CPEYSYW3iq5kQ3OWVV0nvvOk6TffuotFql3FUwQmogzPggkvQAregA7oAg0fwDF7Bm/VkvVjv1seitGKVPcfgD6zPH2zamgc=</latexit><latexit sha1_base64="GB2UwerPo2VUcqnTpUpadPdrmtE=">AAACC3icbVBNS8MwGE7n15xfVY9ewobgabQi6EUY8+JxgvuAtZQ0TbewNA1JKoyyuxf/ihcPinj1D3jz35huPejmA4Enz/O+b/I+oWBUacf5tipr6xubW9Xt2s7u3v6BfXjUU2kmMenilKVyECJFGOWkq6lmZCAkQUnISD+c3BR+/4FIRVN+r6eC+AkacRpTjLSRArveDjC8hp6QaRTkAnqUmwuSmiIW4BlsByKwG07TmQOuErckDVCiE9hfXpTiLCFcY4aUGrqO0H5eDMWMzGpepohAeIJGZGgoRwlRfj7fZQZPjRLBOJXmcA3n6u+OHCVKTZPQVCZIj9WyV4j/ecNMx1d+TrnINOF48VCcMahTWAQDIyoJ1mxqCMKSmr9CPEYSYW3iq5kQ3OWVV0nvvOk6TffuotFql3FUwQmogzPggkvQAregA7oAg0fwDF7Bm/VkvVjv1seitGKVPcfgD6zPH2zamgc=</latexit><latexit sha1_base64="GB2UwerPo2VUcqnTpUpadPdrmtE=">AAACC3icbVBNS8MwGE7n15xfVY9ewobgabQi6EUY8+JxgvuAtZQ0TbewNA1JKoyyuxf/ihcPinj1D3jz35huPejmA4Enz/O+b/I+oWBUacf5tipr6xubW9Xt2s7u3v6BfXjUU2kmMenilKVyECJFGOWkq6lmZCAkQUnISD+c3BR+/4FIRVN+r6eC+AkacRpTjLSRArveDjC8hp6QaRTkAnqUmwuSmiIW4BlsByKwG07TmQOuErckDVCiE9hfXpTiLCFcY4aUGrqO0H5eDMWMzGpepohAeIJGZGgoRwlRfj7fZQZPjRLBOJXmcA3n6u+OHCVKTZPQVCZIj9WyV4j/ecNMx1d+TrnINOF48VCcMahTWAQDIyoJ1mxqCMKSmr9CPEYSYW3iq5kQ3OWVV0nvvOk6TffuotFql3FUwQmogzPggkvQAregA7oAg0fwDF7Bm/VkvVjv1seitGKVPcfgD6zPH2zamgc=</latexit><latexit sha1_base64="GB2UwerPo2VUcqnTpUpadPdrmtE=">AAACC3icbVBNS8MwGE7n15xfVY9ewobgabQi6EUY8+JxgvuAtZQ0TbewNA1JKoyyuxf/ihcPinj1D3jz35huPejmA4Enz/O+b/I+oWBUacf5tipr6xubW9Xt2s7u3v6BfXjUU2kmMenilKVyECJFGOWkq6lmZCAkQUnISD+c3BR+/4FIRVN+r6eC+AkacRpTjLSRArveDjC8hp6QaRTkAnqUmwuSmiIW4BlsByKwG07TmQOuErckDVCiE9hfXpTiLCFcY4aUGrqO0H5eDMWMzGpepohAeIJGZGgoRwlRfj7fZQZPjRLBOJXmcA3n6u+OHCVKTZPQVCZIj9WyV4j/ecNMx1d+TrnINOF48VCcMahTWAQDIyoJ1mxqCMKSmr9CPEYSYW3iq5kQ3OWVV0nvvOk6TffuotFql3FUwQmogzPggkvQAregA7oAg0fwDF7Bm/VkvVjv1seitGKVPcfgD6zPH2zamgc=</latexit>

Av
<latexit sha1_base64="F9AlVDCbWyasKDJFawftLLbdTH4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaUDbbTbt0swm7k0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94SThfkQHSoSCUbTS401v3CtX3Ko7B1klXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWaVPwljbUkjm6u+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW355lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gAgeo2u</latexit><latexit sha1_base64="F9AlVDCbWyasKDJFawftLLbdTH4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaUDbbTbt0swm7k0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94SThfkQHSoSCUbTS401v3CtX3Ko7B1klXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWaVPwljbUkjm6u+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW355lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gAgeo2u</latexit><latexit sha1_base64="F9AlVDCbWyasKDJFawftLLbdTH4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaUDbbTbt0swm7k0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94SThfkQHSoSCUbTS401v3CtX3Ko7B1klXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWaVPwljbUkjm6u+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW355lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gAgeo2u</latexit><latexit sha1_base64="F9AlVDCbWyasKDJFawftLLbdTH4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK9gPaUDbbTbt0swm7k0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/NebaiFg94SThfkQHSoSCUbTS401v3CtX3Ko7B1klXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWaVPwljbUkjm6u+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW355lTQvqp5b9R4uK7XbPI4inMApnIMHV1CDe6hDAxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gAgeo2u</latexit>

• If we can get rid of terms with a single X operator (make them 
cost a lot of energy), we can get from decoupled stacks to X-
cube



Alternative picture of the 
constraint “no single X operators”:

[Slagle, Aasen, Williamson] 

• TQFT’s in different planes are “sewn together” by membranes 


• Membranes are closed, or can end on edges with odd 
numbers of Z= -1



Type I models: hints at the 
underlying structure

• General construction: 


• Stacks of topological phases 
along various directions


• Impose some conditions linking 
them together (energetically)


• Obtain a Type-I fracton model

Ma, Hermele; 
Slagle, Aasen, Williamson 



Type I models: many things 
missing in the general picture
• How to do the coupling correctly for general topological 

order (UMTC)?  This is important for understanding non-
abelian examples.


• We know of examples [Devakul, Shirley, Wang] that cannot 
be obtained in this way.  This suggests an underlying more 
general structure we don’t yet understand.


• Do we have a complete list of possible statistical processes?


• Lattice geometry (choice of stacks) is very important. Are 
these models necessarily defined on discrete geometries?  
Why?



Other amusing directions …

• Topological order can come from gauging a symmetry.  
Different symmetry actions (3-cocycles) yield different 
answers.  Can also make new topological orders from old 
ones by introducing a symmetry action and gauging it (if 
there are no obstructions).


• Fracton orders can come from gauging a subsystem 
symmetry.  (We do not know whether examples not of this 
form exist).  Different symmetry actions (3-cocycles) lead 
to different fracton orders.  Can we similarly “extend” 
fracton orders through symmetry?



Fracton phases of matter: 
let’s discuss!

• Fracton order: a new type of mathematical structure, with 
simple objects that have fusion properties and some 
statistical interactions (distinct from braiding)


• Some can be obtained from stacks of topologically 
ordered phases, by trivializing certain excitations


• Geometry plays an important role, key to restricted 
mobility and statistics




