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Present new paradigms for quantum many body physics.

Huge progress in building controllable quantum circuits

Google quantum supremacy demonstration with SC quantum circuits
Arute et. al. (Martinis, Roushan group) Nature 2019

Other platforms:



Measurement induced phase transition in hybrid quantum circuits

Skinner, Ruhman, Nahum PRX 2019;   Li, Chen, Fisher  PRB 2018, 
Chan et. al. PRB 2019, …

Simplest setting: a pure state undergoing stochastic evolution 
due to the measurements. Evaluate entanglement conditioned 
on measurement outcomes
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Measure with probability p



Measurement induced phase transition in hybrid quantum circuits

Skinner, Ruhman, Nahum PRX 2019;   Li, Chen, Fisher  PRB 2018, 
Chan et. al. PRB 2019, …

Simplest setting: a pure state undergoing stochastic evolution 
due to the measurements. Evaluate entanglement conditioned 
on measurement outcomes
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Measure with probability p



This talk

• How to characterize this ensemble theoretically and 
experimentally?

• What are the possible phases of the circuit ensemble? 
How do they depend on the symmetries of the circuit ?

A hybrid quantum circuit generates a new kind of 
ensemble of quantum trajectories distinct from either 
the thermal ensemble or a quantum ground state
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<latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit>

|0i
<latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit>

|0i
<latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit><latexit sha1_base64="JrTQAfMv9YkucWFemezYimI0Qgg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrZV2qVk02kbmmSXJCuUtb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotY30fUoOAKG5ZbgfeJRiojga1odD2ttx5RGx6rOztOMJR0oHifM2qd9fDkdzRVA4HdcsWv+jORZQhyqECuerf81enFLJWoLBPUmHbgJzbMqLacCZyUOqnBhLIRHWDboaISTZjNFp6QE+f0SD/W7ilLZu7viYxKY8Yycp2S2qFZrE3N/2rt1PYvw4yrJLWo2PyjfiqIjcn0etLjGpkVYweUae52JWxINWXWZVRyIQSLJy9D86waOL49r9Su8jiKcATHcAoBXEANbqAODWAg4Rle4c3T3ov37n3MWwtePnMIf+R9/gC1K5BV</latexit>

M

M

M

M

M

I will show that pertinent properties of the ensemble can be mapped to the 
ground state of an effective Hamiltonian with an enlarged symmetry.

New phases and phase transitions.



How to characterize the ensemble of trajectories

We need to consider fluctuations over the trajectories:
<latexit sha1_base64="PzuR3Pivo+W8AFrFbx9+lYjn8fM="></latexit>

Ok =
X

m

pm

 
h m|Ô| mi

h m| mi

!k

Can be captured by the dynamics of n-copies of the density matrix*:
<latexit sha1_base64="WqcB+rZtIyYJkSo2ThQ2ONiIzQM="></latexit>

⇢⌦n =
X

m

| mih m|⌦ | mih m|⌦ . . .⌦ | mih m| ⌘ |⇢(n)ii

This also captures purities and Renyi entropies * need auxiliary replicas
for correct averaging

<latexit sha1_base64="rC/HSbY0xvRhikW77wQTSIYk9GY="></latexit>

hÔi =
X

m

tr
⇣
| mih m|Ô

⌘
= tr

⇣
⇢avÔ

⌘
<latexit sha1_base64="5ANugAR4oIDLaluQLWwfKbFzm2w="></latexit>

⇢av ���!
t!1

1

Expectation values of observables over the ensemble are not interesting:



Mapping the dynamics of n-copies to an effective ground state problem

<latexit sha1_base64="qOFJaM4GRBtvdTvlLs/fugrHTT0="></latexit>

Uij = e�i✓↵�
ij ⌧↵

i ⌧�
j

<latexit sha1_base64="AL1utDr/E2jYlk5z0reCQrs+WV0="></latexit>

= Uij ⌦ U⇤
ij ⌦ Uij ⌦ U⇤

ij = e��tJĥu

<latexit sha1_base64="OXcoq8HJ5dHRFlBCp8hjGSNdSyo="></latexit>

= e��t�ĥM

<latexit sha1_base64="jH8r7S1nXRy1HKaf3hEwbTCRmiw="></latexit>

|⇢(2)(t)ii = e�Hefft|⇢(2)(0)ii

Imaginary time evolution of the unnormalized doubled density matrix !  



Circuit quantities (moments) boundary operators

<latexit sha1_base64="+b4SuSde1hqL9dOwrlqthZIHTrw=">AAACaXicbVFNSwMxEE3X7/rV6kX0slgET2VXxHoUvehNwapgS5nNTtvQbLIks0JZC/4ar/p3/A3+CbO1gq0+CHm8mQlvXqJUCktB8FHy5uYXFpeWV8qra+sbm5Xq1p3VmeHY5Fpq8xCBRSkUNkmQxIfUICSRxPtocFHU75/QWKHVLQ1TbCfQU6IrOJCTOpXdlgTVk/hzJUB9DjK/Gj13KrWgHozh/yXhhNTYBNedaqnRijXPElTEJVj7GAYptXMwJLjEUbmVWUyBD6CHj44qSNC28/ESI//AKbHf1cYdRf5Y/T2RQ2LtMIlcZ2HSztYK8d9aoZDW0k4ZyK1z2Md4WoyiZFbQMp5xTt3Tdi5UmhEq/m28m0mftF8k7MfCICc5dAS4EW53n/fBACf3D9OPGxggjcplF3U4G+xfcndUD0/qwc1x7ex8Evoy22P77JCFrMHO2CW7Zk3G2Qt7ZW/svfTpVb0db/e71StNZrbZFLzaF9A9vXc=</latexit>

hhI|

<latexit sha1_base64="HmMYVCybUuigtYzC+Qfk1k5baYw="></latexit>

e�Heff t

<latexit sha1_base64="5mrDH0IH/MCWGVyw5Pz2BCIhxSk="></latexit>

O
(2)
L

<latexit sha1_base64="m5xyPSIBsOL4Zp9jGVYu4eh/vkQ="></latexit>

|⇢(2)0 ii

<latexit sha1_base64="K7rmBVxKB3TfMef1KIlGT2ylX5E="></latexit>

hhI| =
X

�,�0

hh�,�,�0,�0|

Purity:
<latexit sha1_base64="rsaXl+bcSJtR65pDLfoB42FjfdA="></latexit>

e�S(2)
A ⇡

hhI|(SWAP)A|⇢(2)gs ii
hhI|⇢(2)gs ii

<latexit sha1_base64="nXcfP/YdrubLxWnfvvA+p0BPCzo="></latexit>

X

m

pm

 
h m|Ô| mi

h m| mi

!k

= lim
n!1

hhI|O
(k)
L |⇢

(n)
gs ii

hhI|⇢
(n)
gs ii



Intrinsic dynamical symmetry

<latexit sha1_base64="WqcB+rZtIyYJkSo2ThQ2ONiIzQM="></latexit>

⇢⌦n =
X

m

| mih m|⌦ | mih m|⌦ . . .⌦ | mih m| ⌘ |⇢(n)ii

The unitary gates and measurements preserve purity

Symmetry to permutations between kets and separately between bras

Bao Choi and EA PRB 2020;  Jian, You, Vasseur and Ludwig PRB 2020

Breaking of the Sn (left) permutation symmetry      volume law entropy 

<latexit sha1_base64="NM4LlhJcNQWdUTIj0QDXWuyr188="></latexit>

S(2)
A ⇡ � log

h
hhI|(SWAP)A|⇢(2)gs ii

i
+ log

h
hhI|⇢(2)gs ii

i
= Fdw

<latexit sha1_base64="kHtwnXGsFuswrSliellrtynqk9g=">AAACX3icbZDLSsNAFIan8VbrLdWVuAkWwVVJiqjLopsuK1gVbS0zk9N26CQTZk6EEvImbvWdXPomTtosbPXAwM93Lvzzs0QKg77/VXHW1jc2t6rbtZ3dvf0Dt374YFSqOfS4kko/MWpAihh6KFDCU6KBRkzCI5veFv3HN9BGqPgeZwkMIjqOxUhwihYNXbcfUZwwlj3nw9Zr1smHbsNv+vPy/oqgFA1SVndYr1z1Q8XTCGLkkhrzEvgJDjKqUXAJea2fGkgon9IxvFgZ0wjMIJtbz70zS0JvpLR9MXpz+nsjo5Exs4jZycKoWe0V8N9eQVApaZYMZMY6nEC4DBmLVoGS4YpzHF0PMhEnKULMF8ZHqfRQeUWuXig0cJQzKyjXwv7d4xOqKUeb/vJxTaeAea1mow5Wg/0rHlrN4LLp31002jdl6FVyQk7JOQnIFWmTDumSHuHkjbyTD/JZ+Xa2nH3HXYw6lXLniCyVc/wD15C4zQ==</latexit>

ZH

2 Due to conservation of hermiticity
<latexit sha1_base64="m7JbxmISkf2VvzsxApuyPM49mh4="></latexit>

(Sn ⇥ Sn)o ZH

2



circuit 
sym: G

| 0i
<latexit sha1_base64="ilw2v+s3hPMTEknJSDLA4V3JCt0=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXqOJ4kYcOyVK07VmcFeJm5OKpCj0St/ef2YphEKTTlRqus6ifYzIjWjHCclL1WYEDoiA+waKkiEys9mV0/sE6P07TCWpoS2Z+rviYxESo2jwHRGRA/VojcV//O6qQ4v/YyJJNUo6HxRmHJbx/Y0ArvPJFLNx4YQKpm51aZDIgnVJqiSCcFdfHmZtGpV96xauz2v1K/yOIpwBMdwCi5cQB1uoAFNoCDhGV7hzXq0Xqx362PeWrDymUP4A+vzB5jakpI=</latexit>

h 0|
<latexit sha1_base64="xYc3oBhcTK/0VvLShYXc/eKaPDQ=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4CrtR0GPQi8cI5gHJssxOOsmQ2dllZjYQ1vyJFw+KePVPvPk3Th4HTSxoKKq66e6KUsG18bxvZ219Y3Nru7BT3N3bPzh0j44bOskUwzpLRKJaEdUouMS64UZgK1VI40hgMxreTf3mCJXmiXw04xSDmPYl73FGjZVC1+0IKvsCSSfVPPTIU+iWvLI3A1kl/oKUYIFa6H51ugnLYpSGCap12/dSE+RUGc4EToqdTGNK2ZD2sW2ppDHqIJ9dPiHnVumSXqJsSUNm6u+JnMZaj+PIdsbUDPSyNxX/89qZ6d0EOZdpZlCy+aJeJohJyDQG0uUKmRFjSyhT3N5K2IAqyowNq2hD8JdfXiWNStm/LFcerkrV20UcBTiFM7gAH66hCvdQgzowGMEzvMKbkzsvzrvzMW9dcxYzJ/AHzucPu42TEQ==</latexit>

circuit 
sym: G

circuit 
sym: G

| 0i
<latexit sha1_base64="ilw2v+s3hPMTEknJSDLA4V3JCt0=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXqOJ4kYcOyVK07VmcFeJm5OKpCj0St/ef2YphEKTTlRqus6ifYzIjWjHCclL1WYEDoiA+waKkiEys9mV0/sE6P07TCWpoS2Z+rviYxESo2jwHRGRA/VojcV//O6qQ4v/YyJJNUo6HxRmHJbx/Y0ArvPJFLNx4YQKpm51aZDIgnVJqiSCcFdfHmZtGpV96xauz2v1K/yOIpwBMdwCi5cQB1uoAFNoCDhGV7hzXq0Xqx362PeWrDymUP4A+vzB5jakpI=</latexit>

h 0|
<latexit sha1_base64="xYc3oBhcTK/0VvLShYXc/eKaPDQ=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4CrtR0GPQi8cI5gHJssxOOsmQ2dllZjYQ1vyJFw+KePVPvPk3Th4HTSxoKKq66e6KUsG18bxvZ219Y3Nru7BT3N3bPzh0j44bOskUwzpLRKJaEdUouMS64UZgK1VI40hgMxreTf3mCJXmiXw04xSDmPYl73FGjZVC1+0IKvsCSSfVPPTIU+iWvLI3A1kl/oKUYIFa6H51ugnLYpSGCap12/dSE+RUGc4EToqdTGNK2ZD2sW2ppDHqIJ9dPiHnVumSXqJsSUNm6u+JnMZaj+PIdsbUDPSyNxX/89qZ6d0EOZdpZlCy+aJeJohJyDQG0uUKmRFjSyhT3N5K2IAqyowNq2hD8JdfXiWNStm/LFcerkrV20UcBTiFM7gAH66hCvdQgzowGMEzvMKbkzsvzrvzMW9dcxYzJ/AHzucPu42TEQ==</latexit>

circuit 
sym: G

Copy 1 Copy 2

circuit 
sym: G

| 0i
<latexit sha1_base64="ilw2v+s3hPMTEknJSDLA4V3JCt0=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXqOJ4kYcOyVK07VmcFeJm5OKpCj0St/ef2YphEKTTlRqus6ifYzIjWjHCclL1WYEDoiA+waKkiEys9mV0/sE6P07TCWpoS2Z+rviYxESo2jwHRGRA/VojcV//O6qQ4v/YyJJNUo6HxRmHJbx/Y0ArvPJFLNx4YQKpm51aZDIgnVJqiSCcFdfHmZtGpV96xauz2v1K/yOIpwBMdwCi5cQB1uoAFNoCDhGV7hzXq0Xqx362PeWrDymUP4A+vzB5jakpI=</latexit>

h 0|
<latexit sha1_base64="xYc3oBhcTK/0VvLShYXc/eKaPDQ=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4CrtR0GPQi8cI5gHJssxOOsmQ2dllZjYQ1vyJFw+KePVPvPk3Th4HTSxoKKq66e6KUsG18bxvZ219Y3Nru7BT3N3bPzh0j44bOskUwzpLRKJaEdUouMS64UZgK1VI40hgMxreTf3mCJXmiXw04xSDmPYl73FGjZVC1+0IKvsCSSfVPPTIU+iWvLI3A1kl/oKUYIFa6H51ugnLYpSGCap12/dSE+RUGc4EToqdTGNK2ZD2sW2ppDHqIJ9dPiHnVumSXqJsSUNm6u+JnMZaj+PIdsbUDPSyNxX/89qZ6d0EOZdpZlCy+aJeJohJyDQG0uUKmRFjSyhT3N5K2IAqyowNq2hD8JdfXiWNStm/LFcerkrV20UcBTiFM7gAH66hCvdQgzowGMEzvMKbkzsvzrvzMW9dcxYzJ/AHzucPu42TEQ==</latexit>

circuit 
sym: G

Copy n

· · ·

<latexit sha1_base64="EaVo0AzKFeNWrAijW6Y1k7RWdEs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY8FLx4r2A9oQ9lsNu3aTTbsToRS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O4WNza3tneJuaW//4PCofHzSNirTjLeYkkp3A2q4FAlvoUDJu6nmNA4k7wTj27nfeeLaCJU84CTlfkyHiYgEo2ildp+FCs2gXHGr7gJknXg5qUCO5qD81Q8Vy2KeIJPUmJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxMac+NPF9fOyIVVQhIpbStBslB/T0xpbMwkDmxnTHFkVr25+J/XyzC68aciSTPkCVsuijJJUJH56yQUmjOUE0so08LeStiIasrQBlSyIXirL6+Tdq3q1atX9/VKo5bHUYQzOIdL8OAaGnAHTWgBg0d4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/rB+PJw==</latexit>

Dynamical symmetry

(Sn ⇥ Sn)o ZH

2

<latexit sha1_base64="Tt3lDF7w0Mj662LUbUHUruBhG7Q="></latexit>

G⌦n ⇥G⌦n

<latexit sha1_base64="m1/gvlt3XbLv20BlD0SJHYUCAmU=">AAACC3icbZDLSgMxFIYzXmu9jbp0E1oEV2WmKLqz4EKXFXqDTi2ZNNOGZpIhyQhl6N5NfRQ3Coq49QXcufE93Jl2urCtPwQ+/nMOJ+f3I0aVdpwva2l5ZXVtPbOR3dza3tm19/ZrSsQSkyoWTMiGjxRhlJOqppqRRiQJCn1G6n7/clyv3xGpqOAVPYhIK0RdTgOKkTZW285d3Sae0DQkCvIh9FKaMdt23ik4E8FFcKeQv/iJHr4rz6Ny2/70OgLHIeEaM6RU03Ui3UqQ1BQzMsx6sSIRwn3UJU2DHJk9rWRyyxAeGacDAyHN4xpO3L8TCQqVGoS+6QyR7qn52tj8r9aMdXDeSiiPYk04ThcFMYNawHEwsEMlwZoNDCAsqfkrxD0kEdYmvqwJwZ0/eRFqxYJ7Uji9cfKlIkiVAYcgB46BC85ACVyDMqgCDO7BI3gBr9bIerLerPe0dcmazhyAGVkfvyCXn4o=</latexit>

Physical circuit symmetry Enlarged symmetry
�
(G⌦n o Sn)⇥ (G⌦n o Sn)

�
o ZH

2

<latexit sha1_base64="gjV4zmrj1GSVtHNWqg1dQaIykDM="></latexit>

o

<latexit sha1_base64="X63VtnOFQsKq4cLCmSQpIOc2ONc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXisYD+gXUo2nW1Ds9klyQpl6Y/w4kERr/4eb/4b03YP2vog8HhvJjPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mmmCfkRHkoecUWOlTl8ZHqEelCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM2q/YwJnpX6qMaFsQkfYs1RSO8TPFuvOyIVVhiSMlX3SkIX6uyOjkdbTKLCVETVjverNxf+8XmrCGz/jMkkNSrYcFKaCmJjMbydDrpAZMbWEMsXtroSNqaLM2IRKNgRv9eR10r6qerVq/aFWadzmcRThDM7hEjy4hgbcQxNawGACz/AKb07ivDjvzseytODkPafwB87nD40ej7g=</latexit>

=

<latexit sha1_base64="NULZghUWQqgwnPkqe2W3Rk9z3bU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUL+uVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP49ljMk=</latexit>

The phases of the circuit ensemble correspond to ground 
states of an effective Hamiltonian with an enlarged symmetry

A richer phase structure than would be possible with the 
circuit symmetry alone

Now add physical symmetry of the circuit elements G 



Example 1: qubit circuit with Z2 symmetry

Symmetry generator: 

Possible circuit elements: 

Enlarged symmetry for two copies:

G(2) = (D4 ⇥D4)o ZH

2 , D4 = (Z2 ⇥ Z2)o S2

<latexit sha1_base64="1REegD9m1wq/7whyVojYcB6Gzdg="></latexit>

G(2)
e↵ = D4(oZH

2 ), D4 = (Z2 ⇥ Z2)o S2

<latexit sha1_base64="yRR13N4nOoKkApOqJqrzmzi2xYc="></latexit>

G(2)
e↵ = D4(oZH

2 ), D4 = (Z2 ⇥ Z2)o S2

<latexit sha1_base64="yRR13N4nOoKkApOqJqrzmzi2xYc="></latexit>

In this case it is sufficient to consider

• Four area-law phases
• Six volume-law phases
• Topological phase protected 

by 𝑍!×𝑆! symmetry



Warmup – measurement only model with Z2 symmetry

[Sang, Hsieh, arXiv:2004.09509] 

| " " # " # · · · "i

<latexit sha1_base64="+zB+lTbirBIQ/FjMWkwhzsNvhKI=">AAACN3icfZDLSgMxFIYz9VbrbdSlm2ARXJUZqSi4KbpxJRXsBdqhZDKZNjSTDEnGUsa+lRtfw51uXCji1jcwbWdRW/FA4OP/z0lyfj9mVGnHebFyS8srq2v59cLG5tb2jr27V1cikZjUsGBCNn2kCKOc1DTVjDRjSVDkM9Lw+1djv3FPpKKC3+lhTLwIdTkNKUbaSB375qGdxEhKMWhfzFAgBvx/FQdCqxlXIt5lpGMXnZIzKbgIbgZFkFW1Yz+bW3ESEa4xQ0q1XCfWXoqkppiRUaGdKBIj3Edd0jLIUUSUl072HsEjowQwFNIcruFEnZ1IUaTUMPJNZ4R0T817Y/Evr5Xo8NxLKY8TTTiePhQmDGoBxyHCgEqCNRsaQFhS81eIe0girE3UBROCO7/yItRPSm65dHpbLlYuszjy4AAcgmPggjNQAdegCmoAg0fwCt7Bh/VkvVmf1te0NWdlM/vgV1nfP2bCr0E=</latexit>

Z measurements dominate:

§ Random definite parity state in each trajectory
§ Nonvanishing subsystem parity variance ⇧A =

X

m

pmh
Y

i2A

Zii2m

<latexit sha1_base64="Bc94VGlJeehEC1y6xgdfq0Zw0pM=">AAACInicbVDJSgNBEO1xjXGLevTSGARPYSZE1IOQ4MVjBLNgJg49PT1Jk16G7h4hDPkWL/6KFw+KehL8GDvLQRMfFDzeq6KqXpgwqo3rfjlLyyura+u5jfzm1vbObmFvv6llqjBpYMmkaodIE0YFaRhqGGkniiAeMtIKB1djv/VAlKZS3JphQroc9QSNKUbGSkHhwq/ToAYvoa9THnCY2PIZEj1GoJ8oGQUZ9amAtRG8Cyj01cQK+H05KBTdkjsBXCTejBTBDPWg8OFHEqecCIMZ0rrjuYnpZkgZihkZ5f1UkwThAeqRjqUCcaK72eTFETy2SgRjqWwJAyfq74kMca2HPLSdHJm+nvfG4n9eJzXxeTejIkkNEXi6KE4ZNBKO84IRVQQbNrQEYUXtrRD3kULY2FTzNgRv/uVF0iyXvErp9KZSrJZnceTAITgCJ8ADZ6AKrkEdNAAGj+AZvII358l5cd6dz2nrkjObOQB/4Hz/AF3xou8=</latexit>

XX measurements dominate:

§ Random broken symmetry state
§ Nonvanishing Edwards-Anderson 

(spin glass) correlation function

<latexit sha1_base64="sD2KWcBQdWgq+i/EdiTxkss9qps="></latexit>

|!! ! . . .!i+ |  ! ! . . . i

�EA =
X

m

pmhXiXji2m

<latexit sha1_base64="mqcA4s9xCB5PirL53yiol/lIAgA=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwVWZKRTdCRQSXFewDOuOQSdM2NskMSUYoQ//Djb/ixoUirgQX/o3pdBbaeuDCyTn3cnNPGDOqtON8W4Wl5ZXVteJ6aWNza3vH3t1rqSiRmDRxxCLZCZEijArS1FQz0oklQTxkpB2OLqd++4FIRSNxq8cx8TkaCNqnGGkjBXbVw0MapFcXE3gOPZXwgMPYlMeQGDACOwE1dQ89mb0DflcN7LJTcTLAReLmpAxyNAL70+tFOOFEaMyQUl3XibWfIqkpZmRS8hJFYoRHaEC6hgrEifLT7LYJPDJKD/YjaUpomKm/J1LElRrz0HRypIdq3puK/3ndRPfP/JSKONFE4NmifsKgjuA0KNijkmDNxoYgLKn5K8RDJBHWJs6SCcGdP3mRtKoVt1Y5uamV69U8jiI4AIfgGLjgFNTBNWiAJsDgETyDV/BmPVkv1rv1MWstWPnMPvgD6+sH/QKgGw==</latexit>

This is what we expect from just the physical circuit Z2 symmetry. 

No signature of an enlarged symmetry in this case !

Broken symmetry 
area-law

⇧A

<latexit sha1_base64="KHMFUD1AVq3lgqCVkfuXBm5Vfh4=">AAAB7HicdZDNSsNAFIVv/K31r+rSzWARXIW0Rqy7qhuXFUxbaEOZTCft0MkkzEyEEvoMblwo4tYHcufbOGkjqOiBgcN372XuPUHCmdKO82EtLa+srq2XNsqbW9s7u5W9/baKU0moR2Iey26AFeVMUE8zzWk3kRRHAaedYHKd1zv3VCoWizs9Tagf4ZFgISNYG+T1W2xwOahUHfui4TScU+TYzly5qbuuIbWCVKFQa1B57w9jkkZUaMKxUr2ak2g/w1Izwums3E8VTTCZ4BHtGStwRJWfzZedoWNDhiiMpXlCozn9PpHhSKlpFJjOCOux+l3L4V+1XqrDhp8xkaSaCrL4KEw50jHKL0dDJinRfGoMJpKZXREZY4mJNvmUTQhfl6L/Tbtu11z77NatNq+KOEpwCEdwAjU4hybcQAs8IMDgAZ7g2RLWo/VivS5al6xi5gB+yHr7BJyPjpI=</latexit>

�EA

<latexit sha1_base64="Z3T77aRxctFpzWkRJ9y/mN4SDWg=">AAAB8HicdVBNSwMxEJ2tX7V+VT16CRbBU9mVVu2tKoLHCvZD2qVk07QNTbJLkhXK0l/hxYMiXv053vw3pu0KVfTBwOO9GWbmBRFn2rjup5NZWl5ZXcuu5zY2t7Z38rt7DR3GitA6CXmoWgHWlDNJ64YZTluRolgEnDaD0dXUbz5QpVko78w4or7AA8n6jGBjpfsOGbJucn0x6eYLbtGdAS2QSqVy6pWRlyoFSFHr5j86vZDEgkpDONa67bmR8ROsDCOcTnKdWNMIkxEe0LalEguq/WR28AQdWaWH+qGyJQ2aqYsTCRZaj0VgOwU2Q/3bm4p/ee3Y9M/9hMkoNlSS+aJ+zJEJ0fR71GOKEsPHlmCimL0VkSFWmBibUc6G8P0p+p80TopeqVi+LRWql2kcWTiAQzgGD86gCjdQgzoQEPAIz/DiKOfJeXXe5q0ZJ53Zhx9w3r8A0MuQcA==</latexit>

Symmetric
area-law

Ratio of XX meas. r



Two chain model

Chain-1: Unitary evolution unrestricted by symmetry.
Alone realizes a volume law phase (broken S2 symmetry)

Chain-2: Measurements-only and restricted by Z2 symmetry
Alone realizes the symmetric and ordered area law phases

• q = 0 trivially realizes a broken symmetry volume law phase.
• q>0 critical point opens to a new phase. 
• Three distinct volume law phases: direct evidence for enlarged symmetry.
• Measurement protected quantum order in a volume law state

A

q

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

(a)

<latexit sha1_base64="uQm7+zCr6heM/HEy0tgyyyNNN68=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQbliltzFyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20L2vedc1tXlXq1TyOIpzBOVTBgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A1qGM4A==</latexit>r

<latexit sha1_base64="zD0hOU+MbLdOWqVCgZBbXXmLNdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2FZoQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84RK81jemUmCfkSHkoecUWOl5mO/XHFr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9nnNu6y5zYtKvZrHUYQTOIUqeHAFdbiFBrSAAcIzvMKb8+C8OO/Ox6K14OQzx/AHzucP1R2M3w==</latexit>q

<latexit sha1_base64="OJ4a9cYOefR6kRLFX/MqzXMdckA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfmLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a865rbvKrUq3kcRTiDc6iCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AcpmMng==</latexit>

0
<latexit sha1_base64="OJ4a9cYOefR6kRLFX/MqzXMdckA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfmLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a865rbvKrUq3kcRTiDc6iCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AcpmMng==</latexit>

0 <latexit sha1_base64="IuqAsYTSKLFMlTk+IfX8DBIGOlA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfmLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a865rbvKrUq3kcRTiDc6iCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AdB2Mnw==</latexit>

1

<latexit sha1_base64="IuqAsYTSKLFMlTk+IfX8DBIGOlA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfmLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a865rbvKrUq3kcRTiDc6iCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AdB2Mnw==</latexit>

1

<latexit sha1_base64="0pU0HUZtFRf3kZZGCLt5LeaxfYA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD26tPihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbQva1695t5fVRrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBTDI0V</latexit>

0.5

<latexit sha1_base64="0pU0HUZtFRf3kZZGCLt5LeaxfYA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD26tPihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbQva1695t5fVRrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBTDI0V</latexit>

0.5

(b)

<latexit sha1_base64="uQm7+zCr6heM/HEy0tgyyyNNN68=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQbliltzFyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20L2vedc1tXlXq1TyOIpzBOVTBgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A1qGM4A==</latexit>r
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<latexit sha1_base64="uQm7+zCr6heM/HEy0tgyyyNNN68=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQbliltzFyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20L2vedc1tXlXq1TyOIpzBOVTBgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A1qGM4A==</latexit>r

<latexit sha1_base64="s5rdT8imm29JA4jDnhgTySnF20I=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL0FDZ+oBeh4MVjBdMW2lA22027dLOJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF1wbjb2dldW19Y7O0Vd7e2d3brxwcNnWSKcp8mohEtUOimeCS+YYbwdqpYiQOBWuFo9up33piSvNEPphxyoKYDCSPOCXGSv7jDXbPe5UqdvEMaJl4BalCgUav8tXtJzSLmTRUEK07Hk5NkBNlOBVsUu5mmqWEjsiAdSyVJGY6yGfHTtCpVfooSpQtadBM/T2Rk1jrcRzazpiYoV70puJ/Xicz0XWQc5lmhkk6XxRlApkETT9Hfa4YNWJsCaGK21sRHRJFqLH5lG0I3uLLy6R55nqXLr6/qNZrRRwlOIYTqIEHV1CHO2iADxQ4PMMrvDnSeXHenY9564pTzBzBHzifP6QYjdU=</latexit>

q = 0.3
<latexit sha1_base64="peGQGyiOi38y1NcmvkuUMxRv/3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL0FDZi0YtQ8OKxgmkLbSib7aZdutnE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa4Pxt7O2vrG5tV3aKe/u7R8cVo6OWzrJFGU+TUSiOiHRTHDJfMONYJ1UMRKHgrXD8e3Mbz8xpXkiH8wkZUFMhpJHnBJjJf/xBrv1fqWKXTwHWiVeQapQoNmvfPUGCc1iJg0VROuuh1MT5EQZTgWblnuZZimhYzJkXUsliZkO8vmxU3RulQGKEmVLGjRXf0/kJNZ6Eoe2MyZmpJe9mfif181MdB3kXKaZYZIuFkWZQCZBs8/RgCtGjZhYQqji9lZER0QRamw+ZRuCt/zyKmlduF7dxfeX1UatiKMEp3AGNfDgChpwB03wgQKHZ3iFN0c6L86787FoXXOKmRP4A+fzB6cgjdc=</latexit>

q = 0.5
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<latexit sha1_base64="0bNkKEnR+fO3NEUiJrBQ8f8vxJ8=">AAAB83icbVDLSsNAFL2pr1pfVZduBotQN21SFF0W3LhwUdE+oA1lMp20QyeTMDMRSuhvuHGhiFt/xp1/4yTNQlsP3MvhnHuZO8eLOFPatr+twtr6xuZWcbu0s7u3f1A+POqoMJaEtknIQ9nzsKKcCdrWTHPaiyTFgcdp15vepH73iUrFQvGoZxF1AzwWzGcEayMNHqp39cZ5PevDcsWu2RnQKnFyUoEcrWH5azAKSRxQoQnHSvUdO9JugqVmhNN5aRArGmEyxWPaN1TggCo3yW6eozOjjJAfSlNCo0z9vZHgQKlZ4JnJAOuJWvZS8T+vH2v/2k2YiGJNBVk85Mcc6RClAaARk5RoPjMEE8nMrYhMsMREm5hKJgRn+curpNOoOZc1+/6i0qzmcRThBE6hCg5cQRNuoQVtIBDBM7zCmxVbL9a79bEYLVj5zjH8gfX5A5Xuj1o=</latexit>
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<latexit sha1_base64="ishgFHqN1dPqVAjIGxNy+Af08d8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoOQKt6JomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpAIro3rfjmFldW19Y3iZmlre2d3r7x/0NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hrmtx9RaR7LBzNJ0I/oUPKQM2qsdO+d3vbLFbfmzkH+Ei8nFcjR6Jc/e4OYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SE6sMSBgrW9KQufpzIqOR1pMosJ0RNSO97M3E/7xuasIrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55b+kdVbzLmru3XmlXs3jKMIRHEMVPLiEOtxAA5rAYAhP8AKvjnCenTfnfdFacPKZQ/gF5+MbePONLg==</latexit>

1/L
<latexit sha1_base64="ishgFHqN1dPqVAjIGxNy+Af08d8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoOQKt6JomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpAIro3rfjmFldW19Y3iZmlre2d3r7x/0NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hrmtx9RaR7LBzNJ0I/oUPKQM2qsdO+d3vbLFbfmzkH+Ei8nFcjR6Jc/e4OYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SE6sMSBgrW9KQufpzIqOR1pMosJ0RNSO97M3E/7xuasIrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55b+kdVbzLmru3XmlXs3jKMIRHEMVPLiEOtxAA5rAYAhP8AKvjnCenTfnfdFacPKZQ/gF5+MbePONLg==</latexit>

1/L

<latexit sha1_base64="ht7i7V1ELsPJsFeTGDLV+/2jVqA=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWoV5qIooeW0TwWMF+QBPCZrttl+4mYXcilpCLf8WLB0W8+jO8+W/ctjlo64OBx3szzMwLYs4U2Pa3UVhaXlldK66XNja3tnfM3b2WihJJaJNEPJKdACvKWUibwIDTTiwpFgGn7WB0PfHbD1QqFoX3MI6pJ/AgZH1GMGjJNw/cBqvUT05dMmS+C/QRpEhv6plvlu2qPYW1SJyclFGOhm9+ub2IJIKGQDhWquvYMXgplsAIp1nJTRSNMRnhAe1qGmJBlZdOH8isY630rH4kdYVgTdXfEykWSo1FoDsFhqGa9ybif143gf6Vl7IwToCGZLaon3ALImuShtVjkhLgY00wkUzfapEhlpiAzqykQ3DmX14krbOqc1G1787LtUoeRxEdoiNUQQ66RDV0ixqoiQjK0DN6RW/Gk/FivBsfs9aCkc/soz8wPn8AqlyVvg==</latexit> ⇧
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(a)

<latexit sha1_base64="uQm7+zCr6heM/HEy0tgyyyNNN68=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQbliltzFyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20L2vedc1tXlXq1TyOIpzBOVTBgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A1qGM4A==</latexit>r

<latexit sha1_base64="zD0hOU+MbLdOWqVCgZBbXXmLNdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2FZoQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84RK81jemUmCfkSHkoecUWOl5mO/XHFr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9nnNu6y5zYtKvZrHUYQTOIUqeHAFdbiFBrSAAcIzvMKb8+C8OO/Ox6K14OQzx/AHzucP1R2M3w==</latexit>q

<latexit sha1_base64="OJ4a9cYOefR6kRLFX/MqzXMdckA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfmLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a865rbvKrUq3kcRTiDc6iCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AcpmMng==</latexit>

0
<latexit sha1_base64="OJ4a9cYOefR6kRLFX/MqzXMdckA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfmLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a865rbvKrUq3kcRTiDc6iCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AcpmMng==</latexit>

0 <latexit sha1_base64="IuqAsYTSKLFMlTk+IfX8DBIGOlA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfmLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a865rbvKrUq3kcRTiDc6iCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AdB2Mnw==</latexit>

1

<latexit sha1_base64="IuqAsYTSKLFMlTk+IfX8DBIGOlA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfmLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a865rbvKrUq3kcRTiDc6iCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AdB2Mnw==</latexit>

1

<latexit sha1_base64="0pU0HUZtFRf3kZZGCLt5LeaxfYA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD26tPihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbQva1695t5fVRrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBTDI0V</latexit>

0.5

<latexit sha1_base64="0pU0HUZtFRf3kZZGCLt5LeaxfYA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD26tPihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbQva1695t5fVRrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBTDI0V</latexit>

0.5

(b)

<latexit sha1_base64="uQm7+zCr6heM/HEy0tgyyyNNN68=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQbliltzFyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20L2vedc1tXlXq1TyOIpzBOVTBgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A1qGM4A==</latexit>r
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<latexit sha1_base64="uQm7+zCr6heM/HEy0tgyyyNNN68=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQbliltzFyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20L2vedc1tXlXq1TyOIpzBOVTBgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A1qGM4A==</latexit>r

<latexit sha1_base64="s5rdT8imm29JA4jDnhgTySnF20I=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL0FDZ+oBeh4MVjBdMW2lA22027dLOJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF1wbjb2dldW19Y7O0Vd7e2d3brxwcNnWSKcp8mohEtUOimeCS+YYbwdqpYiQOBWuFo9up33piSvNEPphxyoKYDCSPOCXGSv7jDXbPe5UqdvEMaJl4BalCgUav8tXtJzSLmTRUEK07Hk5NkBNlOBVsUu5mmqWEjsiAdSyVJGY6yGfHTtCpVfooSpQtadBM/T2Rk1jrcRzazpiYoV70puJ/Xicz0XWQc5lmhkk6XxRlApkETT9Hfa4YNWJsCaGK21sRHRJFqLH5lG0I3uLLy6R55nqXLr6/qNZrRRwlOIYTqIEHV1CHO2iADxQ4PMMrvDnSeXHenY9564pTzBzBHzifP6QYjdU=</latexit>

q = 0.3
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Example 2: Gaussian fermion circuit

Hopping:

On site parity measurement:

Bond parity measurement:

Symmetry: Z2 fermion parity

Previous results:

1. Absence of volume law phase for any non 
vanishing measurement strength

X. Cao, A. Tilloy and A. De Luca, SciPost 2019

2. Numerical simulations indicated transition from 
a phase with log(L) entanglement to area law. 

O. Alberton, M. Buchhold, S. Diehl, arXiv:2005.09722
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Enlarged symmetry

Copy 1

Copy 2
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Purely unitary dynamics:
Four identical free Majorana chains 

SU(2)xSU(2) (“spin” x “eta” symmetry)

Add measurements: 𝑈 1 ⋊ 𝑍! × 𝑈 1 ⋊ 𝑍!
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Effective Hamiltonian: spin-1 model

SU(2) symmetry only 
for purely unitary dynamics

SU(2) ferromagnet allows 
Broken symmetry -> volume law



Low energy theory

Diagnostics:

Site parity variance:

Bond parity variance:

Purity:



Numerical simulation of gaussian Majorana model
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Consistent with a KT transition



Summary and conclusions

• Example 1: Qubit circuit with Z2 symmetry
Phases are classified by a larger D4 symmetry
Broken symmetry volume law states
SPT phase protected by Z2 x S2 (?)

• Example 2: Gaussian fermion circuit
Z2 fermion parity enlarged to U(1)
Evidence for KT transition (critical to area law)

• Phases of hybrid quantum circuits can be 
classified as ground states of an effective 
Hamiltonian with enlarged effective symmetry



Questions and outlook

• Replica limit? Non replica treatment? 

• Can the time-reversal-like (transpose) symmetry be spontaneously broken? 

• More natural and scalable probes - Fisher information

• Continuous symmetry – interplay with hydrodynamics?

• Applications to protecting quantum information?
Measurement preparation of topological states / anyons ?


