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Measurement-induced entanglement and teleportation
— Quantum information phases in space-time

Measurement is key in many protocols

A genuine NISQ problem
Can noise destabilize phases

Eliott Rosenberg

Jesse Hoke
(Stanford) (Cornell U)
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Challenges in studying monitored circuits
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circuit for monitored evolution equivalent dual circuit
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Absence of causality : “arrow of time” loses its unique role
— network of quantum information in space-time

| usually do not study monitored circuits

But when | do, | use space-time duality



Implementation of space-time duality in 1D

a non-unitary circuit
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Implementation of space-time duality in 1D

a non-unitary circuit C : on quantum processor _ space-time E
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1D entanglement phases from 2D shallow quantum circuits
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1D entanglement phases from 2D shallow quantum circuits
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Decoding to overcome the post-selection challenge

N=12 N=24 N=40 N=58 N=70

In the entangling phase, an initially mixed state (exponential in the system size) purified.
In the disentangling phase, initially mixed states are easily purified.

Gullans and Huse, PRX (2020)



Decoding to overcome the post-selection challenge

N=40 N=70
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Noise as a probe of the entanglement structure N=®12 #24 *40 58 @70
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RESEARCH

TOPOLOGICAL MATTER

Realizing topologically ordered states on a

quantum processor
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Realizing topologically ordered states on a quantum processor
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Realizing topologically ordered states on a quantum processor
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Extracting braiding statistics
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Visualizing Dynamics of Charges and Strings in (2+1)D Lattice
Gauge Theories
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A (2+1)D Lattice Gauge model Ay = Tie, Z:
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Phase diagram of the LGT
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Weight Adjustable Loop Ansatz (WALA) ground state
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Deconfined

Confinement of electric excitations

Confined charges

Magnetic field, hM
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Confinement of electric excitations

|4y ) Initial state

9P 4 & 4
[MN + n“]
b DH L b d

Conditional particle locations

1) Initial state

- 'onaﬁ ®

“ @ 3
- P@UN o
1 @O0 ¢
0O VS

L hy=0 V¥ [¢-)
2.0 A|Y,)

25 F

Separation

-
ol




Dynamics of the string connecting two fixed electric particles
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Dynamics of the string connecting two fixed electric particles

Local occupation

Vacuum fluctuations String breaking excitations
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Array of coupled non-linear resonators ( — qubits)
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