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Abstract: | will present an efficient variational approach for preparing highly entangled pure states as well as thermofield double states on a quantum
computer. The latter, in addition to being of interest in the holographic correspondence, enables an alternative approach for simulating thermal
states without an external heat bath.

Pirsa: 19060028 Page 1/22



@
N
o
o
©
o
(<]
—
@
[2]
=
o

Page 2/22




Pirsa: 19060028

Eternal Black Holes
On a Quantum Computer

Tim Hsieh

Perimeter Institute

P1/1QC Workshop
June 13, 2019
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Main Goal

General protocols for preparing nontrivial quantum states
on near-term platforms
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Overview

Preparation of non-trivial quantum states

Jingix-iang Wu (Perimeter)

nofield Double States and

Variational Generation of Thert
Computer

Critical Ground States with a Quantum
N, AL Linke', K. A Landsman', N. H. Npuyen',

D. Zm'. S. Johri®,
A. Y. Matsuura®, T. H Hsiel®, and C.

C. H. Alderete’,
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QAOA: *Not* Adiabatic

Simple Hamiltonian Target Hamiltonian

Hx H,

-
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Farhi, Goldstone, Gutmann (2014)
Wecker, Hastings, Troyer (2015)

b = e Hx g=ipHe . .. g=iB1Hx g=imiHe| )

Choose evolution times to minimize energy (¢'|H¢[¥)
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Transverse Field Ising
Model
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Quantum Critical State

Target: ground state of
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Quantum Critical State
Preparation

L S S [ T T

[fe]

Page 9/22

Pirsa: 19060028



Thermal Quantum
Simulation
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A. Mazurenko et.al., Nature (2017)
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Thermal Quantum
Simulation
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A. Mazurenko et.al., Nature (2017)
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Thermofield Double (TFD)
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Thermofield Double (TFD)
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Thermofield Double (TFD)

1 BH,
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Thermofield Double (TFD)
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Thermofield Double (TFD)
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Thermofield Double (TFD)

irsa: 19060028 Page 17/22



Variational Ansatz

P

lw(&‘ ;ﬂ)p =t H ei(}',ff_k'l..'_}'ei“:'r (Ha+Hg )x’QITFD(OD

=1

Entangler; Has |TFD(0)) “dual” of H 4
as ground state (usually the same)
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Variational Ansatz

P
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“dual” of H 4

Entangler; Has |[TFD(0))
(usually the same)

as ground state
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Experiment:
TFD of Critical TFIM

6 qubits
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Experiment:
TFIM Critical Ground State
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Overview

Preparation of non-trivial quantum states

Thermal quantum simulation

Jingxiang Wu (Perimeter)

Variational Generation of Thermofield Double States and
Critical Ground States with a Quantum Computer

D. Zhw', & Jolri®, N. M. Linke', k. A. Landsman', N. IL Nguyen
C 1L Allerete’, A Y. Matsuura®, T H. Hsiel' aml C. Mowroe
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