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Three grand quantum challenges
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Quantum technologies

Quantum is the next big-thirg nano

Quantum communication

Quantum sensing

Quantum computing

Quantum simulation
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Challenge 1 : Quantum Materials

Superconductivity
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Crystal (atoms)

YBCO unit cell =
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Common approach

Band structure ( free electrons)
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Add interactions

Hubbard model
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PROBLEM: Find the ground state of H
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What can we do?

1
H =Zek Chck +§Uni(ni—1)
K

_ ) David Dentelski
Mean field n{ = (c*c*)cc

U H=Zekc,:’ck+(Ackck+A*c,;’c,:’)
A =—(cc) %
2
! - | | " N=4
Y — N=5
0.5 l [ %DE , ¥ | | =——N=6
: £ 0.6 1% [ |78 a0
Fluctuations « - 2 -5 -®0b
. . , _ q<0,a
(impurities) A2 | |9 g<ob
Enhanced Friedel oscillations A\
Q
. o . )
in high-Tc superconductors b3 035 04
q

Dalla Torre, Dentelski, He, Demler, PRB (2018)
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Challenge 2 — Quantum simulators

time .
Without
disorder
With
disorder

Bloch group (2016)
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Common approach

Optical lattice Bose-Hubbard model
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Anderson localization

with interactions (MBL)?

PROBLEM: Find the eigenvalues of H
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What can we do?

H= ]Zb+b +Hc+zznl(nl 1) + un;
(i.J)

0 Atanu Rajak
Density-phase b—e nj = p;g [Pi» 9]'] =0

# H = zz—+ulpl+]z cos(6; — 6,) Modified Frenkel-

(T7) Kontorova model

Semiclassical approximation

Rajak, Citro, Dalla Torre (J. Phys B, 2019)
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What can we do?

At=2x107
At= 42107

At= 82107

inte

Bar-llan University

Marginal localization:

At = exp(—1/interaction)
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Challenge 3 — Quantum computers

(intel®) Google rigetti

50 qubit 50 qubit 70 qubit 128 qubit

(November 2017) (Jan 2018) (March 2018) (May 2018)

Currently available (March 19):
14 qubit by IBM (free)
20 qubit by IBM (SSS)
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Noisy Intermediate-Scale Quantum (NISQ) Computers

Theory: (“cat state”)

o) —?_@
ql1] |o)

>l W e
ql2] ;t),‘»—-n : : @

=

0.490 510

000 001 010 011 100 101 110 111

IBM Quantum Experience (2017) 1

IBM Q 5 Tenerife [ibmgx4] 0.75

( 0.477
0.375 0.375

o 0009 0024 0010 0009 g’ 0035 I

000 001 010 011 100 101 110 111

Emanuele Dalla Torre QU EST ?UANTUM.ENTANGLEMENT
CIENCE & TECHNOLOGY
http://www.nonequilibrium.org BAR-ILAN UNIVERSITY




Mathematical Physics seminar, April 3", 2019, Bar-llan

Common approach

Unitary evolution: [Yn) = Up [¥n—1)
10) Uy U ——
Noisy evolution: 0, = Z FICIN-O
(04
Po I T, —

PROBLEM: Describe the evolution of p

readout

readout
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What can we do? 1

. Daniel Atzitz
Symmetry-resolved purity of an SPT phases

1. Algorithm to measure the purity of a state
2. A simple example of an SPT state

3. Results: simulation and experiments

Atzitz, Sela, Dalla Torre (in preparation)
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Symmetry-resolved purity of an SPT phases

1. Algorithm to measure the purity of a state
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Bat-el Friedman
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H=- ) of > H

i i
lgs) = [0) —| H |
Non topological a1y = 10) {11 Topological
lg5) = 10) —{ H |
las) = 0) —{H |-+-4

Choo, von Keyserlingk, Regnault, Neupert (PRL, 2018)
See also: Friedman, Rajak, Dalla Torre (EPL, 2019)
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Symmetry-resolved purity of an SPT phases

3. Results: simulation and experiments

Unitary circuit
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Subsystem size

e Bar-llan University

Noisy simulation

Atzitz, Sela, Dalla Torre (in preparation)

See also: Goldstein, Sela PRL 2018
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Quantum computer
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Three grand quantum challenges

1. Quantum materials

High temperature superconductors

Find the ground state of H

2. Quantum simulations
Many body localization (MBL)

Find the eigenstates of H

3. Quantum computers

Near term intermediate scale quantum (NISQ)

Find the evolution of p
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