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Now, what kind of physics are we going to imitate? First, I am gong to I want to talk about the possibility that there is to be an exact
describe the possibility of simulating physics in the classical approximation, . lation. that th t 1 d i th X
a thing which is usually described by local differential equations. But the S A e L L s
physical world is quantum mechanical, and therefore the proper problem is
the simulation of quantum physics—which is what I really want to talk

about, but I’ll come to that later. So what kind of simulation do I mean? International Journal of Theoretical Physics, Vol. 21, Nos. 6/7, 1982



Hype Cycle for Emerging Technologies, 2021

Al Augmented Software Engineering Nonfungible Tokens

Employee Communications Data Fabric

Applications Decentralized Identity
Composable Applications
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Plateau will be reached:

() less than 2 years ® 2to5years @ 5to10years A more than 10 years ) obsolete before plateau As of August 2021

gartner.com

Source: Gartner
@ 2021 Gartner, Inc. and/or its affiliates. All rights reserved. Gartner and Hype Cycle are registered trademarks of Gartner, Inc. and its affiliates in the U.S. 1448000 G a rt n e rO




| et’s create one

a4  Atomic mass: 85467 2
Electron configuration: 2, 8,18,¢,1

We can control the state with a laser set to a specific frequency



| et’s create one

a  Atomic mass: 85467 al

Electron configuration: 2, 8,18,8,1

2 2
Each state with probability [ v2 . V2 11
of being populated of: 2 2 2



And we can do much more

This is one of infinitely many
possible superposition states

Example: H[¥) = % G —11> ((1)> - %

This Is a qubit

Rotating the qubit is like
applying (quantum) gates




And we can add more qubits as well...
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Rotating a qubit + entanglement = quantum computation
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Prepare a state 0) {H IrZ
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This is called
DIGITAL MODE




The measurement problem is central in every type of QC because

measuring means destroying a state.
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A camera flashes the qubits
and erases the ones in [r>

Example
o=l




DIGITAL MODE

What can we do with digital?
Any algorithm, all of them.

Ex: Shor, guantum neural networks ...

Why isn’t everything digital?
It’s difficult :(



An “easier” approach: Analog Quantum Computation

y P —
Prepare a state
C AN
j /74:
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What can we do?

Almost every algorithm.



Are there other ways to create a QC?

Yes, a few people are working on it
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analog QC,
superconducting digital QC, analogue/digital QC,
technology superconducting Rydberg atom

technology technology



Are there other ways to create a QC?

Probably more than a few

THE

QUANTUM

Users

Select examples

INSIDER

Applications

Not mapped to verticals

Software offerings

Includes control software

Quantum Computing Market Map

Non exhaustive and in no particular
order. Excludes details on control
systems, assembly languages, circuit
design, etc.

Hardware / components

Select examples only — not
representative of entire ecosystem

Material Science

Not strictly categorized given diversity of operations’

Superconducting

Cryogenics (includes testing)
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1 Software offerings can be further classified into SDKs, firmware / enablers, algorithms / applications, simulators etc. but many companies are offering a mixture across the stack
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Noisy Intermediate Scale Quantum
where we computing

NISQ application areas:
are to
e today e Quantum chemistry
e Optimization
e Machine learning
error correction
threshold

~ faulttolerantQC
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10 100 1,000 10,000 100,000 ™

number of physical qubits
“Quantum computing in the NISQ era and beyond™ Preskill, 2018 hitps //anav org/abs/1801.00862




Lets run an algorithm

Pick an architecture: neutral atoms
Pick a method: analog, no choice
Pick a classical problem: combinatorial

Pick an algorithm: variational quantum circuit



THE MIS problem
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It’'s not a solution

E =

3+ 2=—-1




Why MIS?

First: Ubiquitous

Second: Ising encoding

Zi|l) = —1[1)
FE = —Zazﬁ— Z Xi%; H:ZZHL Z (1-2,)1 - Z;) 2:10) = +1/0)
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Third: spatial dependency program id 1114015

run 0, image Andor_EMCCDCamera.image_1
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HOW TO RUN AN ANALOG ALGORITHM: 1. Load the graph

(a) Camera

‘20 AOD
'y \

Vacuum , Dichroic
system mirror

Program id 1121236 Program id 1114015

run 0, image Andor_EMCCDCamera.image_0 run 0, image Andor_EMCCDCamera.image_1
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HOW TO RUN AN ANALOG ALGORITHM: 2. Apply pulses for random times

Program id 1114015
run 0, image Andor_EMCCDCamera.image_1

110-

105

100~

95-

This durations are
initially random

90 -
85
80-

75-

Q (rad/us)

Applies phase according
to the energy of the
problem

rydberg

Rotates qubits
from |0> to |1>

\ _Hy =Q()Y of

6 (rad/us)




HOW TO RUN AN ANALOG ALGORITHM: 3. Measure and repeat

Program id 1113950
run 49, image Andor_EMCCDCamera .image_2

eeeeeeeeeeee

We measure, obtain a bitstring, repeat N times

measured solution

H An example of a

How do we go from

A A

Solution



How do we solve it; QAOA

QAOA
sequence

Bitstrings
distribution

New guess

ttttt

Estimated cost

CLASSICAL OPTIMIZATION



How do we solve it; QAOA

! Rearrange
|95% of co

{Loading has 50% |
succes rate per atom|

QAOA
sequence

’________§

-y SEquence parameterization

{ Dynamic errors:
1 Doppler shift g
I waist/amplitude fluctuations]
t rephrasing

Neyl depolarisation |

t Measurement errors |
9~8% false positive |
18~10% false negative]

ment takes f
mputation time|

Low repetition rate]
|-1 Hz (very badlh) |

Loading Register Bitstring

Quantum dynamics

Rearrangement

3itstrings
dlstrlbutlon

t Optimizer needs to
converge In a few steps}

New guess

iMin duration 100ns}*

tSquare signal {
tapproximation]

{Decohernce time! |
tMax duration 5000ns{

C(0)
Estimated cost
-

e © © © ::::—-—-—-<—-:5~;:.:_.._553;.::._._

IVery noisy and imprecise

CLASSICAL OPTIMIZATION |
o energy estimate |

f n pr | th'eg radl ent
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0.015 1

Q.

0.010 A

0.005 A

0.000

Bitstring index

Be careful but be hopeful

Thank you



(@) Experiment




Original data 20% Discard 50% Discard

02 04 06 08 . 0. 02 04 06 08 . | . 02 04 06 08
% of Time % of Time % of Time




CREATE A TRANSFER
MATRIX
WITH BINOMIAL PROBABILITIES

BENEHMARK CORRECTING FOR SPAM: ONE WAY

10 -
oC 08 -
1
—
0.6 -
- - Sim
Noise Sim
0.4 1 QPU
QPU corr
0.0 0.2 0.4 0.6 0.8 10
% of Time
16 -
14 -
» 12 - cim
Noise Sim
1 1.0 3 QPU
—~ QPU corr
0.8 -
0.6 -
0.4 -
0.0 0.2 0.4 0.6 0.8 10

% of Time




== = Noise Sim == = Noise Sim

s SiM

== = Noise Sim
§ Qru

o QPU corr

— sm
== = Noise Sim

s SIM

== = Noise Sim
¢ Qru
~  QPU corr

== = Noise Sim




Bayesian Optimization to optimize QAOA

[L Heneriet et al, Quantum (2020)]
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What is a Gaussian Process

Landscape at 1 sampled points

After sampling
1 point

0.0 0.2 0.4 0.6 0.8 1.0
Gamma

Landscape at 29 sampled points

After sampling
30 points

- 0.0070

- 0.0065

0.0060

0.0055

0.0050

0.0045

0.0040

0.0035

Beta

Lo Landscape at 3 sampled points

Gamma

0.010

r 0.008

0.006

0.004

0.002

0.000

-0.002



What is an Acquisition Function

POSTERIOR
MEAN

POSTERIOR
VARIANCE

AT EACH BAYESIAN OPT STEP:

—

§ = maxEI(H)




