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CDF / Fermilab: top quark mass from
dilepton channel, Run Il data production

Ping Yeh

AMS / CERN / NASA: data acquisition,
particle back-tracing in geomag field

Belle / KEK: b -> eta’ branching fraction

Neutrino telescope: Corsika simulation

Google: search quality, personalized
home page, mobile app backend, ads
attribution, Quantum OS
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Influence from HEP

I. The fidelity result and the null hypothesis on
quantum supremacy

We use the mean fidelity of ten 53-qubit 20-cycle cir-
cuits as the final benchmark of the system. In sec-
tion VIIIG we estimated the fidelity and statistical un-
certainty to be (2.244+0.18) x 10~ using the linear cross
entropy. In section VIITH we estimated the relative sys-
tematic uncertainty due to drift to be 4.4%. Combin-
ing these 2 estimations we arrive at the final fidelity as

(2.24 £ 0.10(syst.) & 0.18(stat.)) x 1073, |

complete the same noisy sampling. Therefore we form
the null hypothesis that the fidelity of the quantum com-
puter is F < 1073, and the alternative hypothesis that

The total uncertainty on fidelity is estimated with ad-
dition in quadrature of systematic uncertainty and statis-
tical uncertainty. The mean fidelity of 10 random circuits

with 53 qubits and 20 cycles is (2.244+0.21) x 1073, The
null hypothesis is therefore rejected with a significance of
6 o.
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Quantumsupremacy using aprogrammable
superconducting processor
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Past example: Cloud Computing
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Quantum Computing on the hype curve
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Physical qubit systems

Neutral atoms

Trapped ions

Quantum dots

Photons
Nitrogen-vacancy centers
Topological

Superconductors

source: quantumcomputingreport.com
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Quantum error correction
Quantum system + environment -> error

No-clone theorem: can not copy
a qubit of unknown state

~lnssicatmaier orit

Arbitrary error -> probabilities

e Dit flip error (X)
e phase flip error (2)

Error per physical gate
Error correction threshold

%

Error per
logical gate

. 1/ N\
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O Data qubit
® Measure qubit
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Error correction: proof of principle

Article
Exponential suppression of bit or phase
errorswith cyclicerror correction

Received: 11 January 2021
‘Accepted:28 April 2021
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Openaccess
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ance™,iontraps™ * and superconducting qubits™ > How-
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Nature | Vol 595 | 15 July 2021 | 383

Exponential suppression of bit or phase errors

with cyclic error correction
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@ measure qubit () data quoit

distance 3-11

surface code:
distance 2

stabilizers: A XX A ZZ K XXXX

Layout of distance-11 repetition code
and distance-2 surface code in the
Sycamore processor.

Nature 595, 383-387 (2021)

repetition code:

ability

Logic:
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Rapid Repetitive Correlated Sampling

Prepare |1) Idle Measure
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Simultaneous Qubit Errors
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Story of an impact event

1. Indium Bump-bonds
High-energy
particle

Aluminum Qubit Layer ~100nm

Silicon Substrate ~380um

(dE/dx)~ 150 keV

Quasiparticles

)

AN
YN/ o\
Energy gap of Al ~ 0.4 meV Secondary
phonons

|§| Quantum Al

4, Quasiparticles

Prlmar honons
~y Yp

Debye energy ~ 56 meV

Quasiparticles
diffuse

recombine

» /
\ / -

\ , Tertiary phonons
\Y]

100us - Ims timescales
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Space-time observations

Time scales
e Ballistic spread ~ 10us
e Recombination ~ 1ms

e Thermalization ~ 25ms

Mitigations

N
w
L

e Near term: post-selection

e lLong term: mitigation on the chip
o low-gap phonon absorbers
o  phonon-reducing membranes
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Nature Physics 18, 107-111 (2022)
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Quantum Machine Learning

Proof of principle:

Quantum advantage in learning from experiments

Hsin-Yuan Huang,' 2> * Michael Broughton,® Jordan Cotler,*® Sitan Chen,%7 Jerry Li,® Masoud Mohseni,?

Photon + qua ntum sensor + qua ntum M L Hartmut Neven,® Ryan Babbush,® Richard Kueng,? John Preskill,’:21? and Jarrod R. McClean®: f

! Institute for Quantum Information and Matter, Caltech, Pasadena, CA, USA
?Department of Computing and Mathematical Sciences, Caltech, Pasadena, CA, USA

VS. SGoogle Quantum AI, 340 Main Street, Venice, CA 90291, USA
. . 4Harvard Society of Fellows, Cambridge, MA 02138 USA
Photon + CIaSSICaI Sensor + CIaSSICaI ML Black Hole Initiative, Cambridge, MA 02138 USA

SDepartment of Electrical Engineering and Computer Science,
University of California, Berkeley, Berkeley, CA, USA
7Simons Institute for the Theory of Computing, Berkeley, CA, USA
8Microsoft Research AI, Redmond, WA 98052, USA

1 H% . ?Institute for Integrated Circuits, Johannes Kepler University Linz, Austria
Exponentla”y fewer tralnlng Samples 10AWS Center for Quantum Computing, Pasadena, CA 91125, USA
(Dated: December 3, 2021)

Quantum technology has the potential to revolutionize how we acquire and process experimental

Quantum-enhanced

Experiment
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Quantum Simulation
Many processes are quantum in nature

Biology

Chemistry

Condensed matter physics
Nuclear physics

Particle physics

[] Quantum Al

Feynman's killer app:
Using a quantum processor to
compute/simulate quantum processes
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Chemistry example: ground state energy of H.,

Variational Quantum Eigensolver (VQE) Ansatz corresponds to a rotated orbital basis

Energy
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Physics example: Time crystals
Multi-mode many-body system that repeats
configurations in time without taking net energy
from the environment

Proposed by Frank Wilczek in 2012

Proved not possible in thermal equilibrium
(Watanabe / Oshikawa 2014)

Periodic drive to stay out of equilibrium

e frequency = drive frequency /N

[] Quantum Al

Volume 35 No 4 April 2022

physicsworld

Time crystals

The search for a new phase of matter

P
YA

Demon challenge Teac
Horror and hope
Sensor revolution Nav
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Phase transition and periodicity

a 1D chain of qubits of length L
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Prospects

By their nature, forward-looking statements involves risks and uncertainties, and | undertake no obligation to update or revise publicly any of
the forward-looking statements.
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Roadmap to an error corrected quantum computer

We are here.

Physical
¢ ¢ ¢ ¢ ¢ > qubits
102 103 104 10° 10¢
Logical qubit 1logical qubit  Tileable module Engineering Error-corrected
prototype (Logical gate) scale up quantum
computer
[] Quantum Al
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Summary

Building an error-corrected quantum computer
is very challenging, likely many years away

Many advances on research now
e Some simulations can already produce
good results on NISQ processors
e A quantum processor is a quantum
many-body system you can manipulate

and control — new research opportunities

Looking forward to HEP applications!
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p.s. we're hiring!

Search "Quantum" on careers.google.com

Calibration research scientist
Software engineer

Systems engineer

Electrical engineer

Readout hardware engineer
Packaging simulation engineer
Fabrication equipment engineer
Analog mixed signal ASIC engineer
Cryogenic operations engineer
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