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2 I Women are particularly good for quantum research

The best people from 100 % of the population are
better than the best people from 50 % of the
population

Action items:
Support each other
Support programs for underrepresented groups

Get your face out there
Diverse hiring committees

Personally: Quantum Mechanics was a level playing field
no one started with intuition
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Quantum computing is a worthy field of study, still many
unknowns!

Quantum computers solve problems intractable on classical computers with as
few as 50 qubits: (200 seconds vs. 10,000 years)

“Quantum supremacy using a programmable superconducting processor.” Arute, F. et al. Nature.
20109.

“Quantum computational advantage using photons.” Zhong, H.-S. et al. Science.
2020.
Exact resources needed for solving useful problems still unknown

Quantum chemistry, physics, material science, factoring, unstructured search

“Quantum simulation of chemistry with sublinear scaling in basis
size.” Babbush, R. et al. NPJ: Quantum Information. 2019.

And references therein
Best way to build and use a quantum computer still an open question

Need everyone to contribute!



https://www.nature.com/articles/s41586-019-1666-5
https://science.sciencemag.org/content/early/2020/12/02/science.abe8770?versioned=true
https://www.nature.com/articles/s41534-019-0199-y#Abs1
https://www.nature.com/articles/s41534-019-0199-y#Abs1
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Need quantum hardware accessible to as many people as possible 7 1
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> ¥ 3 Tiers of accessibility: ascout
Works at maximum efficiency Versatile and configurable, Total control,
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For running useful circuits,

6 I needed to bring 5 major capabilities to Sandia o
Multiple ion Individually address A quantum assembly
techniques ions or pairs of ions language to specify gates Jaoal
® £
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Distinguishable detection of each ion
(which ionisin 1 0or0)

“Engineering QSCOUT, design details and user guide.” Susan Clark et al. https://arxiv.org/abs/2104.00759



https://arxiv.org/abs/2104.00759

Complete quantum systems require mechanical engineers, optical
- | engineers, software engineers, physicists, fabrication
specialists,.....
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New hardware 1or aavanced coherent pulse generation:
RFSoC

\"'.J:.:‘.“"
8 QSCOUT

« Two tones per channel |
 Coherent output synchronized between all channels .-- l""M \""' il '”“ ---

* Pulse envelopes and frequency- phase- modulation -- l\'l""h"" i |||\' _'_____4_|l Ll ""u -
defined by splines -m b | “1| i || (PR I \”“fml'lu -

« Compact representation of gates for efficient i ﬁ T |r+F|+ u i ||'|| i|”1 iy
streaming of circuits .l;.l;llmlh||”|||| |IJ Rl |||I ||' L ||||||4|| i i) il ||||||||I“ e

« AOM Cross-talk compensation I Il DA "" il

« Z-gates performed in software

* Multi-tile sync for multiple boards

Dan Lobser JaoAl

gate_counterprop_ x( channel, duration_scale=1):
[PulseData( duration_scale* .pulse_duration
= .freqo
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Experimental subtleties: Specialized gates exposed problems M

CNOT inverse gates perform better than CNOT gates: still a mystery: mismatch in positive and negative rotation angles
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CNOT circuit: |
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CNOT inverse circuit:




10 I Experimental subtleties: Other phase errors

Without extra counter-propagating gates:

Making high-fidelity single-qubit gates 08
compatible with 2-qubit gates: 2o
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CNOT constructed with co-prop 1Q gates, initial state: |11>
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With extra counter-propagating gates:

CNOT constructed with co-prop 1Q gates & PECG MS, initial state: |[11>
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Call for proposals March 2020, 15 received, 5 selected
First user generated Jaqgal code performed Feb. 2021
First round, 3-ion processor emphasis on benchmarking
*Second call for proposals ended June 18 2021
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Detection Probability

OAK RIDGE

THE UNIVERSITY OF -~ National Laboratory

NEW MEXICO
Connecting low level
characterization metrics to
higher level algorithmic

Digital simulation of non-stoquastic Hamiltonians
Tameem Albash

swap_ex2q_single_withy_al.48_CNOT (UNM), unraveled

Elizabeth Crosson
Milad Marvian

Brobability
,

Eos
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R

performance with a tractably
small simulation

Raphael Poozer

Indiana Code with CNOT gates (steps 4, 7, 9)
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First round user interactions: emphasis on benchmarking
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Ryan Shaffer
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Berkeley
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Assessing the Performance of the Analog
Randomized Benchmarking protocol for gate-
based devices
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QSCOUT 1.1
(10 ion goal)

Future upgrades: more ions, partial measurements

QSCOUT 1.0
(current)

3ions

9/2021
5-11 ions

QSCOUT 2.0 QSCOUT 1.2 Beyond QSCOUT

(cryo) (Partial meas.) >9/2023

7/2022 11/2022

>10 ions >10 ions QSA 32 ion
Partial machine
measurements

Cryo, under development
(better ion lifetime,
less ion heating = higher fidelity gate

\Cold Quanta

D24 w03-37
KD-PB9K24-A

ions, enables partial measurements
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‘ Getting involved, more information
Email: gscout@sandia.gov to be added to mailing list

Website: https://gscout.sandia.gov
Jaqal: https://gitlab.com/jaqal/jaqalpaq

Susan Clark
Ashlyn Burch
Matt Chow
Craig Hogle
Megan Ivory
Dan Lobser
Peter Maunz
Melissa Revelle
Dan Stick
Andrew Van Horn
Josh Wilson
Chris Yale

Brad Salzbrenner

Jessica Pehr
Ted Winrow
Bill Sweatt

Dave Bossert

Andrew Landahl
Madelyn Kosednar Ben Morrison

Tim Proctor
Kenny Rudinger
Antonio Russo
Brandon Ruzic
Jay Van Der Wall
Josh Goldberg
Kevin Young
Collin Epstein
Andrew Van Horn

Matt Blain

Ed Heller
Jason Dominguez
Chris Nordquist
Ray Haltli

Tipp Jennings
Ben Thurston
Corrie Sadler
Becky Loviza
John Rembetski
Eric Ou

Matt Delaney

QSCouT

Melissa
Revelle
and Matt
Chow



mailto:qscout@sandia.gov
https://qscout.sandia.gov
https://gitlab.com/jaqal/jaqalpaq

