
P R E S E N T E D  B Y

Sandia National Laboratories is a multimission 
laboratory managed and operated by National 
Technology & Engineering Solutions of Sandia, 
LLC, a wholly owned subsidiary of Honeywell 
International Inc., for the U.S. Department of 

Energy’s National Nuclear Security 
Administration under contract DE-NA0003525.

QSCOUT: A “White-Box” Quantum 
Testbed Based on Trapped Ions at 
Sandia National Laboratories 

Susan Clark and the QSCOUT 
team 

1

SAND2021-15211CThis paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed in
the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-NA0003525.



Need quantum hardware accessible to as many people as possible
3 Tiers of accessibility: 2

Works at maximum efficiency 
but more difficult to study how 

machine works

Versatile and configurable, 
but less optimized for 

performance

Total control, 
but expensive and 
difficult to build 

Low-level control 

Ease of access

Open Quantum TestbedsIndustry Build your own 



Building a system for users brings new requirements and a need to 
set ourselves apart from industry  3

Low-Level Access is the key! 

QSCOUT goals: 
• Greater understanding of how quantum machines work (and fail)
• Study new techniques for encoding and compiling quantum circuits 
• Construct a roadmap for building larger, more sophisticated machines

What questions do 
they want to 
answer that they 
can’t with existing 
systems?  



First we needed basic capabilities: 5 major upgrades4

Distinguishable detection of each ion 
(which ion is in 1 or 0 ) 
 

Multiple ion 
techniques 

Individually address 
ions or pairs of ions 

A quantum assembly 
language to specify gates 

New hardware for advanced 
pulse/gate generation 

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

https://arxiv.org/abs/2104.00759
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Complete quantum systems 
development requires:
• Physicists
• Fabrication specialists
• RF electronics engineers
• Electrical engineers
• Materials scientists
• Mechanical engineers
• Optical engineers
• Software engineers
• And more! 

Quantum systems 
engineering requires a 
diverse skill set



A new quantum programming language for flexibility and control: 
Jaqal 6

There are many programming languages out there.  Why Jaqal for QSCOUT? 
• Transparency: Fully specify native gates 
• Schedulability: Full control of sequential and parallel execution of quantum gates 
• Extensibility: Pulse level control of laser gates (intimately tied to hardware) 

The quantum part 
Meta programming with 

python, emulator, transpiliers  

Jaqal JaqalPaq: 
https://gitlab.com/jaqal/jaqalpaq

JaqalPaw

Pulse level control 

B. C. A. Morrison, et al., “Just Another Quantum Assembly Language (Jaqal),” 2020 IEEE 
International Conference on Quantum Computing and Engineering (QCE), 402-408 (2020)



How have users interacted with low-level access? 7

• We offer single qubit rotations about any axis of any angle 
• We offer “small-angle” two-qubit gates, which have higher 

performance than CNOTs 

Analog benchmarking 
> 1000 unique gates 
(axes and angles) 

Used composite 
CNOT gates, 
which were 

added to our 
calibration 

routine. 

We were able to 
purposefully introduce 
noise and miscalibration 
to test robustness 

Used variable 
“small-angle” 
gates to test 

different amounts 
of Trotterization  



Round 2 is underway! 8

Round 2 

Collaboration works both ways!
• Requests from users allowed us to 

rethink some calibrations and overall 
make the system better 

• Requests from users show us new 
ways to break the system!  



QSCOUT Timeline9

2020 2021 2022 2023

July:
1.0 Call for 
proposals

Feb: 
1.0 User 
experiments 
begin

Sept: 
Cryo 
assembled 

Oct: 
1.1 User 
experiments 
begin

July: 
1.1 Users 
selected

June: 
2.0 (Cryo) 
call for 
proposals 

Nov: 
1.2 Call for 
proposals 

Aug: 
2.0 User 
experiments 
begin 

Feb: 
1.2 User experiments begin

Now

QSCOUT 1.0 

QSCOUT 1.1 QSCOUT 2.0 (Cryo) 

QSCOUT 1.2 (mid-circ meas.)  

2019

Sept:
First ion 
trapped in 
QSCOUT 

March: 
Moved into 
new lab 

Dec: 
First 2-
qubit gate 
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Email: qscout@sandia.gov to be added to mailing list
Website: https://qscout.sandia.gov  
Jaqal: https://gitlab.com/jaqal/jaqalpaq 
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