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Quantum Hardware needs to be accessible2

Low-level control 

Ease of access

Versatile and configurable, 
but less optimized for 

performance

Open Quantum Testbeds
Works at maximum efficiency 

but more difficult to study how 
machine works

Industry
Total control, 

but expensive and 
difficult to build 

Build your own 

3 Tiers of accessibility: 



QSCOUT leverages low-level access 3

Our 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

Designed to support:
• High-fidelity operations
• Gate level access
• Open for comparison and characterization of 

gate pulses
• Open for vertical integration by users

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

https://qscout.sandia.gov – Sign up for email updates!

https://qscout.sandia.gov


Users are chosen via a competitive proposal process 4

Potential users submit proposals 

Evaluated on 
technical merit 

Advance the field of 
quantum information 

Successful 
proposals are run 
on the machine 

https://qscout.sandia.gov: for 
more information on how to apply 

https://qscout.sandia.gov


5 Our System, Characteristics & Benchmarks

Susan M. Clark, Daniel Lobser, Melissa Revelle, Christopher G. Yale, et al. "Engineering the Quantum Scientific Computing 
Open User Testbed," in IEEE Transactions on Quantum Engineering, 2, 1-32 (2021).

Long single chain 

Need to develop: 
• Separate beams for each ion with phase, 

frequency, amplitude control 
• Ways to manage frequency crowding 

Has been demonstrated at 
IonQ/UMD/Duke 

The Peregrine Trap



Jaqal - Custom software for user-machine interface6

There are many programming languages out there. Why Jaqal 
for QSCOUT?
• Transparency: Fully specify native gates 
• Schedulability: Full control of sequential & parallel 

execution of quantum gates 
• Extensibility: Pulse level control of laser gates (intimately 

tied to hardware) 

The quantum part 

Jaqal

B. C. A. Morrison, et al., “Just Another Quantum Assembly Language (Jaqal),” 2020 IEEE Int. Conf. on QCE, 402-408 (2020)

Just Another Quantum Assembly Language 

Meta programming with 
python, emulator, transpiliers  

JaqalPaq

Websites:
Jaqal - https://qscout.sandia.gov 
JaqalPaq - https://gitlab.com/jaqal/jaqalpaq

JaqalPaw

Pulse level control 

https://qscout.sandia.gov


Gate Operations7

Gate-level control
Single qubit gates (direct, or dynamically decoupled)
•  
• Z-rotations via per qubit phase offset tracking
Two-qubit gates
•  
• Mølmer–Sørensen gates between all pairs of ions (fully connected)
• CNOT, CPHASE (implemented via MS)

Pulse-level control
• Mølmer–Sørensen                interaction with optimal control
• Could be combined with Ising interaction
• Parameterize 2-qubit gate 



Implementation of simulation on QSCOUT8

Prepare

Step 1

Step 2 

Step 3 

Step 4 

Step 5… 

Project

Measure   

Single qubit and 2 qubit gates with 
varying angles and phases – can be 
different for each step 

Single qubit gates to measure 
in ZZ, XX or YY basis 

<Rz q[0] ntheta7_1 | Rz q[1] ntheta10_1 >
<Ry q[0] ntheta8_1 | Ry q[1] ntheta11_1 >
<Rz q[0] theta9_1 | Rz q[1] theta12_1 >
<Ry q[0] theta8_1 | Ry q[1] theta11_1 >
<Rz q[0] theta7_1 | Rz q[1] theta10_1 >
<Rx q[0] npi_2 | Rx q[1] npi_2>
MS q[0] q[1] pi_2 ntheta15_1
<Rx q[0] pi_2 | Rx q[1] pi_2> 
MS q[0] q[1] pi_2 ntheta14_1
MS q[0] q[1] 0 ntheta13_1
<Rz q[0] ntheta1_1 | Rz q[1] ntheta4_1 >
<Ry q[0] ntheta2_1 | Ry q[1] ntheta5_1 >
<Rz q[0] theta3_1 | Rz q[1] theta6_1 >
<Ry q[0] theta2_1 | Ry q[1] theta5_1 >
<Rz q[0] theta1_1 | Rz q[1] theta4_1 >

projZZ{ }

projXX{
hadamard q[0]
hadamard q[1] }

projYY{
<Sz q[0] | Sz q[1]>
hadamard q[0]
hadamard q[1] }

Example with Trotterization 
(Breaking the Hamiltonian into discrete time steps)

• Use resonant light to determine 
final state of the ions.

• Each ion is detected in a 
different fiber core = 
distinguishable detection



QSCOUT Collaborators9



How have users interacted with low-level access? 10

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  



Key QSCOUT Experimental Features11

• Some features were developed during the first round to support our users
◦ We expect this to continue in the coming rounds

• Users work closely with the QSCOUT experimental team to develop calibrations and gates as needed
◦ Regular feedback from both QSCOUT and the users is encouraged to maximize the experience

• Able to add functionality at the experimental level – such as error injection
◦ Single-qubit demonstration: intentional errors to verify model

 Rabi rate, ε errors
 Phase, φ errors

◦ VQE demonstration: intentional errors to reveal hidden inverse construction robustness
 Under-rotation errors
 Ion temperature

• Currently expanding the number of ions
• Coming soon:

◦ Even more ions
◦ Cryo
◦ Mid-circuit measurements

New Y-Trap - Out of Fab 



Websites & timelines of note 12

For more information on QSCOUT or Jaqal: https://qscout.sandia.gov
Email us to be added to the mailing list: qscout@sandia.gov
To download JaqalPaq: https://gitlab.com/jaqal/jaqalpaq

The QSCOUT manual: Susan M. Clark, Daniel Lobser, Melissa Revelle, 
Christopher G. Yale, et al. "Engineering the Quantum Scientific 
Computing Open User Testbed," in IEEE Transactions on Quantum 
Engineering, 2, 1-32 (2021).

Cryogenic System 

This Summer, the call for proposals on the cryo 
system – notifications will be sent to the mailing 

list
Winter – proposals for mid-circuit measurements

https://qscout.sandia.gov
mailto:qscout@sandia.gov
https://gitlab.com/jaqal/jaqalpaq
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Email: qscout@sandia.gov (mailing list)  Web: https://qscout.sandia.gov   Jaqal: https://gitlab.com/jaqal/jaqalpaq 

Experimental 
Susan Clark, PI
Christopher Yale 
Dan Lobser
Melissa Revelle
Matt Chow 
Ashlyn Burch
Megan Ivory
Theala Redhouse
Josh Wilson 
Craig Hogle 
Dan Stick 

Trap Fabrication 
and Packaging
Ed Heller 
Chris Nordquist 
Ray Haltli
Tipp Jennings
Ben Thurston
Becky Loviza
John Rembetski 
Eric Ou 
Matt Delaney 
Nick Jimenez
Zach Meinelt

Theory & 
Software 
Andrew Landahl
Ben Morrison 
Tim Proctor 
Kenny Rudinger 
Antonio Russo 
Brandon Ruzic 
Jay Van Der Wall
Chelsi Wieland
Josh Goldberg
Kevin Young 

Mechanical & 
Optical 
Engineering
Brad Salzbrenner
Madelyn Kosednar 
Ted Winrow 
Bill Sweatt 
Dave Bossert

Current QSCOUT Team

Collaborators
Ken Brown, Duke
Peter Love, Tufts
Oliver Maupin, Tufts
William Simon, Tufts

QSCOUT Experimental Team

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

