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QSCOUT Quantum Scientific Open User Testbed

Testbed system from Scientists for Scientists

« Quantum processor optimized for and dedlcated to scientific applications
. High-fidelity operations 77 9ates X (#qubits)’

 Gate-level access

« Open system with fully specified operations and hardware
« Low-level access for optimal control down to gate pulses
* Open for comparison and characterization of gate pulses

* Open for vertical integration by users

« Exemplar applications to demonstrate system capabilities
« User support by Sandia scientists
« User access via call for proposals

https://qgscout.sandia.gov

https://qgscout.us

gscout@sandia.gov
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3 I Trapped lon Quantum Processors QscouT
Best available qubits with history of reliability Reconfigurable in software
and quality « Optimal for any application
* lons (qubits) are identical « Change between quantum computer and
* Near-ideal prep and measure quantum simulator is change in control
« Error <8 x 104 « All-to-All Connectivity
* No idle errors (long coherence times) « |deal for emulating other qubit systems

* Coherence time > 15min possible
Lowest gate errors

« Single-qubit error < 1 x 104

« Two-qubit error < 1 x 103
Single chain qubit registers demonstrated
Low crosstalk

Trapped lons:
fully connected
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4 I Quantum Computing Hardware asCouT

System envisioned for 15t stage

Chain of ytterbium ions trapped in surface trap
Qubits encoded in chain of 71Yb*
Hyperfine clock state qubits

Quantum gates realized via Raman transitions induced
by 355nm pulsed laser

Individual addressing using 32-channel AOM
Coherent pulses generated using RFSoC system

Individual detection by imaging ion chain onto multi-
mode fiber array

Register of 3 qubits (Spring/Summer 2020)
Parallel single qubit gates: 99.5% target fidelity

Sequential two-qubit Malmer-Sgrensen gates between
any pair: 98% target fidelity

Gate-level access as well as pulse-level access to
realize custom gates
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5 I Jagal (Just Another Quantum Assembly Language) QscouT

Objectives
« Extensibility: Pulse definitions can be programmed to generate custom trapped-

ion gates.
« Transparency: Full implementation specifications of the underlying native '

trapped-ion quantum gates.
» Schedulability: Users have full control of sequential and parallel execution of

repeats 7

hadamard target {

Sy target 2 pi/2 ror wa v Circuit Emulator will be available
T rarget ’ . | e « Pure state evoluation as tool to debug
quantum programs

cnot control target {

Sy control
Sxx control target . .
<Sxd control | Sxd target> // We can perforn thes Integration with other Quantum packages
y contro i
« (Cirq
o] « Qiskit
builtin . .
target q[O0] CZL”l
control q[1] . PrOjeCtQ
prepare_all are 1 qubit ' utat , 518 . tl ket>
repeats {
hadamard q[O0] = (2f¢

}

cnot q[1] q[0] https://qgscout.sandia.gov/jaqal.html

measure_all



6 | Hardware approach

« Based on previous experience with single-
and multi-qubit gates in micro-fabricated
ion traps

« Improved design for stability

\ 6rgam”c free
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* Improved vacuum system
* No organics
« High temperature bake to reduce
hydrogen load

* Interferometrically aligned imaging system
to image 32-channel AOM onto ion chain for
individual addressing

« Radio-frequency system on a chip RFSoC
system to generate coherent control signals

Current Status: Mechanically stable
« Coherence time (microwaves) >12s titanium optics mount
« 0.8um waist of individual addressing beams

* Intensity on neighboring sites <0.1%
« Single qubit gate crosstalk = 2%
« With compensation <0.5%



7 I Outlook and Timeline .

» Call for Collaboration proposals open, submit proposal by 4/10/2020
» Collaboration with Sandia scientists is encouraged
* Proposals are reviewed by scientists external to QSCOUT
« Email: gscout@sandia.gov for questions

» First stage experiments (3 qubits, gates between any pairs of qubits) June 2020
» Gate level access (Jaqal specification at https://gscout.sandia.gov/jaqgal.html
Pulse level access in collaboration with Sandia scientists
Execution of Jagal programs within classical computing loop possible
Expect to have = 100h of execution time available per user
First stage experiments for about 4 months

» Later stages will
» Add more qubits
« Improve fidelities
* Improved classical control
» Partial measurement and sympathetic cooling
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repeats 7

hadamard target {
Sy target
Px target

cnot control target {
Sy control
Sxx control target
<8xd control | Sxd target>
Sy control

q[3]

builtin
target q[0]
control q[1]

prepare_all
repeats {
hadamard q[0]
chnot q[1] q[0O]

}

measure_all
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