SAND2022-10068C

Sand:a National Laboratories

Quantum Scientific Computing Open User Testbed
.2 QscouT R OF

Ashlyn D. Burch, Matthew N. H. Chow, Craig W. Hogle, Megan K. Ivory, Daniel S. Lobser,
Theala L. Redhouse, Melissa C. Revelle, Joshua M. Wilson, Christopher G. Yale, Susan M. Clark

QSCOUT 1.0and 1.1 Jaqal & JaqalPaw QSCOUT 2.0

Testbed system designed for open A custom-designed quantum assembly language for more explicit Cryo (call for proposals — oPEN NOW!)
user access to support scientific - and transparent qubit control In‘ 2021, QSCOUT ‘became an R&D 100
applications * Parameterized single-qubit rotation gates that can be rotated  Offering cryogenic cooling down winner for the unique low-level access to
about any axis on the equatorial plane of the Bloch sphere to 8 K programming control and gate execution!
* Room temperature system * Parameterized single-qubit Z gates that act as a phase advance e Reduced ion motional heating — '
* Testbed based on Ytterbium-171 on subsequent waveforms major source of decoherence
trapped ions * Mglmer-Sgrensen gates between any two pairs e Better vacuum conditions and
* Single chain of 2-11 qubits, with of ions, with user-defined phase and rotation angle lower energy collisions
hardware support of up to 32 JaoAl S — WINNER
qubits S. Olmschenk et al,, PRA 76, 052314 (2007) For Jagal specifications, refer to arXiv: 2003.09382 ' uttling tor partial chain
measurements (call for proposal —
* Full connectivity between ions using radial vibrational modes early spring 2023)
* Individual addressability with 355 nm Raman beams . ‘ . . . S mENEssaveEriiil For more information, visit the
+ Provides unique parameterized single and two-qubit gate A suite that is used to define pulses and waveforms a Y-trap deggn th.at shuttle§ ions out of e i Fs QSCOUT website
sets for Jagal to be run on the QSCOUT hardware the defcectlon region, allowing .for the ' https://qscout.sandia.gov or email
* The lower level counterpart to Jaqgal that detection of others anywhere in the gscout@sandia.gov.
: : e - : hain
Sm% blt)gates 9.5%§ateﬁ|d%ht|es) describes gates in terms of waveforms ¢ ‘ .
‘bfw)’ R e (Can be ported to other platforms that aim for * lon bus creating 7 | LA mos;cl recent annual
high customizability multiple trapping zones o progress report on the QSCOUT
o : o W website using this QR code:
M S(9T ) -qubit;gates §98% gats tigelities) for ion connectivity ... ...
P For JagalPaw specifications, visit the gscout website. comparison | |
Simulating quantum chemical proton- Efficient verification of continuously indiana University W o |
i ll] . - Continuing quantum chemical nuclear dynamic simulations with more chemical
coupled electron transfer dynamics parameterized quantum gates Bcrkdc} accuracy and including a generalized mapping to molecules with asymmetric
potentials
1 H 1 a bli=s € |- d . . . .
Ind.lana l'Jnlversn:y | r ﬂ% J_J. VY University of California, Berkeley  QSCOUTRAV s K25 MR N LCN
This project proposed the mapping e .- -. 1=l This project used the randomized analog N Sy e, Mead Simulating the quantum evolution of quantum circuits using tensor network
of an Ising-type Hamiltonian to a el E= 11 ] - verification (RAV) technique to 051 algorithms to run and optimize its performance
discrete nuclear lattice Hamiltonian ™ F._-: - a : : 1' investigate the efficient verification of 061 Super Tech / Cold Quanta ===~ cosan
with site specificity. QSCOUT 5 e (==| ||E)| continuously parameterized gates > ; i imi
i - _ g | (=== (IE} ' 2 04 Perform low-level control and performance benchmarking that can optimize
Sandia custom-desi (fned Peregrine tra tall lated th : | (x| (|E] k:
* Micro-fabricated linear ion experimenta y.emu ate - € rm LR = E:E o These results were compared to cross- circuits by using native gates and noise awareness models
e Surface heating rates: vibrational properties of DMANH* =) == [|§] technique demonstrating fidelity 001 EEgpep— Lawrence Livermore National Laboratories =& National Laboratory
within spectroscopic accuracy. Lo et L] sl estimates with less variance N L Perform high-fidelity two-qubit gates in the presence of large amounts of
Loico 30 ] ok p P simulated crosstalk, emulating the effects of larger individual addressing
24.2 £ 2.2 q/s atroom temperature arXiv: 2204.08571 arXiv: 2205.13074 Lyer o beams (@ Jorns Horks
on transverse mode (2.3 MHz) at APPLIED PHYSICS LABORATORY
5 degree trap rotation _ - . : _ . - . ‘ ‘ Johns Hopkins University
Characterlzlng and mitigating coherent EI’I“Q-I“S US|ﬁg D'g'“' stlmulatlor\ of ]_Tﬂj),[ Exploring extrapolation @TUftS Perform characterization and mitigation studies of temporally-correlated
Example capabilities: hidden inverses OAK ‘ ' Duk adiabatic evolution THE UNIYERSITY OF techniques to reduce VQE error amplitude control noise to improve gate fidelity
' ERIDGE HKE . : ersi IESE
Oak Ridge National Laboratories et H B niversity ot iew M,emo TUft? Jrersty . BM
* Simulation of quantum dynamics for system of interest e [refies: clemensinsesd hew he vse 6f celie e Mole This project ..~ Th|sI Jagal exemplar prOJIECt Measure quantum volume circuits and determine how different noise sources
e : . . : : > '- explores various extrapolation ' ificati idati '
- _ , o mitigation techniques — both randomized compiling and hidden studies a = P , P _ affect various verification and validation metrics
* Characterization of the system by intentional addition of : . . afithed techniques to reduce error in
, o inverse gates — could be used to characterize the types of noise IgItize S S — References:
COherent and InCOherent n0|se’ SImUIated CrOSStaIk —0.2 prese nt |n the expe r|menta| S| m UIat|On g ! ] L 2 Q d gﬁﬂor::llt TS| Susa|'1 M. Clark, D. Lobser, M Revelle, .C. Yale, D. Bossert, A. D. Burch, M.. N. C_how, C. W. Hogle, M Iv_o.ry, J. Pehr,.B. Salzbrenner,
manipulation and adjustment of lower-level pulses P system. These techniques of an adiabatic evolution, with an e e L B D e
) i f ) b h k h ) i I d £ were fu rther investigated by InterpOIatlng Ham||t0n|an that gndriwj.:andagll, DL.S. Lobser]; B.g\.,SA(.:g/IUoTrrisor)l(,. K.I;/IO.OR?,ug;r;gsezr, A.E. Russo, J.W. Van Der Wall, P. Maunz. (2020) “Jaqgal, the
° = . . . . . . uantum Assembly Language for 7 arXiv: . .
Investigation o var.lc?us : enchmarking techniques inc U INg : the intentional introduction of provides a wide range of o ” h ” | b h » o
random-analog verification, cross-entropy benchmarking, I coherent and incoherent adiabatic conditions. Work is in (2022) "Quantum Computation of Hyerogen Bond Dynamicsand VibrationalSpectra” 2204 8571
and gate Set tomography . errors. progress tO improve reSUItS and Swarnadee.p_Majumde_r,. C.G.Yale, T.D. Morris, DS Lobser, AD Burch,M.N.H.Chow,M.C. Bevellt_e, S.M. Clark, RC Pooser. (2022)
] understand the effeCtS Of nOise Characterizing and mitigating coherent errors in a trapped ion quantum processor using hidden inverses.” arXiv:2205.14225.
Interested? Please talk to us for access! arXiv: 2205.14225 | | on the simulation. e 7o M Rl Sl e (262
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