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Testbed activities interface with a broad range of facilities

and expertise at the lab
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Measurement stack at LLNL
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Hardware expertise for unique quantum application requirements

Martinez et al. PRA (2020)
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= Commercial setups

Whitebox access is a minimum requirement for codesign

— Gates designed for Universal
gquantum computation

* Fully error corrected

« Millions of qubits available

— Not optimized for quantum
simulation

= Conventional hardware

installed in QuDIT with LLNL
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Relaxation is due to two-level systems

https://quantumcomputingreport.com/scorecards/qubit-quality/
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Relaxation is due to two-level systems

https://quantumcomputingreport.com/scorecards/qubit-quality/
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Relaxation is due to two-level systems

https://quantumcomputingreport.com/scorecards/qubit-quality/
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Relaxation is due to two-level systems

https://quantumcomputingreport.com/scorecards/qubit-quality/

T1 (psec) (a) Spectrally and Temporally Resolved T,
Qubit : A4 Y
Computer S Min 20 4 l15mins i 100 MHz | }x ¥ ) )
: l oy
IBM Q 20 .:::2:::::::::2:2:#ZZZ:::::::::::’F:Z:;:: :::::::f::::::::F:::
System One T b ; ) = :
_— 15 4 ! ! 0 ‘
Rigetti 19Q i ' e "1 0
19 't e 4
Acorn g - . : '
o ' ! ’
€ 101 ! | . 1
g ¢! | g r
£ |Tus) : [+ 5 3
* Large scatter in relaxation times s |40 | % ,é 0, "
30 : | A \ A N
. . 20 E )*
+ Defect drift over time 10 R, (:
—o 0o e 3 L : :
. Lal’ge Unusable bandW|dth 5.40 5.45 5.50 5.55 5.60 5.65 5.70 5.75 5.80

Frequency (GHz)

- Explained by standard tunneling system model? Google: PRL 121, 090502 (2018)

+ Continuum of states

* Unknown e-field coupling

* Unknown strain-field coupling

« Random fluctuations cause dropouts
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The two-level system model

Defect in capacitor

Electrode
#
i ~
Dielectric : d Fyc cos wt
r
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Base electrode

TLS Hamiltonian:
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W. A. Phillips, Reports on Progress in Physics 50, 1657 (1999)
P. W. Anderson et. al, Philosophical Magazine, 25, 1 (1972)
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The two-level system model

Defect in capacitor

TLS Potential Enerqgy
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Spectroscopically imaging TLS using low capacitor-volume
resonators
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TLS locations

Chemical Residues And Particles
Couple to E-Fields

Imperfect Dielectrics:
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and crossovers
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Rep. Prog. Phys. 82, 124501 (2019).
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TLS locations

Rep. Prog. Phys. 82, 124501 (2019).
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Step 1: Model electric fields of a device

TLS ~0.5/um?

0.75 le+01
1e+00
s
Y E
= 0.25 le-01 ;
E -’
~ o
§ 1e-02 (2
= 2
b =
23025 = le-03 3
le-04
-0.75 L ' le-05
-0.75 -0.25 0.25 0.75
Distance (mm)
arXiv:2211.08535
LLNL-PRES-2000031 l
Xr&lg ;’3;'&%3? g:ztlrgﬂeg ::Eg?_: JI: rrﬁaursépli\faetiso%fa Tseeléﬁ?iiyl,)?_pL?:nmem of Energy by Lawrence Livermore National Laboratory under contract DE- Lawre nce Livermore N ation al Laboratory 19




Step 2: Place one million TLS
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Step 2: Place one million TLS -> select 200 with highest couple

TLS ~0.5/um?
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Step 3: Simulate 200 TLS using full Lindblad

lg> |qg> |TLS1>|TLS2> |TLSN >

Full Lindblad Simulation 0 0 0 0 .. 0
0 Wyq Qris1 Qrisz - Qrisy
= Discard Hilbert space with > 1 photon g=pl0 st o 0 .. 0
— initialized qubit with 1 photon 0 rLsz O wT,LSZ . O
— Only include loss due to TLS-phonon coupling 0 Qrisn 0 0 v OTLSN
= Simulation uses 200 TLSs
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High T, with occasional dropouts for different TLS configurations
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Qubit dynamics dominated by between 1 and 150 TLS

T, average T, Dropout
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Dropouts dominated by high E-field, not coupling strength
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We place limits on TLS T, times depending on Dipole moment
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Simulating the standard TLS model:
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Supplemental
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