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Dispersive readout

We want to optimize the dispersive readout of a transmon.

g J Kf
H = 4Ecn? — Ej cos(¢y) +wraTa—|—wffo
+igny(a' —a) HJI(fTa+a'f) Wi Wr Wy
« Full cosine model, including Purcell filter ‘
« MW drive on Purcell filter and/or transmon ¢

Difficult numerical problem
« ~400 parameters (Ins bins x 100ns x 2 drives)
* Hilbert space size ~ 8000 (5 x 40 x 40)
« GHz dynamics
¢ Open quantum system
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Quantum optimal control

Gradient-free methods

« CRAB (Dorig, PRL 2010)
« Nelder-Mead (Egger, PRL 2014)
« Model-free RL (Sivak, PRX 2022) Parameters

L+ Do not scale to many parameters y 7

=

Gradient-based methods

GRAPE (Boutin, PRA 2016)
Krotov (Koch, JP:CM 2016)

L. Only state-to-state or gate optim.

Automatic differentiation (Leung, PRA 2017)
L, O(N; x N2) memory = 4 Terabytes !

Adjoint state method

Quantum system

]

Observable
to opimize

F

|—> / Low memory + any closed or open system + any parametrized problem + fast
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Adjoint state method 0F®

- Parametrized master equation

d
d—i = Lp=—ilH,p| + ZD[L"’]'O Forward Pass

Solve Master eq.

S H=H@O) L Ly,=L0)

t —. 0 .
. Cost function C' = C'(4, p(to), .., p(tn)) .-*- 1 'T dC/d(g 0(07 {p(t)})
N 2 ' Compute
- Adjoint state ¢(t) = dC'/dp(t) R Cost Function

d
d_f = —LT¢ = —i[H, ¢ - Y DILi]s

Update Parameters

Backward Pass
. Explicit expression of gradient Solve Master &

i ' = Adjoint equations
ac oc [

' T in reverse time
o — 90 |/, 0pTr [@" ()L (¢, 0)p(t)] dt
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Reverse-time backpropagation

P(t)  p(tinr)

70T 0" 20 j(tn) ~

p(to)o C
9,_---____'10 TN 0 0pC €~ ’i
dC/dfo ___.- - /
A "/
O &-——"" o (b(tn)

Memory: O(NQ) - 488 MB
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Optimal control with dynamiqgs

¢ Open-source
+ Closed, open and stochastic quantum systems
- End-to-end differentiable

- Works on GPUs > (very) fast simulations

« Batching
* QuTiP-like API

www.dynamigs.org

github.com/dynamigs T

Home

@ dynamigs

High-performance quantum systems
simulation with PyTorch.

dynamiqgs

High-performance quantum systems simulation with PyTorch.

e

&

CONTRIBUTING.md DIFFERENTIABLE GPU ACCELERATED BUILT ON PYTORCH
LICENSE

README.md
mkdocs.yml Packages

pyproject.toml
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Dispersive readout e

We want to optimize the dispersive readout of a transmon.

g J Kf
H = 4Ecn? — Ejcos(¢¢) +wra'a +wyrflf
Higni(a' —a) + J(fTa+ad'f) Wy Wy Wy
« Full cosine model, including Purcell filter ‘
« MW drive on Purcell filter and/or transmon ¢

- Optimisation with () dynamiqgs

System parameters

E;/2m =16 GH = —

J/2m Zz  wy/2m = 6GHz Kkp/2m = 30 MHz g/2n = 150 MHz
E./2m = 315 MHz wy/2m =7.2GHz lﬁ)q/27'(' = 8 KHz J/2n = 30 MHz
E;/E. =~ 51 wp/2mr =7.21GHz 7, = 16

March Meeting 2024
Session F48 — Optimizing transmon readout with open-source differentiable solvers



Optimizing transmon readout 1w

Signal-to-noise ratio (Bultink et al., 2017)

SNR = \/Zn/@f/ dt |Be — Bg|?
0
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Optimizing transmon readout 1w

Signal-to-noise ratio (Bultink et al., 2017)

SNR = \/Zn/@f/ dt |Be — Bg|?
0

« 2reference pulses

= Flatpulse [,

= Two-step pulse b_,

« 3 optimized pulses
= Drive filter
= Drive filter + transmon @ w,
= Drive filter + transmon @ Wy

« Optimize pulse envelopes
+ carrier frequencies

« Fair comparison: limit n < Nt
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Shelving

QOC, drive @ Wt

___ 200F
S ——
~-200} , ,
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 Shelving (Elder, PRX 2020) & (Hann, PRA 2018)
- use [f> state with larger coupling

- Filter envelope similar to two-step

+ 10ns pi-pulse with DRAG & stark-shift

« X2improvementin readout time
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O-I Optimal control w/ adjoint state method: .[.] ‘U ) zla—
®

low-memory, fast, generic

g ,,':"’e‘ —

O Fast transmon readoul-‘!ﬂt@ p—
® additional drive on the

"
Realistic pulses and kno e —
0 ® str tegie; d by optimizer _/":::/ -



Purcell filter trajectories

|g> and |e> trajectories in the Purcell filter > enhanced integrated distance
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