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A hardware designer’'s wish list

APS March Meeting 2022

\

Full Stack

A streamlined
framework that
allows designers to
go from hardware
design to gates
simulation

Speed

Good trade-off
between speed and
accuracy. Not every
device requires
hours of full wave
simulations

Modular

Divide and conquer:
take advantage of
known building
blocks; modular
software use case
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Regularity is our greatest/aHy in chip design
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QISkIt design
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guantum device
design

Device Library Qiskit

Code
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Fine-tune and automate parameters

N = | & .
s ® %

Load Save | Delete all Replot Rebuild
QComponents
View

A Do
= B =Select component
1

E‘ Edit component Name QComponent class

. Q1 TransmonPocket
s Create
‘ Design variables
Q1 : TransmonPocket :
;= Pins s
9 g Name
Log = PoOS_X
8 Pos_y
, s connection_pads
Toggle view = pad_gap
S| inductor width
- Screenshot | T pad_width
‘ pad_height

pocket_height
orientation

Source \ /

A

New QComponent

GDS HFSS Q3D

GDS HFSS Q3D

QComponent rr

qiskit_metal.components.qub

Value
+0.5mm
+0.5mm

30 um
20um
455 um
90 um

650um
0

giskit_metal.components.qu...

Parsed value
0.5
0.5

0.03
0.02
0.455
0.09

0.65
0.0

) Main View

@

]

Elements

pocket_width

pad_width

inductor widi"

orientation




Dynamically —connected quantum devices
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Render your design as a GDS file
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Render your design in an EM Solver
Example: Ansys HFSS
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More complex quantum chips — see next tutorial

1 Quantum (29
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Quantization methods landscape 1BM Quantum
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Quantization methods landscape 1BM Quantum
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Quasi-lumped circuit model:

Composite system

Partition device
to subsystem
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Physical layout
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Physical layout
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Extracting a cell parameters
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Apply quasi-lumped model to composite system
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Diagonalizing the composite Hamiltonian

Lavout Electromagnetic
you simulation

Hfull—H0+ZHn+Z Z Hnmv.

n=0m=n+1

scQubitsx—

APS March Meeting 2022

Hamiltonian

. Time evolution
LOM analysis )) )) simulation

analysis

IBM Quantum

Generate the hilberspace from the composite system, leveraging the scqubits package

hilbertspace = composite_sys.create_hi
hilbertspace = composite_sys.add

Print the results

hamiltonian_results composite_sys.hamiltonian_results(hilbertspace, evals_count=30)

Finished eigensystem.

system frequencies in GHz:

{'transmon_alice': 6.053360688806868, 'transmon_bob': 4.7989883222888094,

Chi matrices in MHz

transmon_alice transmon_bob readout_alice readout_bob
transmon_alice -353.239816 -0.542895 -4,132854 -0.003120
transmon_bob -0.542895 -263.940098 -0.001154 -1.460416
readout_alice -4.132854 -0.001154 4.283111 -0.000017
readout_bob -0.003120 -1.460416 -0.000017 3.829744

'readout_alice':

8.0090548207

48
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From Hamiltonian to experiment simulation 15M Quantum

Time evolution
simulation

Electromagnetic A Hamiltonian
el )) simulation )) Lo Ll )) analysis ))

system frequencies in GHz:

{'transmon_alice': 6.053360688806868, 'transmon_bob': 4.7989883222888094, 'readout_alice': 8.0090548207

Chi matrices in MHz

__________________________ hilbertspace.hamiltonian()

transmon_alice transmon_bob readout_alice readout_bob
transmon_alice -353.239816 -0.542895 -4.132854 -0.003120

transmon_bob -0.542895  -263.940098 -9.001154  -1.460416 Quantum object: dims = [[10, 10, 3, 3], [10, 10, 3, 3]], s

readout_alice -4.132854 -0.001154 4.283111 -0.000017
readout_bob -0.003120 -1.460416 -0.000017 3.829744

Transmon trajectory vs. initial cavity state

10 11— |g0)
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Device layout to gate simulation in one (BM Quantunm
Integrated worktlow
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Planar devices &
comparison to other methods

Quantum Physics

[Submitted on 2 Feb 2021]

Exploiting dynamic quantum circuits in a quantum algorithm with
superconducting qubits

Antonio D. Corcoles, Maika Takita, Ken Inoue, Scott Lekuch, Zlatko K. Minev, Jerry M. Chow, Jay M. Gambetta

TV S S——

Zlatko Minev, IBM Quantum (52)



Measured vs. predicted: qubit-readout cross-Kerr

—_— Y =X
A LOM (quasi-static)
@ EPR (eigenmode)
@ Z (driven)

Predicted y (MHz)

Marker size indicates
Measured y (MHz) error bars.

Zlatko Minev, IBM Quantum (53



Summary

Qiskit Metal quasi-lumped model
design framework

< O &

Full Stack Speed Modular

N\

Source

-

Ope

APS March Meeting 2022

IBM Quantum

. - quantum device
QISkIt degign

0 sithub.com/Qiskit/qiskit-metal

ﬁh #metal
® _
/ X

2 q‘iski‘t.org/documentation/metal/tut/

giskit.org/metal/




Quantization methods landscape 1BM Quantum

full-wave

Impedance energy

!

Nigg et al. (2012), Bourassa et al. Minev (2018)
il (2012), Solgun et al. (2014, 2015, 2017) Minev et al. (2020)

=

more information, complexity, accuracy

55




Simple example

resonator

m

)

Zlatko Minev, IBM Quantum (56



Example of step 2 with EPR

Physical (linear) model Eigenmodes Non-linear device
i i params

energy stored 2
In junction p] Hfull
Voilefe

Dissipation
budget

P1 — D[/ka]

energy stored
in substrate

Zlatko Minev, IBM Quantum (57



Step 3: Hamiltonian

| leklt l antum device resonator
= _ N\
qubit
02 F
— =
\_J U/
Transition
spectrum C(q aq Xge
< > < S —
| O |
7/
Wq-A, W,

Hesr: for simplicity, showing up to O(p®) in RWA

Qubit/cavity anharmonicity

hiw?

_ q/c
aq/c pq/c SEJ

Qubit-cavity dispersive shifty

hwqwe

Xgc =PgPe—F— 4EJ

Qubit Lamb shift

_ !
A, = ay 5 Xqc

Zlatko Minev, IBM Quantum (58)



Step 3: Hamiltonian: Universal constraints & EPR monogamy

~ (o)
f. 1.0 - . ‘ |
QlSklt I quantum devic
o8 "ii-‘?’i:xil']

e

resonator
. _ M O
qubit
O]
—
\J U/
Transition Quantum garamcejters
spectrum a, a, are not independent Ky

Hesr: for simplicity, showing up to O(p®) in RWA

knot: clikr

Zlatko Minev, IBM Quantum (59)



Automated analysis and reports

Qubit frequency & anharmonicity FE simulation convergence

metal.analysis.lumped_model.analyze('Ql')

Alpha (blue), Freq (red) [MHz]

i 125
- | ‘54002 10° 4 - 100
N .
< 360 [ 5300 75
; c - 50
5 | g W
| SN 5200 g | =
po—
- 5100 : T : S
S S RS s 5 10 15 20
5 10 15
cross-Kerr y coupling (MHz) Linear g coupling (MHz)
-0.5 1 s 80
4 m‘ e
-1.0 1 0il
-15 20 1 Sists. @
0 4 ik
..20 < et 5
-20
-2.5 -40
=30 4 ) | =80 - I
o -80 1, , v =
=35 — - 0 5 10 15

o
0
o
%

Analysis pass number Zlatko Minev — IEEE QCE20 (60)



EPR theory vs. experiment

Quantum Physics

[Submitted on 1 Oct 2020]
Energy-participation quantization of Josephson circuits

Zlatko K. Minev, Zaki Leghtas, Shantanu O. Mundhada, Lysander Christakis, loan M. Pop, Michel H.
Devoret

Zlatko Minev, IBM Quantum (61)



Theory vs. experiment: agreement over 5 orders of magnitude

Predicted energy (MHz)

4

10 T

[ sample

R9C1
R2C1
R7CA1
R3C1
R3C2
DT3

10°

10’

10°

10°

Measured energy (MHz)

10

R:  Minev et al. (2018)
WG: Minev et al. (2013, 2016)
DT3, DTW: Minev et al. (2019)
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Qiskit -Metal is being used by researchers, cont'd.

QuTech / Technische Universiteit Delft QuTech / Technische Universiteit Delft
Figen Yilmaz-Andersen Lab: Fluxonium chip design Intermediate chip design.

Roald van den Boogaart-Andersen Lab: Fluxonium spectrum (eigenmode = pyEPR)
to show how they have extended the analysis methods to be able to handle

fluxonium qubits
Sara Buhktari-Andersen Lab: Fabricated resonator design being measured

Lumped element7 Quasi-lumped 2
25 125 ———25

N \/\//\/A
{15 1
\
(
|

{15

“Qiskit-Metal is the best
tool if one studies
superconducting qubits”
-- Figen Yilmaz

IBM Quantum / © 2021 IBM Corporation
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QCompanents

groundPiane

groundPlane_buffer

Launch_NW
Launch WNW
Launch_ESE
Launch_SE
Launch_N

Launch_ENE

QComponents Librery Fins Varlables

Q4 TransmanPocketUTokyo | qiskit_meta...

Name
pos_x
posy

connection_pads

pod_gap
Inductor_width
ped_width
pad_height
pocket_width
pocket_height
orientation
hfses_inductance
hfss_capacitance
Nss_resistance
hss_mash_kw_jj
Q3d_inductance

Resulld  bul New OCampumen: =
Main
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LaunchpadWirebondm
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LaunchpadWirebondh

Parsed valve

1.25

180
0nH
0

0
7¢-06
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Simulated
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IEEE International Conference
on Quantum Computing
and Engineering — QCE21

Zlatko Minev, IBM Quantum



| 1] -~ Q. ‘
[ ‘ % GDS HFSS Q3D
° ° : a1 O &
I S k I t q uantum d evice Load Save Delete all Replot Rebuild Build History New QComponent GDS HFSS Q3D
deSIgn QComponents (%) Main View Elements
View == [l
i Do w ' @ . i

e
i
Name QComponent class
* : & groundPlane Rectangle
e V I C e S ==» groundPlane_buffer Rectangle
ﬁ Q1 TransmonPocketUTok)
: Q2 TransmonPocketUToky
I I l a e W I t I'l Q3 TransmonPocketUToky
'5 Q4 TransmonPocketUTok)
M ‘ Launch_NW LaunchpadWirebondM
e t a Launch_WNW LaunchpadWirebondM
3 Launch_ESE LaunchpadWirebondM
Launch_SE LaunchpadWirebondM
Launch_N LaunchpadWirebondM
Launch_ENE LaunchpadWirebondM

QComponents Library Pins Variables

Q4 : TransmonPocketUTokyo : qiskit_meta...

g Name Value Parsed value
B pos_x 1.25mm 1.25
IBM 5Q Tsuru &= =

% connection_pads

X pad_gap 20um 0.02
inductor_width  20um 0.02

O y O - pad_width 435 um 0.435

g pad_height 90um 0.09

i pocket_width 650um 0.65
pocket_height 650um 0.65
orientation 180 180.0
hfss_inductance 10nH 10nH
hfss_capacitance 0 (0]
hfss_resistance 0 (0]
hfss_mesh_kw_jj 7e-06 7e-06
q3d_inductance 10nH 10nH

S e A ~

(x,y) = (0.4415, 1.1502) A last point (0.1813, 0.4854)




Devices made with Metal - IBM 5Q Tsuru U Tokyo

GDS Export

full chip gds = design.renderers.gds

full chip gds.options

full chip gds.options| ]
full chip gds.options| 1[ ]

full chip gds.export to gds( )




Recent work at APS MM

IBM Quantum / © 2021 IBM Corporation

APS March Meeting 2022

APS March Meeting 2022
Monday-Friday, March 14-18, 2022; Chicago

Industry Days: Industrial Physics Driving Innovation
See the latest in industrial & applied physics

Session A36: Superconducting Qubits: cQED Design Tools
8:00 AM—11:00 AM, Monday, March 14, 2022
Room: McCormick Place W-194A

Sponsoering Unit: DQI
Chair: Alexander McDonald, University of Chicago

Abstract: A36.00003 : Simulation of Parametrically Coupled Qubits with Qiskit Metal and pyEPR
8:24 AM-8:36 AM

4= Abstract =»

Presenter:
Zachary L Parrott
(University of Colorado, Boulder)

Authors:
Zachary L Parrott
(University of Colorado, Boulder)

Xiaoyue Jin
(National Institute of Standards and Technology Boul

Taewan Noh
(National Institute of Standards and Technology Boulder)

Raymond W Simmonds
(National Institute of Standards and Technology Boulder)

Various forms of circuit simulation can be an indispensable tool in designing superconducting qubit experiments. Before committing to a particular
device, fixed after fabrication, simulations can be used to explore design trade-offs in order to optimize the desired circuit behavior. In addition,
simulations can be used to help diagnose unexplained results in existing experiments. In this talk, we discuss the open source Qiskit Metal toolkit
and the energy participation ratio (EPR) method for simulating various ongoing experiments of parametrically coupled circuits. By sweeping
various design parameters, we can predict how these parameters influence the circuit's mode frequencies and relevant features such as static
cross-couplings between these modes. Through comparisons with existing measured devices we are able to identify what design parameters
strongly influence the device characteristics we wish to adjust and how to optimize them. Additionally we can assess what dynamics or behaviors
are not being properly modelled or accounted for, as well as identify key features that should not be omitted in traditional lumped element design
approaches. Finally we will discuss how we can use this simulation framework to inform the design of future devices and experiments within our


https://meetings.aps.org/Meeting/MAR22/Session/A36.3

S - quantum device
m Sk I t de;;' n
Qiskit Metal
Conferences Education Communities
M ARC H Qiskit Hackathon Korea \--A-ﬁq[
physics 16. Feb - 19. Feb 2021

MEETING2021

MARCH 15-19O0ONLINE

Superconducting Circuits

. d Qubits — Virtual Workshop .

IEEE International Conference SQuDTE S T Ao ‘ AianM
on Quantum Computing B \ .

and Engineering — QCE21

CEC/ICMC

VIRTUAL CONFERENCE F1VIA @ 2y X ]

Cryogenics-Through - Collaboration

Quantum & Beyond

QUANTUM | OSciTect N COMMUNITY STRUCTURE

NSERC
CRSNG

v mETITVE teesr blussor
I'] QUANTIQUE % Quantum Matter Institute 6,’7

Duaue @ University

of Victoria

Apprentice Jr. Research  Sr.Research Vertical Lead

Associate  Associate ogrn

Rvandsd Materat IBM Q

& Rafated Technology

Lab Sessions:-

In Lab sessions, after the demonstration of the task, exercises as checkpoints will be given

Session 1- Introduction to Qiskit Metal and ANSYS Electronics
Topics- Installation and Hands on introduction to using interface of Qiskit Mctal and ANSYS Electronics
Session 2- Hands on session with Metal- 1

*>=MARCH

MEETING

Topics- Introduction to workflow of Qiskit Metal, Elements of Qiskit Metal- QDesign, QComponent QRenderer,
QAnalysis

Session 3- Hands on session with Metal-2
Topics- Demonstration of complete design flow, Using Components Library, Designing your own Components
- ;\_‘\ Un Ier ra Iuate Sch I opics onstration of complete design flo sing Components ary, Designing your own Compone:
I E E E ‘

\

Session 4- Implementing One Qubit chip on Metal

on Experimental Quantum hisotbigssehesrio el el
QUANTUM Information Processing

Session 5- Implementing Two Qubit Chip on Metal

Tonics- Complete demonstration of Two Oubit chin from desiening to simulation on ANSYS Intermnretation of



Last 6 month: public launch & adoption Qiskit | quantum device

0. A\ GitHub  wrser | wren 47 tutorials /e

ol 800+ users O /qiskit-metal 133 81 + 21 demos =
4,000+ Q&A g/qiskit-nature 84 72 |
From 250+ unique usrs O /diskit-optimization 70 52

é /diskit-fianance 57 41

° 26 live tutorials

19+ hours



https://github.com/Qiskit/qiskit-metal
https://github.com/Qiskit/qiskit-metal
https://github.com/Qiskit/qiskit-metal
https://github.com/Qiskit/qiskit-metal

End-to-end automation Flexible & extensible Light-weight interoperability

YA )

H -

7

Experimentally tested Library of components

& .
d O |

giskit.org/metal ' Zlatko Minev — IEEE QCE20 (71)




gquantum device
design

Qiskit

Building together

Call for community participation

Open source

Education
See summer school lectures 16-21 by Z. Minev from

Introduction to Quantum Computing and Quantum Hardware
and the OQiskit Textbook

qiskit.org/metal

. @zlatko_minev




So, how do | get started?

S Metal X ) Qiskit/qiskit-metal: Unpe X X | € Git- Downloads x ) Anaconda | Int X + = ) X
< C #& https://github.com/Qiskit/qiskit-metal * H O % 0 :
project for engineers and scientists to =
github Update mainym fays ag design superconducting quantum
itz N oull — I | - devices with ease.
a3 lerge request #116 from Qiskit/warnin jns-issue-14
guide Merae bran main’ into low recolition ceraenchot quantum device hamiltonian
quantum-computing superconducting
qiskit_metal Merge branch ‘'main’ into low_resolution_screenshot
qubits eda gds
) gitignore Merge bran nain' into low_resolution_screenshots nours ag simulation-modeling
(B .mailmap Jpdate .mailmag 3 L
0 oyiittr — Installation YouTube Video
(3 .styleyapf estyled : :
L styleyay Click for YouTube Video

(Y travisyml Jpdate travis.ym| g ° vo uTuhe
(A CODE_.OF_CONDUCT.md ipdated code of conduct ]
CrEaTe d NeW TeIEase

(3 CONTRIBUTING.md Jpdate CONTRIBUTING md
(@ LICENSE.txt cense
Packages
[ READMEmd Update README.md
™ environmentyml environment.yml back to how it needs to be for window ;
[ requirements-dev.txt u jed
[ requirements.txt version j ) Contributors 10

433 PM
11/20/2020

<)

See github readme, or slack channel for link

IBM Quantum

IBM Quantum / © 2021 IBM Corporation



Overview of Quantum Hardware Design
From Fab-it to Qubit — Qiskit Metal

/latko K. Minev
IBM Quantum

u @zlatko_minev & zlatko-minev.com %> qiskit.org/metal



“Engineering is the
purposeful use of science.”

STEVE SENTURIA

Physical
hardware/fab

Hamiltonian
level

Gate model
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Simple overview example

resonator

B

)

Zlatko Minev, IBM Quantum (76



giskit.org/documentation/metal

% Qiskit Qiskit Documentation ~ Learning Resources  Slack Support ~ Tutorials  Githu =1l
= 1l
0.04 Docs > Qubits [
S e Single Transmon - Floating Star shaped qubit

with teeth

Qubits

Home

Installing Qiskit Metal

Frequently Asked Questions
Roadmap Input-Ouput Coupling
Qiskit Metal Workflow

Quantization Methods Overview

Contributor Guide Single Transmon - Single Transmon - Floating Conf@entric Transmon

Contributing to Qiskit Metal Grounded (xmon)

Where Things Are

Reporting Bugs and Requesting

CPW Launch Pad Readout line Charge Line
Enhancements

Contributing Code

Contributing to Documentation

Tutorials Qubit Couplers

Overview

Components Interdigitated Transmon Single Transmon - Single Transmon - Floating

Rendarsrs Qubits Grounded (xmon) flux lines with 6 connection pads
endere

Analysis

Quick Topics

Video Recordings

Circuit Example Library
Tunable Coupler (MIT) Direct Coupler (transmon-

Qubits
transmon)

Bus |
(trar



More designs
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Automated with

e e tum devi
Qiskit | auertumderie ? o st

(example external
| classjcal simulation
software)

Zlatko Minev, IBM Quantum (79
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Higher abstraction layers &
Analysis
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Modeling step 1: Classical E&M approximations

Quasi lumped models

Physical (linear) model Eigenmodes

: .

{

ny { Coxu ~Coy ~Coz Cuos ~Cor —Cus
1 Ciz —Ci2 —Ci3 —Cis —Cis
4 Coy —Cay —Cn —Css
ng Cax —Czq4 —C3s
4 Cyss —Cis
’ ("15.\_.

}All Czﬁ

)3

I
T

§

Impedance

1)

r

Zlatko Minev, IBM Quantum (83



Modeling step 2: Quantize

ﬁl Ceff

o
T ¢

L

~ A

There’s a description for
every [ob!

Zlatko Minev, IBM Quantum (84)



- metal.analysis.lumped_model.analyze('Ql')

[Vim]

0.7083
l 0.6611
0.6139

0.5667
0.5194
0.4722
0.4250
0.3778
- 0.3305
0.2833
0.2361
0.1889
0.1417
0.0944

0.0472
0.0000

l

Ansys HFSS

Zlatko Minev, IBM Quantum (86



Qiskit Metal render & electromagnetic analysis

For example: Ansys HFSS Q3D

+ % Q3DDesign2*

% Q1_c_connector_pad
1.Q1_pad_bot
%.Q1 _pad_top
% Q2_c_connector_pad
L. Q2_pad_bot
Q2 pad_top

& Mach

IBM Quantum
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More complex designs
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Qiskit Metal lumped
model framework

From layout to gates simulation in one notebook

K K K
ﬁf[lll = ﬁ(] + Z IA{H + Z Z H’nm

n=1 n=0m=n+1

Layout

Layout with Qiskit Metal's built-in

EDA with either GUI or jupyter lab

programitically

Electromagnetic
simulation

Convenient interface with third-
party EM simulation suites

Quantum analysis

Lumped model analysis and

Hamiltonian analysis

Pulse simulation

Convenient Hamiltonian interface
with Qutip, Qiskit Dynamics,
seQuencing for time evolution
simulation



load transmon cell Q3d simulation results 4

pathl « './03_TwoTransson_CapMatric. txt
ta_mat, _, load_g3d_capacitance_matrix(pathl, _disp-False)
pathz = ‘. /U2_TwoTransmon_CagMatrix. txt

th wat, _, _, _ - load_q3d_capacitance matrix{path2, _disp-False)

Create LOM cells from capacitance matrices

optl {
node_rename = {'couple d4_G pling', adout nact 1 readoy Y,
cap_mat — —_— ——
;';f‘—’:zi‘ i Make subsystems | coupler_connector_pad_Q1 ground_main_plane pad_bot_Q1 pad_top_Q1 readout_connector_pad_Q1 [
cf _dict « {['po coupler_connector_pad_Q1 5919879 -37.28461 2.00818 1910774 nnms‘
:eu 1 - celtlopt1) transmon_alice - Subsystem(name-'transmon_slice', sys_type-'TRANSMON', nodes-['j1']1) ground_main_plane -37.28481 24622877 3978914 3986444 2726888
t
= pad_bot_Q1 -2.00818 -3978914 9306074  -30.61038 -19.21994
| |
pad_top_Q1 -19.10774 -39.86444 -30.61038 92.99428 -2.00897
opt2 { transmon_bob « Subsystem(name:'transnon_bob®, sys_types'TRANSMON', nodes:['j2°)) readout_connector_pad_Q1 -0.22076 -3720686  -19.21994  -2.00897 5932747'
node_rename = {'coupl 1
cap_mat - th_mat, — -
ind_dict = {('pad_top_02 3 \
jj_dict « {('pad_top 0 pa , la opts i
ciodict = {{*pnd top 02", ‘pad e i Transmon trajectory vs. initial cavity state
) 28 = 59, : 10 | = ———v =
cell 2 « Coll{opt2) ) vp = 0.404314 « c_light — |g0)
res_alice = Subsystem(name:='readout_alice', sys_type='TL_RESONATOR', nodes=[‘readout _alice'], g_opts=q_opts) p—— ]gl'.
08 4 2
lg2)
-— |g3)
06

c_light

res_bob

Subsysten(name- ' readout_

bob', sys_type

TL_RESONATOR', nodes:['readout_bob'], q_opts-q_opts)

Creat the composite system from the cells and the subsystems

composite_sys - CompositeSystem{

subsystens-[transmon_alice, transmon_bob, res_alice, res_bob],

cells=lcell 1, cell 2],
grd_node='ground_main_plane',
nodes_force_keep~ [ ' readout_alice

From layout to
time evolution
simulation in
one simple
notebook

et bony - GENErate the hilberspace from the composite system, leveraging the scqubits package

composite_sys.create_hilbertspace()
composite_sys.add_interaction()

hilbertspace
hilbertspace

Print the results

hamiltonian_results composite_sys.hamiltonian_results(hilbertspace, evals_count=30)

Finished eigensystem.

system frequencies in GHz:

{"transmon_alice': 6.053360688806868, 'transmon_bob': 4.7989883222888094, 'readout_alice': 8.0090548

Chi matrices in MHz

transmon_alice transmon_bob readout_alice readout_bob
transmon_alice -353.239816 -0.542895 -4.132854 -0.003120
transmon_bob -0.542895 -263.940098 -0.001154 -1.460416
readout_alice -4,132854 -0.001154 4.283111 -0.000017
readout_bob -0.003120 -1.460416 -0.000017 3.829744

Ple))
.

04

02
B =g
a0
0 9 160 150 2{|)0 250 300 350 400
Time [ns]

Time evolution simulation

system hilbertspace, levels-[3, 3, 18, 198])

alice

lom_composite_sys_to_seq_sys(composite_sys,
system.modes [1]

Finished eigensystem.

selective_sigma = 100

with system.use modes([alicel):
with alice.temporarily_set(gaussian_pulse__sigma-selective_sigma):
s _s Sselective_qubit_amp = tune_rabi(
system, system.fock(transmon_alice-@, transmon_bob-0, readout_alice-0, readout_bot
)

100%|

| 51/51 [00:01<00:00, 41.64it/s]

def sc t (qubit, angle, phase-9, detune-0, sigma-selective_sigma):

with qubit.gaussian_pulse.temporarily_set(sigma-sigma, amp-selective_qubit_amp):
qubit.rotate(np.pi, phase, detune-detune)

Apply a selective pi pulse that is resonant with the qubit when the cavity is in |0>.

init_states - [

(f'$|afnP\\rangles', system.fock(transmon_alice-@, readout_alice=n)) for n in range(4)
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