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Kirchoff theory

Flux variables

http://juanjose.garciaripoll.com/lectures-quantum-circuits
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Quantization Hamiltonian Lagrangian
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http://arxiv.org/abs/1602.00416

Pet topics



Week 1
03/02/16 Wednesday

Week 2
08/02/16 Monday

10/02/16 Wednesday
12/02/16 Friday

Week 3
15/02/16 Monday

17/02/16 Wednesday
19/02/16 Friday

Week 4
24/02/16 Wednesday

26/02/16 Friday

Week 5
29/02/16 Monday

04/03/16 Friday

Week 6
07/03/16 Monday

Instroduction and setup
Basic elements and notions

Circuit theory: rules

Circuit theory: basic examples
Circuit theory: squids

Charge qubit

Transmon

Flux qubit

Transmission line quantization

Circuit-QED setup

Cavity-QED model & strong coupling

Cavity spectroscopy

Dispersive limit: QND measurements & Hamiltonian
Dispersive limit: photon state preparation

Three-dimensional cavities and transmons
Parity measurements & Schroedinger cats
D-Wave machine |: adiabatic QC

D-Wave machine II: setup & annealing

Tuneable coupling

UCSB quantum processor: g-mon, x-mon
Qubit in open line: Ohmic spin-boson model
Single-photon, single-qubit interaction

Ultrastrong coupling

Tight
schedule

Flexible in
time and
content



Organizational issues

Location: IQOQI, entrance left, 1st office

Email:

Jj.garcia.ripoll@csic.es

Material: will be uploaded to my homepage
http://juanjose.garciaripoll.com

after curation

Will announce topic of the lectures there and 30!

@jjgarciaripoll


mailto:jj.garcia.ripoll@csic.es

Lecture notes on superconducting quantum
circuits

Juan José Garcia-Ripoll (*)
Borja Peropadre

(*) jj.garcia.ripoll@esic.es

September 30, 2014

http://juanjose.garciaripoll.com/lectures-quantum-circuits
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M. Devoret's Les Houches Lectures
http://qulab.eng.yale.edu/documents/reprin
ts/Houches_fluctuations.pdf

S. Girvin Lecture notes on circuits ,
Lecture notes on superconducting quantum

A. Blais, PRA 69 062320 (2004) circuits
T. Orlando's book on superconductivity A gﬁ;:';If::j:':;iliﬁ;}" (*)

(*) jj.garcia.ripoll@esic.es
September 30, 2014

always growing list of papers

: e T
Feedback appreciated! LT A e S |

Prein s T

http://juanjose.garciaripoll.com/lectures-quantum-circuits


http://juanjose.garciaripoll.com/lectures-quantum-circuits
http://qulab.eng.yale.edu/documents/reprints/Houches_fluctuations.pdf
http://qulab.eng.yale.edu/documents/reprints/Houches_fluctuations.pdf

1. Find a qubit

= Discrete coherent degrees of freedom
= Preparation of some initial state

= Measurements
2. Enable computation

= Arbitrary local unitaries

= One universal two-qubit unitary

3. Scale up with error correction



1. Find a qubit
= Discrete coherent degrees of freedom

= Preparation of some initial state
= Measurements

2. Enable computation

= Arbitrary local unit
A Fault-tolerant quantum computation
. O ne un lve [Sd tWO Algorithms on multiple logical qubits
3 . SCa |e U p Wlt ,.] e r.| Operations on single logical qubits

<= Logical memory with longer lifetime than physical qubits

Complexity

QND measurements for error correction and control

Algorithms on multiple physical qubits

Operations on single physical qubits
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(dedicated to the memory of Bernd Matthias: compiled by James S. Schilling)

30 elements superconduct at ambient pressure, 23 more superconduct at high pressure.

H ambient pressure high pressure He
superconductor superconductor
Li Be B IC N O F Ne
0.0004/0.026 T(K)
14 | 37 T TN 11 0.6
30 | 30 1] 100
P(GPa) P(GPa)
Na (Mg Al P S Cl Ar
1.14
2 13 173
521 30 | 190
K Ca |S¢ |Ti |V Cr Mn [Fe |Co |Ni |[Cu |Zn Ge |As |[Se |Br |Kr
0.875]1.091
29 1196 2.1 7 1535] 24 8 1.4
217 | 106 21 14 J11.5| 32 150 | 100
Rb |Sr |Y Ru |Rh [Pd [Ag |Cd |In Sn |Sb |Te |I Xe
0.51 |.00033 0.56 |3.404|3.722
7 | 195 ool 301 75 | 12
50 115 1.3 25 35 25
Cs [Ba |unsent . Os |Ir |Pt |Au [Hg-a|Il |Pb |Bi [Po |At |Rn
La-Luj 0.12 |4.483]10.012| 1.4 (0.655] 0.14 4.153| 2.39 |7.193
1.3 5 86 | 45 8.5
12 18 62 43 9.1
Fr |[Ra insert [Rf |Ha
Ac-Lr

Lafcc|/Ce |Pr [Nd [Pm (Sm
6.00
13 1.7
15 5

1.368| 1.4 |0.5(8)
24(x)
1.2

M. Debessai, T. Matsuoka, J.J. Hamlin, W. Bi, Y. Meng. K. Shimizu, and J.S. Schilling, J. Phys.: Conf. Series 215, 012034 (2010).
High pressure data for Ca and Be: K. Shimizu email from 9 Dec 2013.
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P. Forn-Diaz et al, Phys. Rev. Lett. 105, 237001 (2010)
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