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Quantum Simulation Quantum MetrologyQuantum Information Processing

Essential: Preparation, control and manipulation of quantum states with high-fidelity and in a fast and robust way
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Shortcuts To Adiabaticity

RMP 91, 045001 (2019)

(a) Inverse engineering  

(b) Transitionless quantum driving (counter-diabatic protocols)



(a)  Inverse engineering  

PRL 104, 063002 (2010); J. Phys. B: At. Mol. Opt. Phys. 42 241001 (2009)

(b) Transitionless quantum driving (counter-diabatic protocols)

J Phys. Chem. A107, 9937 (2003); J. Phys. A 42, 365303 (2009); PRL 105, 123003 (2010); 111, 100502 (2013)

(c) Fast-forward scaling approach

Proc. R. Soc. A 466, 1135 (2010); Phys. Rev. A 78, 062108 (2008)

(d) Rapid-scan approach   

PRL 110, 240501 (2013)

(e) Time-scaled dynamics for STA

PR Research 2, 013133 (2020)

(f) Lax Pair from Classical Nonlinear Integrable Systems to Quantum

PRL 117, 070401 (2016)

Enhanced STA, Optimal control theory and so on …. 

Techniques of Shortcuts To Adiabaticity
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experiments based on/or relevant to our STA proposals:

G. Labeyrie: Phys. Rev. A 82, 033430 (2010); EPL 93, 23001 (2011)  Decompression of cold atoms

J. Schmiedmayer: Sci. Rep. 5, 10506 (2015). Compression of a quasicondensate  

D. J. Wineland: Phys. Rev. Lett. 109, 080502 (2012) Ion transport 

Haibing Wu: PRA 97, 013628; Science advances, 4 eaar5909 (2018) Fermi gas

Kim: Nat. Commun. 7, 12999 (2016) 171Yb+ ion transport in phase space via shortcut to adiabaticity

Implementation of STA in Harmonic Trap 
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Two/Three Level Quantum Systems
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E. Arimondo & O. Morsch: Nat. Phys. 8, 147 (2012) Accelerated optical lattice

D. Suter: Phys. Rev. Lett. 110, 240501 (2013) Nitrogen-vacancy centers spin

D. D. Awschalom: Nat. Phys. 13, 330 (2017) Nitrogen-vacancy centers spin

G. S. Paraoanu: Science advances 5(2), eaau5999 (2019) Transmon circuit

Dapeng Yu: Phys. Rev. Lett. 122, 080501 (2019) Superconducting qubit

Yi Ying: New J. Phys. 20 065003 (2018)；Phys. Rev. Applied 11, 034030 (2019) Xmon qubit

Xi Chen, Hui Yan and Shiliang Zhu: Nature Commun. 7, 12479 (2016). STIRAP Cold atoms

Xinhua Peng: Phys. Rev. Appl. 13, 044059 (2020) Spin chain

Y. Yan, Xi Chen, and S.  Kröll, npj Quantum information 7, 138 (2021) rare-earth ion

Akira Oiwa: Phys. Rev. Lett. 132, 027002 (2024) quantum dot



Shortcuts to Adiabaticity for Other Fields

Statistical Physics

Classical Physics （RC circuit; Crane;  Waveguide; Polarizer）Low Dimensional System

Biology
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Hamiltonian

conjugate to 

In general the state is a superposition of  “expanding modes”

Frictionless Atom Cooling in Harmonic Trap

polynomial

Invariant
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PRL 104, 063002 (2010)

Ermakov equation
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Scaling law and Self-similarity

Time-dependent Gross-Pitaevskii equation

With self-similar dynamics

Solution of the Ermakov equation: scaling factor

which makes the wave function satisfies 
JPB 42, 241001 (2009)

PRA 84, 031606 (2011)

PRX 4, 021013 (2014)

PRL 77, 5315 (1996)

NJP 12, 113005 (2010)

These results are applicable to trapped BECs, TG gas and Fermi gas.

The condition is required：

(1) time-dependent g(t)

(2) Thomas-Fermi limit
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Time-dependent 1-D GP equation with harmonic potential 

Lagrange density 

By choosing Gaussian ansatz 

The variational approach gives the following differential equation:

PRL 77, 5320 (1996); PRL 83, 1715 (1999)

Nolinear Optics, B. A. Malomed, Progress in Optics 43, 71 (2002)

Variational approach for STA

Chaos 30, 053131 (2020)

Also appliable to other scenario: Frequency-Tunable Transmon Superconducting Qubits

 nonlinear harmonic oscillator : J.J. García-Ripoll et. al. PR Appl. 14, 044035 (2020) 

This allows us to study the case of weakly interaction, except for g=0 or g=∞
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Perturbed Kepler-problem

analogous to fictitious classical particle with unit mass

at 0 and tf

these boundary conditions imply the 

minimization of energy, with 0 kinetic energy.

adiabatic reference

bang

poly

https://www.researchgate.net/publication/228059473_Perturbed_Kepler-problem_in_general_relativity_with_quaternions


Time-optimal Bang-Bang Control

The minimum time for bang–bang scheme

TF limit
g=0.01

g=-0.01
g=0

Chaos 30, 053131 (2020)
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Fast Non-adiabatic Soliton Compression

By choosing ansatz for bright soliton 

Ermakov-like Equation

Sci. Rep. 6, 38258 (2016)

Adiabatic

STA

tf=10

New J. Phys. 20, 015005 (2018）

RED: Adiabatic 

BLACK: STA

SOLID: Strong g

DASHED: Weak g

QSL

Stronger non-linearities lead to a better overall performance
15



Lagrange density 

Excited state is chosen as Ansatz

The variational approach gives the following coupled differential equations:

Arbitrary Power-law Potential

q=2

PR Research 2, 023125 (2020）

quartic trap 
harmonic trap

n=0
n=49

N = 50
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Effective Scaling Approach for STA
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Time-dependent 1-D GP equation with harmonic potential 

Lagrange density 

Madelung transformation

Modified Ermakov equation connecting from noninteracting to TF limit

PRA 104, 063313 (2021)

Hydrodynamic equation：

See the talk by Chinmayee Mishra
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19

Nature 471, 83 (2011)

SOC BEC 

Nat. Commun. 7,  10897 (2016)

The Hamiltonian for spin-1 SOC BEC is described by

at single particle level

Raman-induced SOC

In absence of the transverse potential

Unitary operator:

Unitary transformation:

Spin rotation phase:
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We can obtain auxiliary differential equations：

The time evolution of the state:

Inverse engineering Fast transport with spin flip

Splitting with static trap



Initial state：

Final state：

Fast transport with spin flip
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03 Spin rotation
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Fast wave-packet splitting (preparation of spin-dependent coherent state)

The single particle Hamiltonian is reduced to

where 

Displacement operator

arXiv: 2405.10727, accepted by Phys. Rev. A
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Constant SOC strength and velocity



Nonlinear interaction

GP equation：

Fidelity：

Time-imaginary (blue) and Gaussian (red)

splitting

transport

transport

splitting
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Potential applicatios:

Interferometry
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Qubit Readout by Tunable Longitudinal Coupling

PRL 115, 203601 (2015)

The equation of motion for the expectation value
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LC oscillator longitudinally coupled to a two-level with time-dependent coupling

The dynamical equation of the cavity field regarding losses reads

κ is the decay rate of the LC oscillator.

for the cavity initialized in its vacuum state.



Inverse engineering

with the unitary transformation

The effective Hamiltonian reads

when the conditions 

are satisfied. 

final cavity displacement

Blue

Orange
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Cavity displacement and Signal to noise ratio (SNR)
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STA: polynomial (orange) and trigonometric (red)

conventional sinusoidal modulation (blue)

Larger value of the SNR at times shorter than the coherence times.



Floquet engineering

We propose a driven Hamiltonian

In the Floquet frame through the transformation

We compare the averaged Floquet Hamiltonian with the counter-diabatic term

PRL 123, 090602 (2019)

PR Appl. 18, 034010 (2022)
30

Floquet modulation circumvents the implementation
problem of the counter-diabatic term.



Controlled-Phase Gate

Front. Quantum. Sci. Technol. 2, 1135816 (2023)；Commun. Phys. 6, 167 (2023)

Fast Multi-Partite State Generation

a set of N 2-levels systems coupled to M field modes

SM gate
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Take Home Message (Further work: Variational Approximation/Hydrodynamcis for SOC BECs)

PRL 112, 150402 (2014).

PRA 97, 013631 (2018)

PRA in press (2024)

also appliable to cQED & QD
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QD with longitudinal coupling

Schrödinger cat generation 
Phys. Rev. B 96, 115308 (2017)

spin-to-charge conversion
Phys. Rev. B 98, 125411 (2018) 


