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PARMA IS BEST KNOWN FOR ...
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PEOPLE INVOLVED

Parma group
F. Petiziol (external, TU Berlin)
I. Saychenko (PhD)
2 Postdocs, starting 5/24

Collaborations:
E. Arimondo & D.
Ciampini (Pisa)
M. Andersen (Otago)
T. Kirova (Riga)
M. Sadgrove (Tokyo)
...
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OUR RESEARCH

My research topics:
atomic physics and quantum optics (→ Floquet driven system)

Bose-Einstein condensates (→ experiments in Pisa,
Kaiserslautern, Stillwater, Tokyo, Auckland, Otago, ...)

nonlinear Schrödinger equations (→ BECs and Cold Dark Matter)

quantum control (Q info, state transfer) → Q-DYNAMO
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QUANTUM CONTROL BY ADIABATIC DRIVING

Landau-Zener Hamiltonian

H0(t) = λtσ̂z + Ωσ̂x

Energy levels

E±(t) = ±
√
(λt)2 + Ω2

Avoided crossing

Sweeping through avoided
crossing mixes states

Adiabatic passage

Driving an instantaneous
eigenvector slowly realizes
robust population transfer!
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TRANSITIONLESS/COUNTERDIABATIC DRIVING

Michael Berry

-

«[...] Hamiltonians Ĥ(t), as-
sociated with any chosen
Ĥ0(t), that drive the instan-
taneous eigenstates of Ĥ0(t)
exactly.»
J. Phys. A 42, 365303 (2009)

Origins of STA:

Berry, Proc. R. Soc. A 414, 31 (1987)
STIRAP – Unanyan, Yatsenko, Bergmann, Shore, Opt. Commun. 139, 48 (1997)
Chemistry – Demirplak, Rice, J. Phys. Chem. A 107, 9937 (2003)
Guery-Odelin, Ruschhaupt, Kiely, Torrontegui, Martinez-Garaot, Muga, RMP
91, 045001 (2019)
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TRANSITIONLESS/COUNTERDIABATIC DRIVING

Time-dependent control parameter λ(t):

H0(λ(t)) |n(λ)⟩ = En(λ(t)) |n(λ)⟩
Expansion into instantaneous eigenbasis

|ψ(λ(t))⟩ = ∑
n

an(t) |n(λ(t))⟩

d
dt

an = − i
h̄

(
En − ih̄λ̇ ⟨n| ∂n

∂λ
⟩
)

an − λ̇ ∑
m ̸=n

⟨m(λ(t))| ∂H0
∂λ |n(λ(t))⟩

En − Em
am(t)

We cancel the red transition part by changing the original
Hamiltonian:

H(t) = H0 + ih̄ ∑
m ̸=n

|m⟩ ⟨m|∂tH0 |n⟩ ⟨n|
En − Em

.
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EXAMPLE: LZ QUBIT

H0(t) =
[

λ(t) Ω
Ω −λ(t)

]

=⇒ H(t) = H0 + HCD =

[
λ(t) Ω + i 1

2
Ω ∂tλ(t)

λ(t)2+Ω2

Ω − i 1
2

Ω ∂tλ(t)
λ(t)2+Ω2 −λ(t)

]
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EFFECTIVE HCD FOR A LZ QUBIT

HeCD(t) = X sin(ωt)σ̂x +Z cos(ωt)σ̂z

HCD(t) = fCD(t)σ̂y
“Simulate”

UeCD(T ) = e−i(H(0)
+ 1

ω H(1)
)T+o(T3) UCD(T ) ≃ e−iT fCD(t)σ̂y+o(T3)

Match

H(0)
= 0

H(1)
= XZTσ̂y

1

2

3

Constraints for driving amplitudes

4 X(t)Z(t) = ω fCD(t)
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EXAMPLE CASE: ASSISTED LZ SWEEP

LZ Accelerating Hamiltonian

HeCD(t) =

√
ω

2
λ0Ω

(λ0t)2 + Ω2 [sin(ωt)σz − cos(ωt)σx]
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APPLICATIONS OF EFFECTIVE CD METHOD
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APPLICATIONS OF EFFECTIVE CD METHOD
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PRESS RELEASE AND START OF Q-DYNAMO
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THANK YOU VERY MUCH!

Review of eCD method: Petiziol, Mintert, Wimberger, EPL 145, 15001 (2024)
with Pisa: Petiziol, Arimondo, Giannelli, Mintert, Wimberger, Sci. Rep. 10, 2185
(2020)
with Pisa: Delvecchio, Petiziol, Arimondo, Wimberger, Phys. Rev. A 105, 042431
(2022)
with Pisa: Yague Bosch, Ehret, Petiziol, Arimondo, S. Wimberger, Ann. Phys. 12,
2300275 (2023)
with Riga/Pisa: Delvecchio, Kirova, Arimondo, Ciampini, Wimberger, Phys.
Rev. A 106, 052802 (2022)
with Otago: AOKR: Andersen, Wimberger, Phys. Rev. A 105, 013322 (2022)
with Tokyo: nanofibre control of atoms: Sadgrove, Wimberger, Nic Chormaic,
Sci. Rep. 6, 28905 (2016)

SANDRO WIMBERGER (PARMA) Q-DYNAMO 1/2024 14 / 14


	0.Plus: 
	0.Reset: 
	0.Minus: 
	0.EndRight: 
	0.StepRight: 
	0.PlayPauseRight: 
	0.PlayRight: 
	0.PauseRight: 
	0.PlayPauseLeft: 
	0.PlayLeft: 
	0.PauseLeft: 
	0.StepLeft: 
	0.EndLeft: 
	anm0: 
	0.199: 
	0.198: 
	0.197: 
	0.196: 
	0.195: 
	0.194: 
	0.193: 
	0.192: 
	0.191: 
	0.190: 
	0.189: 
	0.188: 
	0.187: 
	0.186: 
	0.185: 
	0.184: 
	0.183: 
	0.182: 
	0.181: 
	0.180: 
	0.179: 
	0.178: 
	0.177: 
	0.176: 
	0.175: 
	0.174: 
	0.173: 
	0.172: 
	0.171: 
	0.170: 
	0.169: 
	0.168: 
	0.167: 
	0.166: 
	0.165: 
	0.164: 
	0.163: 
	0.162: 
	0.161: 
	0.160: 
	0.159: 
	0.158: 
	0.157: 
	0.156: 
	0.155: 
	0.154: 
	0.153: 
	0.152: 
	0.151: 
	0.150: 
	0.149: 
	0.148: 
	0.147: 
	0.146: 
	0.145: 
	0.144: 
	0.143: 
	0.142: 
	0.141: 
	0.140: 
	0.139: 
	0.138: 
	0.137: 
	0.136: 
	0.135: 
	0.134: 
	0.133: 
	0.132: 
	0.131: 
	0.130: 
	0.129: 
	0.128: 
	0.127: 
	0.126: 
	0.125: 
	0.124: 
	0.123: 
	0.122: 
	0.121: 
	0.120: 
	0.119: 
	0.118: 
	0.117: 
	0.116: 
	0.115: 
	0.114: 
	0.113: 
	0.112: 
	0.111: 
	0.110: 
	0.109: 
	0.108: 
	0.107: 
	0.106: 
	0.105: 
	0.104: 
	0.103: 
	0.102: 
	0.101: 
	0.100: 
	0.99: 
	0.98: 
	0.97: 
	0.96: 
	0.95: 
	0.94: 
	0.93: 
	0.92: 
	0.91: 
	0.90: 
	0.89: 
	0.88: 
	0.87: 
	0.86: 
	0.85: 
	0.84: 
	0.83: 
	0.82: 
	0.81: 
	0.80: 
	0.79: 
	0.78: 
	0.77: 
	0.76: 
	0.75: 
	0.74: 
	0.73: 
	0.72: 
	0.71: 
	0.70: 
	0.69: 
	0.68: 
	0.67: 
	0.66: 
	0.65: 
	0.64: 
	0.63: 
	0.62: 
	0.61: 
	0.60: 
	0.59: 
	0.58: 
	0.57: 
	0.56: 
	0.55: 
	0.54: 
	0.53: 
	0.52: 
	0.51: 
	0.50: 
	0.49: 
	0.48: 
	0.47: 
	0.46: 
	0.45: 
	0.44: 
	0.43: 
	0.42: 
	0.41: 
	0.40: 
	0.39: 
	0.38: 
	0.37: 
	0.36: 
	0.35: 
	0.34: 
	0.33: 
	0.32: 
	0.31: 
	0.30: 
	0.29: 
	0.28: 
	0.27: 
	0.26: 
	0.25: 
	0.24: 
	0.23: 
	0.22: 
	0.21: 
	0.20: 
	0.19: 
	0.18: 
	0.17: 
	0.16: 
	0.15: 
	0.14: 
	0.13: 
	0.12: 
	0.11: 
	0.10: 
	0.9: 
	0.8: 
	0.7: 
	0.6: 
	0.5: 
	0.4: 
	0.3: 
	0.2: 
	0.1: 
	0.0: 
	pbs@ARFix@1: 
	pbs@ARFix@2: 
	pbs@ARFix@3: 
	pbs@ARFix@4: 
	pbs@ARFix@5: 
	pbs@ARFix@6: 


