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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) = l t ŝz + Wŝx

Energy levels

E� (t) = �
q

( l t)2 + W2

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 l (t):

H0( l (t)) jn( l ) i = En( l (t)) jn( l ) i

Expansion into instantaneous eigenbasis

jy ( l (t)) i = å
n

an(t) jn( l (t)) i

d
dt

an = �
i
h̄

�
En � i h̄l̇ hnj

¶n
¶l

i
�

an � l̇ å
m6= n

hm( l (t)) j ¶H0
¶l jn( l (t)) i

En � Em
am(t)

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

H (t) = H0 + i h̄ å
m6= n

jmi hmj ¶t H0 jni hnj
En � Em

.
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EXAMPLE: LZ QUBIT

H0(t) =
�

l (t) W
W � l (t)

�

=) H (t) = H0 + HCD =

"
l (t) W+ i 1

2
W ¶t l (t)
l (t)2+ W2

W � i 1
2

W ¶t l (t)
l (t)2+ W2 � l (t)

#
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EFFECTIVE HCD FOR A LZ QUBIT

H eCD(t ) = X sin(wt) ŝx + Z cos(wt) ŝz

H CD(t ) = fCD(t) ŝy
“Simulate”

UeCD(T ) = e� i(H (0) + 1
w H (1) )T+ o(T3) UCD(T ) ’ e� iT fCD(t) ŝy+ o(T3)

Match

H (0) = 0

H (1) = XZT ŝy

1

2

3

Constraints for driving amplitudes

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

LZ Accelerating Hamiltonian

HeCD(t) =

s
w
2

l 0W
( l 0t)2 + W2 [sin(wt)sz � cos(wt)sx]
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APPLICATIONS OF EFFECTIVE CD METHOD

SANDRO WIMBERGER (PARMA) Q-DYNAMO 1/2024 11 / 14



APPLICATIONS OF EFFECTIVE CD METHOD

SANDRO WIMBERGER (PARMA) Q-DYNAMO 1/2024 11 / 14



APPLICATIONS OF EFFECTIVE CD METHOD

SANDRO WIMBERGER (PARMA) Q-DYNAMO 1/2024 11 / 14



APPLICATIONS OF EFFECTIVE CD METHOD

SANDRO WIMBERGER (PARMA) Q-DYNAMO 1/2024 11 / 14



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)
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