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e QuSIED- quantum simulation with
engineered dissipation
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© GOAL — build guantum simulators with strong and tunable
Interactions of long-range character

fﬁ%’p SOLUTION - photon-mediated interactions

% CHALLENGE - large and uncontrolled dissipation via atomic
spontaneous emission

& OUR SOLUTION - structured correlated dissipation

A. Asenjo-Garcia et al., PRX (2017)




B QUSIED- quantum simulation with
8 cngineered dissipation
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& PROPOSED IMPLEMENTATION — cold atom tweezer array with
sub-wavelength atoms spacing in a cavity

G . .
"7 ADVANTAGE - exponentially or polynomially enhanced gate
fidelity and tunable interaction range




QuSIED COLLABORATION

& Slovenia, Austria, Hungary, Germany (2), Spain
2 experimental teams (Hamburg, Innsbruck)
4 theory teams (Ljubljana, Budapest, Barcelona, Mainz)

Exchange of know-how in building the experimental setup

@ Complementary theoretical approaches -
* Field theory

» Machine learning
* Tensor networks
per =
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* Quantum optics
» Condensed matter
* Quantum information sciences

. rstitut
3 zO "Jozef Stefan”
.. Ljubljana, Slovenia




CAVITY-TWEEZER SETUP (Innsbruck)

[* IMPLEMENTATION — vacuum system design and assembly

NEXT STEPS
- vibration isolation
- projection lens




HAMILTONIAN VERIFICATION

© CHALLENGE: what range of interactions is implemented
f@’p SOLUTION: neural network H reconstruction

(a) cum dat (b) encoder decoder (e) Hamiltonian
quantum data: reconstruction
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Nandy et al, PRR 6, 023160 (2024)




THEORETICAL DESCRIPTIONS

O O O C—. S
T . “ ) arXiv:i2311.05682, arXiv:2312.11624,
' OW o OF ( ' “‘ ' 4 arXiv:2309.08991, arXiv:2309.10746
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APPROACH 2: tensor network simulation of open systems

L 2 L PRB 109, 115120 (2024), PRB 108, L081115 (2023)
p—|p)— o0 000 arxiv.2306.11540, Quantum 7, 914 (2023).
APPROACH 3: neural network representation of density matrix
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P4 =Tr(M%) ~ P§,M* = M @...Q M - .

APPROACH 4: statistical physics interpretation -




EXOTIC PHYSICS

% SPIN LIQUIDS AND SPIN GLASSES:
realization with tunable long-range interactions

Interplay of long-range interactions and correlated emission

topological error correction

Important for optimization problems
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QUANTUM MEMORY FOR LIGHT

1 CHALLENGE: store photon in atom arrays

& SOLUTION: ordered sub-wavelength arrays
- 1% retrieval error with only ~20 atoms

- suppressed emission into unwanted directions

- challenging technological realization -
Laig = 0 19) Caie ~ 0
EASIER SOLUTION:
"7( ;“::[” [.Viiﬁr j\’,
- super-wavelength arrays INIRER A
. . [ et _ .':f [:v*”“ L et
- tailored atoms distances LA .
- 1% error with 3 layers of 100 atoms ‘rr s, b iy 77‘
Laig = 0 A 7::0 Laig ~ 0

faster and easier implementation

Mann et al. arXiv:2402.06439



CAVITY COLD ATOM CLOUD (Hamburg)

[ IMPLEMENTATION:
- driven cold atom cloud in a cavity
- realization of dissipative time crystal
- what are requirements for limit cycles

response wdr/2<

modulated pump
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P. Kongkhambut et al., Science 337, 6606 (2022)
P. Kongkhambut et al., Rep. Prog. Phys. 87 080502 (2024)
J. Skulte et al., Phys. Rev. A 109, 063317 (2024)

J. Skulte et al., Phys. Rev. Lett. 130, 163603 (2023)



IMPACT (RRI aspects)

% GENDER:

- female leader

- organization of round table on gender balance
OPEN SCIENCE:

- all publication on arXiv,

- submission to open accessible journals
% SCIENCE EDUCATION:

- lecture at Bezigrad high-school, Ljubljana

u@ PUBLIC ENGAGEMENT:

- TEDx talk

- interview with female coordinators
ETHICS:
- applying fundamental ethical principles and legislation
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MEETINGS

Three consortium meetings (2021, 2022, 2023)

Consortium conference at ICFO (2

023):
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Invited speakers:
young/future leaders
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QUSIED Obergurgl 2025: =i
final conference
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