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Abstract
The ensemble of Rydberg atoms is a unique platform for quantum simulation and quantum computation because of their special properties. In our research group, we are developing a
novel approach for Rydberg-based quantum simulations and computations, where we use broadband pulsed lasers to excite 8’Rb atoms, in Bose-Einstein condensates (BEC), Mott-Insulator
(MI) lattice and optical tweezers, to Rydberg states in a timescale of 10 to 100 picoseconds at the speed limit set by the Rydberg splitting.
In this poster, | will give the overview of our ultrafast quantum simulator in which we generate a strongly correlated ultracold Rydberg ensemble of 8’Rb atoms excited from an unity filling Ml
using broadband picosecond laser pulses. We observe and control its ultrafast many-body electron dynamics by performing the time-domain Ramsey interferometry with attosecond
precision. | will also discuss the future prospects and outlook of our ultrafast quantum simulator.
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Ultracold Rydberg atoms Important works

Ultrafast quantum simulator
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Coherent control with of Rydberg electrons in atomic BEC and MI lattice. This
attosecond (10-'8 s) precision Conventional approach Our approach work demonstrates the Metal-like quantum gas.
iS4 i o Nature Commun. 7, 13449 (2016): Ultrafast observation
P d pulsed ’
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Rydberg electron —$ excitation + ‘+' + Rydberg atoms in optical dipole trap.
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fy Mererometry One Rydberg atom prevents Picosecond laser pulse - Phys. Rev. A94, 053607 (2016)
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Experiment Analysis and discussion —
Ramsey contrasts
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Future prospects and outlook

» Our work can be extended to other interaction regimes (by tuning n or ).

Recently, implemented with 29S state: (manuscript under preparation)

2 2 . . . .
; ; - Single pair potential even at NN distance.
2 1k 2 1F R - We investigate the repercussion of atomic motion on ultrafast many-body dynamics.
ST : -5 f eference
ﬁ 5 0 ' ﬁ 5 0 sample Other quantum spin models, like Heisenberg and XY model, could be implemented.
gc_% 2 gc_i 2 : Our approach could uncover the many-body electron dynamics in a metal-like quantum
>5 >5 | e Mott gas regime. [Phys. Rev. Lett. 124, 253201 (2020)]
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: \ : Insulator Recently, ultrafast approach has been combined with optical tweezer array.
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