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Motivation

Quantum state engineering

Macroscopic  many-body superpositions encapsulate
gquantum entanglement and can be utilized for guantum
sensing, interferometry, and logical-qubit encoding. We aim 6(t) = &g + Ajcos(wjit + ¢;),
to engineer the maximally entangled Bell state
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combining the all-atom and all-molecule configurations. The

Detuning modulation

with resonant driving frequency pulse

W; = Ej_|_1 — Ej.
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Rabi frequency
Initial Atomic BEC

ensuing atom-molecule features a finite ladder of many- Qi = Ag |(Ert1|fim|Ek)| = Ardp. e e
body states, offering a controllable pathway for generating
enta ng|ed states. The pUISe duratiOIIS are
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experimental platforms for quantum computing and 0?2
ultracold chemistry. Strikingly, a pair of atoms can be Plg;)kz 2’“ , Oémm=7lf;;igb|wk—wl\- e g
coherently converted Into diatomic molecules using '
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ulse pulse
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Atom-Molecule Mixture T = o =2 TR =350 = sA.d :
Ultracold molecular condensates (MBECs) provide fertile Probability to populate other states is given by : (g — 1) T pulses

Final Bell state

magnetic field controlled detuningA. The mBEC Hamiltonian
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- P’V/Z' 9= . P’Wz' 9= . I~ macroscopic atom-molecule Bell states.
. . 0.81 wmm==_ Fintermediate, 4 = == == Fintermediate, d =
IS the coherent Feshbach coupling, and are atom- t - 0.95 . | o .
92 - | | | | P gh Yas ‘qMMl c . » Achieve high fidelity of the produced maximally entangled
atom ?ﬂ Mmoileculie-nmaolecule strengt S, respectlve\y. = = Bell states with controllable relative phase.
= Q 0.85
- ®;
§ - L * Optimization of the dynamical protocol characteristics to
— Lowest eigenstate 050 achieve reduced leakage.
- Highest eigenstate 9’:,9 “\_’ P ,
o ‘{ ef% New pathways toward tailored many-body entangled
‘{ > ‘e configurations, including W states, for qguantum
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Protocol time t (ms) information.

(a) Dynamical population transfer in the course of the resonant pulse protocol for N=6. Selectivity parameter(q) Is EXp|OIt atom-molecule Bell states as qu|t5-

given by the ratio of transition anharmonicity to the Rabi frequency. (b) Attained Bell state fidelity for different atom , ,
number and molecular detunings. Explore the interplay of guantum and thermal fluctuations

INn the generation of atom-molecule entangled states.
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