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Fig. 1. The relative DES (differential energy shift) between
cesium hyperfine states |6Sl/2,F =3,mp = 71> and
|6SI/Q,F =4, mp = 1> functional relationship with the

magnetic field. The blue star indicates the magic magnetic
field.
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Fig. 2. The experimental setup for the trapping of a single cesium atom in the blue detuned dipole trap.
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Fig. 3. (a) Energy scheme for initialization of Zeeman state |F =4, mpr = 0) by optical pumping; (b) the preparation of qubit
|0) = |F = 3,mp = —1) through two-photon Raman transition. Ais the intermediate state detuning from the excited state 6Py /5 ;
(c) two-photon Raman Rabi oscillations on the |6Sl/2, F=4mp= 0> > |6Sl/2, F=3mp= —1> transition. The red solid line
is fits to a Rabi sinc function; (d) two-photon Raman Rabi oscillations on the |681/2,F =3, mp = —1> > |6$1/2, F = 4,

mp = +1) transition. The oscillation is a fit according to cosine function. Each point is the statistics over 100 shoots.
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Fig. 4. The relative DES between states |6$1/2 ,F =3,
mp = —1) and |651/2,F =4, mp = —i—1>7 solid line is the
functional fitting. Inset is the Raman spectrum measured at
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Fig. 5. Experimental results for the coherence time measure
ments: (a) The Ramsey spectrum. The fitting by
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P= ?Oe T2 cos (2n82t + ¢) gives the coherence time (73)

of 11(1) ms; (b) the decay of the amplitude of spin echo sig-
nal. The exponential fitting (solid line) gives a coherence
time of Tj =1.0(1)s. Insert is the spin echo signal at

evolution time of 7, = 400 ms.
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Measurement of magnetically insensitive state
coherent time in blue dipole trap

Li Xiang-Yan  Wang Zhi-Hui  Li Shao-Kang  Tian Ya-Li Li Gang'
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(Collaborative Innovation Center of Extreme Optics, State Key Laboratory of Quantum Optics and Quantum
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Abstract

Qubit encoded in single neutral atoms is a basic experimental platform for studying the quantum
computation, quantum information processing and quantum simulation. The extension of the coherence time
has been an important task in recent years. On the basis of the single cesium neutral atom trapped in blued-
detuned dipole trap, we study the coherence time of a qubit, which is encoded in a pair of magnetically
insensitive ground states of cesium atom (|0) = |6S1/2, F =3,mr = —1) and |1) = [6S12, F =4,mp = +1)), in
the “magic” magnetic field condition. By adopting a two-photon process, in which a microwave photon and an
RF photon are used, we obtain the coherence manipulation of the qubit. The dependence of differential energy
shift on magnetic field is experimentally studied, and the “magic” magnetic field is determined. In this magic
condition, the first derivative of differential energy shift between |0)= ‘681/2, F=3mp=-1) and
1) = ]6S1/2,F =4,mp = +1) in quantized magnet field is zero, which means that the qubit is immune to the
fluctuation of magnetic field and the coherence time can be substantially prolonged. The experimentally
obtained magic magnetic field is B = 1.4(2) Gauss, which is in good agreement with the theoretical calculation
value B = 1.393 Gauss. Finally, we measure the qubit coherence time by setting the quantized magnetic field to
be at magic point B = 1.396 Gauss. The qubit coherence time is measured to be 11(1) ms by Ramsey
interferometer, where the main decoherence factor is the inhomogeneous dephasing due to the atomic motion in
the dipole trap. This incoherence factor can be dramatically suppressed by a spin-echo process where an
additional m-pulse is inserted in between the two /2 pulses. At the magic magnetic point the qubit coherence

time can be extended to 1 s by the spin-echo method.

Keywords: blue dipole trap, magic magnetic field, magnetically insensitive state, coherence time
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