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Abstract—Long-range interactions on the 5s5p°Po-5s4d°Di
transition of Sr was first proposed [1] as the blue-detuned optical
lattice allows the interatomic distance one order of magnitude
shorter than the transition wavelength. We aim to create such an
optical lattice at 412 nm of the magic wavelength in experiment
to further study long-range interactions. Here we present the
calculation of the atomic polarizabilities for 5s5p°Po and 5s4d°D;
states. We also characterize the axial frequency on the lattice
laser power and beam waist. The 412 nm lattice laser is
frequency doubled from a Ti-Sapphire laser. Experimentally
characterizing the optical lattice is still ongoing.
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I. INTRODUCTION

An optical lattice has become an essential tool, especially
in optical clocks[2], lattice-based long-range interactions[1],
since the idea was first proposed in 2001[3] as it allows
effectively Stark-free confinements of atoms. It was proposed
that deep lattice-trapped Sr atoms allow the study of long-
range interactions on the 5s5p°Po-554d°D; transition due to its
much shorter interatomic distance than the transition
wavelength.

Here we calculated the polarizabilities for 5s5p°Po and
5s4d°D; states and found the magic wavelength at 412 nm for
the blue-detuned optical lattice. It also shows that the magic
wavelength exists at red detuning. We presented the
characterization of trap frequency on the lattice power and
beam waist. The lattice laser at 412 nm is frequency doubled
from a Ti Sapphire laser with a total power of 1.5 W.
Experimentally characterizing the optical lattice is still
ongoing. We will further study long-range interactions with
the lattice-based Sr atoms.

II.  SCHEMATICS OF OPTICAL LATTICE

Fig. 1 shows the schematic of three-dimensional optical
lattice. The experimental apparatus is the same as [4]. The
lattice is composed of three pairs of counter-propagating beams
at 412 nm along x, y and z directions. The polarization of
beams in x and y is along z axis, and in z is along y axis. The
probe beam at 2.6 pm is propagating along x to atoms. The
lattice laser is from a frequency-doubled Ti Sapphire laser at
824 nm. The total power for 412 nm is around 1.5 W. Atoms
are trapped in a blue magneto-optical trap (MOT) and
subsequently red MOT before loading into the optical lattice.
By increasing the lattice potential, atoms are confined in a Mott

insulator with the interatomic distance 206 nm, one order of
magnitude shorter than the transition wavelength 2.6 pm
making it an ideal ensemble for studying long-range
interactions.

Z

> wbe

!ii Probe x

Fig. 1. Schematic of three-dimensional optical lattice. The blue arrows show
the lattice laser beams; the red arrow shows the probe laser beam at 2.6 um;
the double-sided arrows show the laser polarizability.
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III. ATOMIC POLARIZABILITY

To find out the magic wavelength for the optical lattice, we
need to calculate the polarizability for the states of 555p°P
and 5s4d°D;. The general expression of the dynamic
polarizability is given by [5]
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Where wjajk, biast, buamk and Iy, are the transition frequency,
the branching ratio, the normalised magnetic branching ratio
and the decay rate of J,-J, respectively. For lineally polarized
laser, bua=1 and hence be ignored. w.nx is the centre-of-mass
frequency, given by W, = X, by,;, @), -
The data for 5s5p°Py and 5s4d°D; are listed in the Table 1
[5,6]. The units for @ and @enare 10" 571, for Iy is 10°s7.
The data for 5s4d°D are just listed for 5snf°Fa, limited by the
space.

Table 1 Parameters for calculation of the polarizability for 5s5p°P, and
554d°D;.

state level Mnm) W)k Lo b Wecm
5565°S1  679.289 2.773 74.58 1/9 2.701
557s°S1  432.766 4.353 21.6 1/9 4.280
5s8s°S;  378.160 4.981 8.22 1/9 4.909
555p°P, 559s°S)  355.446 5.299 4.53 1/9 5.227
’ 5510s°S;  343.525 5.453 2.77 1/9 5411
5s4d°D;  2603.13  0.7236  0.381 5/9 0.666
5s5d°D;  483.339 3.897 61 5/9 3.880

5s6d4°D;  394.192 4.779 26.7 5/9 4.761



5s7d°D;  363.018 5.189 14.2 5/9 5.171
5s84°D;  348.099 5.411 8.51 5/9 5.394
5s9d°D;  339.326 5.551 5.51 5/9 5.534
5p7P, 474.325 3.971 120 173 3917
4d%P, 330.753 5.703 59 - -
316.309 5.955 9.77 1 5.955
559F°F, 378.892 4.975 - 1 4.975
5s8f°F, 384.333 4.904 - 1 4.904
554d°D;  5s7fF, 392.587 4.801 - 1 4.801
556f°F, 406.092 4.642 - 1 4.642
555£F, 430.811 4.375 - 1 4.375

The results of polarizabilities within the wavelength range of
390 nm to 440 nm for 5s5p°P and 5s4d°D; are presented in
Fig. 2. We find the magic wavelength for the blue-detuned
optical lattice at 412 nm.
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Fig. 2. The atomic polarizabilities of 5s5p°P, and 554d°D, from 390 nm to
440 nm. The magic wavelength is at 412 nm.
IV. CHARACTERIZATION OF OPTICAL LATTICE

To strictly confine atoms, we create a three-dimensional
optical lattice. The optical potential when w, = w, = w,is
expressed as

U (x,y,2) = Uy(€,coskx + é,cosky + é,coskz)*  (2)
4P

Where U, = A, (g = —-760 a.u. The trap
0
frequency along x, y, z can be calculated by
2 [|Uol
Uy = Uy = /1_L 70 (3)
_ 1 [21Uo]
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The trap frequency v, as a function of the lattice laser power
and beam waist is shown in Fig. 3. The dependence of v, on
the laser power for various beam waists are shown in Fig. 3(a).
when the waist is 50 pm and power is 500 mW, the trap
frequency in z can be 300 kHz. Fig. 3(b) shows the
dependence of v, on the beam waist for various laser power. It
decreases with the increase of waist.
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Fig. 3. (a) The trap frequency along z as a function of 412 nm laser power.
(b) the trap frequency along z as a function of beam waist. Here o.=o,~o..

Furthermore, the trap frequency in the cases of
0,=0,=0.=w and 0,0 ~2o,=o has been studied as a function
of laser power and beam waist. Fig. 4(a) shows the trap
frequency vs laser power at =50 um. The value of v, in the
case of m,=w,=m.=w is the same as that of ©,=w.~20,=w. The
values of v, and v,, are the same when o.=0,~0.=w. Fig. 4(b)
shows the trap frequency vs beam waist at P=1 W. The value
of v, in the case of ®,=w.~2mw,=w is the maximum, which is
/3 more than the case of 0,=0,=0.=w.
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Fig. 4. (a) The trap frequency for all axes as a function of 412 nm laser
power. (b) the trap frequency for all axes as a function of beam waist. Blue
and red curves show 0,=0.=2m,=® and o,=o,~®.=o, respectively.

V. CONCLUSION

We have calculated the dynamic polarizabilities for 5s5p°Po
and 5s4d°D; states, and found the magic wavelength at 412 nm
for the blue-detuned optical lattice. We also characterized the
axial frequency on the lattice laser power and beam waist in
two different cases. We are still investigating the experimental

characterization of the optical lattice. The atoms in a Mott
insulator will be used to study long-range interactions.
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