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Abstract

When an atom interferometer works with a thermal cold atom cloud, there is the Doppler Effect
associated with the distribution of the momenta of the atoms. Because conventional rectangle
pulse sequence cannot well compensate for the effect induced by the velocity of the atom, the pre-
cision of the atom interferometer will degrade. By replacing the rectangle pulse sequence with a
Gaussian pulse sequence, the tolerance of the interferometer will increase because the Gaussian
pulse with varying amplitude can compensate for some Doppler effects. By using a typical Gaus-

SCEF|F: RAEE. AR E PR T A R kR ). BLRHIEL, 2023, 13(3): 62-70.
DOI: 10.12677/mp.2023.133008


https://www.hanspub.org/journal/mp
https://doi.org/10.12677/mp.2023.133008
https://doi.org/10.12677/mp.2023.133008
https://www.hanspub.org/

sian pulse sequence, the numerical results show that both the probability of the atom in the ex-
cited state for the atom interferometer is higher than that of the atom interferometer driven by a
rectangle pulse sequence and the width of the atom interferometer is wider. The optimized Gaus-
sian pulse sequence can make the atom interferometer reach the maximum desired probability of
the atom in the excited state and the bandwidth.
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Figure 1. The Raman system of light field interactions with atoms. L1 and L2 are a pair of counter-propagating laser pulses,
and their frequencies and wave vectors are @, @, and K k,. |g, p) and ‘e, p+n(k, -k, )) are two ground state hyper-

fine energy levels, and \i, p+hk1) is the upper energy level of the system. The energy level difference between the two
hyperfine ground states is expressed as #a,, . A and & the single-photon detuning and the two-photon detuning, respec-

tively
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Figure 2. The principle diagram of Mach-Zehnder atom interferometer. Three single pulse pairs form a n/2 — n — /2 pulse
sequence consisting of two free evolutionary processes with time T. The pulse sequence causes atoms to split, reverse, and
recombine
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Figure 3. The probability of the atom in the excited state vs laser detuning when the rectangular pulse and three Gaussian n/2
pulses with different widths are used. The black, green, blue and red curves are the results for the /2 pulses p0, p1, p2, and
p3, respectively
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Figure 4. The probability of the atom in the excited state vs laser detuning when the rectangular pulse and three Gaussian ©
pulses with different widths are used. The black, green, blue and red curves are the results for the © pulses pg, p;, p,, Ps , re-

spectively
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Table 1. The effective Rabi frequencies of the rectangular and Gaussian pulses as the single n/2 and © pulses

= 1 IEREOPFSHBONE 12 1 1 AL SRR

/2 fikip t (us) AR A2 IHz
Po 0.8 1,730,790.15
P, 0.8 1766920.94exp[—t2/ (1.6O><10’6)2J
P, 0.8 2317533.77 exp[—tz /(4.00x10” )2]
Ps 08 3365788 84exp| ~t*/(236x107 )|
ikt t (us) 3 LR Hz
P 16 1,730,790.15
P’ 16 1766920.94exp[—t2 / (3.20><10’6)2]
P’ 16 2317533.77 exp[—tz /(8.00x10" )1
P 16 3365788.84exp[—t2 /(472x107 )1
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Figure 5. The probability of the atom in the state \e) as a function of laser detuning o, after experiencing rectangular and

Gaussian pulse sequences. The black curve indicates the result of using a rectangular pulse sequence. The red curve, green
curve and blue curve indicate the results of using three Gaussian pulse sequences with different widths, respectively
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