o7 % 511 . ¥ ) Vol. 27,No. 11
2007 £ 11 A ACTA OPTICA SINICA November, 2007

XS, 0253-2239(2007)11-1929-6

2 38 S I3 R RSPt v
KB HIHT KR INA

CPEPER LR E BB AT’ T2 ERLRE, L 201800

ME: TEPEETORNELE T BB B A b RS &8RRI T 2 30, 30l Xt R T J IR 5 Ay
PRAERT AR W TAREES, X AR EA R R ESE, BB TR RS R FE . ST
B E AR AT R AERENSRE R T EREU IR R T2 WS TRRAR. BRI TRT
I8 5 R T AR K BE MR R R ALK R IR — BT T B LR Ak IR 3 B2 I R 1 e A0 R B A AR Al
k. BAh. IR T MEREERN SEMA I EFIRTERE LR R, XEERN Nl SRR ENEZE
HEEFHSEME.

XgR: RT50TYE; RIET:; SEUE; EREUSRERP Ik R

FERES . 0562. 4 SCERARIRES : A

Monte Carlo Simulation of Parametric Excitation of Atoms
in a Quadrupole Trap
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the Chinese Academy of Sciences, Shanghai 201800)

Abstract: In the experiment of magnetic trapping of neutral atoms, the current noise in the coils will excite the
atomic motion, which influences greatly the temperature and the lifetime of the trapped atoms. For anharmonic trap,
this excitation has energy-selective characters, and depends on the frequency spectrum of the current noise. The
quadrupole trap is chosen as a research object, which is widely used in experiment. The direct simulation Monte Carlo
method is used to model the phenomenon of parametric excitation of the atomic motion in the quadrupole trap, and the
excitation frequency dependences of the temperature and the trap loss of the atoms are studied. The temperature of
the atom cloud is calculated further as the functions of the modulation time and the modulation depth at the two
resonant peaks. Furthermore, the influences of the elastic collision rate on the temperature increase of the atom
cloud in the process of parametric excitation are also addressed. These results are valuable reference for the
experiment of parametric excitation in a quadrupole trap.
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Fig. 1 Velocity histogram of N=20000 trapped atoms at
120 pK. The solid line shows the theoretically
expected Maxwell-Boltzmann velocity distribution
for the sampled case
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Fig. 2 Radial position " histogram of N=20000 trapped
atoms at 120 pK. The solid line shows the
theoretically expected Maxwell-Boltzmann radial

distribution for the sampled case
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Fig. 3 The evolution of the temperature of the atomic
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cloud in the quadrupole trap with time
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Fig. 4 The relaxation of temperature of the three degrees

of freedom for atoms in a quadrupole trap after

excitation in the axial direction. The solid lines

show the exponential fits of them
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Fig. 6 The temperature and the fraction of atoms left in the trap after parametric excitation vs. modulation time. The solid

lines are the linear fits of the temperature in the initial phase. The modulation frequency is (a) 2x » 40 Hz, (b) 2% + 80 Hz
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Fig. 7 The increase of the temperature after parametric excitation vs. the modulation depth. The solid lines are the fits

of them with power exponent functions. The modulation frequency is (a) 2x « 40 Hz, (b) 2x « 80 Hz
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