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Fig. 1. Imaging setup for noise measurements. The meaning of each symbol: FC: Fiber Collimator, PBS: polarization beam splitter,

F1-F4: lens, OB: 5x imaging objective, CCD: charge coupled device.
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Fig. 2. The relationship between atomic OD and imaging
light intensity. The blue point is the experimental data, and
the red line is the fitting result of Gaussian formula.
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Fig. 3. The relationship between the fluctuation of atomic
number and the average atomic number at different tem-
peratures. Red is high temperature 7" =0.7TF, blue is low
temperature T =0.3TF, red dotted line is the fitting of high
temperature data with low density, and the slope is 0.55,
which reflects that the real scattering cross section of the

system is 55% of the theoretical value.
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Fig. 4. Comparison of atomic density and density fluctu-
ation at different temperatures: (a) 7=0.3T%; (b) T=0.7T%.
In figure (a) (b), the distribution of atomic density is on the
left, and the density fluctuation is on the right.
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Fig. 5. Spatial distribution of atomic density and density
fluctuation at different temperatures. The red line is the
atomic density distribution and the blue line is the density

fluctuation distribution.
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Abstract

In this paper, we study the spatial noise fluctuations of the density distribution of non-interacting °Li

ultracold Fermi gases. For ideal ultracold Fermi gases, the Fermi-Dirac statistics governs its quantum

distribution. The suppression of density fluctuations at low temperature, due to Pauli exclusion principle, is

observed in a large cloud of fermions. To clearly reveal the density noise fluctuations of the ideal Fermi gases,

other noises, such as the background noise, imaging laser noise, CCD photon counting noise, are greatly

suppressed. The noise fluctuation shows a sub-Poissonian statistics in excess of 10,000 atoms per spin state. The

dependence of the spatial atom noise fluctuation on the quantum degeneracy is also investigated by changing

the temperature of the degenerated Fermi gases. The Fermi gases with lower temperature exhibit larger

suppression of the noise fluctuations. The results may have great applications in measuring the temperature of

strongly correlated many-body physics and observing the phase transition of incompressible quantum phases.
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