3 Are spin-polarized atoms clustering ?
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1. Introduction

The interplay between spin and structure is a problem of interest in the field of nanomagnetism and cluster/surface physics.
While this effect is less dominant in bulk materials, the ground state physical properties (including the geometry) of finite systems
like clusters are strongly influenced by the spin, and different optimal ground state geometries are possible for different spin
states of size-specific clusters (spin isomers). Further, the nature of bonding in finite systems is strongly influenced by the spin
states of the constituent atoms. Of particular interest in finite systems is the question of what we can expect if a small number of
spin-polarized atoms are placed on a plane, and allowed to assemble (or disassemble). Would clustering or self-assembling
occur?

If spin-polarized atoms are clustering, they will exhibit a spin-dependent functional property which is applicable for a quantum
device. In such a system, observation of the atomic arrangement will give information on spin arrangement and vice versa.

For the experimental clarification, spin-polarized cold atoms of
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first MOT chamber : 3.3 X 10-8Pa,
- second MOT chamber : 1.8 X 10-8Pa

3. Experimental Procedure

Cesium atoms are cooled and trapped in the
magneto-optical trap(MOT) and spin-polarized by
the successive hyperfine and Zeeman pumping
method. Spin-polarized molasses are dropped ontc
the solid argon substrate and form clusters. We
used double MOT to increase the number density
of the cold atoms of the order of 101°[cm-3].

Generation and observation of spin-polarized cooling atom cluster
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Fig. 5 Image of theocedure. Fig. 6 Experimental Setup. Fig. 7 Laser_system for double MOT and
optical pumping.
4. Current Result: Cold Molasses Trapped by Double MOT

@ Optimization of laser for higher number
density of cold molasses in the 1-st MOT:
laser power: 10~12mW
detuning of cooling laser: 13 MHz.

Observation

The second MOT

YD
*oVVY

(1] 1‘0 20 30 40

tsserpowermw) - @ Cold atoms are trapped successfully in
Hos | _, | the2-nd MOT by laser-off, further ' !
7 "=, ~% | detuning of laser frequency, or magnetic Fig. 9 Luminescence of cold Cs atoms
- .. field turning off in the 1-st MOT after e pedinlclesd:
o 10 20 30 4  ta@pping. 5. Summary
Laser power (M) @ Luminescence of the 2-nd MOT In order to understand the interplay
Fig. 8 Luminescence of cold Cs atoms trapped in increases by repetition of laser-off in the patween spin arrangement and atomic
the 1-st MOT observed by the infrared sensitive ~ 1-st MOT after trapping. arrangement that are originated from the
boilesdepening onthecoolng skt paseoteer 0L Ne [MREILTE e exchange neracion, we ar performing
absolute number densities are now under ;
power(lower left). Laser power dependences of o o vio 0 the experimental study on the nature of
total number of atoms trapped(upper right) and ' clustering of spin-polarized Cs atoms.
number density(lower right) in arbitrary units. Cold atoms are trapped successfully and

ready for the experiment for free clustering.



