Magneto-Optical Trap : trapping neutral atoms
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-Low kinctic energy e .
-Reduced collisional perturbation I — ~ ‘ r
-Long interaction time i i i
-Large number and high density of atoms
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é B t k= Dopnlerefliat PM fiber : polanization-maintaining fibes, FC : fiber collimator, AOM : acousto-optic modulator,
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XPS study of van der Waals

Antiferromagnet Co, 5TaS,

Dayeong Shin, Chaehyeon Park, Prof. Han-Jin Noh

Introduction |

Basic Theory |

XPS(X-ray photoelectron
spectroscopy)

XPS 1s a spactroscopic tool
that allows X-rays to be
incident on a sample to
measure the kinetic energy of 7
photoelections amitted out of )
the sample by photoelectric
effect By measuring the
binding energy and the
spectral weight of the alectron {
core-level states in the sample

element-specific oxidation

number and quantitative ratio

of the elements in the sample

can be experimentally

determined

Vacuum

Space filled with gas below atmospheric pressure (1
atmosphere) A space with a molecular density of less
than 2.5 x 10'"mol/cm?

Ultra high vacuum, UHV : below 10 %torr
It takes long enough for molecules to form

The photoelectric effect Fermi Level
The photoelectric effect 1s a phenomenon
in which a substance (particle) such as
metal s trapped by light and alectrons are
released Electrons in metals are bound by
the (+) cnarge and electrical force of the /
aucleus Here when light 1s lluminated ]
above the threshold frequency, the photon
collides with the electron In other words, 1t
can be said that electrons colliding with
photons protrude from metal In metals
electrons are emitted at the Fermi level

remperatura T
Fermi-Dirac distribution function

_q:,u- w0

L= Fermi enargy, Kk Boltzmann constant 7

Principle of XPS

Spin orbit Splitting {

A phenomenon caused '
by the interaction { -7 e
betweean spin angular
momentum(S) and
orbital angular
momentum(L) {It can
be seen in the form of a
split vertex on the . Il LAY
graph)

Eg =hv—eq;, —E,

Binding Encrgy, hv = Enciygy of X — ray
Watk lunction ol spectiometer, £, = Kinetic Energy ol Photoelectinn

- The hignest energy level an 2lactron zan have at 0 K
- Energy level with -', probavilty of electron presence at any

Kelvin temperature

monolayers on the inner surface of the vacuum s P Why is the experiment conducted in a vacuum?
contamer with significantly reduced molecular densit
Space-related regea,ch‘ m);terial research surfaca i S Since the surface of the matenal is sensitive, the experiment must
analysis, accelerator. nuclear fusion research be conducted in a high vacuum to obtain high reliability results
Experiment in a vacuum by clearing the surface of the sample
Experiment | Result
. Eg=hv—e - E
1. After mounting the sample g Psp T Bk
on a sample plate, put the -*Mg anode
sample in the load lock 1253 eV
= o S Peak
2. Move the sample into the Ta Peak
preparation chamber, cleave it,
then transfer it into the main “Biions £reoy 14
analysis chamber. Total Result
3 Move the sample to a R T s e y
] .
measuring position where it —[_ '
can be measured with an X- ] = |
ray gun and electron energy | - ‘ =
analyzer. . |
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4. Turn on the x-ray gun = i :
in order, measure it, and |
check the results = ‘
|
- o | | |
tantalum Guidebook’s a theoretical value
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Conclusion |

X-ray photoelectron spectroscopy (XPS) is a surface-sensitive quantitative spectroscopic technique based on the photoelectric effect that can identify the elements that exist
within a material (elemental composition} or are covering its surface, as well as their chemical state, and the overall electronic structure and density of the electronic states in the
material At first, we tried to check the presence state of Cobalt in the Co,;TaS, sample and oxidation number of Cobalt through XPS, but the peak related to Cobalt could not
be measured. Cobalt ions on the cleaved surface are changed to a situation attached to the TaS, surface, and the inserted Cobalt ions are not strongly bonded but weakly
adsorbed, so they seem to diffuse away little by little by collision with other molecules in a vacuum The pick was not observed well in the experiment It was measured several
times by slightly changing the position and alignment angle of the sample according to the X-ray gun and the analyzer, but it was difficult to measure many valid peaks The
measured peaks were Tantalum 4f and Sulfur 2p, and the presence and the valency of Tantalum and Sulfur were confirmed in the measurement

G Greczynski L Hultman 'X-ray photoelectron spectroscopy Towards reliable binding energy referencing’
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CALCULATING ISING MODELS AND FINDING CRITICAL
POINTS USING MONTE CARLO METHODS
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