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Final Report : W911NF-04-D-0003/0020
Marc S. Ulrich and Daniel B. Dougherty
Overview:

In the final project period, research efforts were re-directed to the installation and calibration of an
advanced electronic structure and dynamics characterization facility aimed at 2D materials and complex
oxide films. This materials focus is a natural extension of the earlier project work integrating graphene
with magnetic oxides. It pushes research in a direction that is more broad than the original scope of the
project but that address similar advanced materials needs relevant to Army interests in computing,
information processing, and sensing.

Activities:

The new electronic structure and dynamics characterization facility integrates time resolved two
photon photoemission spectroscopy (2PPE) and traditional angle resolved photoemission spectroscopy
(ARPES) in a redesigned ultra-high vacuum system. This system is coupled to an ultrafast pump-probe
laser system for the 2PPE excitation and includes UHV sample preparation and characterization facilities
(especially low energy electron diffraction for k-space alignment of samples).

During the final project period, a new hemispherical electron spectrometer (Specs PHOIBOS 150)
with 2D detector for ARPES was coupled to an existing UHV system and integrated with an ultrafast laser
spectroscopy lab (Prof. K. Gundogdu). This required extensive modification to the geometry, pumping,
and bakeout scheme of the vacuum system. After the physical modifications and installation, calibration
of the photoelectron system was carried out on standard reference samples.

Outcomes and Future Work:

The new instrumentation was successful installed and calibrated over the course of the final project
period. Figure 1b shows a reference band map of the famous surface state on Au(111) that demonstrates
the performance of the electron spectrometer and 2D detector for ARPES. This is the crucial capability in
characterizing electronic structure of 2D materials such as graphene and transition metal dichalcogenides.
In addition, the time resolved dynamical capabilities have been calibrated using reference oxide samples.
Figure 1b shows the determination of temporal beam overlap on such a surface that is the starting point for
dynamic studies. Planned future experiments include the characterization of surface doping effects on 2D
materials and the band structure of 2D magnetic materials.
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Figure 1. a) Band structure of Au(111) for calibrating ARPES; b) Time scan showing zero delay overlap
in pump-probe 2PPE on a reference oxide.





