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Abstract

Results

The optical properties of graphene present theoretical and
experimental demonstrations of relativistic Dirac physics along
with promising applications for next generation optoelectronics.
Advances in materials science evolved fabrication techniques
from scotch tape exfoliation of very small flakes to chemical
vapor deposition (CVD) methods producing very large areas
(~cm2). Recently, studies in the UV at room Temperature have
Figure 1: Electronic
independently shown that there is a large peak in the absorption
spectra at 4.6eV. This peak is in contrast to the flat absorbance of band structure of
graphene.
2.3% seen at lower energies and as such has been explained as
excitonic. It arises from the optical transition at the M or saddle-point (Fig. 1),
coupling with the continuum, which results in enhanced absorption on the low-energy
side. The saddle point exciton, whose optical transition at zero field is in the UV, has
not been studied with magnetic field. To investigate the magneto-optical properties of
the saddle point exciton in graphene, we performed magneto-optical spectroscopy up
to 22T at the DC Field Facility of the National High Magnetic Field Lab. We found at
fields > 10T, the saddle point peak exhibited diamagnetic shifts and changes in
linewidth consistent with theoretical predictions.

Future Work

Fig. 4a: Plot of the absorbance of the graphene versus a
reference, before any magnetic field is applied.

Fig. 4b: Plot of the first ramp up to 17.5T, then back down to 0T.

Materials and Experimental Setup

where

• Experiment conducted in Superconducting Magnet 3
(SCM3), shown in Fig. 3a.
• Maximum magnetic field at 17.5T.
• Possible to take data from 300K down to 4K.
• Graphene samples (Fig. 3c) fabricated using CVD at
the Georgia Institute of Technology.
• Light source was a Stellarnet SL3 Deuterium lamp
(Deep-UV fibers necessary for light transmission).
• Spectrometer was a UV-Back Thinned CCD
Spectrometer with a resolution of 2nm from Edmund
Optics.

Fig. 4c: Another plot of absorbance with field, this time
with less time between spectra as opposed to Fig. 4b.

Figure 2: Raman
spectroscopy on the sample

Before any work could be done with regards to taking data, the appropriate
experimental setup had to be established. This included finding the correct probe to
use, how the reference and sample data was to be taken, among other factors.
For this experiment, we decided that it would be best to take one spectrum of
the reference, which would be taken outside the magnet at 0T. Then, the graphene
sample and probe are to be loaded into the magnet. From here, the magnet is cooled to
around 4.25K; at this point, the magnetic field can be ramped to its desired level.

Figure 3a: The top of SCM3

Figure 3b: probe head

I am currently designing a blueprint for a probe head (Figure 5)
using Autodesk Inventor that would be customized for an experiment of
this nature. This probe head would also be able to fit inside of any magnet
the magnet lab currently has. Hopefully, this probe head solves the
majority if not all the problems that we encountered during this
experiment. Its design would allow both the reference and sample to be in
the magnet simultaneously while allowing the sample and reference
material to use the same set of fibers. Additionally, we look to procure a
better light source and spectrometer to allow for a wider, more accurate
transmission range.
We also hope to be able to use one of the stronger magnets, since
changes in the absorbance were too small to notice under 10T.
Furthermore, an improved light source would help to reduce the amount
the light intensity diminished over time.
Lastly, we look to fit this the data collected throughout the summer
to the plot of the Fano resonance, a type of resonant scattering that occurs
when a discrete state couples to a continuum of states. The Fano resonance
is given by the equation
,

Figure 3c: Close up view of the
graphene sample

Fig. 4d: A close-up of the absorbances with 12.5T and
17.5T applied to the sample.

Figure 4: Absorbance graphs of data taken of the graphene

Analysis
• Inconsistent absorbance levels; increased while ramping up to max field, did not
decrease while ramping down. (Fig. 4b&4c)
• Due to either the intensity of light changing over time, or components within the probe
changing with field.
• Could only use one set of fibers, leaving us unable to switch between reference and
sample.
• Spectrometer starts losing accuracy around 230nm (~5.4eV)
• Did spot a clear absorbance peak around 4.6ev without field. (Fig. 4a)
• Confirmed the fact that we would need well over 10T to see definite change in saddle
point peak. (Fig. 4d)

Here, E and Er represent different energy levels; q is a unit-free Fano
parameter; γ is the linewidth and C is an overall scaling factor.

Fig. 5a: mirror
holder

Fig. 5b: lens
mount/main body

Fig. 5c: sample
holder (bottom)

Fig. 5d: sample
holder (top)
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