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Talk No UCF01:  

Polymorphism in Organic Semiconductors 

 

Loah Stevens 
1
, Katelyn P. Goetz

1
, Gavin Collis

2
, Rachel Williamson

2
, Oana D. Jurchescu

1
 

 

1 
Wake Forest University, Winston-Salem, NC, USA 

2 
Commonwealth Scientific and Industrial Research Organization, Clayton, Melbourne, Australia 

 

The search for semiconductors with superior electrical performance attracts intense research in the 

field of organic electronics.  This search may prove difficult, due to a phenomenon known as 

polymorphism, in which a particular material may form different crystalline structures based on 

varying growth conditions.  Therefore, while theory may predict high electrical performance for a 

conceptually designed molecule, experiment may yield drastically different results.  This presentation 

will report on the polymorphism discovered in the organic semiconductor trimethylsylylethynyl-

dibenzochrysene (TMS-DBC) and its effect on the electrical properties of field-effect transistors 

produced from this material.  We have found two polymorphs of TMS-DBC. A red crystal, 

characterized by 1-dimensional molecular packing and modest electrical performance, formed at 

temperatures below 65C.  A yellow crystal, characterized by 2-dimensional molecular packing and 

exceptional electrical properties, with charge carrier mobility as high as 2.55 cm
2
/Vs, formed at 

temperatures above 65C.  Devices fabricated from single crystals and solution deposition methods 

will be presented and the differences in electrical performance of the two polymorphs will be 

emphasized.  Our results provide evidence for the importance of monitoring growth and processing 

conditions for the production of high-performance electrical devices.   

 

 

 

 

 

 

 

 

 

 

 



3 
 

Talk No UCF02:  

Determining the Re-emission Coefficient of Liquid Scintillator 

 

Kristen Beard,
 1
 Yuri Kamyshkov

1 

 

The University of Tennessee, Knoxville 

Project in affiliation with Fermilab’s NOvA and Japan KamLAND experiments 

 

Experiments that measure neutrino oscillation currently use neutrino detectors containing thousands of 

tons of Liquid Scintillator (LS). LS detects the neutrinos, that then induce Cherenkov radiation in the LS. 

The LS amplifies this radiation, making it easier to detect by absorbing ultra-violet (UV) and re-emitting 

photons in the visible spectrum. There is a problem, however, in using LS: it has a non-linear response vs 

detected energy. Therefore, in order to accurately determine the amount of light caused by the neutrinos, 

we need to determine this non-linearity quantitatively. In studying the re-emission of LS, we use a UV 

vacuum monochromator to simulate the Cherenkov radiation. To produce the UV light, we use a 

Deuterium (D2) lamp, convenient because of its continuous UV spectrum. The light from the D2 lamp 

passes through a vacuum where it is separated into wavelengths with a blazed diffraction grating, and 

redirected through MgF2 window into the chamber filled with LS and viewed by photomultiplier. 

Currently we are evaluating a new type of LS used by NOvA. In recent years, we measured the re-

emission coefficient of LS used by KamLAND. For this we were able to determine re-emission efficiency 

over a range of wavelengths from about 120-340 nm. However, the new scintillator used by NOvA has 

different chemical composition re-emission efficiency and must be measured independently. 
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Talk no UCF03: 

Optimization of a Photonic Quantum Computing Circuit for Improved 

Photon Detection Efficiency 

 

Hanna E. Broadus, Katherine L. Brown, Jonathan P. Dowling 

 

Hearne Institute for Theoretical Physics, Department of Physics and Astronomy, Louisiana State 

University 

 

Abstract: In optical quantum computing circuits, particularly those that have high-efficiency 

CNOT gates but low-efficiency detectors, it is possible to design a circuit that produces an 

effective detector efficiency much higher than that of any individual detector. In this work we 

produce an optimal such circuit that minimizes resources such as one and two qubit gates. 

OCIS codes: (270.5570) Quantum detectors, (270.5585) Quantum information and processing.] 

 Introduction 

In optical quantum computing we will soon arrive at a point where room temperature two-qubit gates such as CNOT 

gates have a fidelity that is on the order of 99% [1]. However, high speed photodetectors required for state readout 

typically have an efficiency of around 90%, which is the limiting factor in optical quantum computing performance 

[2]. It has been suggested that the two-qubit CNOT gate, operating as a type of quantum nondemolition detector, can 

be used to improve the effective detector efficiency [3]. In this work we present several circuits where the photon to 

be detected, in a state dependent way, is coupled to a number of ancilla circuits — each with their own detector. We 

then show how simple schemes, such as majority voting may, improve the effective detector efficiency. A simple 

result that we have obtained shows that the effective detector efficiency may be made arbitrarily close to 100% at 

the price of introducing a large number of ancilla photons. We will present a number of schemes optimized to 

minimize the number of required ancilla circuits while maintaining high effective detector efficiency at greater than 

99%, even though the individual detectors that make up the effective detector each have an efficiency of 90%. This 

work has importance to all optical quantum information processing where detector efficiency is often the weakest 

link in the architecture. 

[1] P. Kok, et al., “Linear optical quantum computing with photonic qubits,” Ref. Mod. Phys. 79, 135–134 (2007). 

[2] Ekmel Özbay, et al., “High-speed >90% quantum-efficiency p–i–n photodiodes with a resonance wavelength adjustable in the 795–835 nm 
range” App. Phys. Lett. 74, 1072–1074 (1999). 

[3] T. Schaetz, et al., “Enhanced quantum state detection efficiency through quantum information processing,” Phys. 

Rev. Lett. 94, 010,501 (2005). 
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Talk No UCF04:  

Studies of Silicon Photomultipliers for their use in the Mu2e Experiment at 

Fermilab 
 

 
Alyssa Henderson

1
,  C. Group

1, 2
,  Y. Oksuzian

1, 2
,  P. Rubinov

2
 

 
1
Department of Physics, University of Virginia, USA 

2
 Fermi National Laboratory, USA 

 

Silicon Photomultipliers (SiPMs), a relatively novel technology, are able to detect single photons and 

convert them into electrical signals when used within a proper voltage range. In order to learn more about 

SiPMs for their use in the Mu2e experiment, we find a few characteristics of the SiPM at the Silicon 

Detector facility at Fermilab. We connected several SiPMs, one at a time, to a Keithely 2400 Sourcemeter 

that was programmed to vary the voltage automatically.  In this way, we were able to apply our desired 

voltage range and the sourcemeter provided the corresponding current. We also conducted these 

experiments with the SiPMs in a dark chamber, which we used to control the temperature of the 

environment. We applied a voltage and measured the corresponding current at four temperatures and 

measured three characteristics: breakdown voltage, the operating voltage range, and the resistor value at 

each, as well as how they vary with temperature and time. 
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Talk no UCF05: 

M-dwarfs in the Infrared: Searching for Dust and a New Method to Find 

Metal-Rich Stars 

 

C. O’Donnell 
1
, S. Lepine 

2,3
, B. Rojas-Ayala 

2 

 

1
 University of Virginia, USA 

2
 American Museum of Natural History, New York City, NY, USA 

3
 City University of New York, USA 

 

Astronomers have been interested in M dwarfs recently for finding exoplanets because they are 

ubiquitous and their small sizes make it easier to detect Earth-like planets.  Evidence of dust around an M 

dwarf would be a sign of planetary materials or some sort of “dust belt” around a star, making it a good 

target for searches.  In addition, for sun-like stars, metal-rich stars tend to be more likely to have planets, 

so having an easy way to determine the metallicity of M dwarfs could help make searches more effective.  

By combining the WISE All-Sky Survey with a catalog of 100,000 M dwarfs in the Northern hemisphere 

within 100 pc of the sun, we have identified over 200 M dwarfs with significant infrared excesses that 

could be a sign of dust, as well as another 300 with possible excesses.  Furthermore, we found that M 

dwarfs with similar temperatures displayed a range of infrared emissions, and we suggest that the 

differences may be due to the metal content of the stars. 
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Talk No UCF06:  

Analysis of a Triple Star System Occulted By Saturn’s Rings 

 

Allison Bratcher
1
, Joshua E. Colwell

1
, Bryce Bolin

2 

 

1
University of Central Florida 

2
Institute for Astronomy, University of Hawaii 

 

 On January 4, 2012, the Ultraviolet Imaging Spectrograph aboard the Cassini Spacecraft observed 

Saturn’s rings as they occulted the triple star system, Iota Orionis. The large separation of the individual 

stars projected in the ring plane makes it possible to measure the profiles of narrow features in the rings as 

they were occulted by each of the three stars. This occultation thus provides a unique opportunity to 

measure short-scale longitudinal variations in narrow ringlets with stellar occultation data that usually 

provide only a single longitudinal sample. Iota Orionis has a low elevation angle (B=1.4 degrees) above 

the plane of the rings, enhancing the sensitivity of the occultation (by a factor of 1/sin(B)=41) to the 

optically thin regions of the rings such as the C-Ring and the Cassini Division as well as faint ringlets in 

the Encke gap. We distinguished the three signals by creating a model triple star signal using data from 

another occultation. We were able to identify several faint, narrow ringlets, including two in the Encke 

gap, occulted by two of the three stars and more prominent ringlets, such as the Huygens ringlet, in all 

three stellar light curves. We present the equivalent widths of these ringlets in the data from this triple star 

system and limits on ring variability over the azimuthal separation of the stars that ranges from 6000 km 

at the inner C ring to 200 km at the outer A ring.   
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Talk no UCF07: 

The Afterglow Modeling Project and Gamma-Ray Burst-Associated Type Ic 

Supernovae 

 

H. T. Cromartie, A. C. Foster, D. E. Reichart and A. S. Trotter 

 

Department of Physics and Astronomy, University of North Carolina at Chapel Hill, Chapel Hill, NC  

 

The Gamma-Ray Burst (GRB) Afterglow Modeling Project (AMP) will model every GRB afterglow 

observed since the first detection in 1997 using all available observational data. The result will be a 

catalog of fitted empirical model parameters describing the intrinsic afterglow emission, and extinction 

due to dust and absorption due to gas along the line of sight to each GRB. This ever-growing catalog of 

fitted model parameters will allow us to infer the astrophysical properties of GRBs and their 

environments, and to explore their variety and evolution over the Universe’s history. Though GRBs are 

well sampled and studied, relatively little is known about the supernovae (SNe) coincident with these 

events that, in many cases, contribute significantly to the observed afterglow flux. Among the canonical 

GRB-SNe events are the type Ic SNe 1998bw and 2006aj, both of which occurred at low redshifts (z = 

0.0087 and 0.033, respectively), and both of whose light curves were well sampled in time and frequency. 

We present empirical spectral and temporal models fit to optical and NIR photometric observations of 

these two SNe using our highly flexible genetic algorithm software, Galapagos. This software allows us 

to test whether these and similar SNe can be described by the same underlying model, differing only by 

empirical and cosmological scaling factors in flux and time, and in details of extinction. The resulting 

empirical model will be applied more generally in modeling SNe components of GRB afterglows at a 

wider range of redshifts. 
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Talk No UCF08: 

New Young Star Candidates in BRC 27 and BRC 34 

 

Kaelyn Badura 

Florida State University 

 L. M. Rebull
1
 , C. H. Johnson

2
 , J. C. Gibbs

3 
, M. Linahan

4 
, D. Sartore

5
 , R. Laher

6
 , M. Legassie

7
 , J. D. 

Armstrong
8 
, L. E. Allen

9
 , P. McGehee

10
 D. L. Padgett

11
 S. Aryal

12
 , K. S. Badura

13
 , T. S. Canakapalli

14
 , 

S. Carlson
15

 , M. Clark
16

 , N. Ezyk
17

 , J. Fagan
18

 , N. Killingstad
19

 , S. Koop
20

 , T. McCanna
21

 , M. M. 

Nishida
22

 , T. R. Nuthmann
23

 , A. O’Bryan
24

 , A. Pullinger
25

, A. Rameswaram
26

 , T. avelomanantsoa
27

 , H. 

Sprow
28

 , C. M. Tilley
29 

Department of Physics, Mathematics, and Astronomy, California Institute of Technology, USA. 

Jet Propulsion Laboratory, USA. 

 

Bright Rimmed Clouds (BRCs) exist at the edge of HII regions. They are clouds that have 

experienced compression due to an external ionization shock from nearby massive stars,0020which 

served to focus the neutral gas into compact globules and possibly trigger star formation. The purpose of 

this project was to use archival Spitzer Space Telescope mid-infrared data, the Infrared Array Camera, 

Multiband Imaging Photometer for Spitzer, the Two-Micron All-Sky Survey,  the Midcourse Space 

Experiment ,and the Wide-field Infrared Survey Explorer, to search for young stellar objects (YSOs) in 

the immediate vicinity of two bright-rimmed clouds.  These clouds were BRC 27 and BRC. These regions 

both appear to be actively forming young stars. In BRC 27, we find clear infrared excesses around 22 of 

the 26 YSOs or YSO candidates identified in the literature, and have identified 16 new YSO candidates 

that appear to have IR excesses. In BRC 34, the one literature-identified YSO has an IR excess, and we 

suggest 13 new YSO candidates in this region, including a new Class I object. In each cloud, properties of 

previously known YSOs were examined and compared to known literature while also looking for new 

YSOs. This search exploited a known property of YSOs: large near- and mid-IR emissions from material 

surrounding young stars. We then applied a Gutermuth-color cut method to select sources exhibiting 

infrared excess. We collected the photometry in MS Excel spreadsheets, which facilitated conversion 

between flux densities and magnitudes, generation of color-color and color-magnitude diagrams, and 

SEDs.    

  

 

 

 

 



10 
 

Talk no UCF09: 

Neutrino Production in Infrared Dark Clouds 

 

E. Middlemas,
 1

 N. Neilson,
 2

M.Santander
 2

A. Karle
2 

 

1
Department of Physics, East Tennessee State University, USA 

2
 Department of Physics, University of Wisconsin-Madison, USA 

 

 

Infrared dark clouds are cold, dense objects that can be seen in silhouette against the infrared 

emission of the galactic plane. Due to their immense column densities and considerable 

opaqueness, there is reason to believe these structures create neutrinos in the collision of cosmic 

rays with protons. In this study, a map of infrared dark clouds within our galaxy was created to 

determine the correlation between these subatomic particles and infrared dark clouds. The 

predicted amount of neutrino production was then calculated through numerical integration. The 

results will soon be compared to the actual amount of neutrinos produced by these structures, 

utilizing a point source analysis based on a three-dimensional maximum likelihood function. 
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Talk no UCF10: 

So What Exactly Is a Moon Buggy, Anyway? 

 

Catherine Miller 

 

Rhodes College, TN, USA 

 

Building a moon buggy is a fascinating engineering project for high school and college students to take 

on. To compete in NASA's annual Great Moonbuggy Race, students worldwide must exercise their 

creative spirit to construct a faux moon buggy that will survive a course simulating the moon's terrain. 

Students design the buggies using modeling software, construct parts in the machine shop, and race the 

buggy on NASA's Moonbuggy course in Huntsville, Alabama. This project prompts an interest in 

engineering, and teaches many skills useful to both engineers and physicists. Last year, Rhodes College 

built a buggy that earned ninth place out of approximately forty college entries. This year, we have split 

into two teams to simultaneously improve our old buggy and see how our older design fares against the 

newer, minimalistic one. In the long run, we hope to maintain this as an annual project and use it to 

interest new physicists in this more “hands-on” approach to physics. 

 

NASA's Great Moonbuggy Race website: 

http://moonbuggy.msfc.nasa.gov/index.html 
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