CREST Phase II: Computational Center for Research

and Education at NCCU
Pl B. Vlahovic, Co-Pls: M. Wu, D. Markoff, A. Tokuta, and G. Vlahovic

e Established strong research and academic programs in: Nanotechnology, Nuclear Physics,
Robotics, and Geophysics, resulted in 441 peer reviewed publications and 7 patents.

e supported 149 students who received B.S. degrees (additional 55 during CREST I), 101
students that graduated with MS STEM degree (additional 51 during CREST I)

* University Impact: Crucial for the establishment of the first Ph.D. Program at NCCU in
integrated bioscience.

* Leveraged by RISE currently expanding the Ph.D. program to all STEM disciplines

* Established Computer Department and important for the development of two new MS
programs in Computer Science and Physics

* Established: (1? a new engineering physics concentration, (2) new 3+2 dual degree
programs in collaboration with Duke University, Georgia Tech, NCSU, and NC A&T (3
Kears of physics at NCCU and 2 years of engineering at partner institutions), and (3) a

ighly successful bridge to Ph.D. program with NCSU and NC A&T.



Extraordinary Breakthrough Research Results

Developed the most intense low energy positron beam, that has an intensity of 4x10°thermal
positrons per second, which is about 100 times more intense than anywhere else, and

a brightness factor 10% higher than any other positron facility. At the largest positron conference
IPAC-18, it was declared as the most important progress in last few decades in positron
instrumentation.

Developed a unique high energy gamma polarimeter that has the highest analyzing power above
MeV energies ever achieved. It is used in Jefferson National Lab. Experiments and our design
concept is now in use for NASA’s satellite AMEGO project.

In CREST designed unique experiments with electrons and positrons going in opposite directions
performed at Cornell, we recently improved the sensitivity limit for Lorenz Invariance Violation
to 4x10-1%, two orders of magnitude better than previously achieved. That result has important
implications for fundamental science and will have implications in many disciplines.

Developed one of the most sophisticated computer algorithms~ in a few body nuclear physics,
ever built. Our group is the only one that successfully included Coulomb force rigorously above
the breakup threshold to perform three-body calculations in coordinate space without
approximations. The difficulty of the problem is manifested by the fact that many larger groups in
the USand Europe have attempted these calculations for the last 50 years. Recently we went
further developing non isospin model that treats all three particles as different, which is an
additional level of difficulty.

Markoff received Breakthrough Prize as a member of the KamLAND team for her contribution to
the development of neutrino detectors.



Infrastructure Developed by CREST

» CREST facilitated the development of 21 new laboratories, including clean room and
supercomputer: Supercomputer with 316 processors (Laboratory for computer
simulations).

* Laboratory for robotics; Laboratory for visualization and object FECOﬁnitiOn; Laboratory
for electron scanning microscopy with ERDA; ,Raman enhanced with AFM, Kelvin probe,
and tunneling microscope; Microwave setup for contactless conductivity measurements;
Time resolved photoluminescence; Laboratory for fluorescence spectroscopy;
Laboratory for UV, visible, and IR (FTIR) spectroscopy; Thermo Stimulated Current
Laboratory; NMR 450 MHz laboratory; AFM with electrical measurements; Laboratory for
graphene production; Laboratory for nanowire production; Laboratory for quantum dots
production with pulsed laser deposition; Femto second laser system for fast
spectroscopy measurements; Laboratory for Photon Electron Microscopy; Electron
accelerator for 1.2 MeV picosecond pulsed electron beam (we have State license to
operate accelerator that we constructed); Laboratory for development and testing of
wire chambers; Class 1000 clean room laboratory equipped for thin film production and
characterization (including lithography, spin coaters, etching, etc.); Laboratory for
electrical characterization (includes DLTS, Hall, etc.).
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