JAMES R. BRAUN
Wisconsin IceCube Particle Astrophysics Center
222 W. Washington Ave., Suite 500
Madison, WI, 53703, USA

jbraun@icecube.wisc.edu
Tel. +1 715-820-2107

Professional Appointments

Scientist, Wisconsin IceCube Particle Astrophysics Center. 2021 — Present

Instrumentation Engineer/Software Developer, Wisconsin IceCube 2013 — 2021
Particle Astrophysics Center.

Research Associate, University of Maryland. 2009 — 2013

Graduate Research Assistant, University of Wisconsin—Madison. 2003 — 2009
Education

University of Wisconsin-Madison, Ph.D. — Physics (2009). 2003 — 2009

Ph.D. Thesis: A Mazimum-Likelihood Search for Neutrino Point Sources with
the AMANDA-II Detector.
Advisor: Albrecht Karle.

University of Wisconsin-Madison, BS — Physics and Mathematics 1998 — 2003
(2003).

Professional Activities

Member of the IceCube neutrino telescope operations team. 2013 — Present

e Development and maintenance of IceCube operations software:
Developed an application to send messages to/from the South Pole using
Iridium modems to facilitate detector monitoring and real-time multi-
messenger efforts. Developed a MongoDB database to store geometry and
calibration data needed to reconstruct IceCube events. Maintained and
added new features to the IceCube experiment control software.

e Maintenance of IceCube waveform processing: Maintained the
software that calibrates photomultiplier tube (PMT) waveforms from raw
data and unfolds them into discrete pulse charge and time. Made major
performance and accuracy improvements. Identified undesirable artifacts
in the unfolding and addressed them with novel changes to the algorithm.

e Management: Manager for IceCube-Gen2 instrumentation software and
firmware. Manager for IceCube Upgrade online software. Coordinated with
developers and other managers, designed portions of the Upgrade and Gen2
data-taking architecture, and set schedules and budgets.



e IceCube Upgrade embedded development: Provided infrastructure
for development of microcontroller (MCU) software running on Upgrade
devices. Managed and contributed to the effort to support hardware
connected to the MCU. Provided MCU software routines to calibrate device
hardware. Performed initial hardware testing and debugging.

e Data analysis: Developed a new time-domain neutrino point source search
method looking for multiple flares from a single source and demonstrated
that the new method is more sensitive than existing single-flare and time-
independent searches for a wide-variety of signal hypotheses. Worked with
a graduate student to apply this search to IceCube data. Developed an
algorithm to distinguish unintended light pulses emitted by IceCube optical
modules from physics events.

Collaborator on the HAWC high-energy gamma ray telescope. 2009 — 2013

e Reconstruction software lead: Developed a maximum-likelihood axis
reconstruction for high energy air showers, a performance-optimized air
shower core fitter, and an expectation-maximization algorithm to separate
coincident air showers. Major developer of the HAWC online/offline
software framework. Developed the software trigger and event builder
framework used in HAWC online data processing.

e Data manager: Determined appropriate trigger thresholds and data
volumes. Developed data quality monitoring software. Developed a new
generic data format for HAWC data and released it as open source.

e Maryland HAWC data archive manager: Specified a modular system
to handle the HAWC data requirement of 600 TB/yr. Built initial system
using Lustre and Infiniband. Handled day-to-day maintenance.

e Data analysis: Set flux limits on the TeV emission from the 2007 Crab
Nebula flare recorded by AGILE using data from Milagro.

Member of the IceCube and AMANDA-II neutrino telescope projects. 2003 — 2009

e Calibration and software development: Co-authored the IceCube
optical module self-calibration software that acquires PMT waveforms and
calibrates PMT gain, PMT transit time, and calibrates many of the on-
board analog components. Co-authored a high-throughput Java data
acquisition system for optical module acceptance testing.

e Data analysis: Developed a maximum-likelihood analysis method to
identify neutrino point sources from the atmospheric neutrino background.
Adapted the method to use time information in the detection of bursting
or periodic sources. Used this method to search the 2000-2006 AMANDA-
II data for neutrino point sources. Performed a search for dark matter
annihilation in the Sun using the 2000-2006 AMANDA-II data and set a
limit on dark matter cross sections. Worked with a team of scientists to filter
and reconstruct the AMANDA-II data recorded during 2005 and 2006.



Technical Experience

e C/C++4: Over ten years experience. Very proficient with object-
oriented programming techniques and the C++ standard template library.
Significant experience with templates and the Boost libraries.

e Embedded C: Four years experience. Proficient with STM32
microcontrollers, including use of core MCU hardware (DMA, MPU,
memory regions, clock tree, etc.), use of peripherals (SPI, I12C, UART,
ete.), debugging with an oscilloscope, developing drivers for external ICs and
FPGAs, and STM32 register-level development. Familiar with optimizing
the performance of higher-level embedded software to minimize CPU core
usage.

e Python: Eight years experience. Proficient with data transfer (e.g. sockets,
ZMQ), remote method invocation, functional programming, and interaction
with MongoDB databases.

e Java: Five years experience, including distributed and multi-threaded
applications.

e Software Development Tools: Collaborative software development
experience including the use of issue trackers (e.g Trac), revision control
systems (SVN/Git), and build systems (e.g. CMake).

e Data analysis tools: Very proficient in numerical methods and large-
scale data analysis. Ten years experience with the ROOT data analysis
framework. Experience developing software to solve maximum-likelihood
problems using expectation-maximization or numerical maximization.
Experience with machine learning algorithms.

e Linux administration: Six years experience administering Red Hat
distributions (Enterprise Linux, CentOS, and Scientific Linux), associated
system services (NFS, MySQL, DHCP, etc.), and configuring and
maintaining high-performance compute clusters with Condor and PBS.

Teaching and Advising Experience

Advised several undergraduate students. Nathan Borak (2013) developed 2013 - 2021
tools for monitoring the HAWC detector, Spencer Griswold (2019)

developed a driver for cameras deployed in IceCube Upgrade modules,

and Abhiram Nallamalli (2021) studied the resolution of double-pulses in

simulated IceCube-Gen2 PMT waveforms.

Advised graduate student Will Luszczak. Applied the new multiple-flare 2018 — 2020
point source search method to IceCube data.

Teaching Assistant, Physics 248: A Modern Introduction to Physics, 2007
University of Wisconsin-Madison.



Awards

University of Wisconsin-Madison Department of Physics: Emanuel R. Piore 2004
Memorial Award.

University of Wisconsin-Madison Department of Physics: Albert Augustus 2003
Radtke Memorial Award.

University of Wisconsin-Madison Department of Physics: L. R. Ingersoll 2000
Memorial Award.
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