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RUI Proposal: Salinas Airshower Learning And Discovery Project (SALAD)
Project Summary
The silicon photomultiplier (SiPM) is a novel and promising light detector technology that incorporates
hundreds of micron sized active semiconductor cells assembled in a compact device capable of measuring single
photons. Its small footprint and low cost has provided a detector upgrade for international frontier high energy
physics projects such as the Compact Muon Solenoid detector at CERN. Recently the NSF Particle Physics
Project Prioritization Panel (P5) has recommended that “NSF should invest broadly while also targeting a few
specific resource-intensive projects”. To help materialize the “invest broadly” idea, we propose to develop an
undergraduate research program at Hartnell College that provides practical hands-on research in experimental
cosmic ray physics. The SALAD project is designed to implement 3 pressing goals: (1) to educate, engage and
equip 12 high achieving community college students for today's knowledge intensive STEM related
opportunities (2) to seek to confirm and demonstrate that inexpensive SiPM detectors can be used in a
standalone self-triggered mode in a cosmic ray detector array that employs the latest light sensor and
synchronization technologies, (3) to advance the knowledge in cosmic ray detector instrumentation for nonresearch I institutions.
Intellectual Merit: Fundamental properties of energetic cosmic ray air showers are fully investigated in this
research with active participation by community college students. These properties include the distribution of
shower axes, particle arrival time differences and tagging coincidence events with subnanosecond timing
resolution. Our first intellectual objective embraces these properties. To realize these, the SALAD project is to
develop a cosmic ray detector array based on the following instruments: (1) the latest SiPM detectors together
with (2) high gain photomultiplier tubes (PMT), and (3) the White Rabbit precision synchronization technology
from CERN. This is accomplished through the construction of a detector array with 2 independent detector
stations, each is composed of 4 scintillation detectors and readouts using the above described light detectors.
The second intellectual objective of the SALAD project is taking a completely new and fresh perspective to
analyze the complex signal waveforms from the SiPM sensors. This involves image processing and digital
signal processing techniques customized for novel light detector physics. The SiPM is a modern semiconductor
light sensor made to detect light. Surprisingly, a less known phenomenon is that it also emits its own light. To
quantify this effect, we investigate the unusual semiconductor band-to-band light emission process which we
recently observed for the SiPM device, as our final intellectual objective.
Broader Impact: Hartnell College is a public two-year community college in California. It serves the Salinas
Valley, a fertile farming area in Monterey County, located 70 miles south of Silicon Valley. Salinas hosts the
National Steinbeck Center and is the home town of Nobel literature winner, John Steinbeck. Hartnell College
serves a diverse mix of students. At Hartnell, about 6 out of 10 students are from less represented minority
(LRM) population. Notably, most of these aspiring students are often the first ones in their families to attend
college. Furthermore, about 90 percent of the physics enrollment class rosters at Hartnell are from the LRM
population. Therefore, the compelling mission of the SALAD project is to create a broader impact, through
expanded participation and in-depth involvement of LRM college students in STEM. Recently, the cosmic ray
physics program at Hartnell College has also successfully outreached to high school students, through 2-day
workshops to construct cosmic ray telescopes using SiPM. As a second broader impact, the SALAD project is
to enlist talented high school students to do research suited to their level. A final important broader impact is in
our combining scintillators with SiPM, in small array clusters. These clusters can provide the first level trigger
for other detectors and would lead to promising application in triggering antenna arrays that investigate
electromagnetic waves from cosmic rays. The resulting cost reduction for detectors would be significant, by a
factor of 1/5th or more, if PMT are replaced, with the SiPM. Furthermore, the SALAD project would produce a
wealth of useful information for existing research groups that build large scale scintillation detector arrays by
adapting the SiPM technology.

