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Abstract

The Pulsar Search Collaboratory !PSC" !NSF #0737641" is a joint project between the National Radio
Astronomy Observatory and West Virginia University designed to interest high school students in science,
technology, engineering, and mathematics related career paths by helping them to conduct authentic scientific
research. The 3 year PSC program, which began in the summer of 2008, teaches students to analyze
astronomical radio data acquired with the 100 m Robert C. Byrd Green Bank Telescope for the purpose of
discovering new pulsars. We present the results of the first complete year of the PSC, which includes two
astronomical discoveries.

1. FOREWORD

High school freshman Lucas Bolyard !Fig. 1" was bored one Saturday. He decided to log on to the Pulsar
Search Collaboratory !PSC" database and analyze some plots. He had become adept at the work after having
scored over 2000 of them in the few months since he joined his school’s research team. Among the dozens
of data sets he looked at that day, one single pulse plot intrigued him. Single pulse plots !one of two types of
diagnostic plots used to analyze data in the database" display the properties of short, transient signals.
Usually, these signals are produced by radio frequency interference.

But what caught Lucas’s eye was a bright signal at a nonzero dispersion measure. This is a clue that the
signal came from space, not Earth. So he reported it, and after a great deal of persistence on his part, it went
on a list of candidates for astronomers to observe with the Green Bank Telescope !GBT". Disappointingly,
the follow-up observations showed nothing, indicating that the object was not a normal pulsar. And still Lucas
asked: “What could cause such a signal?” Eventually astronomers went back to the original raw data and
confirmed that Lucas had discovered a signal that was of astronomical origin and most likely a cosmic object
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https://vimeo.com/70743540



Recruitment & Training

• Intensive summer workshops in Green 
Bank with teachers and students

• Attendees return, recruit, and train 
during school year

• School visits

• End of year “Capstone” at WVU





Results
• > 2,500 students involved 

from 18 states (and >100 
teachers)

• 7 pulsars discovered…
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THE PULSAR SEARCH COLLABORATORY: DISCOVERY AND TIMING OF FIVE NEW PULSARS
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ABSTRACT

We present the discovery and timing solutions of five new pulsars by students involved in the Pulsar Search
Collaboratory, a NSF-funded joint program between the National Radio Astronomy Observatory and West
Virginia University designed to excite and engage high-school students in Science, Technology, Engineering,
and Mathematics (STEM) and related fields. We encourage students to pursue STEM fields by apprenticing them
within a professional scientific community doing cutting edge research, specifically by teaching them to search
for pulsars. The students are analyzing 300 hr of drift-scan survey data taken with the Green Bank Telescope at
350 MHz. These data cover 2876 deg2 of the sky. Over the course of five years, more than 700 students have inspected
diagnostic plots through a web-based graphical interface designed for this project. The five pulsars discovered in
the data have spin periods ranging from 3.1 ms to 4.8 s. Among the new discoveries are PSR J1926−1314, a long
period, nulling pulsar; PSR J1821+0155, an isolated, partially recycled 33 ms pulsar; and PSR J1400−1438, a
millisecond pulsar in a 9.5 day orbit whose companion is likely a white dwarf star.

Key words: pulsars: general – pulsars: individual (PSR J1400−1438, PSR J1631−1612, PSR J1821+0155,
PSR J1926−1314, PSR J2136−1606

Online-only material: color figures

1. INTRODUCTION

Pulsars, rapidly rotating highly magnetized neutron stars, are
most commonly studied at radio wavelengths. The first pulsar

32 Adjunct Astronomer, National Radio Astronomy Observatory.

was discovered in 1967 (Hewish et al. 1968) and currently over
2000 of these objects have been cataloged33 (Manchester et al.
2005). Over 30,000 normal pulsars are potentially detectable in

33 For an up-to-date catalog of pulsars, see
http://www.atnf.csiro.au/research/pulsar/psrcat.
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ABSTRACT

In the summer of 2012, during a Pulsar Search Collaboratory workshop, two high-school students discovered
J1930–1852, a pulsar in a double neutron star (DNS) system. Most DNS systems are characterized by short orbital
periods, rapid spin periods, and eccentric orbits. However, J1930–1852 has the longest spin period (Pspin ∼ 185ms)
and orbital period (Pb ∼ 45 days) yet measured among known, recycled pulsars in DNS systems, implying a shorter
than average and/or inefficient recycling period before its companion went supernova. We measure the relativistic
advance of periastron for J1930–1852, ˙ 0.00078ω = (4) deg yr−1, which implies a total mass (M 2.59tot = (4) M⊙)
consistent with other DNS systems. The 2σ constraints on Mtot place limits on the pulsar and companion masses
(m 1.32p < M⊙ and m 1.30c > M⊙ respectively). J1930–1852’s spin and orbital parameters challenge current DNS
population models and make J1930–1852 an important system for further investigation.

Key words: pulsars: general – pulsars: individual (J1930–1852) – stars: evolution – stars: neutron

1. INTRODUCTION

To date, ∼2300 pulsars are known (Manchester et al. 2005)
and ∼10% of them are in binary systems, orbiting white dwarf
(WD), neutron star (NS) or main sequence star (MS)
companions. The vast majority of these binaries are NS-WD
systems; many of these systems emerge from scenarios where
the pulsar forms first, followed by its companion, which
overflows its Roche Lobe; accretion transfers angular momen-
tum to the pulsar, decreasing the spin period and resulting in a
millisecond pulsar orbiting a WD (Alpar et al. 1982). This
process of accretion and spin-up is commonly referred to as
recycling and the period derivative of a recycled pulsar tends to
be significantly lower than that of an unrecycled pulsar with the
same spin period. There are four observed examples of pulsars
orbiting stars that have yet to evolve off the main sequence
(Johnston et al. 1992; Kaspi et al. 1994; Stairs et al. 2001;
Lorimer et al. 2006a); an additional four have been found with
planet-sized companions (Thorsett et al. 1993; Wolszc-
zan 1994; Bailes et al. 2011; Stovall et al. 2014). More
massive companions end their evolution off the main sequence
in supernovae, resulting in double neutron star (DNS) systems.
DNS systems are far less likely to remain bound than NS-WD
systems, since the former must survive two supernova
explosions during formation. Only about 10% of these binary
systems remain bound after one supernova explosion

(Bailes 1989). The probability of remaining bound after two
supernovae is much lower (∼1%) and only nine such systems
have been found and studied previously (see references in
Table 2).
DNS systems have tantalizing applications—for example,

testing theories of gravity by measuring relativistic effects
(Kramer et al. 2006; Weisberg et al. 2010; Fonseca et al.
2014) and predicting DNS merger rates relevant to ground-based
gravitational wave detectors like LIGO (Kim et al. 2010, 2013).
DNS systems have also provided some of the most precise NS
mass measurements, allowing for a statistical investigation of the
underlying mass distribution (Thorsett & Chakrabarty 1999;
Schwab et al. 2010; Özel et al. 2012).
Thorsett & Chakrabarty (1999) used a sample of 26 NSs (21

MSPs and five binary companion NSs) with measured masses
to determine a mean NS mass, m 1.35 0.04〈 〉 = ± M⊙. More
recently, Schwab et al. (2010) argue that the underlying NS
mass distribution for objects in DNS systems is bimodal, with
narrow peaks at 1.246 M⊙ and 1.345 M⊙. They also suggest
that these peaks indicate unique formation scenarios, where the
lower mass component represents NSs that formed via electron
capture (Nomoto 1984; Podsiadlowski et al. 2004) and the
higher mass component is indicative of iron core-collapse
(Woosley & Weaver 1986). Özel et al. (2012) use a Bayesian
statistical approach to infer mass distributions for NSs with
distinct evolutionary histories; they agree that NS masses

The Astrophysical Journal, 805:156 (7pp), 2015 June 1 doi:10.1088/0004-637X/805/2/156
© 2015. The American Astronomical Society. All rights reserved.
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UWM Arecibo Remote Command Center (ARCC) students



Green Bank North Celestial 
Cap Survey Coverage

Credit: D. Kaplan





Date # Goals

Jan. 29 & Feb. 11 1 Brief Lecture: Pulsar timing techniques and challenges.
Download VM and Tempo2 demonstration.

Feb. 16 2 Set up VM and Dropbox account. Learn to use Tempo2
(exercises 1-5).

Feb. 23 3 Brief lecture: I smell a RRAT. Continue Tempo2 exercises
and identify solved pulsars (psrcat). Find P0 for a RRAT
using single pulse TOAs.

Mar. 1 4 Assign ARCC curators for available pulsars; copy TOAs,
generate initial par files and run Tempo2.

Mar. 8 5 Assess data quality; additional processing required (e.g.
RFI excision)? If so, get NRAO accounts for ARCC timers.
Work on solutions!

Mar. 15 – Spring Break
Mar. 22 6 Brief lecture: Measuring TOAs and timing sanity checks.

Distribute NRAO accounts. Work on solutions.
Mar. 29 7 Brief lecture: Introduction to LATEX. Work on solutions.
Apr. 5 – No scheduled activities; JKS away.

Apr. 12 – No scheduled activities; JKS away.
Apr. 19 8 Use psrcat to make P � Ṗ diagrams and plot assigned

pulsar if solved. Begin write-up. (Work on solutions?)
Apr. 26 9 Work on write-ups and identify interesting sources.
May 3 10 Work on write-ups.
May 10 11 Present/compile results, send to GBNCC collaborators and

gather to discuss during a telecon.
May 17 12 Wrap-up and party!

UWM
Timing

Workshop



Exposure
• Pulsar processing tools

• PSRCHIVE, Tempo, psrcat

• Python/command line exercises

• Results written up in LaTeX and presented 
on a GBNCC telecon

• National Council on Undergraduate 
Research conference proceedings + Green 
Bank DDT proposal for follow-up time



Problems/Solutions
• Pulsar software is difficult to install and maintain

• Virtual Box

• Students need GB accounts to access data

• Positive: lowers the bar for being trained as 
remote observers

• Students have varying levels of experience

• Positive: more advance students can help lead, 
gain mentorship experience
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The Pulsar Search Collaboratory
2016 Summer Workshop

10 Faculty/Staff
11 Undergrad Mentors
15 High School Teachers
35 High School Students

=  71 attendees!



A Distributed Model
• 10 hub institutions 

across the US

• New students trained 
with online webinars

• Near-peer mentorship 
network (undergrad 
mentors from local 
institutions)

• NRAO 20-m radio 
telescope can be used 
remotely.





Conclusions & Future Work
• Symbiosis between programs promotes HS/

UG research and collaboration between 
“near peers”

• Building a network helps students at all 
levels prepare for the next step

• Condense Timing WS material into a 3-4 
hour activity, implement NANOGrav 
iPython notebooks

• Develop NRAO 20-m projects suitable for 
publication



Questions?
Follow 

@PSRastronomer 
on Twitter!


