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1. Neutron Monitors of the Bartol Research Institute:
Relationship to Spaceship Earth

1.1 Brief History

Neutron monitor observations by the Bartol Research Institute (i B a r formérly iamed
Bartol Research Foundation) began in 1957 when Dr Martin Pomerantz established a
neutron monitor station at Thule Air Force Base in Greenland. Three additional stations
soon followed with the opening of monitors in Swarthmore, Pennsylvania (later
relocated to Newark, Delaware when Bartol itself relocated), McMurdo, Antarctica, and
South Pole, Antarctica. Further growth occurred in 1995, when Bartol took over
operation and, eventually, ownership of neutron monitors in Inuvik and Goose Bay,
Canada. The National Research Council of Canada decided to terminate funding for
these long-running instruments, and control and operation of these instruments was
successfully transferred to Bartol with support from the Arctic Natural Sciences program
of NSF.

Another phase of growth occurred in 2000 when three new neutron monitors were
opened in Fort Smith, Peawanuck, and Nain, Canada. Construction of these stations
was funded by a $1.2 million NSF Major Research Infrastructure grant. The objective of
this grant was to enable completion of the Spaceship Earth neutron monitor network
(see below). A highlight of work performed under this grant was our use of Helium-3
neutron detector tubes in place of the traditional boron trifluoride tubes, an innovation
that resulted in considerable cost savings to the project.

1.2 Spaceship Earth

Spaceship Earth is a 12-station, multinational array of neutron monitors optimized for
measuring the angular distribution of solar cosmic rays. Figure 1 shows the station
geographical locations, together with their asymptotic (after correcting for distortions
fomEart hdéds ma giredioniofovieviing.ethedirray was created in 2000 by
linking together 7 existing stations, building 3 new ones to fill gaps in sky coverage, and
re-opening one dormant station (Norilsk). A twelfth station (Barentsburg) was later
constructed by our Russian partners and incorporated into the network.

The reason all the stations are at high latitude is because the effective energy response
is governed by atmospheric absorption rather than by the geomagnetic cutoff. Thus, all
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Figure 1. Spaceship Earth is a 12-station neutron monitor network optimized to measure the
angular distribution of ~1 GeV solar cosmic rays. It was assembled in 2000 by upgrading and
linking 7 existing stations, and building new ones (partial NSF/MRI support) to fill in gaps.
Average viewing directions (open squares) and range (lines through squares) are separated
from station geographical locations (solid symbols) because particles ar
magnetic field. The zenith at each geographical location along the lines represents the
viewing direction in interplanetary space for a particular particle rigidity.

stations of Spaceship Earth have essentially the same energy response, a desirable
feature when precision measurement of particle angular distributions is the
observational goal. Moreover (for reasons we will not delve into here) the high-latitude
sites have far superior directional sensitivity for solar cosmic rays than do low- or mid-
latitude sites.

As shown in Figure 1, 6 of the 12 stations of Spaceship Earth are operated by the Bartol
Research Institute. Closure of any one of these would severely degrade the capabilities
of the array. Thule and McMurdo are essential because they provide a 3-dimensional
perspective with their northward and southward viewing directions. Nine of the other
stations view approximately in the equatorial plane at ~40° intervals. Removing any one
of these would create a gap of ~80°, leaving nearly an entire quadrant of the equatorial
region unobserved.

2. The Case for Neutron Monitors in the 21°' Century

21Llong-Term Observation 4tdge$cencs 0 Cutti ng

What we wish to stress here is that there is no conflict between long-term observation
and cutting-edge science. Neutron monitors can in fact do both. By upgrading existing
monitors, building new ones to fill in gaps, and linking them together in a coordinated
array, the Spaceship Earth project has in effect created a new type of observing
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Figure 2. Neutron monitors provide a vital observational basis for studying long-term cyclic
and secular variations of the cosmic ray flux. The alternating pointy and flat-topped cosmic
ray peaks (blue curve) are easily seen here. This association of cosmic ray behavior with
the solar magnetic cycle is a key support for the role of drifts in the solar modulation of
Galactic cosmic rays.

instrument, with entirely new capabilities for measuring relativistic solar particles in the
21° Century.

For many, the fact that neutron monitors produce stable, reliable long-term records of

cosmic ray intensity is among their most valuable features. An example of this aspect of

the data is displayed in Figure 2, which shows the Thule neutron rate going back to

1960. The alternating seqppedé obsmpoi nayomanr
(occurring at solar activity minima) remains a key observational support for the role of

gradient and curvature drifts in the solar modulation of cosmic rays.

On the other hand, monitor network observations can be analyzed to provide high time
resolution measurements of the particle distribution function in the most extreme of
solar particle events, Ground Level Enhancements (GLE). Because of their high speed
and comparatively large scattering mean free paths, these particles provide a clearer
picture of injection processes at the Sun than do the lower energies. An example
appears in Figure 3, where Spaceship Earth observations of the huge January 20, 2005
GLE have been analyzed to provide time profiles of the particle density and weighted
anisotropy (product of density and ordinary anisotropy, or equivalently, the first-order
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Figure 3. Spaceship Earth observations enabled high time resolution analysis and
modeling of the huge January 20, 2005 GLE. Shown are (a) density and (b) weighted
anisotropy derived from Spaceship Earth, with modeling results shown by heavy lines.
(c) Derived profile of particle injection at the Sun. (d) Wind/WAVES data at 5000 kHz
(black line) and 500 kHz (red line). Data have been shifted by 8 minutes to represent time
of emission at the Sun, the same reference as in panel (c). Wind/WAVES data provided
by M. L. Kaiser of NASA/GSFC via the CDAWeb interface.

Legendre coefficient), and to derive the time profile of particle injection at the Sun. The
latter profile displays an interesting, apparently close relationship with processes
producing Type Il radio bursts recorded aboard Wind/WAVES.

Insome ways,teaehmo idomegct of neutron monitor ob:
trying to justify continued operation of these instruments, because the long heritage of

the observations leads some to believe that the measurement technology must

necessarily be obsolete and outdated.

The fact is that neutron monitors remain the state-of-the-art method for observing the
highest-energy component of solar energetic particles and the miniscule anisotropies
associated with the solar modulation of Galactic cosmic rays. Nothing flown in space is



competitive, owing to the large detector mass required to measure particle fluxes at
these energies with the required precision and directional sensitivity. In fact, neutron
monitors neatly fill a niche between the high-energy end of spacecraft observations, and
observations recorded by other ground-based detectors which typically measure higher
energies. (See Section 2.3 below for discussion of neutron monitors in relation to
neighboring energy measurements.)

To give a broader picture of research carried out at Bartol, Appendix A presents a
partial list of publications generated by the Bartol Research Institute Neutron Monitor
Progpam.Few of t hese wor ks -tagremd ochuserdv atni did 0.n g

2.2 Space Weather with Neutron Monitors

It has been shown that a practical GLE alert system could be implemented and could
provide ~10-30 minutes earlier alert than the earliest SEC/GOES proton alert. Such
alerts could be of relevance to aviation, but it is unclear whether the aviation industry
worldwide considers the radiation issue serious enough to devote much attention to it.

Generally, the European Union (EU) has been in the vanguard of efforts to monitor and
regulate exposure of air crews to cosmic radiation. Captain Michael Nezel, Radiation
Safety Officer of the German airline LTU, has kindly provided a letter articulating the
significance of neutron monitors to the field of aviation radiation safety. The full text of
his letter is reproduced here in Appendix C. For a detailed discussion of the EU
requirements, we reference the UK Department for Transport Website:
http://www.dft.gov.uk/pgr/aviation/hci/protectionofaircrewfromcosmi2961

After the depth of the neutron monitor funding crisis became apparent, we contacted
Captain Nezel again to ask whether he thought the airline industry might be interested
in supporting neutron monitors. His reply is illuminative of the attitude of industry, and is
reproduced here as Appendix D.

GLE alerts could also be of relevance to astronaut safety, but the problem here is that

suchal erts would be generated in only ~40% of
storms. The other ~60% of severe storms are not accompanied by GLE, at least not by

GLE detectable with current instrumentation. Is an extra 10-30 minutes warning of a

severe radiation storm of significance for astronaut safety, if the extra warning time is

given in only 40% of events?

Another area where cosmic rays have been proposed to provide space weather
forecasts is in alerting of approaching ICME disturbances, based upon precursory
anisotropies detected in ground-based instrumentation. The presence of such
precursory anisotropies is well-established observationally, and well-understood
theoretically, and they can provide ~4-10 hours advance warning of an ICME impact in
major storms. The problem here is that all such studies to date have been retrospective
analyses. Whether this method can be implemented as a useful operational tool, with an
acceptably high success rate and low false alarm rate, has yet to be shown.


http://www.dft.gov.uk/pgr/aviation/hci/protectionofaircrewfromcosmi2961
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Figure 4. The neutron monitor energy range is highly complementary with the upper end
of the energy range accessible to spacecraft. Shown here are spectra observed in the
January 20, 2005 GLE. The red line is a spectrum derived from neutron monitor
observations: the circle is plotted at the median energy (for a solar particle spectrum), the
heavy part of the line indicates the central 80% of the monitor energy response, and the
dotted part of the line is an extrapolation to guide the eye. Blue circles are 4 GOES
channels plotted at the mean energy of the channel.

In short, the possible use of neutron monitors as operational tools for space weather
forecasting and specification is still open to debate. It continues to be an active area of
research.

2.3 Spaceship Earth in Context (Lower Energies and Higher Energies)

Spacecraft Data. Useful cosmic ray data from spacecraft typically extend only to a few
hundred MeV. For instance, the highest GOES energy channel is about 260 MeV (mean
energy). Moreover, directional information provided by the highest energy channels on
spacecraft is often compromised by the penetrating nature of the higher-energy
particles.




Figure 5. Mid- and low-latitude neutron monitors complement Spaceship Earth by
providing measurements in a higher energy range. Thailand recently opened Princess
Sirindhorn Neutron Monitor atop the highest mountain in Thailand. It is the highest cutoff
monitor in the world (~17 GV). The official opening ceremony occurred January 21, 2008
with Princess Sirindhorn of the Thai royal family in attendance.

In comparison, the median energy for a high-latitude neutron monitor, assuming a
typical solar particle spectrum, would be ~ 1.4 GeV, and the central 80% of detector
response for the neutron monitor would extend from ~500 MeV to ~5 GeV. As illustrated
in Figure 4, this range is highly complementary to the range of useful spacecraft data.
(Note that the neutron monitor energy response for solar cosmic rays is lower than for
Galactic cosmic rays, owing to the very soft energy spectrum generally seen for solar
particles.)

Higher Cutoff Neutron Monitors. For reasons noted above, all Spaceship Earth monitors
are sited at polar latitudes in order to ensure that they have identical energy responses
governed by atmospheric absorption. Complementing the energy-matched polar array is
the worldwide array of mid- and low-latitude monitors, where the energy threshold
varies from station to station, and is governed by the geomagnetic cutoff rather than by
atmospheric effects. Analysis of data returned by these monitors permits valuable
information to be derived on the energy spectrum of cosmic rays, in effect turning

Earthdés magnetic field into a giant energy



In this connection, it is interesting to note that international interest in neutron monitors
remains strong. The highest geomagnetic cutoffs in the world, at ~17 GV, are found in
Thailand. Exploiting this fact, Thailand recently opened Princess Sirindhorn Neutron
Monitor on a mountaintop near Chiang Mai (Figure 5). For more information, see Univ.
Delaware news release at http://www.udel.edu/PR/UDaily/2008/feb/cosmic022708.html.

Muon Detectors. Recent years have seen a burgeoning in sky coverage by muon
detectors linked together in a coordinated network. In 2005, a prototype muon detector
in S&o Martinho, Brazil was expanded to 28 m?and networked with the existing large
detector (36 m?) in Nagoya, Japan and a smaller one (9 m?) in Hobart, Australia. The
expansion was a three-nation collaboration (U.S./Brazil/Japan) funded in part by a U.S.
National Space Weather Program grant to Bartol Research Institute. A 9 m? instrument
in Kuwait joined the network in 2006, and an ESA-funded instrument in Greifswald,
Germany is expected to become operational later this year.

Surface muon detectors complement neutron monitors by providing observations of
modulation phenomena at slightly higher energy. For a Galactic spectrum, a typical
energy for a muon detector directional channel would be ~50 GeV, as compared to ~10
GeV for a neutron monitor. (Muon detectors sometimes also provide useful data on GLE
particles, but generally only for very large GLE.) Another important difference is that
muon detectors can provide measurements of numerous directions (17 or more) from a
single location, owing to the penetrating nature of the muon component of secondary
cosmic rays. Thus complete coverage of the cosmic ray sky can be achieved with a
smaller number of instruments than for neutron monitors whose sensitivity is strongly
peaked in the vertical direction.

IceTop. One component of the IceCube Neutrino Observatory now under construction
at the South Pole is the air shower array IceTop. It is one of a class of detectors now
planned or in operation (another example being Milagro) that are sensitive to primary
particles in the few GeV range. IceTop is unique in that it is located at high altitude and
near zero geomagnetic cutoff. It has an energy response that is intermediate between
neutron monitors and traditional muon detectors. Unlike a neutron monitor, IceTop has
inherent energy resolution. With statistical precision that is at least two orders of
magnitude greater than a feasible neutron monitor, IceTop will permit high time
resolution studies of the spectral evolution of solar energetic particle events and
transient disturbances (such as Forbush decreases and CIRS).

IceTop, however, has a very narrow asymptotic viewing direction. Operated in isolation,
there is a significant danger of confusing effects due to anisotropy with those due to
spectral evolution. Data from IceTop will therefore be significantly enhanced by the
network of neutron monitors that can characterize the anisotropy.


http://www.udel.edu/PR/UDaily/2008/feb/cosmic022708.html

2.4 Community Support for Neutron Monitors

Use of Data by External Groups. One fact evidencing community support is that data
from our neutron monitors are heavily used by researchers external to our group. A
partial list of publications by external groups using our data in a wide variety of
subdisciplines appears in Appendix B.

NRC Workshop Report (DASI). The National Research Council workshop report on

ADi stributed Arrays of-T8makbktlrnatr Rmepraaschor m
of neutron detection and neutron monitors in several different places (see pages 5, 24,

35, and 48 of thatreport),andci t es t he Spaceship Earth array
Earth is a successful constellation of neutro
The NRC report is available online at: http://www.nap.edu/catalog/11594.html#toc

Statement of the Commission on Cosmic Rays. The Commission on Cosmic Rays of

the International Union of Pure and Applied Physics issued a statement on Neutron

Monitor Research, which states in part:
AHaving | ear ned tionbkd the wondwideraroay &f nestrtora
monitors are threatened with closure in the current funding environment, the
Commission on Cosmic Rays of the International Union of Pure and Applied
Physics affirms that neutron monitors remain a vital research tool in the fields
of Sun-Earth relations, space plasma physics, solar physics and space
weather. Accurate measurement of the anisotropy and energy spectrum of
cosmic ray primaries demands a sufficiently dense array of stations. The
Commission recommends that national funding agencies carefully weigh the
negative impact of individual station closures on the capabilities of this
international Quesedr Ehoemf t bet COmMmMi ssi onods
See Website for full text: http://www.iupap.org/commissions/c4/website.html

Decadal Survey. The importance of maintaining and enhancing ground-based
instrument arrays for space research was recognized in the recent decadal survey of

solar and space physics: AiRet urn on investment i's optimiz
judicious funding and management of new observing systems, but also through the
mai ntenance, upgrading, funding, and manageme

feasible and cost-effective to employ as many such assets as possible in a research

pr ogr amé . -baSad asgetsqmost of which are supported by the NSF) can often

be i mproved at relatively |l ow cost to become
The Sun to the Earth i and Beyond: A Decadal Research Strategy in Solar and Space

Physics (National Academies Press, Washington, D.C.), page 150, 2002. Available

online at http://books.nap.edu/books/0309085098/html/index.html

Aviation Industry Support. As noted in Section 2.2 above, the European Union has
played a lead role in regulating radiation exposure for air crews. The importance of
neutron monitors for radiation safety in the aviation industry is articulated by Captain
Michael Nezel of the German airline LTU in a letter reproduced in Appendix C of this
report.


http://www.nap.edu/catalog/11594.html#toc
http://www.iupap.org/commissions/c4/website.html
http://books.nap.edu/books/0309085098/html/index.html

Solar Extreme Events Community. This group comprises mainly scientists in Eastern
Europe and the Former Soviet Union, with a smaller contingent of western European
and U.S. scientists. The most recent SEE conference was in Greece. The conference
attendees issued a statement of support for neutron monitors, which is copied here as
Appendix E.

3. Neutron Monitor Funding
3.1 Recent NSF Funding

Prior to 200 O , Bartol s neutron monitor program was
grants, one each from Antarctic Aeronomy and Astrophysics, Arctic Natural Sciences,

and the Solar-Terrestrial Program. In order to reduce the administrative burden on NSF,

the Pls, and the reviewer community, these were combined into a single large grant for

the period 2000-2005. Peak funding for the program was $569,000 in the year ending

8/31/2005. This amount provided not only the basic operation and maintenance of the

monitors and processing of the data, but also a robust program of related scientific

analysis activities including support for a full-time postdoc and a graduate student.

Our proposal to continue the program over the period 2005-2010 was declined, and we
were instead offered a two-year extension at an annual budget of $270,000. This grant
ended 11/30/2007. A second proposal to continue the neutron monitor program beyond
2007 was submitted to NSF in June 2006 and was declined outright. The circumstances
of this most recent declination are discussed in section 3.3 below.

3.2. Current Status of the Bartol Neutron Monitor Program

STATION YEAR OF OPENING STATUS
Thule 1957 May close mid-2008"
McMurdo 1960 May close 2008°
Swarthmore/Newark 1964 No Federal support after 2007°
South Pole 1964 Closed late 2005
Inuvik 1964 May close mid-2008"
Goose Bay 1964 Will close April 2008
Fort Smith 2000 May close mid-2008"
Peawanuck 2000 May close mid-2008"
Nain 2000 May close mid-2008"

(1) NSF support ended November 2007. Will be supported by Bartol through June 2008.

(2) Decision to close or not depends on success of a pending NSF proposal. (McMurdo is a special
case, because it is the only station situated on an NSF scientific base.)

(3) May continue operating under Bartol and University of Delaware sponsorship. (No Federal
support.)

The current status of the program, then, is that Federal support ended in November
2007. The Director of the Bartol Research Institute has agreed to support monitor
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operation for an additional 7 months, through June 2008. Unless a new source of
support for station operations is identified, we will be forced to shut most stations
beginning in mid-2008.

A list of affected stations is shown in the table above. As indicated most will close
beginning in mid-2008, in the absence of a new source of support. However, special
factors affect a few stations:

1 South Pole already closed in November 2005, following the de-scoping of our
grant in that year.

1 McMurdo is the only station situated on an NSF scientific facility. Accordingly, it is
difficult to see how this station could continue outside of NSF auspices. We have
submitted a small proposal to NSF&és Antarc
program for support of McMurdo alone. If this proposal is not selected, we will
probably be forced to close McMurdo later this year.

1 We have already decided to decommission the Goose Bay monitor. This is being
done to conserve our limited resources, considering that our station in Nain has a
similar viewing direction.

1 We believe that we can continue operating the Newark neutron monitor in the
absence of Federal support, because the University of Delaware assumes most
costs of operating this instrument.

3.3 Why Did NSF Decline Our Proposal?

There were 4 peer reviews of our proposal. They appear verbatim in Appendix F, copied
from NFRGLI dydseme O

We were informed of the proposal declination via an e-mail from Bernhard Lettau, acting
Program Director of Antarctic Aeronomy and Astrophysics, on January 4, 2007. The text
of this e-mail appears in Appendix G below. We subsequently wrote to Scott Borg,
Division Director of Antarctic Sciences, and to Richard Behnke, Section Head of Upper
Atmospheric Research, requesting that they reconsider the declination. The full text of
thisrequestand NS F 6 s r e sipaverpresEntad ;m Appendices H and I.

Much of NSFO6s r eby-pomntreply to thesissaes rpiged in dur
reconsideration request. However, towards the end of the response, the authors raise
additional issues, which suggesttous t hat NSFO0s deci sion was es ¢
programmatic in nature. An excerpt follows:
In reexamining this declination, we have realized that there are a couple of other
very important but interrelated issues that bear mention. First, a very important
guestion that has not been addressed is; to what extent should NSF continue
support of long term measurements because of a perceived importance of
longevity of measurements for its own sake? NSF is not a traditional mission
agency and if NSF invests in long term observations for specific research
purposes then there must be the possibility of NSF stopping support at some
p o i n Second& we are concerned that proposing the operation of this network
to NSF while indicating that research and student support would come from
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elsewhere runs counter to NSF's priorities of supporting research and
simultaneously supporting development of the next generation of the science
workforce. It seems to us that if greater efficiency overall is not possible and the
path of dividing up the work (e.g. operational support via one path and
research/student support via another path) is inevitable, then the part that should
be proposed to NSF is the part involving research and student training, not the
part involving continuous operation.

3.4 Minimum Cost for Sustaining the U.S. Component of Spaceship Earth

Station Costs. Based on past experience, we estimate the average cost of operating a
remote station at $9,000 per station annually. This includes rent, utilities, snow removal,
and local technical support, as well as routine supplies such as data recording media. It
also includes a small margin for repair and replacement of electronic components,
digital barometers, and GPS and for occasional station visits by Bartol personnel
(limited to once per station every ~3-5 years, based on recent experience). The total
amount is $54,000 annually (Direct Cost) for the 6 Bartol stations that are part of
Spaceship Earth, specifically Inuvik, Fort Smith, Peawanuck, Nain, Thule, and
McMurdo.

Personnel Costs. Personnel costs directly associated with station operation are for one
full-time, PhD-level data manager and for approximately 2 months support for shop
personnel (Electrical Engineer or Electronics Technician). Duties of the data manager
include: station management, daily data downloading, data processing, data quality
control, data dissemination, data archiving, and maintenance of realtime data resources.
Duties of engineering staff include: communications with remote observers, identifying
and solving technical problems with station operation, and travel to the remote stations
for maintenance and repair as needed.

Fringe and IDC. Fringe benefits are charged at 34% of salary. Indirect Costs (IDC) at
the University of Delaware are charged at 53% of Direct Costs.

Summary.
Station Costs (6 stations): $54,000

1 full-time data manager: $100,630

2 mos Engineer: $13,450
Fringe Benefits: $38,787
Total Direct Cost: $206,867
Indirect Cost: $109,640
Total Cost: $316,507
(The tot al cost |l 1T sted above i s somewhat | owe

recent Spaceship Earth proposal, because all costs associated with the annual latitude
survey and with operation of the Goose Bay neutron monitor have been deleted. It also
reflects an increase in the University of Delaware IDC rate from 51% to 53%.)

-12-



APPENDIX A
Selected Publications by Our Group

Total number of publications acknowledging our last two NSF grants, ATM-0000315
(2000-2005) or ATM-052787(2005-2007) is 54. We include only a sampling here,
concentrated on those with an observational focus. Some of these articles can be
downloaded from http://neutronm.bartol.udel.edu/reprints/main.html

1 fEnergetic Particle Obser vati ons During the 2000 Jul"
Bieber, W. Droege, P. Evenson, R. Pyle, D. Ruffolo, U. Pinsook, P. Tooprakai, M.
Rujiwarodom, T. Khumlumlert, and S. Krucker, Astrophys. J., 567, 622-634,

2002.

T ACos mi ¢ Rraand tBgSolartMagnetic Polarity: Preliminary Results from
199472002, o J . W. Bieber, J. Cl em, M. L. Dul di
R. Pyle, Solar Wind Ten, AIP Conf. Proc. 679, edited by M. Velli, R. Bruno, and F.

Malara, pp. 628-631, 2003.

1 A L o®ome Precursors to Forbush Decreases and Advance Warning of Space
Weat her Effects, 0 K. Leerungnahksaaplys.)., D. Ru
593, 587-596, 2003.

T ACosmic ray ani sotropy before and during
di st ur bAa Y. Beaw,,J.ON. Bieber, E. A. Eroshenko, P. Evenson, R. Pyle,
and V. G. Yanke, Adv. Space Res., 31, 919-924, 2003.

T ASpaceship Earth Observations of the Easte
Bieber, P. Evenson, W. Droge, R. Pyle, D. Ruffolo, M. Rujiwarodom, P.

Tooprakai, and T. Khumlumlert, Astrophys. J. (Lett.), 601, L103-L106, 2004.

1T AGeometry of an I nterplanetary CME on Octo
Rays, o T. Ku wa b-authars, Geophgls. Re€ Lett.031, L19803,
doi:10.1029/2004GL020803, 2004.

T ALatitude Survey Observations of Neutron M
Clem, M. Duldig, P. A. Evenson, J. E. Humble, K. R. Pyle, J. Geophys. Res., 109,

A12106, doi:10.1029/2004JA010493, 2004.

T AA 06-Cosed Pr ecur s oring&liock@®hbserveg lpyra Casmib-Ray
Mu o n Hodoscope on October 28, 2-dutbas, o K.
Geophys. Res. Lett., 32, LO3S04, doi:10.1029/2004GL021469, 2005.

1T "Relativistic Solar Neutrons and Protons
Clem, P. Evenson, R. Pyle, D. Ruffolo, and A. Saiz, Geophys. Res. Lett., 32,

L03S02, doi:10.1029/2004GL021492, 2005.

1T A"Addressing sol ar -term dincértairtties annscaling secohdary g
cosmic rays for in situ cosmogemiJcW.nucl i d
Bieber, J. M. Clem, M. L. Duldig, P. Evenson, J. E. Humble, and R. Pyle, Earth
Planet. Sci. Lett., 239, 140-161, doi:10.1016/.epsl.2005.07.001, 2005.

T ALargest GLE in Half a Century: Neutron Mo
2005 EUVY. #nBiebeo J. Clem, P. Evenson, R. Pyle, M. Duldig, J. Humble, D.

Ruffolo, M. Rujiwarodom, and A. Séaiz, Proc. 29" Internat. Cosmic Ray Conf.
(Pune), 1, 237-240, 2005.
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APPENDIX B
Selected Publications by Other Groups Using Bartol Neutron Monitor Data

This is not a comprehensive list. We include selected publications by external groups to
demonstrate that our data are used broadly in the research community.
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