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Key questions

1. Where and how is particle acceleration 
taking place?

2. How is propagation processing particle 
fluxes, spectra, etc?

3. How have conditions in the heliosphere 
evolved over time?



1. Where and how is particle 
acceleration taking place?



Solar Energetic Particles

Bruno et al SH7a

• Accelerated during 
Coronal Mass 
Ejections (CMEs) 
and flares 

PAMELA, 2012/05/17



SEP proton spectra

Bruno et al SH7a



SEP electron spectra 

Dresing, Kuhl, SH3g 
Dresing et al., University of Kiel, Germany

Solar Energetic Electron Spectra

• All SEPT electron events in the list: 925
• Sufficient statistics / significant 
increase above background:

➡ 810 events selected
• Pre-event background subtracted
• Spectrum at maximum (to account for 
velocity dispersion)

• Use the telescope observing the 
highest intensity

• Fit a broken power law, exclude events 
with poor fits (766 events left)

12

Dresing et al., University of Kiel, Germany

[spectral index at 70 keV, rise times and peak 
intensities of 55-85 keV electrons]

Rise Time and Spectral Index

Correlation between spectral index and rise time
•The softer the spectrum, the smaller the variation 
in rise times

•No soft spectra with long rise times!

Peak intensities tend to be higher for harder events

20

• 717 solar electron events

(45-450 keV STEREO/SEPT)



Multi-spacecraft SEP observations

PoS(ICRC2019)1066

The Influence of CME Characteristics on the Spread of SEPs 

3 

study, we have only used the LASCO catalog.  It should be noted, however, that the mass and 
kinetic energy values given in the catalog are generally considered preliminary and may be 
subject to change in the future.  Additionally, for most of the events in the Cohen et al. study 
(and all of the three-spacecraft events), the LASCO catalog identifies the CME as a ‘halo’ CME 
and thus reports its width as 360°.  Thus, we have not used this parameter in our study.  Finally, 
in some events LASCO observations are subject to projection effects due to the travel direction 
of the CME; these have not been corrected for. 

3. Three-Spacecraft Events 

Plots of the calculated widths for the identified three-spacecraft events of Cohen et al. are 
plotted versus the CME parameters in Figure 1.  There is substantial scatter in the results, but 
there is a suggestion of an increase in width with increasing speed for at least 10 MeV/n; any 
correlation is less apparent for 0.3 and 1 MeV/n.  The same could be said for the kinetic energy 
correlations, while the mass plots show no clear correlation at any energy.  

In contrast to the other parameters, the plots versus CME acceleration appear to exhibit 
positive correlations at all energies.  However, this is largely driven by two events which have 
the largest and smallest accelerations:  27 January 2012 and 25 February 2014, respectively (the 
latter actually having significant deceleration).  The remaining events do not appear to be well 
organized by the CME’s acceleration. 

Although the plots in Figure 1 have been grouped by energy, there is no evidence of a 
species dependence in any of the correlations (or lack thereof).  This is consistent with the 
results of Cohen et al. who did not find a species dependence to the calculated widths. 
 

 

   

Cohen et al SH3f

• STEREO H, He, O, Fe (0.3-10 Mev/nuc)

• Width of SEP event in interplanetary 
space does not correlate with Coronal 
Mass Ejection (CME) properties 



• September 2017 events at Earth 
and STEREO A

PoS(ICRC2019)1120
The Large Energetic Storm Particle Event of September 18, 2017 Observed at STEREO-A Author(s) 
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1. Introduction: Shown below are figures that provide an overview of solar       
proton intensities, X-ray flares, and interplanetary shocks during September, 2017.  

  

 Figure 1 (left): The time history of near-Earth solar energetic particle (SEP) activity as 
seen by GOES-13. Also indicated are M and X-class flares, (top labels) and L1 
interplanetary shocks (S). Some of this front-side activity is also observed at STEREO-
A. The September 18 CME was aimed 15° to the west of STEREO-A. (right) As an 
illustration of the extreme “spike-like” nature of the September 2017 ESP event at 
STERREO-A, we show time histories of protons in three energy intervals from the 
Low-Energy Telescope (LET)[1]. [ Note that the three narrow proton spikes stand out 
above the exponential decay of the September 10 event by factors ranging from ~25 to 
~400! (measuring from the dotted line to the top of the spike). This shows that the Sept. 
18 CME shock was a very efficient accelerator in spite of its 1380 km/s launch speed. 

  

. 

 

 

 

 

 

  
 
Figure  2: All  heavy elements accelerated at this shock showed “spikes” extending 
~250 times above the extrapolated decay profile of the pre-shock ion intensity. The  
heavy-ion profiles are all from the LET Telescope on  STEREO-A.   
 
 

 

 

Mewaldt et al SH3d

Multi-spacecraft SEP observations



Radiation dose associated with GLEs

Mishev
et al, 
SH7f

Effective dose at altitude of 35 kft  during GLE #5 integrated over 
the first 3h of the event
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• Effective dose at 35 kft over first 3 hr of GLE 5, 
from neutron monitor data



Long duration solar g-ray emission

• 2017 September 10 event, FERMI/LAT >100 MeV

Ryan et al, SH5d



Mechanisms for extended g-ray emission

• Acceleration at CME 
driven shock + back-
precipitation

Ryan et al, SH5d

PoS(ICRC2019)1144

Modeling the 2017 September 10 LDGRF Ryan, J.M., de Nolfo, G.A and Gary, D.

profile by EOVSA (Gary et al. 2018) (Fig. 1), allowing an examination of the dimensions of the 
affected volumes in the corona.  Shown in Fig. 2 is the entire-event γ-ray photometry curve 
>100 MeV.  Fig. 3 is a snapshot of the 3.4-GHz microwave emission at an early time in the 
event.  It shows the legs of a loop we believe contains the energetic particles necessary for the 
LDGRF. 

We focus on the period after 1900 UT on September 10 that exhibits a smooth photometric 

exponential decay with a time constant of ~6500 s, deviating from a pure exponential by no 
more than ~20% for over ten hours, while the deduced spectral index for the next eight hours 
softens from a value of 3.7 to 6 (Omodei et al. 2018), which we will return to.  This time period 
was chosen because not only did the γ-ray event enter its exponential decay, but it is well after 

#3

Fig. 3.  3.4 GHz image.  Red curve indicates legs 
of larger energized loop.  West limb is shown.

2 Omodei et al.

to a gradual SEP event with proton energies measured74

by the GOES spacecraft exceeding 700 MeV/n and a75

very fast CME erupting over the western limb. The first76

appearance of the CME by LASCO C2 was at 16:00:0777

UT and the initial speed was 3620 km s�1. This flare was78

also associated with the second GLE (#72) of this solar79

cycle. The GLE 72 onset was observed by several neutron80

monitors at 16:15 UT but the strongest increase in count81

rate was observed at 16:30 UT at the Dome C station,82

installed in the inner Antarctic Plateau, at Concordia83

station (Mishev et al. submitted to Solar Physics).84

EUV observations from SDO/AIA and SUVI revealed85

flare loops seen above the limb that form a flare arcade86

(for EUV images see Li et al. 2018; Seaton & Darnel87

2018; Warren et al. 2018; Yan et al. 2018). The arcade88

was seen face-on for the part of the flare closest to the89

limb, while the arcade twisted towards the south making90

it partially seen side-on for the more distant part of the91

arcade (see figure in Figure 3 in Seaton & Darnel 2018).92

The absence of STEREO B imaging for this flare unfor-93

tunately limits our knowledge of details of the flare geom-94

etry. However, the available data sets clearly indicate a95

two-ribbon flare geometry for SOL2017-09-10. RHESSI96

had good coverage of the impulsive phase with a peak97

time of the non-thermal >30 keV HXR emission around98

15:59UT. RHESSI high resolution imaging at 200 angu-99

lar resolution showed a single non-thermal hard X-ray100

source above 30 keV located about ⇠100 above the solar101

limb. Below 20 keV, RHESSI observed thermal emission102

from the flare loops (see insert in Figure 3). Compared to103

the flare loops, the non-thermal HXR source came from104

the southern flare ribbon. The corresponding emission105

from the northern ribbon appeared to be occulted from106

Earth view. Despite the fact that only one flare footpoint107

is seen in HXRs, SOL2017-09-10 has one of the highest108

fluxes at 30 keV (⇠45 photons cm�2 s�1 keV�1) com-109

pared to statistical studies of large RHESSI flares (e.g.110

Kuhar et al. 2016). The visible hard X-ray footpoint was111

observed to be co-spatial with the optical signal seen by112

SDO/HMI at 617 nm (see insert in Figure 3; for similar113

events see Krucker et al. 2015). While it remains unclear114

if the HXR footpoint occurred right above the limb or115

slightly behind or in front, we firmly conclude that no116

hard X-ray emission is detected on the visible disk indi-117

cating that no part of the flare ribbons are on disk as118

seen from Earth view.119

The >100 MeV emission detected by the LAT lasted120

for 12 hours and for that time period the Sun was the121

brightest gamma-ray source in the sky (see ATel 10721122

for further details). The onset time for the LAT was123

found to be at 15:56 UT, the peak flux occurred at 15:59124

UT remaining statistically significant until 05:11 UT of125

September 11. During the flare, the LAT detected 130126

photons with measured energy greater than 1 GeV and127

reconstructed direction less than 1� from the center of128

the solar disk.129130

In Fig. 1 we plot the light curves from GOES , and131

Fermi -LAT for the full 12 hour detection period, while in132

Fig. 2 we plot GOES , RHESSI , Fermi -GBM, and Fermi -133

LAT intensities for the impulsive phase only. The bottom134

panel of each figure reports the best proton index in each135

time interval in which the LAT detected the flare. In136

section 2.1 we describe how we obtain the protons index137

from the gamma-ray emission.138

Fig. 1.— Composite light curve for the 2017 September 10 flare
with data from GOES X-rays, Fermi-LAT >100 MeV flux and
the best proton index inferred from the LAT gamma-ray data.
The three color bands represent the time windows over which we
performed the localization of the gamma-ray emission, shown in
Figure 3.

2.1. Spectral analysis139

We performed an unbinned likelihood analysis of the140

Fermi -LAT data with the gtlike program distributed141

with the Fermi ScienceTools1. In order to avoid pos-142

sible e↵ects from pile-up in the anti-coincidence detector143

of the LAT during the brightest phase of the flare, from144

15:54 to 16:28 UT, we selected the Pass 8 Solar flare145

Transient class (S15)2 to perform our spectral analysis.146

This new transient class was developed to be insensitive147

to the high flux of X-rays often present during bright148

solar flares. For the remainder of the observation time149

(from 17:33 to the end of the detection), we used Pass 8150

Source class events. For the entire detection time we used151

selected photons from a 10� circular region centered on152

the Sun and within 100� from the local zenith (to reduce153

contamination from the Earth limb).154

Following the same approach as Ajello et al. (2014),155

Pesce-Rollins et al. (2015), and Ackermann et al.156

(2017) we fit three models to the Fermi -LAT gamma-157

ray spectral data. The first two, a pure power law158

(PL) and a power-law with an exponential cut-o↵159

(PLEXP) are phenomenological functions that may de-160

scribe bremsstrahlung emission from relativistic elec-161

trons. The third model uses templates based on a de-162

tailed study of the gamma rays produced from the de-163

cay of pions originating from accelerated protons with164

1We used the version 11-05-03 available from the Fermi Science
Support Center http://fermi.gsfc.nasa.gov/ssc/

2TRANSIENT015s available in the extended photon data
through the Fermi Science Support Center

2300 
2017-9-10

0300 
2017-9-11

1900 
2017-9-10

Fig. 2.  Photometric >100 MeV profile.   The colored bands represent periods of time that 
Omodei et al. (2018) imaged the emission.  Red arrow indicates start of decay phase.

• Trapping and acceleration 
(2nd order Fermi) in large 
coronal loops

Two Competing Scenarios
Accelerated at 
shock, then 
transported 
back to the Sun

(remote)

Trapped and 
continuously 
accelerated in large 
coronal  structure 
(local)
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Comparing interacting particle               
and SEP numbers

de Nolfo et al, SH5c

PoS(ICRC2019)1073
LDGRFs and high-energy SEPs G.A. de Nolfo
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Figure 2: Number of protons deduced from Fermi/LAT [1] compared with number of protons determined

from PAMELA and STEREO-A/B. The color code shows the precipitation fraction NLDGRF/(NLDGRF +
NSEP). The solid and the dashed lines mark the 1-to-1 and the 1-to-100 correspondences, respectively. The

Kendall’s τ and the Spearman rank (Rs) correlation coefficients, along with their p-values, are also reported.

The scatter in the NSEP/NLDGRF ratio can be explained in the context of the CME model for con-

tinuous back precipitation of energetic protons in which the magnetic connection is likely sporadic

and unpredictable between the shock front, in particular the nose where acceleration is expected to

be most efficient, and the Sun. However, in such a scenario one would expect the intensity-time

profile in any given LDGRF to be erractic, atypical of the smooth profiles of most well-measured

LDGRFs observed by Fermi/LAT. Even more problematic are the events (in the left of Figure 2)

where the particle number at the flare exceeds, in some cases considerably, the particle number in

space. If the particles above 500 MeV in space were from the same population as those responsible

for the γ-ray emission at the Sun, it would imply that in some cases, more than ∼80% of this popu-

lation must be extracted from the acceleration process to produce the radiation. This loss from the

shock acceleration process is in addition to other processes that reduce shock efficiency such as the

finite extent of the shock and proximity to the strong magnetic fields close to the Sun. Finally, two

Fermi/LAT detections on 2012 October 23 and 2012 November 27, which were not linked to CME

eruptions, suggest that a fast CME is not a necessary requirement for LDGRFs.

An alternate to back precipitation is the scenario where particles are continuously accelerated

within extended coronal loops and diffuse to the denser photosphere [17]. Large quasi-static loops

have been associated with LDGRF emission [37, 38]. The typically smooth exponential decay of

LDGRF emission is also consistent with coronal trapping, with spatial and momentum diffusion

governing the precipitation of high-energy particles [39]. To accelerate protons, magnetic turbu-

5



Anomalous Cosmic Rays

Leske et al, 
SH4e

Spectral differences 
between low solar 
wind speeds and 
high speeds:  
GCR intensities are 
enhanced at low 
speeds by ~5%, 
while the lowest 
energy ACRs are 
enhanced ~50-
60% in 2007-2008, 
and ~30% in 2017-
2019, with a strong 
energy dependence.  



Anisotropy of ACRs

Cummings et al, 
SH1a

• Anisotropy 
measurements at 
Voyager 2

• Diffusive flow is 
equatorward and 
towards nose of 
termination shock, 
from flank or tail

• Supports flank or 
tail as main 
acceleration site

14

The result –bottom 2 panels.

Diffusive δT = -(3/v)K∙grad U/U 
~-0.03

Diffusive δN = ~0.01

So, diffusive flow is 
equatorward and towards 
nose from flank or tail.



Modelling ACRsACRs: Simulation with 10 degree tilt  

A<0 A>0 
Kota et al SH1b



2. How is propagation 
processing particle 
intensities, spectra, etc?



Heliospheric modulation of GCRs  

• 3D steady state modulation model based on 
Parker equation:

Eg: Corti et al, SH2b, Bischhoff et al SH1c

ICRC - Madison, 07/25/19C. Corti - UHM 5

Transport equation of GCRs

GCR propagation in the heliosphere is described by the Parker equation:

∂ f
∂ t

=−V⃗ SW⋅∇⃗ f −V⃗ D⋅∇⃗ f +∇⃗⋅(K⋅∇⃗ f )+
1

3
∇⃗⋅V⃗ SW

∂ f
∂ ln R

+Q

Solar wind 
plasma 
convection

Particle
drift

Particle
di<usion

Energy 
losses

Sources/
sinks

K = di<usion tensor
f  = omnidirectional distribution function of GCRs

Particle drifts due to heliospheric magnetic ?eld gradients and heliospheric current 
sheet.

Adiabatic energy losses due to expansion of solar wind.



Bischhoff et al SH1c

Electron and Positron LIS’s Proton and Helium LIS’s

Proton LIS Helium LIS

• Tune modulation model using proton and electron 
data at Voyager 1 and PAMELA

• Use GALPROP to derive LISs for a variety of species

Heliospheric modulation of GCRs (1) 



• Model predicts eg positron and boron spectra

Bischhoff et al, SH1c

Electron and Positron LIS’s Boron and Oxygen LIS’s

Boron LIS Oxygen LIS

Heliospheric modulation of GCRs (1) 



Heliospheric modulation of GCRs (2)
• Modulation model tuned to fit AMS ~1.5 GeV proton flux

ICRC - Madison, 07/25/19C. Corti - UHM 9

Fit results
The residuals 3uctuate less than 5%, within 1 or 2 sigma from zero.

Corti et al SH2b



• Decrease of p/He ratio reproduced and attributed to A/Z 
dependence of diffusion

Corti et al, SH2b
ICRC - Madison, 07/25/19C. Corti - UHM 12

p/He model predictions
Same parameters as the one derived from the ?t on AMS-02 p.
The model predicts a slightly less steep decrease with respect to data.

Heliospheric modulation of GCRs (2)



Solar relativistic proton propagation

Dalla et al, SH7e



Energy information from neutron monitors

Banglieng et al, SH2f

JUL 25th, 2019 36th International Cosmic Ray Conference - Madison, WI, USA 3

Neutron monitor
Secondary particle
(usually a neutron)

More energetic primary
More energetic secondary

More neutrons in monitor

Higher multiplicity

Polyethylene 
reflector Neutron detector

(10BF3 prop. counter) Pb producer

JUL 25th, 2019 36th International Cosmic Ray Conference - Madison, WI, USA 3

Neutron monitor
Secondary particle
(usually a neutron)

More energetic primary
More energetic secondary

More neutrons in monitor

Higher multiplicity

Polyethylene 
reflector Neutron detector

(10BF3 prop. counter) Pb producer

• Time delay <4 ms: 
correlated arrival of 
neutrons



3. How have conditions in the 
heliosphere evolved over 
time?



Sunspot number reconstruction

• multi-proxi Bayesian approach, using multiple 14C and 
10Be datasets

8

SN reconstruction

Wu et al. (A&A, 2018)
Usoskin et al SH4a 



SEP spectra over Myrs

• Analysis of 26Al in lunar samples

• SEP flux on Myr scale comparable with recent decades
  

Reconstructed SEP int. Oux F(>E)
at the Myr time scale

Poluianov et al SH4c 



The future: New missions and 
instrumentation



New missions: Parker Solar Probe

Posner, 
Christian et al 
- Review Talk 

PSP Science Coordination

Ecliptic Longitude of PSP Perihelia is Near-
Constant.

Perihelia near mid-February would provide 
Near-Radial Alignment of PSP and Earth.

Perihelia near mid-December would allow
Magnetic Connection between PSP and 
Earth

For Perihelia between mid-November and 
mid-May, the PSP Subsolar Point could be 
observed from Earth.

Radial Alignment

Magn. Connection

Ram
facing view
FIELDS PI
Stuart Bale (UC, Berkeley)

IS⦿IS PI
David McComas (Princeton)

WISPR PI
Russ Howard
(Naval Research Lab)



New missions: IMAP

Christian et al SH6d 



New instrumentation
• Light weight (20 kg) low power (20 W) spectrometer with permanent magnet

PAN Instrument proposal (LOP-G or satellite)

10G. Ambrosi

• 4 Halbach permanent magnet sectors, f = 10 cm, L = 10 cm each, provide a dipole 
magnetic field of ~0.2 Tesla, total weight ~11 kg 

Detector Concept (I) 

6

★Our detector is sensitive to both neutrons and gamma-rays.
★Detection Principle 
1. Neutron Detection Part: Multi-layered Plastic Scintillator Bars

- Detected by elastic scattering with Hydrogen atoms
- A recoiled proton loses its energy (Ep) in the bars.  

Incident neutron energy En = Ep / cos2θ
- The same technique is used in SEDA-AP FIB. 

2. Gamma-ray Detection Part: Inorganic Scintillators 
- Detected mainly via Compton scattering.

3. Anti-coincidence Detector Part 
• Covered by plastic scintillators 

to reject charged particles.

PoS(ICRC2019)1074

SONTRAC G.A. de Nolfo

(e.g., Wunderer et al. 2006; Ormes et al. 2007).

2. SOLAR NEUTRON TRACKING CONCEPT

The neutron/g-ray spectrometer, SONTRAC, first conceptually introduced by Glenn Frye et
al. (1985), provides a means to measure neutrons in the range of 20-150 MeV in a compact enve-
lope with high efficiency, ideal for a small spacecraft and/or deep-space probes. The SONTRAC
concept relies on the measurement of the momentum vector of the recoil proton associated with
two interactions within a single scattering volume, e.g., the highly segmented fiber bundle. From
a measure of the recoil moment in two successive scatters, the energy and direction of the incident
neutron can be readily reconstructed (Figure 1). A system that measures the parameters of both
recoil proton tracks in 3-d, provides the necessary and sufficient information to determine the in-
cident neutron energy and direction with no azimuthal ambiguity (Ryan et al. 1993, 2012). The
angular and energy resolutions depend on the ability to accurately measure the proton tracks. Imag-
ing allows for a more complete separation of the source signal from the background. By allowing
the scatter to take place in a single large block, the solid-angle factor between the scatters is much
greater than that for widely separated detectors utilizing the time-of-flight technique, increasing the
efficiency. As such, it would have wide fields of view, front and back.

SONTRAC was originally developed for the study of high-energy solar flare processes, but it
was expanded to atmospheric physics, radiation therapy, and nuclear materials monitoring (Bravar
et al. 2005). Because the original SONTRAC was based on scintillating fibers readout by image
intensifiers with CCD detectors, the concept exhibited limitations including slow event rate, large
data volume and large physical size/mass (Ryan et al. 2003). The upgraded SONTRAC (discussed
in this paper) consists of orthogonally stacked, alternating layers of parallel scintillating plastic
fibers read out by arrays of silicon photomultipliers (SiPMs), see Figure 1. The prototype consists
of a 35x35 scintillating fiber bundle with a 1.36 mm fiber pitch (Fig. ??). Each of the fiber
bundle sides is paired with a 32x32 array of 1-mm SiPMs by KETEK (inset to Fig. ??) with the

Figure 1: (left) SONTRAC instrument consisting of orthogonally stacked plastic scintillators readout by
arrays of SiPMs. A measurement of two recoil tracks from fast neutron interactions determines the incident
neutron energy and direction. (right) Mechanical housing for SONTRAC showing the tiling of sixteen 8x8
1-mm SiPM arrays on four surfaces.

3

Ambrosi et 
al SH6a

de Nolfo et 
al PS1-267 

Matsushita 
et al SH6f



New instrumentationThe AESOP-Lite instrument (1)

Main components, some of which are inherited from 
the LEE telescope: 

● 4 scintillators (T1, T3 and T4 + Guard) each 
connected to a photomultiplier tube (PMT) 

● Gas Cherenkov detector for hadron and 
backwards particle discrimination  (C3F8)

● Magnetic spectrometer: dual ring dipole magnet 
(Bav=0.3T) + 7 planes of Silicon Strip 
Detectors (SSD)

● 4 SSD planes in the bending view, 3 in the 
non-bending view, 20 cm lever arm

6

T1

T2

T4

T3Guard

Mangeard et al,
SH6b; 
Mechbal et al 
SH6c

PoS(ICRC2019)1119

AESOP-Lite S. Mechbal

Figure 2: (Left) Picture of the integrated AESOP-Lite payload at Esrange on the flight line. (Right) Schematic of
instrument seen in the event display, for a 25 MeV electron event.

MCF (Million Cubic Feet) zero pressure long duration stratospheric balloon for a 133 hour-long
flight at an average altitude of 135 kft (⇠41 km, which corresponds to ⇠ 3 gcm�2 atmospheric
overburden). It landed on Ellesmere Island, Canada (78�40’N). The northerly trajectory of the pay-
load allowed the experiment to survey regions of low rigidity cutoff (below 200 MV), as illustrated
by the flight map in the right panel of Figure 3.

Figure 3: Trajectory of the first flight.
The first 90 hours of the flight surveyed
latitudes where diurnal variations of the
geomagnetic field are still present, as
indicated by the color-coded legend.

In its flight configuration, the instrument sits inside a 2.5 cm thick pressure vessel made of
aluminum with a polyurethane foam insulation (Figure 2, left panel). The total weight of the
gondola, including the batteries and solar panels, is 940 lbs, and the payload launched with an
additional 600 lbs of ballast. Four 100 W solar panels provide power to the instrument in flight,
which uses 73 W. Three telemetry channels are used for monitoring the good health of the apparatus
and receiving data in real time: line-of-sight, low-rate Iridium and high-rate Iridium Pilot. The
Iridium channels are doubly redundant. Two serial data loggers installed on the gondola, as well
as an SD card plugged into the electronic crates inside the shell, were installed to safely record all

2

• AESOP -Lite



New neutron monitors

Strauss et al, SH6h

Du Toit Strauss (NWU) ICRC, Madison, WI, 2019 8 / 16

Mangeard et al,
SH6b

PoS(ICRC2019)1060

A new neutron monitor at the Juan Carlos I Spanish Antarctic Station J. J. Blanco

ray energy. The current neutron monitor distribution showing stations in the NMDB consortium,
stations that provide data to NMDB and closed stations, is presented in figure 1.

Juan Carlos I Spanish Antarctic Base (BAE) is a summer research base located in Livingston
Island, South Shetland Islands, Maritime Antarctica 62�3904600S, 60�2302000W and 12 m asl. The
location of the base is shown in figure 2. Its location, close to the Antarctic Peninsula, covers
a gap in the global distribution of neutron monitors as can be seen in figure 1. LARC neutron
monitor [3] was operative at King George Island, 134 km apart from Livingston Island (figure 2),
covering such gap in the neutron monitor global network but it is switched off nowadays. Close to
the scientific module in BAE Juan Carlos I, in a thermally isolated container, the Antarctic Cosmic
Ray Observatory (ORCA) was installed at the beginning of January 2019 (black container in figure
3).

Figure 2: Map of location of Juan Carlos I Span-
ish Base from [4].

Figure 3: ORCA container and scientific mod-
ule BAE Juan Carlos I.

2. Antarctic Cosmic Ray Observatory (ORCA)

The Antarctic Cosmic Ray observatory, ORCA, is a multi-detector (figure 4) devoted to the
observation of secondary cosmic rays located at 62�3904600S, 60�2302000W , 12 m asl and a vertical
cut-off rigidity of 3.52 GV. It was installed at the Base after a latitudinal survey of 48 days from
Vigo (Spain) to Juan Carlos I [5].

ORCA, in is current configuration, is a direct heritage of CaLMa, the Castilla-La Mancha
neutron monitor located at Guadalajara (Spain) at 40�380N, 3�90W and 708 m above sea level [6].
It is built by a module devoted to measure neutrons (NEMO) and a muon telescope (MITO) [7]
devoted to measure muons. Both modules are stacked in a common structure (figure 5). With
NEMO and MITO a meteorologic station (Vaisala PTU300 Combined Pressure, Humidity and
Temperature Transmitter) provides measurements of pressure, temperature and relative humidity.
Data is stored in a common NAS hard drive system. NEMO, MITO and SAS are accessible via
wifi and can be administered remotely. Although ORCA is connected to the Juan Carlos I power
net, it also has a green power supply system composed by a set of solar panels and batteries.

ORCA started its operation on 20 January 2019 and stopped on 23 March 2019 one week after
the station was closed, probably caused by the lack of power supply confirming that the system
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1. Introduction

A neutron monitor is a ground-based instrument designed to measure secondary neutrons pro-
duced by the interaction of cosmic rays and solar energetic particles with the atmospheric molecules
[1]. Its geomagnetic location sets the energy threshold for the primary cosmic rays to be able to
produce observable secondary particles at its location. A global distribution of neutron monitors
transforms the Earth in a spectrometer, i.e. a detector of cosmic rays that allows to estimate the
spectrum of energy of the cosmic ray flux arriving to the Earth. Particles that are monitoring by
neutron monitor, around some GeV, are strongly affected by the solar activity. This makes the neu-
tron monitor network a global detector able to study the solar activity over a wide range of cutoff
rigidities.

The Neutron Monitor Database (NMDB) is a joint effort to build, populate and maintain a
centralized database of high resolution data from neutron monitor stations of all over the world
[2]. This initiative was funded by the Seventh Framework Programme (FP7) of the European
Commission, as a e-Infrastructure project of the Capacities Programme. The main goals are:

• Upgrade stations (acquisition systems) to they could provide real-time, high-resolution data.

• Build a centralized database with distributed database mirrors.

• Populate the database with the historical data available.

• Develop application and access tools.

• Provide public outreach information.

Figure 1: Neutron monitor global network.

Neutron monitors are not uniformly distributed around the World. The stations are concen-
trated mostly on the Northern hemisphere and Antarctica. Each neutron monitor is characterized
by its altitude above sea level (asl) and vertical cut-off rigidity. The network follows the next con-
cept; the more rigidity is covered, the more sensitive the neutron monitor network is to cosmic
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• New high energy and multi-spacecraft SEP data, 
and g-ray data key to unsolved questions on solar 
particle acceleration

• Modulation models of increased sophistication –
work in progress on links to microphysics and 
predictive capability 

• Significant progress on understanding past 
behaviour over Myrs

• Parker Solar Probe and IMAP will provide key new 
data

To soConclusion



Looking forward to hearing about 
the results in Berlin!!!

Thank you!


