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1. Project description 

The Physikalisches Institut at the University of Bern, Switzerland, 
operates two standardized neutron monitors (NM) at Jungfraujoch: 
an 18-IGY NM (since 1958) and a 3-NM64 NM (since 1986). NMs 
provide key information about the interactions of galactic cosmic 
radiation (GCR) with the plasma and the magnetic fields in the 
heliosphere and about the production of energetic CRs at or near 
the Sun (solar cosmic rays, SCR), as well as about geomagnetic, 
atmospheric, and environmental effects. The NMs at Jungfraujoch 
are part of a worldwide network of standardized CR detectors. By 
using the Earth's magnetic field as a giant spectrometer, this 
network determines the energy dependence of primary CR 
intensity variations near Earth in the energy range ~500 MeV to 
~20GeV. Thereby, NMs ideally complement space observations 
which mainly cover the energy range below the range of NMs. 

Furthermore, the high altitude of Jungfraujoch provides a good 
response to solar protons ≥3.6 GeV and to solar neutrons with 
energies as low as ~250 MeV. NMs also play an important role in 
the space weather domain. 

In 2020, operation of the two NMs at Jungfraujoch was pursued 
without major problems. The recordings of the NM measurements 
are published in near real-time in the neutron monitor database 
NMDB (http://www.nmdb.eu). Figure 1 shows the relative monthly 
count rates of the IGY neutron monitor at Jungfraujoch (lower 
panel) since it was put into operation in 1958. The GCR are always 
present, and their intensity shows an 11-year variation in anti-
correlation with the solar activity characterized by the smoothed 
sunspot number plotted in the upper panel of Figure 1. 

In September 2020 an international group of experts co-sponsored 
by NASA and the National Oceanic and Atmospheric Administration 
(NOAA) informed that the solar activity minimum occurred in 
December 2019 with again very low sunspot number. The 13-
month smoothed monthly total sunspot number for the sunspot 
minima since 1940 are listed in Table 1. The sunspot minimum in 
December 2019 marks also the beginning of solar activity cycle 25. 
The duration of solar cycle 24 lasted 11.0 years which corresponds 
to the average duration of solar cycles.  

 

 

Figure 1. Smoothed monthly total sunspot numbers (Source: WDC-
SILSO, Royal Observatory of Belgium, Brussels 
(www.sidc.be/silso/datafiles), top panel), relative pressure 
corrected monthly average counting rates of IGY neutron monitor 
at Jungfraujoch (bottom panel) for the years 1958-2020. The 
neutron monitor count rate is expressed in relative units with 
respect to May 1965.  

 
Table 1. 13-month smoothed monthly sunspot number during the 
sunspot minima since 1944. 

Year-Month Sunspot number 

1944-02 12.9 

1954-04 5.1 

1964-10 14.3 

1976-03 17.8 

1986-09 13.5 

1996-08 11.2 

2008-12 2.2 

2019-12 1.8 
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From the data of the IGY NM, it seems that in addition to the ~11 
year cycle the galactic cosmic ray intensity near Earth during the 
current solar activity minimum is lower and the course of the NM 
counting rate shows a flat maximum compared to the maximum 
during the last solar activity minimum in autumn 2009. I.e. in 
addition to the ~11 year cosmic ray variation in antiphase to solar 
activity, there is also a ∼22 year variation. This effect is most 
probably related to the reversal of the polarity of the solar 
magnetic field every ~11 years, i.e. a periodicity of ~22 years. 

When the solar magnetic field is pointing towards the Sun in the 
northern hemisphere (negative polarity of solar magnetic field), the 
time profiles of NM count rates are peaked (around 1965, 1986, 
2010), whereas the maximum NM count rates are more flat during 
epoch with opposite solar magnetic polarity (in the 1970s, 1990s 
and during the current solar activity minimum). Cosmic ray particles 
entering into the inner heliosphere arrive more from polar regions 
during times with positive polarity and more along equatorial 
regions when the polarity of the solar magnetic field is reversed. 
Particles arriving along the equatorial region are more sensitive to 
the latitudinal change of the tilt angle of the neutral current sheet 
and as consequence the maximum cosmic ray intensity near Earth 
is peaked around those activity minima. In contrast, the cosmic ray 
intensity maxima around solar activity minima with the opposite 
solar magnetic field polarity result in more flat maxima as the 
access of particles through polar regions is not strongly affected by 
changes of the current sheet. 

The data taking system used at the two NM stations at Jungfraujoch 
were introduced more than 30 years ago. During the last years, 
more and more problems to maintain this system showed up as 

some spare parts are no longer available. During the NMDB project 
(founded under the European Union's FP7 programme (contract 
no. 213007)) in 2008/09, the Spanish partners developed a new 
data taking system. Unfortunately, the system is not sufficiently 
documented in the delivery report and the person, who mainly 
designed the electronics of the new system, left the Spanish cosmic 
ray group soon after the official end of the NMDB project. Some 
time ago our colleagues from the cosmic ray group at the Christian-
Albrechts University of Kiel decided to develop a new data taking 
system themselves and offered to produce these systems also for 
the Swiss neutron monitor stations. A first test device was put in 
operation in late 2018 at the NM station on the roof of the Institut 
für Exakte Wissenschaften at the University of Bern. In October 
2020 Stephan Böttcher from the University of Kiel integrated the 
new data taking system in the IGY NM on the roof of the Sphinx 
building at Jungfraujoch. Since October 2020 the new system 
operates in parallel with the old data taking system. It is now a 
matter of ensuring that the trigger voltage settings in the new 
system are set optimally so that the count rates of both systems go 
in parallel. When the correct trigger levels are found, the correction 
factors for efficiency for each of the three counter tubes sections 
must be adapted that the count rate of the new data taking system 
is equal to the count rate of the old data taking system. Afterwards 
the old system can be definitely relieved by the new data taking 
system. This should be the case in 2021. 
The dosimetric measurements with a GammaTracer device inside 
the detector housing of the NM64 neutron monitor were continued 
in 2020. 

 

Internet data bases 

http://cosray.unibe.ch  
http://www.nmdb.eu 

Collaborating partners / networks 

European FP7 Project Real-Time Database for High Resolution Neutron 
Monitor Measurements (NMDB): http://www.nmdb.eu 
Robert Wimmer-Schweingruber, Bernd Heber, Christian Steigies, Stephan 
Böttcher, Extraterrestrial Physics Department of the Institute for 
Experimental and Applied Physics of the Christian-Albrechts University of 
Kiel, Germany 
Vladimir Mares, Thomas Brall, Werner Rühm, Helmholtz Zentrum München, 
85764 Neuherberg, Germany 

Scientific publiations and public outreach 2020 

Refereed journal articles and their internet access 
Mares, V., T. Brall, R. Bütikofer, W. Rühm, Influence of environmental 
parameters on secondary cosmic ray neutrons at high-altitude research 
stations at Jungfraujoch, Switzerland, and Zugspitze, Germany, Radiation 
Physics and Chemistry, 168, doi: 10.1016/j.radphyschem.2019.108557, 
2020. 
https://www.sciencedirect.com/science/article/pii/S0969806X19309776?v
ia%3Dihub 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Conference Papers 
Bütikofer, R., Why Cosmic Ray Monitoring at High Altitude?, 5th VAO 
Symposium, Bern, Switzerland, February 4-6, 2020. 
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