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Interaction of primary cosmic
radiation with the atmosphere
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For example: neutron fluence rate as a
function of altitude (Roesler et al.)
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* Neutrons and protons dominate dose at flight altitu des

* Neutrons dominate dose at 3.000 m
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Rule of thumb:
5nBv/ hr at 10 km

For details see for example: www.gsf.de/epcard/
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* What about cosmic ray measurements ?
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* Zugspitze mountain (2.963 m)

* Environmental Research Station ,Schneefernerhaus” (UFS):

* Altitude 2.650 m
* latitude 47°25'N, longitude 10°58.9'E

« Vertical cutoff rigidity: 4.1 GV (for early 2008) > Measurement of neutrons!
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Since November 2005

Routine measurments in instrument shed with slant roof (slope 649
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Bonner Spheres Spectrometer (BSS)

« 16 3He-detectors: 3He(n,p)3H

* Altogether 15 moderator-spheres

* pure polyethylene (PE) spheres:
2.5 -15inches

» PE+Pb-spheres:
9.1(0.5™), 9.2(1")
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Two operating modes possible

e Neutron monitor mode

* look at the (relative) count rates of the detectors as a function of time

* look at the total (relative) count rates of all detectors as a function of time

« Neutron spectrometer mode

 unfold the neutron spectra as a function of time
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Neutron monitor mode - Examples

 Measurements 2005 — 2007, Schneefernerhaus

Relative countrate of bare detector, detector
in 5 inch sphere, and sum of all detectors
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Forbush decrease on 16 July 2005

» Added count rates (normalised) from all detectors of BSS
e comparison with neutron monitor data of Lomnicky Stit, Slovakia,
» and Jungfraujoch, Switzerland
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Neutron spectrometer mode - Examples

Typical, unfolded neutron spectrum (6 hours mean)
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Neutron spectra in August/September 2007
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Other instruments operating on Schneefernerhaus

« REM counters without lead:
Measurement of dose due to
low-energy neutrons

 REM counter with lead:
Measurement of dose including
high-energy neutrons

* NaJ-detector:
measurement of photon energy spectrum

 Szintillation counter:
measurement of gamma-ray dose rate
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Example: Comparison of REM(Pb) counter neutron dose rate
and BSS neutron dose rate
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Example: Comparison of BSS spectra with physics used in EPCARD

* identification of parameters that change shape of neutron spectra

 simulation of adjacent surroundings by means of MC calculations (MCNPX)
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Model of instrumental shed — Neutron spectrum at altitude 2.6 km (Roesler et al)

simple cone geometry - Same calculations (FLUKA) as used for EPCARD




Influence of water (snow) shield on
the roof of lab
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Conclusion

* Primary cosmic radiation produces a complicated field of secondary particles,
in the atmosphere

* Neutrons are major contributor to effective dose

« Continuous measurements of neutrons are being performed at 2.650 m

 Allow a) quantification of relative neutron intensity (neutron monitor mode)

 Allow b) quantification of absolute neutron energy spectrum (neutron spectrometer mode)

» Continuous monitoring of secondary neutrons from co smic radiation at
mountain altitudes complement our EPCARD calculatio ns




