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NM data vs. GCR modulation
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Force-field approximation

Under some (over)simplifying assumptions,
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Analytical solution in the form of characteristic curves can be obtained
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Fit of the data
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Fit by x2 in the range 1-30 GeV (n=42), which is the ; T

effective range of NM response.



Distribution of x?,, ..

Number per bin

- —> too conservative errors?




New PAMELA data: 2006 - 2014

Count rate (Hz)
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PAMELA data 2010-2014
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Martucci et al., Astrophys. J. Lett., 854, L2, 2018
Also at ASDC database tools.asdc.asi.it/CosmicRays/



PAMELA-based ¢
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NM yield functions
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PAMELA 2006-2009: Good agreement?

300 15 T T T T T T T g T T T T T T T ) T T T
"""""" [ A N DT T T T T T T
2006 2007 2008 2009 2010 27 Eg:\ggrl;?
Years 144 a0 Us2011 | ]
O ——Us2017 | ;
=
8 4
g 137
o
c
3
O 124
=
Z
E 4
> 114
O i
10

N e
400 600 800 1000 1200
¢ (MV) 10




Comparison with NM
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PAMELA vs. Oulu NM
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PAMELA vs. Kerguelen NM

Kerguelen

1/N (sec)

13



PAMELA vs. Inuvik NM
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Discrepancy

There is a discrepancy (small, <100 MV, but systematic) between the energy spectra of
GCR protons measured in space and those reconstructed from ground-based NM data.

Both used yield-function models disagree with the data, but the results based on Mil3 lie
closer to the experimental data than those based on Mal6.

REASON?

1) Possible degradation of the PAMELA sensitivity with time, thus overestimated modulation
potential during the late years: BUT the spectral shape is not distorted, and the discrepancy
IS consistent with independent balloon-borne data - unlikely

2) Incorrect yield function of NM: overestimate of the low-energy part or underestimate of the
high-energy talil

3) Alphas do not behave as we expect.

We cannot distinqgusih now =2 more data nheeded (AMS?)
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Summary

GCR proton spectra measured by PAMELA are well parameterized by the
force-field model in the range 350—750 MV for the LIS by Vos & Potgeiter (2015).

The obtained ¢@-values are in agreement with those calculated from NM data
(Usoskin et al., 2017) for low solar activity 2006-2012, but diverge during the
maximum of solar cycle 24 around 2013-2014.

The empirical relation between the modulation potential and the (inverted) NM
count rate is steeper than the modelled one. The discrepancy is small (<~10%) but
systematic. Results based on the NM yield function by Mishev et al. (2013) lie
closer to the data points than those based on the results by Mangeard et al. (2016).

The reason for the discrepancy is unclear. We speculate that a likely reason is a
possible underestimate of the NM yield function in the high energy range. More
Investigation is needed with the use of an independent dataset > GCR spectra
measured by the AMS experiment.







