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Motivation and Outline

Motivation:
— Use AMS2/PAMELA Galactic Cosmic Rays (GCR) proton measurements, to highlight
differences among 3 existing GCR models at < 3 GeV, and > 3 GeV ranges

Outline:
— Brief description of the BO/MSU/DLR GCR models

— Review of historical GCR measurements
— Explain AMS2/PAMELA proton measurements

— Correlate AMS2/PAMELA measurements with the BO/MSU/DLR models
— Highlight regions of exposure importance to astronauts

— Summary/conclusion



Brief Introduction of the BO/MSU/DLR GCR Models
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BO/MSU/DLR GCR Proton Spectra at Free Space

flux, (m2-sr-s-GeV)?

1.0E+04

1.0E+03

——Badhwar-O'Neill (BO14)
1.0E+02
Matthia (DLR)

1.0E+01 —Nymmik (MSU)

05/19/2011-11/26/2013

1.0E+00
1.0E-01
1.0E-02
1.0E-03

AMS?2 capability

1.0E-04

6m 21m 70 m

1.0E-05 1
1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04
E,, GeV



Historical GCR measurements - |
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P.R.L. Paper on AMS2/PAMELA (May 2015)
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AMS2/PAMELA Specifications

AMS?2 (Alpha Magnetic Spectrometer 2)
STS 134
May 19, 2011 — present

PAMELA (Payload for Antimatter Matter Exploration and Light-nuclei Astrophysics)
Host Satellite, Resurs DK1 (Soyuz-FG)
June 15, 2006 - present e

Data coverage: May 2011 - November 2013 (~922 days) 4mm Data coverage: May 2011 - November 2013 (~922 days) ¢

Perigee/Apogee: 341 - 353 km.
Inclination: 51.6° ¢
Period: 91 min.

Perigee/Apogee: 360 - 604 km. (~600 km. circular since 2010)
Inclination: 70° <
Period : 94 min.

Proton E, range: 0.43 - 1800 GeV (1.0 - 1800 GV) - Proton E, range: 0.1 - 1000 GeV (0.6 - 1000 GV)-
SAA data are excluded ===

SEP/SAA data are excluded ¢

t 3
Resurs-DK
Reconnaissance Satellite

6 feet (1.8m)

*Adriani, O., et al. (2011), PAMELA
measurements of cosmic-ray proton and helium

#STS-134/ULF6-AMS, https://ams.nasa.gov, May, 2011 spectra, Science, 332, p: 69-72, Apr. 2011
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Modified AMS2/PAMELA/ATIC-2/BESS-Polar II/CREAM Proton Spectra
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Modified AMS2/PAMELA Proton Spectra
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AMS2/PAMELA Proton Spectra Measurement vs. GCR Models

1.6E+04
1.4E+04
1 2E+04 "AMS2-PAMELA data (922 d)
_ 05/19/2011 - 11/26/2013
[T ]
» 1.0E+04 D é
¢ ¢
™~
é 8.0E+03
S o AMS2*
=~ o PAMELA*
g 6.0E+03 — Badhwar-O'Neill (BO14)
Matthia (DLR)
4.0E+03 — Nymmik (MSU)
2.0E+03
0.0E+00
1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04

E,, GeV

*Aguilar, M., et al. (2015), Precision measurement of the
proton flux in primary cosmic rays from rigidity 1 GV to 1.8
TV with the Alpha Magnetic Spectrometer on the International
Space Station, Physical Review Letters, 114, 171,103




Significance of GCR Radiation Exposure (E) in Each Energy Region
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Summary/Conclusion

» Briefly reviewed 3 GCR models and discussed the differences among them

o Compared GCR model predictions to published AMS2/PAMELA proton
measurements

o Showed that the BO model is closest to the AMS2 measurements in the region
of greatest importance for astronaut exposure (< 3GeV), while the MSU/DLR
models are closest to the PAMELA measurements in this region

o Showed that the BO model under-predicts the AMS2/PAMELA measurements at
higher energies
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