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Galactic Cosmic Rays (GCRs)
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Solar Energetic Particles (SEPs)
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Solar Energetic Particles (SEPs)
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[AMS-02: Kountine, 2012; Bindi, 2015
EPHIN: Miiller-Mellin et al., 1995]
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The Electron Proton Helium INstrument
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required information:

» total energy

==l

» particle species

IIma;

available information:

» energy losses in all detectors

approach:

» GEANT4 Monte Carlo simulation
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e forward penetrating
particles

e backward penetrating
particles
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backward penetrating particles
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» Force Field Solution as approximation of the GCR spectrum
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» 250 MeV - 1.6 GeV : systematic uncertancies below 20%

» statistical errors are in the order of ~ 10%, 2% and 0.5%
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» 42 events with proton energies above 500 MeV

» 32 events in solar cycle 23; 10 events in solar cycle 24

» GLEs 55 to 71 have been found (exception: GLE 58)
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[Kiihl et al. 2016, Solar Physics]

> histogram of the count rates of detector B
» peaks of the distributions: GCR

» higher count rates: SEP events — exclude from analysis
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[Kiihl et al. 2016, Solar Physics]

» annual GCR proton spectra from 250 MeV up to 1.6 GeV

» continuous measurements from 1995 to 2017 (ongoing)

» benchmark for GCR modulation simulations (including drift effects)
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Figure 3a. The 1.2-GV Helium nuclei intensity (units the TILT

same as in Figure 1) with ACE carbon data as a proxy after
2001.7 versus heliospheric current sheet tilt for 11-year
cycle 21 from ~1977 to 1987. Dashed lines are to guide the

eye; their slopes are discussed in the text. Sample dates for
the 52-day average data are shown as are the approximate [Webber et al'y 2005]
times of the solar magnetic field reversal.

Figure 3b. Same as in Figure 3a but for solar 11-year
cycle 22.
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— SOHO/EPHIN e > 8.7 MeV; p,He > 53 MeV/nuc
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[Kiihl et al. 2015, A&A]
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[Kihl et al. 2017, Solar Physics]

hourly intensity of protons from 500 up to 700 MeV
peak between 0.05 and 0.4 (cm? s sr MeV) ™! due to GCR
lower intensities: forbush decreases

higher intensities: SEP candidates
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[Kihl et al. 2017, Solar Physics]
> define onset times (15 min resolution, 100-1000 MeV channel)

» derive spectrum in a two hour interval
(starting 30 minutes after onset due to velocity dispersion)

» fit spectrum below 800 MeV with power-law
(only for 33 events due to statistical limitations)
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[Kiihl et al. 2017,
Solar Physics]
0 Tk 1"

Intensity at 500 MeV [(cm? s sr MeV)™!]
NM count rate from McCracken, Moraal and Shea, 2012
clear correlation (except for lowest intensities)
event 29 (GLE 69, January 2005) is rather extreme
scattering rather large, although spectral indices are similar

asymptotic viewing direction? (Smart, Shea and Fliickinger 2000)
cutoff rigidities due to geomagnetic disturbances? (Danilova 1999)
spectral break at higher energies?

48



Introduction &

Motiv

D

E

F

ation EPHIN Extension of the Measurement Capabilities

single count rates and temp

Temp/C
Ty
~OR0O-ALEUDY

BT TR T e

Ward | T ————r
—JJJMI.IJ ,| .Ji.IJ'l ” | u ll.i“ L ’!U_

1998 2002 2006 2010 2014

Conclusions

49



Introduction & Motivation

Measurement Capabilities GCRs SEP events Conclusions

——0.25-0.70 MeV— 0.67 - 3.00 MeV — 2.64 - 10.40 MeV/

,_.
Ow

-
=)

electrons / (cm® s sr MeV) ™!
=
)

: . . 10’ T
4.3-7.8MeV-— 7.8-25MeV— 25.0 - 53.0 MeV 2 v
H10* 2
J10* %
{10° ¥
-1
9 102 5
4107 <
u {10° £
2
+ + + + 10'4 E
[ 4.3 - 7.8 MeV/nuc 7.8 - 25 MeV/nuc— 25.0 - 53.0 MeV/nuc e

helium / (cm? s sr MeV/nuc) !

integral channel / (cm* s sr)™!

410
{10°
L L L L L 1
14:00 20:00 02:00 08:00 14:00
10 Sep 10 Sep 11 Sep 11 Sep 11 Sep
2017 2017 2017 2017 2017

50



Introduction & Motivation

-
=)

,_.
o

1/ (s srem® MeV/nuc)™

-
=)

EPHIN Extension of the Measurement Capabilities

GCRs SEP events

10.09.2017 15:00-16:00 UT
10.09.2017 16:00-17:00 UT
10.09.2017 17:00-18:00 UT |5
10.09.2017 18:00-19:00 UT
10.09.2017 19:00-20:00 UT
10.09.2017 20:00-21:00 UT |1

-\.\ .&\;si ]
— — .&.
.\.\l
\.
10 0 10°
E / MeV/nuc

Conclusions

51



Transition Radiation Detector
Identify electrons Particles are defined by their TimeffEF“gh{

charge (Z) and energy (E) or momentum (P)

Silicon Tracker

The Charge and Energy (momentum) |
are measured independently by many
detectors |

[Courtesy of the AMS Collaboration]
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