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AMS-02 EPHIN
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500 x 400 x 300 cm® | 35 x 33 x 19 cm?
10 Mbit/sec 172 bit/sec
4500 cm? sr 4.5 cm? sr
~ 0.4 - 1000 GeV 5 - 50 MeV
ISS L1
May 2011 Dec 1995

AMS-02: Kountine, 2012; Bindi, 2015
EPHIN: Miiller-Mellin et al., 1995
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required information:
» particle identification
/ i » total energy
3

available information:

» energy losses in all detectors

approach:

» GEANT4 Monte Carlo simulation

Patrick Kiihl et al. - University of Kiel

] = =
SEP events with Protons above 500 MeV - EPHIN

(PN G4
Apr 25th, 2017 8



Motivation SOHO / EPHIN High Energy Spectra

May 17th, 2012

GCR Spectra

500 MeV SEPs

Conclusions

» forward penetrating
particles

» backward penetrating
particles

Patrick Kiihl et al. - University of Kiel

[m]

SEP events with Protons above 500 MeV - EPHIN

=

DA
Apr 25th, 2017

9



Motivation SOHO / EPHIN High Energy Spectra May 17th, 2012 GCR Spectra 500 MeV SEPs Conclusions
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» artificial energy-loss
histogram
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GLE 71, May 17th, 2012
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possible electron contamination above 800 MeV
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Solar Modulation - Annual Spectra
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» annual GCR proton spectra from 250 MeV up to 1.6 GeV
» systematic uncertancies estimated with the FFS: below 20%

» statistical errors are in the order of ~ 10%, 2% and 0.5% (for a
given day, month/CR, year)
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Identification of SEP events

10*} — 1995-2015|/
» --. 2000
3
210°F  dmarn I e 2004
= 2008
5 10%E
o)
€
2 10t}

10° .1 ‘

10° 10* 10° 107

Intensity [(cm? s sr MeV)™!]

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

v v vy

higher intensities: SEP candidates
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Intensity [(cm? s sr MeV)™!]

- "' [— 500700 Mev
1998 2002 2006 2010 2014

42 events with proton energies above 500 MeV

32 events in solar cycle 23; 10 events in solar cycle 24
sanity check: GLEs 55 to 71 have been found
exception: GLE 58 (datagap)

vV v.vyvYy
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Event N2 06.11.1997 13:15-15:15 UT
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» 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)

Patrick Kiihl et al. - University of Kiel SEP events with Protons above 500 MeV - EPHIN Apr 25th, 2017 21



Motivation SOHO / EPHIN High Energy Spectra May 17th, 2012 GCR Spectra 500 MeV SEPs Conclusions

— GLE
--- non-GLE

e

-
x
S 2.5 @.
=
= @
E.ge 0
5 -3,
9] 10 18
N N -
& ) ] GLE s
-4.0 O non-GLE|{ ="~
10° 10° 102 107 012345

Intensity of 500 MeV protons [(cm? s sr MeV) '] events

» GLE intensities: above 2:1073 (cm? s sr MeV)~! (Nitta et al. 2012)
» GLE spectral indices: between -2 and -3 (Mewaldt et al. 2012)

» Why is event 5 (GLE 57, May 5th, 1998) a GLE?
Why is event 8 (Nov 9th, 2000) not a GLE? (Thakur et al. 2016)
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» 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?
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Solar Modulation - error estimation
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< 160 MeV : Helium MIPs contribution

160 - 250 MeV : backward protons contribution

250 MeV - 1.6 GeV : systematic uncertancies below 20%

> 1.6 GeV : energy loss converges (proton MIPs), electrons

vvyyy

> statistical errors are in the order of ~ 10%, 2% and 0.5%
(for a given day, month/CR, year)
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. He73H EPHIN und C12 CRIS (183.1 — 198.7 Mev/n)
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183 - 198 MeV /nuc Carbon (ACE/CRISS, black) and backward Helium (SOHO/EPHIN, red) [Labrenz 2014, priv. comm.]
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