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Particle | Temporal | Spatial Energy Acceleration
Population | scales scales range mechanisms
GCRs continuo | global | GeV --->TeV Diffusive shock
us
ACRs continuo | Global | 10-100 MeV Diffusive shock,
us shock drift, or other?
CIRs 27 days | Large- | keV --->10 Diffusive shock,
scale MeV shock drift, stochastic |:
SEPs o o keV ---> Reconnection,
GeV stochastic, selective
heating, shock
ESPs days extende | keV ---> 100 Diffusive shock,
d MeV shock drift, stochastic
Planetary | continuo local keV ---> Diffusive shock,
bow us MeV shock drift
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Solar cycle dependence

IMP-8 CPME: 28-Year Mission Overview (1973/305 - 2001/297)
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» GCRs/ACRSs/CIRs have | /w
higher intensities during 06 fff’ég’;ﬁev 4% o ..,,/;
solar min. and reduced - | | B

Intensities during solar max arm h M L monthly L
sunspot

= SEPs are more frequent N N number M W
during solar maximum, but | ! | __ —
Cycle 21 | Cycle 22 Cycle 23

also occur during solar o b e Y e
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GCRs are modulated
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Fraction of Incident Galactic Cosmic Rays




GCR effects in Geospace

Solar wind interaction with magnetosphere (at higt
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Anomalous Cosmic Rays

Anomalous
Cosmic
Rays

Interstellar neutrals are ionized, and get convected (“picked-
up”) to the termination shock by the solar wind

Interstellar
Neutral
Gas

En-route they get accelerated by shocks, turbulence etc.

At the termination shock, they get accelerated to 100s of MeV
Pronaadate back into the inner solar svstem measured near




ACRs in Geospace

B Latitude where Anomalous Oxygen will be Observed
* Inside the heliosphere, ACRs also undergo similar g Nork o /A” Paﬂ('f'%s
modulation processes as GCRs | \ 0" only
» Since ACR ions are singly charged they gain access N
to lower latitudes o Anomalous
. ' Oxygen from
= Here they remain trapped and can be observed by AT
. : ; Magnetosphere
polar orbiting satellites like SAMPEX ayes here
(C, Anomalous Cosmic Rays ; Trapped ions (@)
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C®™;7l Corotating Interaction Regions
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= Stronger inside 10 AU
* Bounded by forward-reverse shocks between ~2-5 AU

» Energetic Protons recur ~26 days
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Solar Wind
Speed (km/s)

He flux (particles/s cm’sr MeV/nuc)
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» Shocks typically not yet formed
* Observe particles with sunward anisotropies in
the fast solar wind for several days

= Connection to reverse shock beyond 1 AU



¥/l Solar Energetic Particles - 50’s-70’s
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Solar Flares & CMEs

Release ~10°%2 ergs in energy

Plasma heated to ~10MK « CMEs drive fast shocks in the corona and

Accelerate particles interplanetary medium
= electrons to >100 MeV » Shocks accelerate particles

" jonsto >1 GeV. electrons to >1 MeV (?)

Magnetic energy released in the solar ions to >1 GeV (?)



@l SEPs 70’s - 90’s => Two Class Plcture

 Large Gradual SEP
events accelerated at @

CME-driven shocks ﬁg
e 3He-rich SEP events ,

S

Pallavacini et al (1974)
Kahler et al. (1978)

Mason et al. (1984; 1986)
Cane et al. (1986; 1988; 1991)
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Magnetic Fields Lin®®

Shock

>
)
=
)
L
7
o
=
3
A
)
=~
e
O
—
o

T

NOAA/GOES

FT T T I

E10 CME

@l Double Whammy:SEPs from CME shocks

4.2-8.7 MeV
8.7-14.5 -

. 15-44

39- 82

» 84-200

110-500
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Open

SEP Access to Geospace
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@l Solar Protons up to 1 GeV in the 9/10/17 CME Event

Van Allen Probes/RPS-B Proton Energy Spectrum
From Joe Mazur, Aerospace Corp gy =p

: 100 RPS-B
CME liftoff: 9/10/17 w| -
’16QOUT 10° Protons from CME shock Sept
- Estimated speed: 10-12, 2017
a () B |1081kmis

i Most intense solar proton
event >60 MeV seen during

g galactic
2017/09/10 16:12 the Van Allen Probes mission

cosmic

>61 MeV proton flux
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SEP Geopsace ImpaCtS DURING PCA EVENTS

= |SS Astronauts

» Airline Crew/Passengers
» Spacecraft SEUsS
* Radio communication

Image Credit: M. A. Shea, Geophysics
Directorate, Philips Laboratory
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Issue Time: 2003 Oct 28 2123 UTC
- : : ALERT: Solar Radiation Alert at Flight Alfitudes
DAMAGE ) Conditions Began.: 2003 Oct 28 2113 UTC

Saftellite measurements indicate unusually high levels of ionizir

radiation coming from the Sun. This may lead to excessive



Summary

« MeV protons and ions from a variety of Extremes of the Solar Cycle
heliospheric ion populations can enter the

, ' Solar La Nina Solar El Nino
Earth’s magnetosphere ' : (High Sunspot Number)
* GCRs, ACRs, and CIR-associated particle Simer Siler Flares
events occur during solar minimum Extreme Galactic
.. : Cosmic Rays
conditions, while SEPS/ESPs occur 95 Exireme Solar “Cosmic Rays
rimarily during solar maximum (Energetic Particles)
P y 9 Rapid Accumulation
« Only GCRs and SEP/ESP ions are of ol Sparo ik o
primary Space Weather concern
Sharp Contraction .
« GCRs have low fluxes, are highly ionizing, of the Heliosphere &reme Geomagnelie
can create air showers and secondary
radiation that can affect Earth’s atmosphere  [Etescvidiid Melted Power Grid
pper Atmosphere Transformers - Power
« SEPs have higher fluxes, are a radiation Blackouts
hazard to ISS Astronauts, Airline Total Solar Irradiance _
Changes Solar Wind Streams
Crew/Passengers on polar routes, can Hit Earth

cause single event upsets in spacecraft
systems, and HF radio communication




