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Goals: identify SEPs in
data, connect to
drivers, identify

characteristics of
SEPs
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radiation: hard to predict

Galactic Cosmic Radiation

DeEP space dan gers (another source)

Mars explorers will need protection from galactic cosmic radiation, which researchers say would plow into cells like molecular artillery.

Galactic Cosmic Radiation
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Solar Particle Events

£ \ Consist mainly of particles ejected by the sun, although spaceborne atoms can be swept up, too.
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Sources: NASA SOHO solar observatory, NASA Hubble and Chandra images Graphic by John Bretschneider




Energetic charged particles (such as electrons
protons and other heavy 10ns) traveling much
faster than ambient particles in the space plasma,
at a fraction of the speed of light (relativistic!).

They can travel from the Sun to the Earth in one
hour or less!

The term “SEP” usually refers to protons.



Radiation hazards for spacecraft, '
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&~ SEPs: ion radiation storms

Potentially affect everywhere in the solar system




Magnetic fields guide SEPs

Charged particle motion™ 1s confined
by the magnetic field.
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Magnetic fields guide SEPs/
magnetic connectivity

Charged particle motion™ 1s confined
by the magnetic field.

2013-06-02T712:00 2013-05-10T18 +22.73 days
O Earth ® Mars © Mercury @ Venus BJure O Spitzer o.A W Stereo B

Ecliptic Plonqw Oo:lﬁﬂ el
18 .t ./ -

This means that the LA E
source is very important. ..\

v Y - it ot
v ,. D A {5
10 - = A
= (S
a e
9 -
90s
Ve (ken/c) DT o — 7 UWE poarity Currant sheath 30 IMF tine
200 v

580 @00 1250 1600 o _— e e em—-—
TNUL-2.7 owres—2137- 03011 WEAVI.D GONG-2137

*1n a substantially strong B



Charged particle motion™ 1s confined
by the magnetic field.
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Charged particle motion* is confined -2l
by the magnetic field.
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CMEs Can Widen Longitudinal
Extent of SEP Events

p—

Magnetic field lines

are the road for
charged particles




CMEs Can Widen Longitudinal
Extent of SEP Events




How Do We Monitor SEP Levels?

(1 pfu = 1 particle flux unit= 1/
cm”2/sec/sr)

Track the particle flux at different locations.
Flux units: pfu, pfu/MeV

 Heliosphere with STEREO In-situ Measurements of Particles
and CME Transients (IMPACT)

» Differential energy band; Units measured, some energy
ranges are:

» Upstream of Earth with SOHO/COSTEP
 Units measured, some energy ranges are:
» Geostationary Orbit with GOES

» Integral flux, Units measured, some energy ranges are: pfu
particle flux unit

Another useful quantity:
Fluence = flux integrated over the entire event.
Important for biological effects (flights)




O
SEP Intensity

Event magnitudes:
> 10 MeV/nucleon integral
fluence: can exceed 10° cm
> 10 MeV/nucleon peak flux: can
exceed 10° cm=2s




Flare peaked at 01:47 UT
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How do we define an SEP Event?

SWRC: SEP event detections are defined as:

GOLS Proton E > 10 MeV channel > 10 pfu
GOLS Proton E > 100 MeV channel > 1 pfu
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How Do We Quantify an SEP Event?

NOAA Space Weather Scale for Solar Radiation Storms
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N
Q Human Satety in Space 6:‘

. GCR
. SEP

Johnson Space Center/Space Radiation
Analysis Group (SRAQG)

Limit: the > 100 MeV flux exceeding 1pfu
(1 pfu = 1 particle flux unit= 1/cm”2/sec/sr)

- All clear (EVA —extravehicular activity)
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Uses detection of high
energy *electrons™ to

predict arrival of high
energy *protons™

Data source: SOHO
COSTEP
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Solarscape/magnetic connectivity

C3.7 class flare
AR 11577
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@ How Often Do SEP Events Occur? @e?

SEP event detections in the near-Earth environment
(GOES 13, Proton E > 10 MeV channel)

2007-2009: Zero Events - Solar Minimum Indeed!

Total Events
1 2013 (Jan-May
| 2012 Since March 2011
- STEREO B: 11

i 2010

0 5 10 15
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Recognizing profile shapes of SEP flux and
associating it with the source/driver



Impulsive: The “peak at the beginning due to flare, fall
off” — indicates how well connected you are to the source
(timing)




Gradual: The “jump up from flare, slow rise

Then peak when the ICME passes the spacecraft”
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The “slow rise then peak, (slow rise can let you
know that you are not well connected
ICME doesn’t hit spacecratft so falls off”
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The “multiple event weirdness”
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Example where is reaches one spacecraft, then later another...

www.helioviewer.org @

July 23 flare as seen in
STEREO A EUVI 195

iSWA Custom Timeline Cygnet
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Increase of more than 5 orders of
magnitude at STEREO A

SEP event also detected by GOES,
and later enhancement seen at
STEREO B (possibly due to IPS)
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A subset of SEP events, a GLE
event occurs when extremely high
energy protons (>500 MeV/nuc)
penetrate the Earth’s atmosphere.
Collisions with atoms generate
secondary particles that are
measured at neutron monitoring
(NM) stations on the ground.

Neutron Monitoring Station
in Oulu, Finland

Enhancement to
~125

Background ~105
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What causes strongest SEP events?
Or, how do the drivers relate to the SEP Flux?

Difficult to distinguish GLE _
Table | GLE ovents and assocated flares and CMES (adopead from Gopadowamy ot & 2010)
from traditional SEP events: oL - ou
COmact Max oS
- Complexity of Active Region (AR) | = o= Toe' P G Lewe R, W
Most young, more compact TN EEE
- Magnetic connectivity of AR ) Pam s G g Wow) e O
; ! 4 2 3. (1 NS S »
-About ~50% are well connected “ 200007714 1030 23 X$.7 N2VAU) 1674 %0
Ma nitude Of ﬂare &0 010415 1400 %) Xis S2OWRS 1" 167
- 6! 00104/18 23S 13x c22 SOWI16 p ) =0
g 62 20011104 1700 33 Xio NOEW | & 180 350
- Average X3.8, but as low as M7.1 &3 WOV G50 72 M7 NOSWS4 1846 212
- Long duration ol 020024 (N} o N ) X1 SRWK) 1913 »o
. oS 20N 1078 ] 2] 124 Xi1? SIsLIs P21 »o
- L) 20V I 1% LN Xi0 SIEwWd A9 »o
Magnltude Of CME o7 0V 17% 0 Xsa SIsws 29 »o
-Range of speeds (~2,000 km/s average, o Os0IT?  9a 6 Xk Nuws 3 0
but four events <1,500 km/s) o s w3 s mewn e M
- Seed particles *According 3 e Ouls Newton Mositoe Nitta et al. 2012

No SONO LASCO dats
*Foomn Gopalswasy of @ (20100 There are differcon estananes (soe Grechmew ot ol 2008)

-Known to have harder spectrum
Gopalswamy et al. 2012, Li et al. 2012, Mewaldt et al. 2012

CME-driven shocks are thought to play important role in low (<3R,) corona

- Only imaged in mid-high corona (Ontiveros & Vourlidas 2009)
- Type Il radio bursts
- Multiple CME events — doesn'’t apply for May 17 event



Exceptions to every rule!
September 28, 2012 — whole heliosphere event — C3.7 flare



May 29,2015






STEREO

STEREO SOLAR CONJUNCTION SCHEDULE

2014

2015

2016

Jul g  [Sep [Oa ]Now b« Jan [Feb har ADe [Mby Jun [Jul Sep 0 lNovv b« an i‘eb

Ahead ”

IBehin
Event Ahead Behind
Instrument Off (Spacecraft Test) 6-Jul-2014 29-Sep-14
Nominal Science 15-Jul-2014 6-Oct-2014
HGA on 1% Side Lobe 20-Aug-2014 1-Dec-2014
HGA on 2" Side Lobe 5-Jan-2015 6-Jan-2015
Instrument Off 22-Mar-2015 20-Jan-2015
HGA on 2™ Side Lobe 14-Jul-2015 30-Mar-2015
HGA on 1% Side Lobe 24-Sep-2015 25-Apr-2015
HGA on 2™ Side Lobe (Behind Only) NA 8-Jul-2015
HGA on 1™ Side Lobe (Behind Only) NA 20-Nov-2015
Instrument Recommissioning 31-Dec-2015 5-Jan-2016

14-Nov-2014 : all dates subject to change (SPACECRAFT HEALTH IS PRIORITY ONE)
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SEP: proton radiation

-Both the CME(s) and flare(s) contribute to the SEP enhancel
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SEP Layout

http://bit.ly/alert_SEP_layout



