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S Outline

e STEREO-IMPACT/SEPT
e The period March 2007 — February 2008
» CIR-associated ion increases

— Backmapping = Connecting remote and in-situ multi-spacecratft
observations

— Comparison of observations from different s/c
» Spatial variations (radial, latitudinal)

e Temporal variations — Possible sources:
— CIR-ICME interaction
— Coronal Hole evolution

— General properties of the spectra

 Magnetospheric particles (“upstream” events)

— Brief summary of observations

Papers submitted & under review: Klasen et al (AnGeo), Dresing et al (SolPhys), Gomez-Herrero et al, (JGR)
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Active area 53 mm2 center, 58 mm2 ring
Diameter 8.2 mm (12 mm ring)
Detector resolution: 7 kev (manufacturer value)
Onboard linear bins 25 kev, reduced beyond 100 kev because telemetry logaritmic bin grouping
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8 Telescopes per s/c: 2xNorth, 2xSouth, 2xSun (along IMF), 2xAnti-Sun (along IMF)
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SteReo Selected period: March 2007 — February 2008
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« Very low solar activity period
— Few flares, CMEs and SEP events
- Suitable for CIR & upstream ions
e Spatial coverage:
— Radial separation 0.03-0.13 AU
— Latitudinal separation 0-5.7 deg
— Longitudinal separation 1-46 deg

 |IMPACT Instruments fully operational,
PLASTIC data available

 Recurrent fast solar wind streams
associated to coronal holes are clearly
visible and show progressive delay

 Low energy ions (351-496 keV) show
similar pattern (recurrence + delay)

e CIRs are the main source of ion
increases < 10 MeV

CIR shock list from MAG team: http://www-ssc.igpp.ucla.edu/forms/stereo/stereo_level_3.html
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~= Typical observational characteristics of CIR-associated ion events

Wi

* No velocity dispersion
» Slow rise/decay (hours)

» Not correlated with solar activity
(flares/CMES)

e Correlated with fast SW streams
e |ons <10-20 MeV

* No relativistic (>500 keV)
electrons

e Intensity maxima around CIR-
shocks (if present at 1 AU)

» Positive radial gradient
» Azimuthal delay (co-rotation)
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ey Co-rotation delay during CIR-associated particle increases
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= Ballistic Backmapping

The progressive delay A-B is consistent with the corotating nature of the
events. Overall reconstruction is possible using Ballistic backmapping:
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Overview of Backmapped In-situ data

Lt

. _Backmapping allows direct
comparison with PFSS coronal
maps from GONG
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Time scale normal-reversed synoptic maps
Color patches: fotospheric footprints of coronal holes
POLARITIES: green positive, red negative, gray: closed lines, black line: hcs
Differences in backmapped profiles tend to be more pronounced for particles than for SW, (influenced by changes beyond the observer?)
Events with question mark-high energy events with hard spectrumconnection to a very distant CIR? Adiabatic cooling removes low energy part of spec
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STERE Radial Gradient
 Ratio between max intensities

at 1.2-2.2 MeV (1h-avg)
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 Remarkable exception:
Feb 2008 event (CR 2066.59)
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ULY--cyan 2059 only STA. Blue Both Stereo. Too low value because of helium content in STB for that period
Van Hollebeke value is 350%/AU plus minus 150 %/AU
Only events with significant increase above backg are included here
May events with SEP excluded



m%‘» Radial Gradient - February 9-14, 2008 CIR
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* Progressive decrease in the intensities ST-B->ACE->ST-A

« Maximum flux at STEREO B in coincidence with the reverse shock, already
formed at 1 AU. The shock is not present for ACE and ST-A

« Small radial separation (0.03 AU) but intensity difference reaches factor 10
« Source coronal hole ~stable during the co-rotation
» Possible latitudinal effect (ABg,<3°) - STEREO-B enters in the stream >10° |ater
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27 Possible influence of transients: February 9-14, 2008 CIR

STEREQ :
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 The sudden disappearance of
RS suggest additional causes

 Detailed examination of the
solar wind data reveals
possible IP ejecta moving
radially before the CIR

BD Suprathermal electrons
ACE/ST-B coincident profile

Partial rotation of IMF,
enhanced |B|

Candidate halo CME on Feb
4. 9:54, west from the
coronal hole

« Additional compression when
CIR overtakes ICME could
explain the quick CIR
evolution

| STEREO/SEPT CIR ion events (March 2007 - February 2008)

10/17


http://swepam-pub.lanl.gov/plots/ele/stea/pitchang_2x1/1day/2008/2008-039-00.whitebg.png

()

o> Possible influence of transients: Nov 20-21, 2007 CIR
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Forward shock Stereo B, 19 nov 13:49
Forward shock in stereo A 20 nov 23:50. 
Radial, lat sep=0.07 au, 5 deg , 


e Coronal Hole evolution — Sept 2007 Event

 Small low energy event associated with a weak and narrow stream
originating in small near-equatorial CH.

* Negative radial gradient
« PFSS model and EUVI images show significant coronal hole evolution
« Latitudinal effect could also contribute (but A6g, only 0.5°)
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= General properties of the ion spectrum during CIRs

STEF&EO i
) A 110-390 keV B 110-390 keV
* 4-h accumulated spectra during CIRs <P =-1.59+0.03 <P =-1.75+0.04
) 100 100
» Factor 2 above background required
50 50
« Power law fits over three energy j_
ranges R T s 2 a0
. A 220-876 keV B 220-876 keV
y Spectra steepens with energy <y>=-2.02 +0.03 <y>=-2.02 +0.03

e Spectral indices comparable with the
observations by Mason et al. (2008)

o Similar results for STEREO A and B,
Wider range of variation at low
energies

4 3 2 4 0 4 -3 2 -1 0

A 623-2224 keV B 623-2224 keV
<y>=-2.69 +0.02 <y>=-2.68 +0.02

100

Number of 4-hour intervals (Non-QT periods)

* Residual magnetospheric contribution
at E<500 keV (steep spectrum) “

4 3 2 a4 0

Spectral Index
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> Magnetospheric contributions (“Upstream Events”)
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STEREO Magnetospheric Events

e Short duration (<2 hour, typically
tens of minutes)

» Steep spectrum (typical y ~ -4 to -5)

* No obvious differences in the
typical spectra observed by
STEREO B and STEREO A,

despite the different connection
areas

* Highly anisotropic
» Spiked time profile

 Protons and electrons are
sometimes observed
simultaneously

* Most of the events show no velocity
dispersion
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Magnetospheric Events

Short duration (<2 hour, typically
tens of minutes)

Steep spectrum (typical y ~ -4 to -5)
No obvious differences in the
typical spectra observed by
STEREO B and STEREO A,

despite the different connection
areas

Highly anisotropic
Spiked time profile
Protons and electrons are

sometimes observed
simultaneously

Most of the events show no velocity
dispersion
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v Upstream Events with velocity dispersion
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« The period March 2007-February 2008 is characterized by very low solar activity. CIRs are the
dominant source of 70 keV-6.5 MeV ions

« Ballistic backmapping offers a rough explanation of the time delays for both, particles and solar
wind data. It is also a valuable tool for the correlation of in-situ and remote observations

 The major sources of disagreement in the backmapped profiles are:
— Latitudinal separation (important near the stream boundaries)
— Coronal hole evolution
— Evolution of the stream in the interplanetary medium

 The radial gradient between STEREO A and B can be appreciated over radial separations <0.15
AU. However the dispersion is very large. Latitudinal effects play an important role

 Observations suggest that ICME-CIR interactions can act as triggers of transient changes in the
CIRs.

 The spectral slope varies from ~-1.5 at ~200 keV to ~-2.7 at ~1 MeV. STEREO A and B measure
comparable spectral shapes, deviations are more important in the lower energy part of the
spectrum.

 When the s/c are close to the Earth, magnetospheric ion bursts can contribute significantly to the
lower energy part of the spectrum during CIRs. General characteristic of these events include

— Short duration

— High anisotropy

— Steep spectrum

— Spiked profile

— No velocity dispersion (in most of the cases)
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Additional slides
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(Old slides)
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steveo ) Corotating Interaction Regions

e Coronal holes = High speed solar wind streams - Compression regions
In the IP medium

 Radial evolution = eventually forward-reverse shock pairs bounding a
co-rotating interaction region (CIR) are formed (typically beyond 2 AU)

 CIR-associated shocks - Particle acceleration (up to 10-20 Mev ions
and hundreds of keV electrons)

e Stream Interface: sharp boundary separating fast and slow wind within a
CIR, = characteristic in-situ signatures (density drop, temperature rise,
flow shear, compositional differences...)

i ryland soho/celias/mtof/PM — CarRot 1985
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Compression regions are formed in the interplanetary medium when high-speed tenuous solar wind streams originating from coronal holes overtake and compress the preceding slow and denser wind
These compression regions evolve with increasing radial distance and eventually forward-reverse shock pairs bounding a co-rotating interaction region (CIR) are formed
CIR-associated shocks are able to accelerate particles. Normally CIR-accelerated ions observed near 1 AU do not reach > 10-15 MeV/n
Within a CIR, the sharp boundary separating fast and slow wind is called stream interface, showing characteristic in-situ signatures (density drop, temperature rise, flow shear,…)


STEREO Orbit

Launched on Oct 25, 2006

SEPT B and A switched-on on
Nov. 13 and 14, 2006

Separation after lunar swingby
S1 on Dec. 15, 2006

SEPT-A doors opened on Dec.
14, 2006

SEPT-B doors opened on Jan.
16, 2007
Final orbit:

— Near ecliptic, following Earth
(0.95-1.09 AU)

— Growing azimuthal separation
22°lyear

— Heliographic latitude from
-7.3 to +7.3 degrees

Mission Timeline

Lunar Orbit

Ahead @ +22°/year
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