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IMPACT Instrument Events Summary

IMPACT triggered a spacecraft power consumption
autonomy rule on 2011-09-19 on Ahead resulting in the
power down of both IMPACT and PLASTIC (see
following slide for details). Recovery proceeded
efficiently by the next day.

The STE-D door on Behind has had an issue with fully
opening (see following slide for details) but STE's
operation has since remained nominal.

SWEA has been functioning nominally.
MAG offsets slowly drifting but manageable.

On 10 Feb 2011 a latch up (likely cosmic-ray induced)
occurred in STB/SEPT NS. The instrument was restored
to normal operation 3 days later.

Large SEP events in 2010 and 2011 permitted final in-
flight calibration of SIT lookup tables, with new uploads
to SIT-A in April 2011 and SIT-B in May 2011.



IMPACT Instrument Events Summary (cont.)

 In June, 2011 the processors in LET-A and LET-B both
crashed during a SEP event. A bug in the online analysis
code was identified, a patch was uploaded, and both
performed flawlessly in recent events >10x as large.

* In June, 2011 it was also discovered that the LET element
resolution was degraded in  “Dynamic Thresholds” mode by
small shifts in the PHA offsets. Software patches were
uploaded to both LETs in October 2011 that corrected for
these shifts.

* In mid 2011 it was discovered that the bit identifying the
HET dynamic threshold mode was not being set in the
Beacon data (Use of this mode was rare until then). This
was corrected by with a minor patch in early 2012.

 All four SEP sensors have since operated nominally



Detall: Sep 19, 2011 SEU/Power Shutdown of
IMPACT and PLASTIC on STA

« On STEREO Ahead, IMPACT experienced a SEU on
Sep 19, 2011, triggering a spacecraft autonomy rule
(#64, when the IDPU/MAG circuit consumes more than 8
watts) which shut off power to the IMPACT and
PLASTIC suites. This same rule was triggered on
STEREO Behind on Jan 8, 2011, and the anomalies
looked very similar. Other SEU’s on both spacecraft
have caused bit flips in memory or latch-ups in the
SWEA and SEPT instruments. IMPACT (and PLASTIC)
fully recovered by Sep 20, and no residual effects were
observed.



Detail: STE-D Door Anomaly on STB

« The STE-D instrument on each spacecraft has a small
door designed to close during thruster firings to keep
contaminants from accumulating on its surface.

o After the momentum dumps on 2011-04-20 and 2011-
11-16, the STE-D door on STEREO Behind did not
register as fully “open.” However, sending a manual
command to open the door resolved the issue in both
Instances.

* Analysis of spacecraft and instrument housekeeping as
well as STE science data indicates that the door did fully
open in each case but was apparently not contacting the
“open” sensor sufficiently. We continue to monitor this
closely.
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IMPACT Data Flow
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Current IMPACT Level 1 Data Status

Instrument | 15t Date (A) 1st Date (B) |Last Date

MAG 2006 Nov 2 |2006 Nov 2 |2011 Dec 31
SWEA 2006 Oct 28 |2006 Oct 28 |2012 Jan 31
STE 2006 Oct 28 2006 Oct28 |2012 Jan 31
LET 2006 Nov 14 |2006 Nov 13 |2011 Oct 31
SEPT 2006 Dec 12 |2006 Dec 12 |2011 Oct 31
SIT 2007 Mar 15 |2007 Mar 15 | 2011 Oct 31
HET 1min, 15 min and 1hour averages thru 2012

March 31




Level 2 merged IMPACT MAG and
PLASTIC data and Level 3 Event Lists

 Level 2 merged 1 min MAG and PLASTIC ascil
data available@ucla to 7/31/2011 for STA, and
12/31/2011 for STB

e Level 3 event lists at UCLA/STEREO site:

— List of interplanetary shocks: STA updated to 4/30/2011,
STB updated to 9/30/2011 (UCLA)

— Lists of stream interaction regions (SIRs) and
Interplanetary CMEs: STA updated to 12/31/2010, STB
updated to 9/30/2011 (UCLA)

— List of SEP events observed by both STA and STB:
updated to 12/31/2010

— List of heliospheric current sheet crossings: in the to-do
list



New Since Last Update

* The real-time browse page
(http://stereo.ssl.berkeley.edu/multistatus.php)
Integrating selected SOHO and SDO ’latest’
Images with solar wind and SEP data plots from
STEREO and ACE has been augmented to
archive a daily snapshot of all data. The
http://stereo.ssl.berkeley.edu/multihistory/index.p
hp page allows the user to select a date starting
with February 5, 2012 to the current day. The
user may also select a display of the STEREO
spacecraft locations zoomed in to Earth’s orbit or
out to Mars’ orbit.
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IMPACT website/data
access@UCB

Summary by Month
Daily Avg Monthly Totals
Mot O R [P v S I - [ Face I
Mlar 2012 | ©7168 | 93701 14601 300 | 5380 52453188 10520 308515 2000721 2040348
Feb 2012 QET44 | 97EGE| 13002 27213131 23444716 TEQ4 [ 403776 | 2B3B1T5| 28483635
Jan 2012 Q6810 | 93074 13781 323 | 4584 85153843 10030 | 427220 29753280 3001119
Dec 2011 03401 | 94051 12063 250 | 3111 487902058 7752 40187E| 2943308 2057451
Mov 2011 | 94325 93022 153412 279 | 35462 42753524 8371 | 402373 28B17471| 2835708
Oct 2011 03144 | 92364| 12069 325 | 5048 170554726 10079 ( 402064 | 2880354 ( 288B000
Sep 2011 C0E43 | 90005 13304 428 [ 6339 05530435 | 12843 | 401846 2700193 2725204
Auzx 2011 | 93032 | 92462 12244 203 | 4313 230103343 Q084 370631 | 2B&6351( 2884007
Jul 2011 OTTED | 97443 11411 268 | 3403 2202BEAG15 8332 333763 3020739 3030840
Jun 2011 2678 | 92226| 11881 379 | 5235 162260671 | 11390 3536452 2766801 2780350
May 2011 | BDOD50 | 80341 11104 311 | 4474 28457228 Q667 347044 | 2TT57TE| 2TBE459
Apr 2011 B0388 | BDOSO| 11228 373 | 5029 75420850 11210 336548 2672411 2687633
Totals 16964231015 ( 117181 | 4523430 | 33256202 | 33433156
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IMPACT Boom Suite Status Detalls
(MAG, SWEA, STE)



STEREO Magnetometer Data Issues

« STEREO-A MAG X-axis has a stepping problem. A
sophisticated routine was programmed in 2011 and
run on all STEREO A data. This is labeled version 6.
While the algorithm is successful most of the time, it is
not perfect, and steps are still getting through.

« STEREO-B MAG data were reprocessed too to fix
other small bugs such as a uniform small timing shift
and some occasional/second errors.

 Recently we discovered an averaging error in our 1-
second data. All these data will have to be re-
averaged. This is not a difficult problem as it requires
only one pass through the 8 Hz data re-averaging
them. However, the cognizant programmer has been
on medical leave.
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STEREO Magnetometer Issues (new)

The x-sensor of the STEREO magnetometer has a random step that
occurs with an amplitude of about 0.2 nT, or a multiple of this value. The
field decreases and then shortly recovers, steps down, and then returns
shortly afterwards.

— We developed an algorithm to detect and correct the data and applied it. The

corrected data are still noisier than unaffected measurements but not much
noisier than other noise sources.

— In 2008, the properties of the stepping changed, and the algorithm was no
longer as successful. We did not detect the change in operation until 2009.

— The data are no longer as easy to correct. A completely new way of doing the
corrections was instituted, but it took much of a year to optimize the algorithm.
We are now using the new algorithm with nearly optimized parameters.

We also found a small timing error in all the IMPACT data as well as
some times when our timing was off by one second due to the time of the
clock tick relative to the sampling of the data. We have developed the
algorithm to fix these timing issues. We need to apply these to all the data
from launch. Version 6 of the processing code has all these new
corrections. These corrections should only affect those doing high-time
resolution studies (waves). Average values (1m, 10m) will not change
noticeably.

17



Zero Level Determination (new)

We use the Alfvenic fluctuations in the solar wind to determine the zero
levels of the magnetometer. Over a day, this is probably good to about 0.2
NnT and over a week to about 0.1 nT. We assume that the offsets are slowly
drifting and therefore average them over several days to maintain a 0.1 nT
accuracy. This technigue does not require rolls.

Since launch, the zero levels have varied over the following ranges:

A Sensor 1 40nT B Sensorl 3.1 nT
A Sensor 2 1.7 nT B Sensor 2 2.1 nT
A Sensor 3 40nT B Sensor 3 56nT
In 2011, the zero levels varied over the following ranges:
A Sensor 1 0.2nT B Sensor1l 0.5nT
A Sensor 2 0.4nT B Sensor 2 0.3 nT
A Sensor 3 0.3nT B Sensor 3 0.4 nT

Lessons learned:
— STEREO A sensors zero-level are relatively stable and STEREO B slightly less so.
— Zero level determination continues to be essential to maintaining accuracy.

— Since Beacon-mode data require several months of data acquisition before the zero
levels can be adjusted, they can be in error by about 0.4 nT in any component for
STEREO B, and within 0.3 n'T on STEREO A.

The level 1 data meet the measurement objectives of the mission.

18



Analysis of Burst Mode Trigger
Used on STEREO

In June 2011, we stop collecting MAG burst
data for 01-04 UT because the telemetry rate
was reduced

In Sept 2011, we removed STE use in burst
trigger calculations

The current trigger captures about 70% of
shocks, 7 times better than the random data
acquisition

We are In the process of submitting a paper

on the burst mode capture with scientific
content added

19



IMPACT/STE
(SupraThermal
Electron) Instrument
Status:

STE-Ds on both STEREO
A & B are presently
operating nominally

Suprathermal electron
(superhalo) population in
guiet-time solar wind
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Fig. 3 Omnidirectional electron VDF measured from
~10%m/s (~5eV) to ~10°m/s (~60keV) during a quiet period
in the interplanetary medium on 9 January 2007, The black
line gives the Maxwellian fit to the solar wind (5W) core
and Kappa fit to the 5W halo, measured by the Wind
spacecraft. The pink and blue lines are power-law fit to
the solar wind superhalo measured by the STEREO A & B
spacecraft. The three spacecraft are located within ~140
Re {D.Dﬁ AU) of each other, near L1, ~200 Rg upstream of
the Earth. The inset shows the superhalo electron spectra
measured on 30 Hovember 2007 by STEREO A & B,
separated by ~0.7 AU (20.6 deg ahead of, and 21.1 deg
ecliptic longitude behind, the Earth, respectively).



SWEA status - 2012 Aprll

Public data available at CESR website: http://stereo.cesr.fr
— Energy spectrogram: ~45 eV - 2000 eV

— Pitch angle distribution at ~150 eV

— Density by moment calculation from electrons >45 eV

— Temperature (parallel and perpendicular) for electrons >45 eV

— Heat flux for electrons >45 eV

— (Preparation of core electron density proxy, available Summer 2011)

Other SWEA information:
— Data base and analysis software: http://stereo.cesr.fr/clweb/

Instrument update paper on SWEA calibration and
performance by Fedorov et al. has now appeared (Space
Sci. Rev., vol. 161, p. 49, 2011)

New email for Toulouse: Jean-Andre.Sauvaud@irep.omp.eu



IMPACT SEP Suite Status Detalls
(LET,HET,SEPT,SIT)



Other IMPACT/SEP Suite Updates

* A. Klassen has taken over for R. Gomez-Herrero as lead Investigator for
the SEPT sensor group at Kiel

« SIT, SEPT and HET data have been released through February of 2012.
LET data have been processed through January of 2012 but their release
has been delayed by the failure of a disk that supports LET data analysis
at Caltech. HET data are now updated automatically within a few days of
receipt.

* Anisotropy data from LET and SEPT are now being used in science
analyses.
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IMPACT science updates:
April 2012



Christian-Albrechts-Universitat zu Kiel

€58 STEREO-4/SDO-2/SOHO-25 Workshop:
- The Sun - 360

Organization of
“Sun-360",
July 25 - 29, 2011,
Kiel (Germany)

This meeting was very successful.
July 25 - 29, 2011 A related special issue of Solar
e Physics Journal is currently in
S ' the review process.

A 2012 meeting focused on in-situ
& i science with STEREO, ACE and WIND

" H [ 'Ef‘**“ e ' _ T | is planned for Sept 18-20 at APL.



Longitudinal Spreads of 3He-rich Solar Energetic Particle Events
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STEREO/LET-A & -B data
searched for 3He-rich events
between Jan 2007 and Jan 2011
when solar activity was low

Data from the other STEREO and
from ACE checked to determine if
the same events were also
detected there

~30% of the events were detected
at 2 or 3 spacecraft

The measured 3He fluence was
found to decrease strongly with
separation from the longitude of
best connection to the active region
where the associated flare
occurred

Approximating the longitudinal
distribution of fluence as a
Gaussian centered on the best-
connected longitude, rms widths
ranging between ~15° and ~50°
have been observed

Comparisons with STEREO/SEPT
and ACE/EPAM data show that the
multispacecraft detections of 3He
are generally accompanied by
multispacecraft electron detections



STEREO Sees Enormous Proton Anisotropies
In a Solar Energetic Particle Event
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Figures from Leske et al., Solar Physics, 2012 (in press)

1.0

= Usually Solar Energetic Particles (SEPs) are mostly
Isotropic, with nearly equal intensities coming from all
directions, although sometimes a “beam” of particles may
appear for a few hours at the start of an event as particles
stream outward from the Sun along magnetic field lines.

» The Low Energy Telescope (LET) onboard the twin Solar
Terrestrial Relations Observatory (STEREO) spacecraft
measures particle intensities in 16 viewing directions in the
ecliptic (as illustrated by the color wheel in the top plot).
During an SEP event on 18 August 2010, LET on STEREO-
Ahead saw vastly different proton intensities in different
directions, with intensities in some directions nearly 1000
times higher than those in others. These large anisotropies
persisted for a long time, nearly 17 hours into the event.

= Particle intensities were highest along the magnetic field
direction (shown by gray lines in the lower left plot) and
lowest perpendicular to the field, and they traveled in both
directions along the field (bottom two figures).

= 4 days earlier, the same solar active region produced a

coronal mass ejection with a magnetic cloud, a structure of
magnetic field lines twisted like a rope, with both footpoints
anchored at the Sun. STEREO-Ahead was passing through
this magnetic cloud when the 18 August event went off,
sending particles down both legs of this conduit in a tight
beam. The structure of the cloud caused the unusual
distribution of particle intensities.



The large longitudinal spread of energetic particles during the January 17, 2010 SEP event

M. Dresing, K. Gomez-Herrero, A. Klassen, B. Heber, Y. Kartavykh, and W. Droge

Submitted to Solar Physics (TL: Sun 360)
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On January 17, 2010 both STEREO s/¢ and SOHO detect energetic _
electrons and protons associated to the same flare. The AR is on the _
backside as seen from Earth and STEREO A suggesting a nearly 360° . - e

SEP spread in longitude at 1AU.
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The event was accompanied by type III
radio bursts, a type II burst (seen only by
STEREO B and Earth), EUV wave, and
CME. Energetic particles arrive the s/c
delayed, poor pitch-angle coverage and
statistics restrict a good anisotropy
determination.

In order to characterize the observations in terms of
perpendicular diffusion in the IP medium we applied
a 3D propagation model (Droge et. al, 2010). The
results reproduce the observations well and reveal a
high ratio of perpendicular to parallel diffusion of
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A Klassen, R. Gomez-Herrero, B. Heber, Y. Karmtavykh, W. Droege, K_-L. Klein (submitted to A&A, 2011)

Solar origin of in-sifu near-relativistic electron spikes. During 2010 - 2011 the Solar Electron Proton Telescope (SEPT) on
board the twin STEREO spacecraft detected a number of typical impulsive electron events showing a prompt intensity onset

followed by a long decay, as well as several near-melativistic so-called electron spike events. These spikes detecied at energies <
300 keV are characterized by very short duration (below 10 - 20 min at FWHM), almost symmetrnic time profiles, velocity

dispersion and strong anisotropy revealing a very weak particle scattering during the propagation from the Sun to 1 AU (STEREO)

(Klassen et al., 2010; 2011 submitted). Using particle, EUV and radio imaging observations we prove, that electrons, forming the
spikes, are accelerated duning the same time and at the same location as the accompanying type 1l emitting electrons and narrow

coronal EUV jets.
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Figure 1. Spike event observed by STERED-A on 2011 March 19, The event was associated
with a doubie tvpe [l radio burst and a large coronal ELN jet as obsenved by ELVIFSTERED-A
{middlz] and AIASDO (right). Left dvnamic radio spectrum, fime profiles of S5-65% kel spike
electrons streaming from the Sun (blue) and towards the Sun (biack) and its dymamic energy
specirum showing & clear velocily dispersion. Middie: a2 colimated EUV 195 A jst at 0543 UT.
Right the same jat as obsernved by 500 304 A at two different times in superposition of the
meiric hvpe Il sowrces (Tilled & hatched circles, Nancay Radioheliograph). The jet fooipoint was
located ~25° behind the west limb from the 500 point of wiew.
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CME-CME Interactions

Interactions between CMEs are of importance for both
space weather and basic plasma physics: they can
produce or enhance southward magnetic fields, reveal
crucial shock physics and imply significant energy and
momentum transfer between the interacting CMEs
where magnetic reconnection may take place.
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Two CMEs from 2010 Aug 1 merged around
55 solar radii into a broad wave. Connections
with in situ signatures suggest that the
merged front is a shock, followed by two
ejecta observed at Wind which seem to have
already merged. The shock is propagating
into the CME from July 30 near 1 AU, and the
preceding ejecta is significantly compressed,
accelerated and heated as shown by in situ
measurements. The interaction also modifies
the shock strength and structure on a global
scale as indicated by widely separated in situ
measurements from Wind and STEREO B.



H.R. Lai (UCLA Student) Projects: Shocks and IFEs

e Formation of shocks inside 1 AU.

— Survey of Occurrence 0.3-1.0 AU includes new STEREO data sets

— Determines cause of interplanetary shocks inside 1 AU
» ICME driven-solar activity dependent
e SIR-driven

— The Radial Variation of Interplanetary Shocks in the Inner
Heliosphere: Observations by Helios, MESSENGER and STEREO

* Interplanetary Field Enhancements
— Survey of occurrence 0.3-1.0 AU includes new STEREO data sets
iIncludes STEREO A, B, 2006-2009, 44 IFEs
— Location distribution
» Generally uniform in HAE latitude
— Pressure compensation
* No significant disturbance in plasma velocity, density, and temperature
» Most of the total pressure enhancement comes from the magnetic field
— Size/Mass Distribution
e Size: Most IFEs are around 10° km in radial dimension
e Mass: Most IFEs are around 108 kg in mass
» Currently studying multi-spacecraft observations 37
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IMPACT Magnetometer: Level 1
MAG Data Processing Summary

UCLA is in charge of calculating the zero levels of the
magnetometer, processing the level 1 (full resolution) magnetic
records, rotating from spacecraft to rtn coordinates, averaging to
lower resolution and displaying level 2 data.

We process the data monthly, once a full month becomes available.
Thus we are at least about 2 months behind real time.

We make the data available via plots and ascii files on our website.
We also make CDF files at full resolution and send them to
Berkeley.

We maintain a level 2 data server that has PLASTIC data at 1
minute, 10 min and 1 hour resolution together with magnetometer
data at the same cadence. We intend to add SWEA and SEP data
shortly but still have magnetometer work in progress at higher
priority. We have added Wind and ACE magnetometer data in RTN
coordinates for correlative studies to our STEREO data base. We
also have wind and ACE plasma and magnetic field data as near-
Earth data.

39



IMPACT | SEPT - Data Products

* Data products (generated at Kiel) available at:
http://mwww2.physik.uni-kiel.de/stereo/
This URL includes links to:

—SEPT browse plots available online through March 14, 2012:
http://imwww2.physik.uni-kiel.de/stereo/browseplots/

—Latest 10-days browse data summary plots:
http://iwww.ieap.uni-kiel.defet/data/stereo/latest_browse _plots/
(generated using the latest telemetry data available, normally ~2 days delay)

—Latest ASCII data (27 days , ~2 days delay, 10 min resolution, not verified):
http:/iwww.ieap.uni-kiel.defet/data/stereo/latest_ascii_data/

—Verified level 2 ASCII files available online through March 14, 2012:
http:/Amww2.physik.uni-kiel.de/stereo/data/sept/level2/

—Electron event list updated through January 2012:
htip:/iwww2. physik.uni-kiel.de/stereo/downloads/sept_electron_events.pdf

—Pitch-angle distribution plotter (under development):
http://imwww2.physik.uni-kiel.de/stereo/padplots/index.php
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