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Introduction and Science

Janet Luhmann (PI), UC Berkeley Space Sciences Lab,
jgluhman@ssl.berkeley.edu, (510) 642-2545
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IMPACT (In-situ Measurements of Particles and CME Transients)

Instrument Overview

e Boom Suite:
— Solar Wind Electron Analyzer (SWEA)

— Suprathermal Electron Telescope
(STE)
— Magnetometer (MAG)

« Solar Energetic Particles Package
(SEP)
— Suprathermal lon Telescope (SIT)

— Solar Electron and Proton Telescope
(SEPT)

— Low Energy Telescope (LET)
— High Energy Telescope (HET)

e« Support:
— IMPACT Boom
— SEP Central

— Instrument Data Processing Unit
(IDPU)
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IMPACT Team Member Institutions and Primary Roles

« University of California, Berkeley-Space Sciences Laboratory (IMPACT
Management,SWEA,STE,IDPU)

* NASA Goddard Space Flight Center (MAG,SEP-LET,HET)

« California Institute of Technology (SEP-LET,HET)

* University of Maryland (SEP-SIT)

« University of Kiel (SEP-SEPT)

« Centre d’Etude Spatiale des Rayonnements CESR (SWEA)

« Los Alamos National Laboratory (Science Integration, SEP-SIT)

« Max Planck Institut fur Aeronomie (SEP-SIT)

« Jet Propulsion Laboratory (SEP-LET,HET)

« ESTEC-European Space Agency (SEP-SEPT)

« DESPA Observatoire de Paris-Meudon (SWAVES/IMPACT coordination)

« University of California, Los Angeles (MAG, IMPACT Data Web)

« SAIC-Science Applications International Corporation (IMPACT Modeling)

* NOAA Space Environment Center (IMPACT Modeling, Space Weather Applications)
« University of Michigan (IMPACT Modeling)

* KFKI-Hungarian Research Institute for Particle and Nuclear Physics (SEP Modeling)
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Impact Boom Suite

STE-U

(UC Berkeley)

(Solar Wind Electrons and Magnetic Field)

magnetometer
{GEFC)

SWEA

(CESH/CNRS)

r\;
STE-D <4— siag

(UC Berkeley)
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Impact SEP Package (Solar Energetic Particles)

LET
(Low Energy Telescope)

Caltecnh/JPL

=

SIT
{Supra-Thermal lon Telescope |
U of MD/MPAe

HET

{High Energy Telescope)
GSFC/Caltech

SEPT

(Solar Electron Froton Telescope)
U of Kigl/ESTEC
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Impact Instruments Location (Ahead and Behind Spacecraft)

Behind Spacecraft

«— STE-U

Ahead Spacecraft
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STEREO Mission Objectives from the MRD

Understand the causes and mechanisms of CME initiation
Characterize the propagation of CMEs through the heliosphere

Discover the mechanisms and sites of energetic particle acceleration in
the low corona and interplanetary medium

Develop a 3D time-dependent model of the magnetic topology,
temperature, density, and velocity structure of the ambient solar wind

Lead to the science objectives and instrument goals on the next pages
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STEREO Science Objectives from the MRD —
toward which IMPACT is a prime contributor

 Objective F. Energetic Particle Distribution Function
— Based on energy (spectral) coverage, directional coverage, flux range
sensitivity
 Objective G. Location of Particle Acceleration

— Based on suprathermal and SEP energy (spectral) coverage, temporal
resolution (timing accuracy), angular resolution, SEP ion composition, and
magnetic field information

 Objectives H, I, J. Solar Wind Temperature, Density, Speed

— Based on moments of solar wind particle distribution functions, which in turn
require appropriate spectral coverage and directional coverage (note solar
wind electrons are more nearly isotropic than solar wind ions because their
thermal velocities are comparable to the solar wind bulk velocity)

 Objective K. Solar Wind Magnetic Field

— Based on vector (3 orthogonal component) magnetic field measurements in
accurately known directions and with appropriate sensitivity range

12 Luhmann
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IMPACT addresses these STEREO Science Objectives and Level 1

Science requirements from the MRD

Objective F. Energetic Particle Distribution Function

— Level 1 Requirement: Characterize the distribution
functions to an accuracy of +/- 10% for electrons and ions
with energies typical of solar energetic particle
populations

Objective G. Location of Particle Acceleration

— Level 1 Requirement: Determine the location of particle
acceleration in the low corona to within 300,000km in
radius and in interplanetary space to within 20 degrees in
longitude

To be addressed by N

IMPACT/STE: Measurethe
suprathermal halo/super-halo
electron fluxes over electron
energies5-100 keV, spanning th
gap between SWEA and SEP
electron measurements, along tt
nominal interplanetary field
direction with at least 1 minute
time resolution from two vantac
points. M easurements shall
include fluxes, ener gy spectra,
and direction of arrival.

IMPACT/SEP: Measurethe
intensity, composition, and ener
spectra and direction of ener get
ions and electrons from two
vantage points, including protor
from 0.06 to 40 M eV, heavier io
from ~0.03 to 30 MeV/nuc,
electronsfrom ~0.03to 6 MeV,
and 3He-rich solar particle
events.
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IMPACT addresses these STEREO Mission Objectives and Level 1
Science requirements from the MRD

Objective H. Solar Wind Temperature

— Level 1 Requirement: Obtain atime series of the solar wind
temperature accurate to +/-10% at two points separated in solar
longitude

Objective I. Solar Wind Density

— Level 1 Requirement: Obtain a time series of the solar wind
temperature accurate to +/-10% at two points separated in solar
longitude

Objective J. Solar Wind Speed IMPACT/SWEA: Measure the

— Level 1 Requirement: Obtain a time series of the solar wind speed core (bulk solar wind) and halo

accurate to +/-10% at two points separated in solar longitude (strahl) electron fluxeswith a
360X 60 degreeor better field of

view at energies 20-1000 eV, with
To be addressed by angular resolution of at least
45X45 degreesand 1 minute

sampling from two vantage point
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IMPACT addresses these STEREO Mission Objectives and Level 1
Science requirements from the MRD

Objective K. Solar Wind Magnetic Field

— Level 1 Requirement: Determine the global magnetic field
topology near the ecliptic by determining the magnetic

field direction to +/-10%

To be addressed by [N

15

IMPACT/MAG: Measurethe
three components of the vector
magnetic field in the range +/-512
NT with 0.1 nT accuracy at 1
second time resolution from two

vantage points

Luhmann
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Basic IMPACT Measurements

Experiment | Ingrument M easurement Energy or Mag. TimeRes | Beaocon Time | Instrument provider
fidd range Res (*)
SW STE Electron flux and 2-100keV 16s 2D x 3E, 60s | UCB (Lin)
anistropy
SWEA 3D dectron digtrib., ~0-3keV 3D=1min [ Moments | CESR (Sawaud)
core & hdo dendty, 2D=8s 60s + UCB (Lin)
temp. & anisotropy Mom=2s
MAG MAG Vector fidd +500nT, V4s 60s GS-C (Acund)
65536 nT
P ST Heto Feions 0.03-2 MeV/nuc 1min | 3Sx 2E, 60s | U. of Md. (Mason)
*He 0.15-025 1min + MPAE (Korth)
MeV/nuc + GSC (von Rosarvinge)
SEPT Diff. dectron flux 20-400 ke 1min 3E,60s | U.of Kid (Mudler-
Diff. proton flux 60-7000 keV 1min 3E, 60s Mélin)
Anigropies of gp Asabove 15min + ESTEC (Sanderson)
LET lon mass numbers 3-30Mevine | 1-15min. | 2Sx 2E, 60s | Cdtech (Mewadt)
2-28 & anisotropy + GSC (von Rosenvinge)
*Heionsflux & 2-15MeVinuc 15min. 1E,60s | +JPL (Wiedenbeck)
anistropy
Hionsflux & 156Mev 1-15min. 1E, 60s
anistropy
HET Electronsflux 1-6 MeV 1-15min. 1E,60s | GSFC (von Roservinge)
H 13-100 MeV 1-15min. 1E,60s | + Cdtech (Mewddt)
He 13-100Mev | 1-15min. | 1E60s | +JPL (Wiedenbeck)
SHe 1560 MeV/nuc 15min
P Cdtech (Mewaldt)
Common + GSC (von Rosarvinge)
IMPACT IDPU UCB (Curtis)
Common (+Mag
Andog)
16
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CME Ejecta
“cloud” or ICME

nter streaming
trons

Interplanetary (Parker)

Spiral Field Lines

Flare SEP’s

Earth’s
Orbit

Either Spacecraft

Overall IMPACT Investigation Rationale I.

FOV coverage:

~4p solar wind and heat flu»
electron coverage to meet <
wind electron and magnetic
topology objectives

Parker Spiral orientations o
suprathermal and energetic
particle FOVs on both
spacecraft- both toward anc
away from Sun to detect
counterstreaming or
backstreaming from ICME
shock source

North-South (out of ecliptic
energetic particle
measurements to detect SE
in highly inclined magnetic
situations during ICMEs ani
periods of isotropic
distributions
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Overall IMPACT Investigation Rationale Il.

CME Ejecta
“cloud” or ICME

nter streaming
trons

Spiral Field Lines

Flare SEP’s

18

Interplanetary (Parker)

Earth’s
Orbit

Either Spacecraft

Energy Coverage to
accomplish solar wind,
magnetic topology, anc
SEP distribution functic
and source identificatic
objectives

lon Composition to
accomplish SEP source
objectives

Clean magnetic
measurements to orgar
and interpret particle
observations and dedu
solar wind and ICME
magnetic topology

Luhmann
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IMPACT Particles Domain: Solar Wind,
Suprathermal and SEP electrons, SEP ions
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Solar Wind, Suprathermal, and SEP Electrons Flux Range and Spectral Coverage
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Accuracy of Solar Wind Electron Density and Bulk Velocity
Measurements with a SWEA-like Instrument on WIND
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SEP lons Spectral Coverage
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Element (2

SEP lons Composition Coverage

Composition Measurements with IMPACT/SEP
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Examples of Sensitivity Ranges of IMPACT SEP
Measurements Compared to Some Typical SEP Fluxes
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What IMPACT FOVs Must Cover
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IMPACT Directional Coverage

SWEL FOY STE Fou

Mercator projection of 4 p angular
coverage sphere. Sun in center.
Contours show statistics of
interplanetary field direction. Dark
lines show IMPACT particle
instrument fields of view.

Luhmann



Critical Design Review
STE R EO I M PACT 2002 November 20,21,22

10 B It (A) ‘ImpuI:sive I
+ W59
4 w59
Locate ICME and/or Flare B e
. . = 10 * 0.2-2 MeV e
Acceleration Site(s) of SEP : _
510 ' 1
5 P ]
% -« T : W@? %ﬂj
a 10 i '
/ 2 14 16 18
1982 August
105 ”"@*‘ T T T T T 105 T II
- W53 Shock L J
ol _© F45 4
N ]0] b -
- ' L : 1
o! - “.‘\ 1 1 ﬁ""ﬁ.._“
N F"“""s 10! F
» l:: % e 3 \
1071k - \ e ' y AT
-] ~N ] gz 7> A 0 ;“" \“_\-
" KA T i 7 Ay
105 {[H b
| Il 1 1 : ) M T T T w'S- l 1
& ? B k] 1w 1 12Z n o 1- 4 Mey Lia 1 ' famataisd |
82Mar o 7-13 Mey 25 26 27 28 29 30 M lan
. 22-27 Hev Bebec -
| V. 1 *Multipoint Time Profil
m strongest ICME shock i - ~— ultipomnt 1ime .TO 1 CS.
N O 4 J (flare events are impulsive)
W ] » Velocity Dispersions
M.\ i b
. ae 7 » Composition
L&Y (flare events are He?,
electron and heavy 1on rich)
14 15 16

27 Luhmann



ST

EREO IMPACT

Critical Design Review
2002 November 20,21,22

Acceleration Sites can be Inferred from SEP Timing
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L ocating Acceleration Sitesand Inferring M agnetic Topology
Using IMPACT Electrons

/IND SWEA, STE and
—PT-type electron
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| mage of Possible Flare Sour ce of Electrons (from Y ohkoh SXT)

Counter streaming
. heat flux electrons

= \
\ ) \Spacecraft

AR ?910

AR 7912

kaj ectory '

Suprathermal electrons

Flare near
connected
field lines

(figuresfrom D. Larson)
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Magnetic Topology Measurements Using Magnetic Fields

Wind @7 Jan 11 Flux Rope Fit: Clock=252" Cone=B” imp=0.25R “Fly Through®” Model ICME Flux
il ' ' ' : Rope (or_ other model _s,) to reproduce
. Vector Field observations.
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IMPACT Magnetometer Qualifications

o 3 axis fluxgate

e« + 1°alignment

« +0.5°knowledge

« IMPACT boom to minimize spacecraft fields

* In-flight roll calibrations to determine final alignment

32 Luhmann
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IMPACT Investigation Approaches:

e Multipoint interplanetary characterization of the
Imaged CM Es and their associated solar energetic
particles (SEP) at increasing separ ations

Quadrature measurements with imagers on
STEREO and at Earth

o Space Weather detection, modeling and prediction

33 Luhmann
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Multipoint Measurements of ICMEs and SEP

Example from Helios 1/2 data for Carrington Rotation 1663 (left), Spacecraft locations (bottom), and
SECCHI image placeholder from SOHO (S. Yashiro CDAW website images)
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Doing
STEREO
Science
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IMPACT Space Weather:

Key STEREO Beacon Contributior
from MAG and SEP instruments
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STEREO modeling will physically connect IMPACT

observations to SECCHI images
(shown: SAIC CME model, Linker/ Odstrcil merged CME/Solar Wind model)
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