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Solar Cycle Variation of Shocks in the
Heliosphere

John D Richardson! (617-253-6112;
jdr@space.mit.edu)

Justin C Kasper! (617-253-2401; jck@space.mit.edu)
Alan J Lazarus! (ajl@space.mit.edu)
Karolen I Paularenal (kip@space.mit.edu)

Aletta Wallacel (aletta@space.mit.edu)

Iy, M.L.T. 37-655,
United States
IMP 8 has measured solar wind parameters since
1973 near Earth. Voyager 2 has observed the solar wind
at increasing heliospheric distances since 1977. This
paper presents a statistical study of shock parameters
from these two spacecraft supplemented with WIND
data after 1994. As expected, a solar cycle dependence
of shock frequency is observed. We determine shock
strength and angles and report their time variation near
Earth. We also compare shock frequencies and charac-
teristics at 1 AU with those observed by Voyager 2 out
to 60 AU.

Cambridge, MA 02139,

SH21B-02 0850h INVITED

Multi-Spacecraft Observations of
Interplanetary Shocks in the ISTP
Era

Adam _Szabo ((301) 286-5726;
Adam.Szabo@gsfc.nasa.gov)

Laboratory for Extraterrestrial Physics, NASA God-
dard Space Flight Center, Greenbelt, MD 20771,
United States
Interplanetary shocks near Earth have been ob-

served, even with multiple spacecraft, since the very
beginning of the space age. The ISTP fleet of up-
stream solar wind monitors (WIND, IMP 8, ACE and
on occasion Geotail and Interball and mosr recently
Cluster) allowed the collection of a very large database
of a wide range of interplanetary shocks observed by
two or more spacecraft in a variety of configurations.
This talk will review the observed characteristics of the
shocks based on in-situ observations. Also the var-
ious shock fitting techniques available today will be
compared and sources of uncertainties in the obtained
shock surface normals and speeds will be discussed.
Cases with demonstratible surface curvatures will be
shown along with highly complex observations defying
simple interpretations. Special emphasis will be placed
on the largest and strongest shocks that may have the
most pronounced geomagnetic effects.

SH21B-03 0905h

Formation and Development of Shock
‘Waves in the Solar Corona and
Near-Sun Interplanetary Space and
Solar Energetic Particle Events

Gottfried J. Mann! (+49-331-7499-292;
GMann@aip.de); Andreas Klassen!
(+49-331-7499-373); Henry Aurassh
Heinz-Theodor Classen); Volker Bothmer?
Michael J. Reiner?

1Astrophysikalisches Institut Potsdam, An der Stern-
warte 16, Potsdam D-14482, Germany

2MPI fuer Aeronomie, Max-Planck-Str. 2,
Katlenburg-Lindau D-37191, Germany

3NASA»GSFC, Code 690.2, Greenbelt, MD 20771,

United States

At the Sun shock waves are produced either by flares
or by coronal mass ejections and are regarded as the
source of solar energetic particle events. In the corona
shock waves appear as solar type II radio bursts often
associated with coronal transient (or EIT) waves. The
propagation of a disturbance through the corona away
from an active region into the interplanetary space is
considered by evaluating the radial behaviour of the

Alfven speed. The magnetic field of an active region
is modelled by a magnetic dipole and is superimposed
on that of the quiet Sun as deduced from the EIT wave
analysis. Such a behaviour of the magnetic field leads
to a local minimum of the Alfven speed in the range
1.2-1.8 solar radii in the corona as well as a maximum
of 740 km/2 at a distance of 3.8 solar radii. The occur-
rence of such a minimum and maximum of the Alfven
speed has important consequences to the formation and
development of shock waves in the corona and near-Sun
interplanetary space and to their ability to accelerate
particles leading to a special temporal behaviour of so-
lar energetic particle events.

SH21B-04 0920h

Relation between Shock and CME
Velocities During the Rise to Solar
Maximum in the Intermediate Corona

Luca Zangrillil (439 011 810 1916;
ZangrilliGto.astro.it)

Salvatore Mancuso1 (439 011 810 1954;
Mancuso@to.astro.it)

1Osservatorio Astronomico di Torino, Strada Osser-
vatorio 20, Pino Torinese, TO I-10025, Italy
‘We considered type II radio bursts observations in
conjunction with the SOHO-UVCS synoptic program of
monitoring of the extended solar corona. We selected
events observed during the period 1999-2000, in order
to have a good continuity in the synoptic observations
and frequency of radio bursts. Our main purpose is to
obtain information about the velocity of the shock, and
compare it with the observed CME speed to determine
if the shock is piston-driven or blast-wave driven. A
major improvement with respect to previous analogous
studies, is that we do not use electron density mod-
els taken from literature, but we estimate the densities
soon before and after the passage of the shock from
UVCS observations of the O VI doublet line intensities.
The background outflow speed of the coronal plasma is
calculated with the Doppler dimming technique applied
to the O VI doublet. The above density determina-
tions allow us to constrain the magnetic field intensity
above the active regions corresponding to CME’s and
radio bursts with proper assumptions about the mag-
netic field geometry and the propagation direction of
the shock.

SH21B-05 0935h

Modelling of a CME-driven Shock
Detected by UVCS/SoHO on March
3, 2000

Salvatore Mancusol'2 (439 011 810 1954;
Mancuso@to.astro.it); John C Raymond?2
(jraymond@cfa.harvard.edu); John L Kohl2
(jkohl@cfa.harvard.edu); Yuan-Kuen Ko?
(yko@cfa.harvard.edu); Michael Uzzo?
(muzzo@cfa.harvard.edu); Rai Wu?2
(rwu@cfa.harvard.edu)

1 Osservatorio Astronomico di Torino, Strada Oss
vatorio 20, Pino Torinese, TO 1-10025, Ttaly

2Harvard-Smithsonian Center for Astrophysics, 60
Garden Street, MS 50, Cambridge, MA 02138,
United States
‘We report the observation of a 1100 km/s CME-

driven shock with the UltraViolet Coronagraph Spec-
trometer (UVCS) telescope operating on board SoHO
on March 3, 2000. The CME was observed by the Large
Angle Spectroscopic Coronagraph (LASCO), and the
radio signature of the shock was detected by the Hiraiso
and Culgoora radio spectrographs as an intense type IT
radio burst. We derived the density profile just before
the passage of the shock from UVCS observations and
obtained a reliable estimate of the shock speed from
the type II radio burst drift rate. The spectral profiles
of both the O VI and Lyman alpha lines were Doppler
dimmed at the passage of the shock and showed broad
wings caused by the emission from shocked material
along the line of sight. By estimating a compression
ratio of 1.8 from the observed splitting of the radio
emission bands in the spectrographs and assuming per-
pendicular propagation of the shock we derive a mag-
netic field strength of 1 Gauss at 1.8 solar radii and an
Alfvenic Mach number of 1.7. The observed line broad-
ening for both the protons and the Oxygen ions was
modeled by adopting a mechanism in which the heat-
ing is due to the nondeflection of the ions at the shock
ramp.

SH21B-06 1025h INVITED

Formation of the Bastille Day Merged
Interaction Region

Yun Chow Whang! (202-319-5977; whang@cua.edu)

Len F Burlaga? (301-286-5956;
burlaga@lepvax.gsfc.nasa.gov)

1Catholic University of America, Dept Mechanical
Engineering, Washington, DC 20064, United States

2NASA Goddard Space Flight Center, Code 692,
Greenbelt, MD 20771, United States

We present a simulation study for the radial evolu-
tion of the large solar wind stream associated with the
flare of July 14, 2000 (Bastille day). An interaction
region bounded between a forward-reverse shock pair
first formed near 1 AU at the leading edge of the large
stream; the interaction region continued to interact
with the solar wind structures and other shocks iden-
tified at the leading edges of nearby streams to form
a merged interaction region (MIR). The model treats
shocks as surfaces of zero thickness, and the Rankine-
Hugoniot relations are used to calculate the jump con-
ditions at all shocks. The simulation shows how merg-
ing of shocks, collision of shocks, and formation of new
shocks contributed to the evolution process. The solar
wind was restructured from a series of large and small
streams at 1 AU to a huge MIR outside 5 AU. The mag-
netic field structure outside 5 AU bore no resemblance
to the parent structure at 1 AU; the magnetic field had
relatively small variation throughout the interior of the
MIR, and the field intensity was a few times stronger
than that outside the MIR. This MIR can act as a bar-
rier to the propagation of galactic cosmic rays. Possible
Voyager 2 observation of this MIR at 63 AU in January
2001 has been reported by Burlaga et al. [2001] and by
Wang et al. [2001].

SH21B-07 1045h

A Survey of Corotating Shocks at
Pioneer, Voyager, and Ulysses at Low
Heliographic Latitudes

Paul R Gazis ((650) 604-5704;
pgazis@mail.arc.nasa.gov)

San Jose State University Foundation, MS 245-3
NASA Ames Research Center, Moffett Field, CA
94035, United States

Interplanetary shocks associated with corotating in-
teraction regions (CIRs) are a dominant feature in the
solar wind in the vicinity of the solar equator over most
of the solar cycle between heliocentric distances of 1
and 15 AU. These events are associated with a broad
range of phenomena in the inner and outer heliosphere.
The region between heliocentric distances of 1 and 5
AU is of particular interest, for this is the region where
most CIRs form and the strength of their associated
shocks is at a maximum. Observations from the Pio-
neer, Voyager, and Ulysses spacecraft provide a unique
opportunity to examine the behavior and evolution of
corotating shocks in this region. The Pioneer 10 and 11
spacecraft provided observations between 1 and 5 AU
during the descending phase of solar cycle 20, when
solar activity was low. The Voyager 1 and 2 space-
craft provided observations between 1 and 5 AU dur-
ing the ascending phase and maximum of solar cycle
21, when solar activity was significantly higher. The
Ulysses spacecraft provided comparable observations
during the ascending phase and maximum of solar cycle
22 during the low latitude phase of its mission. Mea-
surements of solar wind and IMF parameters from the
Pioneer 10 and 11, Voyager 1 and 2, and Ulysses space-
craft were used to conduct a large-scale survey of coro-
tating shocks at heliocentric distances between 1 and 5
AU. Comparison of observations from these five space-
craft makes it possible to resolve many of the effects of
radial evolution, solar cycle variation, and differences
between successive solar cycles. The results of this sur-
vey are discussed.

SH21B-08 1100h

Observations of the Sudden
Compression of the Earth’s
Magnetotail by the Passage of
Interplanetary Shocks: Comparison
with Equilibrium Theory

Robert L Tokar!

Joseph E Borovsky! ((505)667-8368;
jborovsky@lanl.gov)

Joachim Birnt

Karl Schindler!

1Los Alamos National Laboratory, Mail Stop D466,
Los Alamos, NM 87545, United States

In the ISEE-3/ISEE-2 data set, four instances have
been found in which an interplanetary shock passes
the magnetosphere while ISEE-2 is in the magnetotail
plasma sheet. Bach time, an increase of the plasma den-
sity and plasma temperature is seen during the shock
passage, along with a plasma flow toward the center of
the magnetotail. A few minutes after the shock passes,
a strong earthward flow of plasma commences in the
magnetotail. This earthward flow lasts for about 6-7
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minutes. The magnetosphere, which was in MHD equi-
librium with the solar wind before the shock, is sud-
denly put out of dynamical equilibrium by the increased
pressure behind the shock; for a plasma-sheet adiabatic
index that is less than 2, Birn and Schindler [J. Geo-
phys. Res., 88, 6969, 1983] have predicted that this
global magnetotail flow should be directed earthward
as the magnetotail secks its new equilibrium. These
four ISEE-3/ISEE-2 interplanetary shock intervals are
very useful for magnetospheric physics because (a) the
adiabatic index of the magnetospheric plasma can be
measured by ISEE-2 during the shock compression of
the magnetosphere and (b) the spatial structure of tur-
bulence in the magnetotail can be viewed as the global
earthward flows sweep the plasma and magnetic fields
past the ISEE-2 satellite.

SH21B-09 1115h

Post-shock ULF Wave Activity Driven
by Dynamic Pressure Variations

Harlan E Spencel (617-353-7412; spence@bu.edu)
Larry Kepkol (lkepko@bu.edu)
Timothy Guild! (tguild@bu.edu)

Elly Huang! (hcl@bu.edu)

1Boston University Center for Space Physics, 725
Commonwealth Avenue, Boston, MA 02215, United
States
In this work we present analyses of events in which

ULF wave activity was observed following the impact
of an interplanetary shock. The transmission of com-
pressional energy from the impact of such shocks on
the magnetosphere has been postulated as a source for
global cavity mode oscillations. We show that oscil-
lations inside the magnetosphere following the shock
passage are well correlated with oscillations of the so-
lar wind dynamic pressure, a result unexpected from
the cavity mode model. Rather than providing a broad-
band source of energy to the magnetospheric cavity, we
suggest that the magnetospheric pulsations are directly
driven by the dynamic pressure variations.

SH21B-10 1130h

AN ASSESSMENT OF THE US
ELECTRIC POWER INDUSTRY
HAZARD RISK DUE TO SSC, SC,
SI AND RELATED
MAGNETOSPHERIC SHOCK
DISTRUBANCES

John G Kappenman (218-727-2666;
john@metatechcorp.com)

Metatech, 5 West First Street Suite 301, Duluth, MN
55802, United States

A discussion will be provided on the impacts of large
SSC shock events on the geomagnetic field and result-
ing impacts to electric power infrastructures caused by
these events. Recent work by Metatech has shown that
SSC events have been a large-scale threat to reliable op-
eration of the power grid and that the impact of these
disturbances can occur over very large geographic ex-
tent and can impact power systems even at very low-
latitudes. Evidence of previous SSC events and impacts
will be provided along with an assessment of potential
threat impacts to the US and world electric power in-
dustry. Discussion regarding forecast needs for these
events will also be provided.

SH22A MC: Hall D Tuesday 1330h
Cosmic Rays

Presiding: J Kota, University of
Arizona

SH22A-0743 1330h POSTER

Long-Term Fluences of Energetic
Particles in the Heliosphere

Richard A. Mewaldt! (626-395-6612;
RMewaldt@srl.caltech.edu); Glenn M. Mason?
George Gloecklerz; Eric R. Christians; Christina
M. S. Cohenl; Alan C. Cummingsl; Andrew J.
Davisl; Joseph R. Dwyerd Robert E. Gold®
Stamatios M. Krimigis® Richard A. Leskel;
Joseph BE. Mazur® Edward C. Stonel; Tycho T.
von Rosenvinge3; Mark E. Wiedenbeck’; Thomas
H. Zurbuchen®

1 Caltech, 220-47 Downs Lab., Pasadena, CA 91125,
United States

2University of Maryland, Department of Physics, Col-
lege Park, MD 20742, United States

3chdclarcl Space Flight Center, Code 661.0, Green-
belt, MD 20771, United States

4Florida Institute of Technology, 150 W. University
Blvd., Melbourne, FL 32901, United States

5 Johns Hopkins University /Applied Physics Labora-
tory, 11100 Johns Hopkins Rd., Laurel, MD 20723,
United States

6Aerospace Corporation, M2/259, Los Angeles, CA
90009, United States

7Jet Propulsion Laboratory, MS 169-327, Pasadena,
CA 91009, United States

8University of Michigan, College of Engineering, Ann
Arbor, MI 48109, United States

We report energy spectra of He, O, and Fe
nuclei, extending from ~0.3 keV/nucleon to ~300
MeV /nucleon, integrated over the period from the Fall
of 1997 to mid-2000. These fluence measurements were
made at 1 AU using data from the SWICS,. ULEIS,
SIS, and CRIS instruments on ACE, and include con-
tributions from fast and slow solar wind, coronal mass
ejections, pickup ions, impulsive and gradual solar par-
ticle events, acceleration in corotating interaction re-
gions and other interplanetary shocks, and anomalous
and galactic cosmic rays. Measurements of six addi-
tional species are presented in the energy region from
~0.04 to ~100 MeV /nucleon. We discuss the relative
contributions of the various particle components, and
comment on the shape and time dependence of the
measured energy spectra. In the energy range from
~10 keV/nucleon to ~10 MeV/nucleon as many as
100 or more separate particle events somehow combine
to produce E~2
to all of the species measured, including 3He. These
are the first spectral measurements to extend continu-
ously from solar-wind to cosmic-ray energies. Given the
highly variable composition and intensity of the con-
tributing events, the overall similarity of these fluence
spectra is surprising.

power-law spectra that are common

SH22A-0744 1330h POSTER

The Ulysses fast latitude scan at solar
maximum: COSPIN/KET
observations

Bernd Heber! (49 541 969337;
bheber@uni-osnabrueck.de); A. l:'osner4
(posner@physik.uni-kiel.de); A. Raviart?
(raviart@sapi0l.saclay.cea.fr); P. Ferrando?
(pferrando@cea.fr); C. Paizis®

(osta@ifctr.mi.cnr.it); H. Kunow?

(hkunow@physik.uni-kiel.de); R. Mueller-Mellin?

(mueller-mellin@physik.uni-kiel.de); G>

Wibberenz? (wibberenz@kernphysik.uni-kiel.de)

1 Universitaet Osnabrueck, Fachbereich Physik, Uni-
versitaet Osnabrueck Barbarastr. 7, Osnabrueck
49079, Germany

20EA, DAPNIA/Service d’Astrophysique CEA

Saclay, Gif-sur-Yvette 91191, France

3CNR, Universitd di Milano, CNR, Universita di Mi-
lano, Milano 20133, Italy

4IEAP, Institut fiir Experimentelle und Angewandte
Physik, Universitat Kiel,, Kiel 24118, Germany

Ulysses, launched in October 1990, began in Decem-
ber 1997 its second out of ecliptic orbit, and in Septem-
ber 2000 its second fast latitude scan. In contrast to
the first fast latitude scan in 1994/1995 solar activity
is close to maximum. It is important to note, that in
addition to the different solar activity levels the solar
magnetic field had reversed in 2000. While the first lat-
itude scan gave a snapshot of the spatial distribution
of galactic cosmic rays the second one is determined by
temporal variations. Solar particle increases are ob-
served at all heliographic latitudes, including events
producing >250 MeV protons and ~50 MeV electrons.
Sources of MeV electrons in the inner heliosphere are
1) solar energetic particle events, 2) galactic cosmic
rays, and 3) Jupiter. Since the first population is gen-
erally accompanied by energetic nucleons they can be
distinguished from the other components by investigat-
ing e.g. 34-69 MeV protons. We found “quiet time”
increases at all heliospheric latitudes, which indicate
cither very large perpendicular diffusion or the possi-
bility of direct magnetic connection from low latitudes
to polar regions. Concerning galactic cosmic ray modu-
lation, we will compare the latitudinal gradient as well
as the charge sign dependent variation for both Ulysses
fast latitude scans.
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Ulysses/KET Cosmic Ray Variability in
Polar Coronal Hole Flow

Horst Kunowl! (449 431 880 2487;
kunow@physik.uni-kiel.de)

Arik Posner1 (+49 431 880 3221;
posner@physik.uni-kiel.de)

Bernd Heber? (+49 541 969 3337;
bheber@uni-osnabrueck.de)

Nathan A Schwadron® (41 734 647 6834;
nathanas@umich.edu)

Thomas H Zurbuchen3 (+1 734 647 6835;
thomasz@umich.edu)

lExtraterr. Physics IEAP Univ. Kiel, Leibnizstr. 11,
Kiel 24118, Germany

2 Fachbereich Physik Univ. Osnabrueck, Barbarastr.
7, Osnabrueck 49069, Germany

3Dept. AOSS Univ. Michigan, 2455 Hayward, Ann
Arbor, MI 48109-2143, United States

Large-scale solar wind structures such as coro-
tating interaction regions (CIRs) are responsible
for recurrent modulation of galactic cosmic rays.
High latitude observations of >125 MeV protons by
Ulysses/COSPIN/KET give indications that modula-
tion on the basis of the solar rotation period is present
at high heliographic latitudes. The fact that the ob-
servations were recorded at latitudes beyond the reach
of CIRs points towards the field model with large-
scale motion of magnetic field lines introduced by Fisk
[1996]. The model predicts direct magnetic connections
of field lines at high and low latitudes. We investigate
the nature of cosmic ray modulation for the 1993/1994
Ulysses south polar pass by applying a 3-D field line
mapping technique based on this field model. The re-
sults will be discussed.

SH22A-0746 1330h POSTER

The Mean Free Pathlength of
Anomalous Cosmic Rays in the Outer
Heliosphere at Solar Maximum

A. C. Cummings! (626-395-6708;

ace@srl.caltech.edu)
E. C. Stonel (626-395-8321; ecs@srl.caltech.edu)

1 California Institute of Technology, Mail Code 220-47,
Pasadena, CA 91125, United States

By December 2001, the Voyager 1 (V1) spacecraft
will be at 83.1 AU and 33.8° North heliographic lati-
tude and Voyager 2 (V2) will be at 65.7 AU and 23.1°
South. At that time, the reversal of the Sun’s mag-
netic field, which was complete at the Sun by the begin-
ning of 2001, should be complete in the vicinity of the
Voyager spacecraft. The current sheet should still be
highly inclined in the outer heliosphere and the anoma-
lous cosmic ray (ACR) intensities should be near their
minimum values. By comparing the intensities of ACRs
at V1 and V2 we will infer the magnitude and rigidity
dependence of the particle mean free path in the outer
heliosphere at solar maximum and compare the results
with those obtained during the previous solar maximum
period in 1990-91.

This work was supported by NASA under contract
NAST7-1407.

SH22A-0747 1330h POSTER

Small Residual Modulation of >2.5 GV
Anomalous Cosmic Rays at 81 AU

Edward C Stonel (626-395-8321; ecs@srl.caltech.edu)

Alan C Cummings! (626-395-6708;
ace@srl.caltech.edu)

1California Institute of Technology, 220-47 Downs
Laboratory, Pasadena, CA 91125, United States

The flux of >13 MeV /nuc anomalous cosmic ray
oxygen observed by ACE at 1 AU has been reduced by a
factor of more than sixty during the current solar max-
imum. However, the recent arrival of solar maximum
conditions in the outer heliosphere has resulted in a re-
duction of less than factor of two at Voyager 1 at 81
AU. This indicates there is little residual modulation
between Voyager 1 and the ACR source at the termina-
tion shock for ions with rigidities greater than 2.5 GV.
The modulation between Voyager 1 and Voyager 2 at
64 AU is somewhat larger, suggesting that Voyager 1 is
closer to the shock than to Voyager 2. The most recent
observations will be compared with model calculations
to estimate the remaining distance between Voyager 1
and the termination shock.

This work was supported by NASA under contract
NAST-1407.

Cite abstracts as: Fos. Trans. AGU, 82(47), Fall Meet. Suppl., Abstract #####-#4, 2001.




