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Motivation

The motivation for this research is to understand
how the interplanetary (IP) shock geometry affects
the shock geoeffectiveness. In a paper recently pub-
lished by [Oliveira and Raeder, 2014], it is shown
that the shock geoeffectiveness depends on the IP
shock inclination in relation to the Sun-Earth line,
where shocks with small impact angles (θxn) are
more geoeffective. Our main goal is to carry out
a statistical study of satellite data and geomagnetic
activity and their correlations via shock normal (SN)
orientations and strength.

Data

The data set used in this study is composite of
fast forward IP shocks found at different sources,
such as http://www.cfa.harvard.edu/shocks/
(Wind and ACE), and UNH’s http://www-
ssg.sr.unh.edu/mag/ace/ACElists/obslist.html#sho-
cks (ACE). Also we used a searching computer pro-
gram to look for possible shock candidates that were
not present in these lists. The geomagnetic index
data (AL, Ap, and SYM-H) were downloaded from
http://wdc.kugi.kyoto-u.ac.jp/aeasy/index.html.
The monthly sunspot number data were obtained
from SIDC at http://sidc.oma.be/silso/datafiles.

 0

 30

 60

 90

 120

 150

 180

1994 1996 1998 2000 2002 2004 2006 2008 2010

 5

 10

 15

 20

 25

 30

 35

 40

 45

 50

M
o
n
th

ly
 S

u
n
s
p
o
t 
N

u
m

b
e
r

Y
e
a
rl
y
 I
P

 S
h
o
c
k
 N

u
m

b
e
r

Year

Solar Cycle 23
May 1996 - January 2008

IPS number

SS number

Shock normal determination
• Shock normals were obtained using the magnetic
coplanarity, velocity coplanarity, and mixed data
methods.

•The upstream and downstream conditions are chosen
∓1-2 min before/after the shock is seen by the
spacecraft. They are then calculated as the 10 minute
average of each plasma parameter.

•The shock normal chosen as the “best” solution for each
event was the average of at least three close results by a
factor of ±15o in θxn.

Geomagnetic activity analysis
•We chose three geomagnetic indices: AL (jump), Ap,
and SYM-H (jump) for high, medium, and low
geomagnetic latitudes.

•The time resolution is as follows: ∼30-60 min for AL,
∼4-30 min for SYM-H, and ∼3-6 hours for Ap after
shock-magnetopause interaction.

Example of an event

The figure below is an example of an event on 2000
Jun 23 at 1226 UT as seen by ACE at (234, 36.6,-0.7)
RE upstream of the Earth. The shock normal of this
event is (-0.785,0.153,-0.600), with θxn ∼140o, shock
speed of 563.5 km/s, and fast magnetosonic Mach
number 4.74. The compression ratio (the ratio of
the downstream to the upstream plasma density)
was 2.62.

Statistical results

Our shock list is composite of 344 identified IP
shocks from 1995-2008, covering the whole solar cy-
cle 23. Solar wind and IP shock data are shown in
the first plot in the next column.
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Below, cross-correlation of the three investigated ge-
omagnetic indices in terms of the IP shock impact
angle θxn for the whole solar cycle 23. Data rep-
resented in red correspond to the ascending phase
(1996-2000), and data represented in blue corre-
spond to the declining phase (2001-2008) of the solar
cycle 23. Impact angles closer to 180o represent al-
most frontal shocks.
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Cross-correlations of AL index and shock speed are
shown below. They were binned in three differ-
ent groups: highly oblique (120o ≤ θxn ≤ 140o),
oblique (140o ≤ θxn ≤ 160o), and almost head-on
(160o ≤ θxn ≤ 180o).
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Conclusion
•The number of IP shocks correlates well with the
monthly sunspot number.

•Most shocks (78%) have their shock normals close to the
Sun-Earth line, or θxn ≥ 135o.

•For the geomagnetic index and shock impact angle
correlations, the jump in AL shows the highest
correlation. The correlation coefficient is higher for the
ascending phase of the solar cycle 23.

•The correlation between shock speed and AL shows a
better performance than the previous correlations.
However, there was no expressive difference for either
solar cycle phase or shock impact angle groups (highly
oblique, oblique, and almost frontal shocks).
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