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Abstract. Stream interaction regions (SIRs) that corotate wind structures such as stream interaction regions (SIRs) are
with the Sun (corotating interaction regions, or CIRs) areknown to cause recurrent geomagnetic storms (Zhang et al.,
known to cause recurrent geomagnetic storms. The Earth’2008; Tsurutani et al., 2006). The flux of relativistic elec-
L5 Lagrange point, separated from the Earth by 60 degrees itrons at geostationary orbit has also been correlated with the
heliographic longitude, is a logical location for a solar wind trailing edges of high-speed streams (Baker et al., 1990; Li
monitor — nearly all SIRs/CIRs will be observed at L5 sev- et al. 2001). By placing a solar wind monitor at the L5 La-
eral days prior to their arrival at Earth. Because the Sun’sgrange point of the Sun-Earth system, nearly all corotating
heliographic equator is tilted about 7 degrees with respect tgolar wind streams can be observed in situ 3 to 5 days prior
the ecliptic plane, the separation in heliographic latitude be-to their arrival at Earth. An L5 solar wind monitor has been
tween L5 and Earth can be more than 5 degrees. In July 200§roposed by groups including Akioka et al. (2005) and Webb
during the period of minimal solar activity at the end of solar et al. (2009).

cycle 23, the two STEREO observatories were separated by The heliographic longitude separation between Earth and
about 60 degrees in longitude and more than 4 degrees in he5 is 60 degrees. Because the Sun’s heliographic equator is
liographic latitude. This time period affords a timely test for tilted about 7 degrees with respect to the ecliptic plane, the
the practical application of a solar wind monitor at L5. We separation in heliographic latitude between L5 and Earth can
compare in situ observations from PLASTIC/AHEAD and be more than 5 degrees. This relatively small latitude separa-
PLASTIC/BEHIND, and report on how well the BEHIND tion is potentially enough to result in substantially different
data can be used as a forecasting tool for in situ conditions agtream structures at the two points of observation (Schwenn,
the AHEAD spacecraft with the assumptions of ideal corota-1990: Leske et al., 2008; Mason et al., 2009; Simunac et al.,
tion and minimal source evolution. Preliminary results show 2009). Simunac et al. (2009) compared the expected and ob-
the bulk proton parameters (density and bulk speed) are naderved time delay between the observations of stream inter-
in quantitative agreement from one observatory to the nextfaces on STEREO/B and STEREOQ/A over heliographic lon-

but the qualitative profiles are similar. gitude separations ranging from 2 to 48 degrees. They found
Keywords. Interplanetary physics (Solar wind plasma) — significant deviations from the expected time-of-arrival when
lonosphere (Modeling and forecasting) the spacecraft were separated by more than 20 degrees of

longitude. Figure 1 shows that NASA's Solar Terrestrial Re-
lations Observatory (STEREO) satellites were separated by
about 60 degrees in longitude and more than 4 degrees in he-
liographic latitude during the month of July 2008. This time
period is a logical test for the practical application of a solar

1 Introduction

Space weather prediction is becoming increasingly impor-" .

wind monitor at L5.
tant as people rely more and more on technology. Tran-
sient events such as coronal mass ejections and solar flares

are not the only causes of space weather. Corotating solar ,
2 Data and observations

Correspondence td. D. C. Simunac The data used in this study are from the Plasma and
BY

(k.simunac@unh.edu) Suprathermal lon Composition (PLASTIC) investigation

Published by Copernicus Publications on behalf of the European Geosciences Union.


http://creativecommons.org/licenses/by/3.0/

3806 K. D. C. Simunac et al.: In situ observations from STEREO/PLASTIC

STEREO Heliographic Longitude Separation versus Time _— T T~

- - ~
— 70 / /‘—' - o\
g . ‘ * he \
& 65 /¢ ’ T
< 60 /_/// / g N \
B ! 5
§ 55 /! *\
g ! )
) | ! "
2008/07/01 2008/07/11 2008/07/21 2008/07/31 i ; ,
Year/Month/Day \ Y H
\ y
STEREO Heliographic Latitude Separation versus Time \ s K /
- 8 * R4 /
g ~§
g —_— ] N ~
c 4
2
§ 2
&
0
2008/07/01 2008/07/11 2008/07/21 2008/07/31 ) . . . . . .
Year/Month/Day Fig. 3. lllustration of a solar wind stream in the idealized Carrington

frame. The points at which the STEREO observatories intersect the
Fig. 1. The STEREO observatories’ separation versus time in heli-Stream are indicated with the small circles, open for AHEAD and
ographic longitude (top) and latitude (bottom). filled for BEHIND.

PLASTIC/BEHIND Proton Bulk Speed versus Time dial and longitudinal separations are taken into account, but
latitude separation is neglected. The two observatories en-
counter the same stream at different Carrington longitudes
due to the difference in heliocentric distance, as illustrated
450 in Fig. 3. The Carrington longitude at which STEREO/A is
330 expected to encounter a given StreafARR _Expected Can be

250 .
2008/07/01 2008/07/11 2008/07/21 2008/07/31 calculated (Eq l)

Year/Month/Day QSUH(RB _ RA)
@YCARR_Expected= YCARRB — ——

; 1)
Fig. 2. Solar wind bulk speed measured by PLASTIC/BEHIND in
July 2008. wheregpcarr B is the Carrington longitude of STEREO/B,

Rp and R4 are the respective observatory’s orbital radius,

and Vg _p is the solar wind speed measured at STEREO/B.
aboard STEREO. PLASTIC is a time-of-flight mass spec-Qsynis the angular speed at which the Sun rotates. For this
trometer that samples ions with energy per charge betweestudy the solar equatorial photospheric speed of 14.38 de-
0.3keV/e and 86keV/e. For an extensive description ofgrees per day (Newton and Nunn, 1951) was assumed. Ex-
PLASTIC see Galvin et al. 2008. Solar wind proton param-pected Carrington longitude is calculated rather than a time
eters including bulk speed, density, kinetic temperature, anghift because the speed at which the observatories travel is
flow angle are available with one-minute time cadence. Fomot constant. Carrington longitudes can be converted to times
this study the data were averaged over one-hour intervals. using the STEREO orbit ephemerides.

Figure 2 is a plot of solar wind speed observed by PLAS- Figure 4 shows both the expected and actual solar wind
TIC/BEHIND versus time. There are two high-speed streamsspeeds measured by PLASTIC/AHEAD during July 2008
with flows that exceed 550km/s. The solar wind proton with the x-axis in terms of Carrington number. Error bars on
speeds at STEREO/B are used to predict the solar windhe predicted speeds at€l00 km/s. The trends in the mea-
speeds at STEREO/A under the assumptions of perfect corcsured solar wind speed agree well with the prediction. Both
tation and radial solar wind flow with constant speed betweerhigh-speed streams were observed at their predicted Carring-
the heliocentric radii of the two observatories. These as-ton longitudes. The stream interfaces, as defined by Burlaga
sumptions are most likely to be valid during periods of min- (1974), were offset from their predicted times of arrival by
imal solar activity, as was the case in July 2008. The sim-several hours. The measured bulk speeds fell inside: 1Q®
plest frame in which to carry out the radial and longitudinal km/s error bar of the predicted speed 95% of the time. The
propagation is the idealized Carrington frame. In this repre-predicted and actual speeds agreed within 50 km/s 60% of
sentation each solar wind stream is a static Parker-spiral-likehe time.
curve, and the observatories move in clockwise orbits (when Figure 5 shows the proton densities measured by PLAS-
viewed from the North) intersecting the streams. Both the ra-TIC/BEHIND during July 2008. The proton densities
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Fig. 4. Predicted and observed solar wind speed at PLAS-Fig. 6. Predicted and observed proton density at PLASTIC/AHEAD
TIC/AHEAD during July 2008. An uncertainty aE100km/s on  for July 2008. The uncertainty on the predicted density is shown
the predicted speed is shown with grey shading, while the observedvith grey shading. The solid black curve shows the measured val-
values are given by the solid black curve. ues.

PLASTIC/BEHIND Proton Density versus Time
30 3 Discussion

20 y Miyake et al. (2005a, b) conducted a correlation study us-
10 I L* ing data from the “Nozomi” spacecraft and the Advanced
- Composition Explorer (ACE) when they were separated by

0 greater than 50 degrees heliographic longitude. Solar wind
2008/07/01 2008/07/11 2008/07/21 2008/07/31 speed measurements at “Nozomi” were obtained forat
reeriont/ey He™* when the solar wind speed was greater than 400 km/s.
Fig. 5. Solar wind proton density measured by PLASTIC/BEHIND 1h€Se were correlated with the solar wind speed measured by
in July 2008. ACE by calculating a time lag needed to account for both so-
lar rotation and the different heliocentric distances of the two
spacecraft. The Miyake et al. (2005a, b) study took place
measured by PLASTIC/BEHIND were used to predict the during solar max conditions, so transient streams had to be
densities at PLASTIC/AHEAD by assuming constant flux removed from their data set. They found a correlation coeffi-
through a spherical shell of radiug and assuming the so- cient of 0.68 for longitude separations betweeh&@d 110,
lar wind speed is the same at both observatories. In otheand found that 90% of the solar wind speeds at Nozomi fell
words, the density measured at PLASTIC/BEHIND is scaledwithin 100 km/s of the value at ACE. Our study takes place
by a factor Rz/R4)?, whereRz andR, are the heliocentric  under solar min conditions when there were no interplanetary
distances of the two STEREO observatories. coronal mass ejections (ICMEs), and includes proton density
Figure 6 shows the predicted and measured proton denin addition to the solar wind proton speed.
sities at PLASTIC/AHEAD. The uncertainty was calcu-  Figure 7 shows the bulk speed measured at PLAS-
lated assuming the solar wind speed could change by up tdIC/AHEAD versus the speed measured at PLAS-
100km/s between observations, and that the density medaFIC/BEHIND with appropriate time shifting. A linear
sured at STEREO/BEHIND has an uncertainty of 10 per-fit forced to zero at the intercept has coefficient of deter-
cent or less. The trends in the proton densities agree witmination R2=0.69. 95% of the time solar wind speeds at
the predictions, but in some cases the magnitudes are off bPLASTIC/AHEAD fell within 100 km/s of the speed at
more than a factor of two from the predicted values. ThePLASTIC/BEHIND. 60% of the time the speeds fell within
proton densities are lower than expected at STEREO/A prioi50 km/s of each other. The peak solar wind speed measured
to arrival of the first high-speed stream. This may be ex-at STEREO/AHEAD is within 5% of the peak speed at
plained by the difference in slow solar wind speed betweenSTEREOQ/BEHIND for the first high-speed stream. In the
STEREO/B and STEREO/A, which was contrary to our as-case of the second high-speed stream the maximum speed
sumption of constant solar wind speed. The density mearecorded at STEREO/AHEAD is less than the maximum
sured at STEREO/A immediately prior to the second high-speed at STEREO/BEHIND by about 15%.
Speed Stream agreeS We” W|th the predicted VaerS. The den' Figure 8 ShOWS the measured proton density at PLAS-
sity enhancement near CR 2072.5 is smaller than expected.T|c/AHEAD versus the expected density based on measure-
ments at PLASTIC/BEHIND. While a linear trend line can
be fit through the data, the overall correlation is poor. This
may be due in part to the assumption of constant solar wind
speed. Incorporation of remote imaging data could poten-
tially lead to better density predictions because the speed of
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Table 1. Expected and observed times of stream interface arrival.

Arrival at STEREO/BEHIND  Expected time at STEREO/AHEAD  Arrival at STEREO/AHEAD  Difference [h]

9 July 2008, 23:00UTC 13 July 2008, 23:00 UTC 13 July 2008, 16:00UTC -7
20 July 2008, 22:00UTC 25 July 2008, 02:00UTC 25 July 2008, 11:00UTC +9
July 2008 Bulk Speed Correlation July 2008 Density Correlation
Ideal Corotation and Radial Velocity Assumed Constant Solar Wind Speed and Flux Assumed
800 40 \
y = 0.96x y = 0.20x + 3.06
R* = 0.69 R*=0.14
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Fig. 7. Solar wind bulk speed correlation between PLAS- Fig. 8. Solar wind proton density correlation between PLAS-
TIC/AHEAD and PLASTIC/BEHIND for July 2008. TIC/AHEAD and PLASTIC/BEHIND for July 2008.

the fast solar wind is related to the area of the coronal holeThese include: coronal hole drift with respect to the equato-
from which it emanates (cf. Nolte et al., 1976; Wang and fial photosphere, evolution of the source region(s), and con-
Sheeley, 1990). Viewing changes in the boundaries of the1ecting to different parts of the same coronal hole, likely be-
coronal hole during the days between observations can indicause of latitude separation.

cate if the coronal hole is growing or shrinking, which would  Elliot et al. (2003) took data from ACE and propagated it
suggest the solar wind speed is increasing or decreasing. Aswut to Ulysseswith the Zeus hydrodynamic code. The he-
suming flux conservation the density estimate could then bdiographic latitude separation between the spacecraft varied
revised. Another possible cause for poor density correlatiorfrom 0 to 42 degrees during the time period included in their
is the evolution of SIR and CIR compression regions — theydata set. They often found stream structures that were ob-
become steeper with radial distance, leading to greater conserved by both spacecraft when latitude separation was less
pression. This is opposite to the trend of the ambient solathan 15 degrees. However, the detailed structure in the speed
wind. and density changed between L1 ddlysses which Elliot

Table 1 lists the times-of-arrival of the interfaces between®t @l- attribute to stream interactions.

slow and fast solar wind streams at both STEREO observato-

ries, the expected times-of-arrival at STEREO/AHEAD, and

the difference between the expected and actual times. Thé Conclusions and future work

differences between expected and actual arrival times are less

than 10% of the total corotation times. The first stream (nearThe overall solar wind speed profiles were similar between
CR 2072.3) arrived seven hours earlier than expected, an8 TEREO/BEHIND and STEREO/AHEAD during this pe-
the second stream (near CR 2072.6) arrived nine hours lataiod of minimal solar activity, in spite of heliographic lati-
than expected. There are a number of possible explanatiornside separations that exceedédahd longitude separations
for the differences between expected and actual arrival timesof about 60. Therefore, a solar wind monitor at the L5

Ann. Geophys., 27, 3808809 2009 www.ann-geophys.net/27/3805/2009/



K. D. C. Simunac et al.: In situ observations from STEREO/PLASTIC 3809

Lagrange point would augment our space weather forecast-eske, R. A., Mewaldt, R. A., Mason, G. M., Cohen, C. M. S., Cum-
ing capabilities for the Earth. mings, A. C., Davis, A. J. Labrador, A. W., Miyasaka, H., Stone,

The simple technique presented here was used to predict E. C., Wiedenbeck, M. E., and von Rosenvinge, T. T.. STEREO
within 10% of the total corotation time between two obser- 7th Annual Astrophysics Conference/Particle Acceleration and
vation points separated by about°6f longitude and more U:P:hpggo'g the Heliosphere and Beyond, Kauai, Hawail, 7-13
than % in heliographic latitude. Incorporating remote images ‘

f I hol hould all fi dicti f Li, X., Temerin, M., Baker, D. N., Reeves, G. D., and Larson,
of coronal holes should allow us to refine our predictions for D.: Quantitative Prediction of Radiation Belt Electrons at Geo-

both the arrival times and the measured in situ properties. gationary Orbit Based on Solar Wind Measurements, Geophys.
However, with the rise of Solar Cycle 24 we expect the cor- Res. Lett., 28, 1887—1890, 2001.
relation between observations will decrease unless transiemlason, G. M., Desai, M. I., Mall, U., Korth, A., Bucik, R., von
flows, such as ICMEs, are omitted. Rosenvinge, T. T., and Simunac, K. D.: In situ observations of
Incorporating magnetic field data will be important for  CIRs on STEREO, Wind, and ACE During 2007-2008, Solar
predicting geoeffectiveness. Long duration auroral activity Phys., 256, 393-408, doi:10.1007/s11207-009-9367-0, 2009.
typical of solar activity minimum periods has been linked Miyake, W., Saito, Y. Hayakawa, H., and Matsuoka, A.
to Alfvén waves with recurring southward Bz in high-speed ©On the correlation of the solar wind observed at the L5
streams. Future work would include Aéfic fluctuations, point and at the Earth, Adv. Space Res., 36, 2328-2332,

. . . doi:10.1016/j.asr.2004.06.019, 2005a.
t;;szfagcfzey can be predicted over the 60 degree IOI’]g'tUd(iﬂilliyake, W., Saito, Y., Hayakawa, H., and Matsuoka, A.: A study

of correlation between solar wind data observed at two points
in interplanetary space during the recent solar maximum, Solar
Phys., 227, 355-370, d0i:10.1007/s11207-005-2100-8, 2005b.
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