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Interplanetary Scintillation (IPS) 
Measurements of the Solar Wind

• Solar wind speed V
←Time lag between 
IPS patterns at 
separated antennas 

• Density fluctuation 
level ΔNe (proxy of 
Ne) ←Strength of IPS Time lag

Good Points of IPS 

Observations

•Determination of 

global structure of SW 

•Only method to 

measure SW speed at 

high lat.

Interplanetary Scintillation; IPS

IPS is a scattering (“twinkling”) phenomenon 
of radio waves caused by density 
irregularities in SW, and serves as a useful 
remote sensing method to observe SW.



ISEE Multi-Station System Dedicated 
for IPS Observations of Solar Wind

Kiso

FujiToyokawa

IPS observations have been 

conducted regularly since 

1980s using this system. 

•Solar wind speed V

•Scintillation level (g-value) ~ 

Density fluctuations ΔNe

IPS observations at Toyokawa
continue for a whole year.

ISEE

UHF radio-telescopes with a cylindrical 
parabolic reflector
• Large aperture (~2000 or ~3400㎡) to 

detect faint IPS signals
• Observation frequency 327MHz 

enabling to cover distance range 
between 0.1 – 1 AU



Computer-Assisted Tomography (CAT) :
Deconvolution of Line-of-Sight Integration of IPS 
Observations 

• The effect of line-of-sight (los) 
integration is known to bias IPS data 
significantly.

• The los integration can be deconvolved
with CAT.  
• Multiple perspective observations 

enable to reconstruct SW structure 
from CAT.

• Several versions of IPS CAT method 
have been developed.
• Corotational Tomography (e.g. Kojima 

et al., 1998; Jackson et al., 1998)

• Time-dependent Tomography (e.g. 
Jackson et al., 2010)

• MHD IPS Tomography (e.g. Hayashi et 
al., 2003)

• etc.Red: Slow wind, Blue: Fast wind

Many lines-of-sight are used for our IPS observations.



Time-Dependent Tomography of IPS Observations 
(B.V. Jackson/UCSD)

• The time-dependent tomography 
enables accurate reconstruction of 
time-varying 3D structures of the inner 
solar wind from IPS observations.

(adopted from Jackson et al., 2014)

Comparison 
between CAT 
analysis and in 
situ meas. at 
Earth

The CAT analysis is in good agreement 
with in situ meas.

There are many 
high-density 
structures 
(ICMEs) 
propagating from 
the sun to the 
Earth orbit

3D reconstruction of SW density



Prediction of IMF Bz at Earth using UCSD 
IPS Tomography and CSSS Model

The UCSD IPS tomography can 
be used to predict IMF at Earth 
by combining the coronal 
magnetic field model (Dunn et 
al., Sol. Phys., 227, 339, 
2005;Jackson et al., Astrophys. 
J. Lett., 803, L1, 2015).  

A significant positive correlation is 
found between coronal Bθ and 
interplanetary Bn for CR2056.

Bθ
Bn

The north-south component of IMF  is particularly 
important for space weather predictions, since the 

occurrence of geomagnetic disturbances are 
closely associated with southward IMF

Comparison between Bθ from IPS tomography and 
north-south component of IMF Bn measured by ACE.



Origin of Interplanetary Bz: (1) 
Quasi-stationary SW (Nozaki/ISEE)

• Weak abut significant positive 
correlations are found 
between coronal Br and IMF Bn.

• This fact is consistent with the 
steadily evolving coronal mag. 
field model (Ulrich and Tran, 
2016).

tomography Br

ACE  

Bn

(Ulrich and Tran, 2016)
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Closed coronal 
loop evolves into 

open field by 
continuous 
expansion.



Origin of Interplanetary Bz: (2) Sheath 
of Magnetic Clouds (Nishimura/ISEE)
• 6 magnetic cloud (MC) events in 2006-2007 (WIND obs.)

• Good correlation of the polarity is found between coronal 
Bθ and interplanetary Bn at the sheath region of MCs.
• Coronal field polarity at higher altitude matches IMF polarity at 

larger distance.

• This fact is useful for predicting the Bz polarity at the sheath 
region of MCs. 

Earth

1.2 Rs

Mag. 
Cloud
(MC)

MC start Pre MC start
Higher than 1.2 Rs

UCSD IPS Tomography

(Nishimura+, 2016)

PFSS model

Sheath region

Bθ at corona
Bn at Earth



IPS g-value Measurements of CME
Density disturbance factor: g-value

Sun

Earth

CME

Radio Source

2 2 ( )eg N w z dz

All-sky g-value map

g>1 → Excess of ΔNe (i.e. Ne) 



Propagation Dynamics of CMEs in 
the Solar Wind

• Radial variation of CME speeds is derived by 
combining between IPS, LASCO, in situ data at 1AU.

• CMEs decelerate or accelerate as they propagate 
through the solar wind.

• CME speeds approach to ambient SW speeds.

• Acceleration rates observed for fast CMEs are well 
explained by the hydrodynamic Stokes drag force 
model. 

(Iju et al., 2013)

Improvement of 
CME arrival time 

predictions



Long-Term Change of Heliosphere in Response 
to Weakening of Solar Activity in Cycle 24

• The solar activity in Cycle 24 
is the lowest in the space 
age. 

• Our IPS observations, which 
have been carried out over 
more than 30 years, show 
that the global solar wind 
distribution drastically 
changes with the solar cycle.

• Peculiar aspects of the solar 
wind in this cycle have been 
revealed from our IPS 
observations.

http://solarscience.msfc.nasa.gov/predict.shtml

(Tokumaru et al., 2013)



Growth of Equatorial Fast Winds: 
Comparison between Solar Winds at 
SC22/23 and SC 23/24 Minima

Upper panels:
SC 23/24
minimum
Fast winds 
located at the 
equator as well 
as poles (i.e. 
Marked 
development of 
fast wind occurs 
at low latitude.)

Lower Panels:
SC 22/23
minimum
Bimodal structure 
composed of 
polar fast wind 
and equatorial 
slow wind.Synoptic Source Surface 

Map of SW Speed Latitude Variation

Equatorial Fast Wind

(Tokumaru et al., 2009)

Occurrence histograms of SW 
speed measured in situ at 1 AU

Higher occurrence 
of fast wind

The growth of fast winds at the equator may result in increased occurrence of fast-wind-
driven geomag. disturbances.



Summary

• IPS observations provide useful information for 
improvement of space weather predictions.
• Realtime 3D reconstructions with IPS tomography
• Prediction of IMF Bz component as well as SW speed, 

density at Earth

• They are also useful for gaining better understanding 
of the solar wind physics.
• Propagation dynamics of CME
• Long-term evolution of the global distribution of the solar 

wind

• Worldwide IPS Stations (WIPSS) has been proposed in 
order to optimize the utility of IPS for space weather 
predictions.



Worldwide IPS Stations (WIPSS)

Japan

Mexico

India

Russia

Australia, 

USOoty 327MHz、16,000㎡

BSA LPI 110MHz

40,000㎡ MEXART

140MHz、10,000㎡

MWA

80-300MHz

ISEE Multi-Station 327MHz

2000㎡×3, 4000㎡

EU

LoFAR

LBA:10-90MHz

HBA:110-250MHz





ISEE IPS Antennas as Viewed in Google 
Earth

Fuji IPS Telescope
E-W 100m, N-S 20m

Solar Wind Imaging 
Facility Telescope; SWIFT 

(Toyokawa)
N-S 106m, E-W 41m

Kiso IPS Telescope
E-W 75m, N-S 27m

A new system for 
observation control and 
data acquisition has been 
developed in 2010 to 
collect IPS data 
simultaneously at three 
stations. This system 
enables to determine the 
solar wind speed from the 
cross correlation analysis.

SWIFT-type low-noise 
amplifiers have been 
installed for Fuji and 
Kiso stations in 2013-
2014. This leads to a 
significant 
improvement of the 
system sensitivity. 

Development of SWIFT in 

2006-2008. Best sensitivity 

among the array


