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About shape of the interplanetary shock front
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Abstract: The method of the interplanetary shock front shape determination has been developed. Weak large-scale
asymmetry of the front has been revealed for two sets of the vector-normal to front components obtained from data of ACE
experiment during from 1998 to 2003 years (199 measurements) and from 1998 to 2008 years (257 measurements). Axial
symmetric shape of the front has been determined. It agrees in general with one calculated in the magneto-hydrodynamic
approximation for conditions of the solar wind. Statistical method of the determination of a surface shape using set of the
vector-normal to surface has been established.

Keywords: Interplanetary shock front, vector-normal to front.

1 Introduction.

Among the structures observed in the interplanetary space,
the largest are of interplanetary coronal mass ejections
(ICME) and corotating interaction region (CIR). ICME are
a continuation to the interplanetary space of the coronal
mass ejections (CME) from the regions with closed mag-
netic field lines. CIR are formed by high-speed solar wind
stream originating from regions with open magnetic field
lines. Typical properties of plasma and magnetic fields in
the structures represent physical conditions in their regions
of their origin in the solar atmosphere.
When ICME velocity is more than Alfven speed it is
formed a shock wave. Number of ICME, accompanied
by shock waves is a significant amount, depending on the
phase of solar activity cycle. For example, the phase of
growth in the period 1996-1998 interplanetary shock waves
(IS) have been reported in 90% ICME [5].
The shock wave is an important structural details ICME,
which effects on the dynamics of energetic charged parti-
cles. At the present time, the shape of the front IS is known
only from the model calculations [6], [7]. It’s not known
how calculations represent the real shock fronts, because
local measurements on the spacecraft themselves do not
provide information about large-scale shape of the surface.
In this paper, by analyzing the observed set of values of
the components of the shock normal the typical form of the
shock front is obtained.

2 Asymmetry of the shock front surface.

Set of the interplanetary shock normal values is used
for determination of the interplanetary shock fron-
t shape. The data of the normal used here come
from the measurements carried out onboard ACE
during the interval period April 18, 1998 to Novem-
ber 6, 2003 within projects MAG and SWEPAM-I/E
(http://www.ssg.sr.unh.edu/mag/ace/ACElists/obs list.html).
In whole 199 measurements are used.
It’s supposed that the all interplanetary shocks have same
shape of front and determination of shock normal is ob-
tained on by chance chosen section of the front in every
event. The probability of such event is p = δΩ/Ω, where
δΩ, Ω are solid angles of the section and whole front. The
binomial distribution determines the probability of getting
such event k times. It has mean value < k >= Np and
variance D2 = Np(1− p), where N is total number of the
events [4]. From here it’s followed p = k/N ± σ, where
σ =

√
p(1− p)/N is dispersion. The dispersion is about

0.035 atN = 199 and with account of its weak dependence
on value of actual probability at p ∼ 0.5.
The components of the shock normal are defined relative on
RTN coordinate system. Its center coincides with a space-
craft place and unit vectors �eR, �eT , �eN derive reference
vectors of the coordinate system. �eR is directed along the
radius out the Sun, �eT = �ω× �eR/ | �ω× �eR |, �eN = �eR× �eT .
Here �ω is vector of angular speed of the Sun rotation.
The surface of the shock front projected on plane–of–sky
is divided into 4 parts: northwest (NW), south-west (SW),
southeast (SE), northeast (NE). Sign of the nT , nN normal
components are defined place the measurement on corre-
spondent region of the surface.
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Figure 1: Distribution of the number of event on regions of
the shock front surface projected on to plane–of–sky.

It’s supposed that radius of the surface goes down with re-
moval from central part of the surface where nR is about 1.
In this case the distribution of the number of events on re-
gions of the surface presented in Fig. 1 equals: kNW = 56,
kSW = 63, kSE = 44, kNE = 36. At 95% the probability
(that equals 2 standard deviations) of hit on northern re-
gion satisfies a relation 0.39 ≤ pN ≤ 0.53 at mean value
< pN >= 0.46. Here it’s used kN = kNW + kNE = 92.
The probability of hit on western region of the surface sat-
isfies relation 0.53 ≤ pW ≤ 0.67 at mean value < pW >=
0.6, where kW = kNW + kSW = 119.
The asymmetry causes may be: 1) different activity at the
regions of the Sun surface; 2) difference in size of the
shock front different regions forming for their propagation
through the interplanetary medium.
The distribution of the solar flare number on latitude de-
pendence at the Sun surface has been obtained by Zhao
[1]. 130 flares were observed during the interval period
February, 1997 to August, 2002 which are followed by the
interplanetary shock after 1–5 days. As it’s seen in Fig.
1.a 71 flares (55%) occurred at the northern region of the
Sun surface and 59 flares (45%) — at the southern region.
Therefore excess of activity at the northern region is about
10%.
If suppose that the disturbances propagate radially out the
Sun then one can be concluded: the north–south asymme-
try obtained by use of set values of the shock normal caus-
es by more activity of the northern hemisphere of the Sun.
The longitudinal distribution of the flares having observed
at the Earth orbit shocks have been obtained by Cane and
Richardson (see Fig. 4 in paper [2]). It’s seen in Fig. 4 49
events (53%) occurred at the western region of the Sun sur-
face and 43 events (47%) — at eastern side of the solar sur-
face. With account of these results and above assumption
it can be concluded that east–west asymmetry of the shock
normal distribution is caused by excess of solid angle size
of the western part of the shock front surface on 25% . The
east–west asymmetry of the front size may be formed at

Figure 2: Distribution of the observed number of event
plotted versus absolute values of the normal components.
Line marked by number 1 presents nR component; 2, 3 are
absolute values of nT , nN components.

Figure 3: Calculated sgock front shape projected on plane
XOY. Curves marked by number 1, 2 are approximated
parabolas. Thin shades intersecting the curve of the surface
along the radial direction show the measure of uncertainty
given by the standard deviation.

their propagation through the interplanetary space. Physi-
cal cause of the asymmetry may be self consistent process
of the particle acceleration and generation of Alfven waves
by them.
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Figure 4: Distribution of the calculated number of event
by Monte–Carlo method (curves intersecting the symbols)
and the observed number of events (curves without sym-
bols) without 15 events having magnitude of the nR com-
ponent less then 0.4 plotted versus absolute value of nor-
mal components. Line marked by number 1 presents nR
component; 2, 3 are absolute value of nT , nN components.
Correspondent curves markes by index ”i” present the ob-
served data.

Figure 5: Same as in Fig. 4 at N = 5000 events.

3 Determination of the shock front shape.

As it’s followed from above analysis the shock front shape
has weak east–west asymmetry. One can be determined it-
s shape supposing axial symmetry of the front shape and
using observed the shock normal components. In Fig. 2
number of events distrinution are showed versus of abso-

lute value of normal components. Presented distribution-
s of radial (nR), tangential (nT ) and vertical (nN ) com-
ponents are marked by numbers 1, 2, 3 respectively. The
number of events referring to solid angle whose linear size
defined at is Δψ = ψ2 − ψ1 is defined by expression

n = N(cosψ1 − cosψ2)/(1− cosψmax), (1)

where ψmax is linear angular size of the surface. Formu-
la (1) is obtained as a result of integration of solid an-
gle differential dΩ = sinψdψdδ with account of axial
symmetry and equiprobability of event distribution on sol-
id angle. In our analysis ψmax is a free parameter. In
accordance with the Fig. 4 of paper [3] one can be as-
sumed ψmax = 60o. From (1) at ψ2 = ψmax, n = 15,
N = 199 (n/N << 1) one can be obtained ψmax − ψ1 ∼
n(1 − cosψmax)/Nsinψmax ∼ 2.5o. Therefore the part
of the surface where β is more 66o is placed in solid angle
having small linear size. Due to a few number of values
the shape of the shock front at this region is obtained with
large error. So we willn’t obtain the shape of this part of
the surface and determination is limited by the interval of
0.4 ≤ nR ≤ 1.
Let us introduce heliocentric cartesian coordinate system
whose plane XOY is at the solar equator plane. Axis X is as
axial symmetry axis of the surface. Let us define 2 angles:
angle ψ is counted from axis X and angle δ is counted from
axis Y at plane YOZ. All interval of angle ψ is divided
on equal parts. In presented calculation the part number is
23 therefore Δψ = ψmax/23. The values of the normal
radial component are arranged in order their decrease and
are divided them on bins in accordence with parts of Δψ.
The number of events in every bin is obtained by expression
(1) ni = N(cosψi−1−cosψi)/(1−cosψmax), ψi = iΔψ,
where i ∈ [1, 23], ψ0 = 0,N = 184. One can be computed
the mean value < nR >i=

∑ni

j=1 nR,j/ni and standard

deviation σi =
√∑ni

j=1(nR,j− < nR >i)2/(ni − 1) that
calculate the front shape on the plane XOY

xi = xi−1 − ri−1Δψ(sinψi + tgβicosψi),

yi = yi−1 − ri−1Δψ(cosψi − tgβisinψi),

where ri =
√
x2
i + y2

i , x0 = 1, y0 = 0. re is used as
a spatial scale. The angle between the shock normal and
radius on every part is defined by expression nR,i = cosβi.
The front shape is computed for 3-th values: 1) nR,i =<
nR >i, 2) nR,i =< nR >i ±σi. Fig. 3 shows the result
of calculation. The thick solid line presents the shock front
shape and thin dashes intersecting the curve of the shape in
radial direction show the measure of uncertainty attributed
by the standard deviation of quantities. The obtained shape
may be approximated by two parabolas

x = 1− y2/a2
1, y = b2 − a2(x− x0)

2. (2)

The following quantities of the parameters are: ψmax =
60o, a1 = 0.97, a2 = 1.35, b2 = 0.54, x0 = 0.5,
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xmin = 0.254, x∗ = 0.845. The point of dependence
change is defined by the cooperative solution of the equa-
tions a1

√
1− x∗ = b2−a2(x∗−x0)

2 and y∗ = a1

√
1− x∗

where tgψ∗ = y∗/x∗. The magnitude xmin is obtained
from relation tgψmax = (b2 − a2(xmin − x0)

2)/xmin. At
axial symmetry the shape of the shock front is obtained by
change of the front shape defined on the plane y = f(x)

by
√
y2 + z2 = f(x). The equation for calculation of

the shock normal has form �n = �∇Φ/ | �∇Φ |, where
Φ =

√
y2 + z2 − f(x) = 0.

4 The solution of problem by Monte–Carlo
method.

Let us compute the problem by Monte–Carlo method with
aim of verification the developed method. The shock nor-
mal components connect with ones defined relative to RTN
coordinate system by following relations

nR = nxsinθcosφ+ nysinθsinφ+ nzcosθ,

nN = −nxcosθcosφ− nycosθsinφ+ nzsinθ, (3)
nT = −nxsinφ+ nycosφ,

where θ is counted from axis Z, φ is counted from axis
X on plane XOY. Set values of the normal components of
randomly gotten points on the surface can be obtained by
Monte–Carlo method using following circuit: magnitudes
of the angles ψ and δ are defined from expressions cosψ =
2γ1 − 1, δ = 2πγ2, where γ1, γ2 are random numbers; if
ψ > ψmax repeat draw is carried out; values of the angles
θ, φ are defined from expressions

cosθ = sinψsinδ,

sinθsinφ = sinψcosδ,

sinθcosφ = cosψ.

Angle ψ defines interval of X in which random point falls
in and respectively real form f(x). The equations of the
surface (+++) and values of the angles θ, φ define the point
coordinates and the normal components. The verification
of above presented method can be proved by the immediate
way: 1) the surface shape is given; 2) the normal compo-
nents of the 184 points randomly chosen on the surface are
computed; 3) the surface shape is obtained with use of the
developed method. Coincidence of the given surface shape
with the calculated one proves verification of the developed
method.
Computed distribution of absolute values of the normal
components obtained by Monte–Carlo method for al-
l events N = 184 is presented in Fig.4. Line marked by
number 1 that intersects the symbols presents nR compo-
nent. Similar lines marked by numbers 2, 3 present abso-
lute value of nT , nN components respectively. Correspon-
dent curves marked by index ”i” present the observed data.

Similar distribution obtained by Monte–Carlo method for
all events N = 5000 is presented in Fig. 5. As seen from
comparison of distributions presented in Fig. 4 and 5 in-
crease of all events weakly effects on the obtained results.

5 Conclusion.

A new method for determining the shape of the front of
interplanetary shock wave using a set of measurements of
components of the shock normal. The large-scale asymme-
try of the surface front is estimated. The typical front shape
has been obtained. Adequacy of the method is proved by
Monte–Carlo method.
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