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Measurements of the magnetic field
and plasma are only available along
the trajectory of the spacecraft, so Its
necessary to obtain a general view of
the ICME structure. Through a
statistical study of different points of
g view of the structure, we can
D | 7 | determine the properties of the shock

With in-situ observations from several solar|| FEANSCEESSENPE & F & | ;ﬁ___ﬁf evolution in the inner heliosphere.
missions, we are able to study the propagation of —

large-scale structures.

ABSTRACT

Hundreds of IP shocks and ICMEs have been
detected at different times and heliocentric
distances through several space missions.

The main aim of this study IS to present a| According with Janvier et al., (2014, 2015) we use the
statistical study of a large shocks events in order | inclination angle i on the ecliptic, introduced to

to understand the evolution of shock properties| guantify the inclination between the projected vector
with the heliospheric distances. As well explore, | Nshocky. @nd the direction y. (The angle 1 depend on
through a statistical analysis of the shock the orientation of the shock normal vector and the
orientations, if there are a preferential orientation | ¢oordinate system of the spacecraft). As well the

of the shock normal vector around the Sun apex location angle A definied as the angle between the
ine P shock normal vector ngwoe« and the radial direction -

Xgse. A Informs the relative location of the spacecraft
crossing the shock structure from the apex, if A=0, |
means that the spacecraft crosses the shock right
along Its apex.

The angle A is useful to
estimate the global shape
of the shock front through
a stadistical study of the
shock orientations (not

shown here) @

ellipsoidal model

Events selection
Total number of 1P shocks Is there an asymmetry in the east/west direction?
Spacecraft Time coverage R [au] Source | No. events
Helios-A /B 1975-1981 0.29-0.99 a 103
‘A“gﬂEd 12223812 ; a ;“gi Sun The majority of shocks observed at 1 au are generated by ICME launched from the
- a
STEREO-A /B 20072014 095/1.05 | a 204 T Sun. For several years, the Sun launched CMEs from a large number of unrelated
Ulysses 1990-2009 1.3-5.4 a 238 ose 1o the sun source regions with diverse orientations. If there is no preferential orientation in the
Nurmber of shocks with an associntod TOME B in radial direction sources, a spacecraft Is expected to cross the shocks associated with the ICMEs (or
, SIRs) with an approximative uniform probability of A.
Helios-A /B 1975-1981 0.29-0.99 e 30
Wind 1994-2017 1 b 185 close to _ o
ACE 1998-2013 1 c 125 earth, We separate the shock events in two groups: those shocks where the angle 11t is
%TEREO'A/B ?gggzgég 1 3154 ‘;1 2: B-45° between [320°, 40°], corresponding to the east direction (+ 40°), and for those shocks
SSeS - o=, . - . . .
’ with i between [140, 220], corresponding to the west direction (+ 40°).
%https:/ /ipshocks.fi/
®Nieves-Chinchilla et al. (2018) Close to Jupiter
‘Regnault et al. (2020) radial direction
1Jian et al. (2006, 2013)
Richardson (2014) Distribution of the location angle A Shocks with non-detected ICMES
Table 2. Number of FF shocks observed by Ulysses, during 1990 to _ _ 0.25 -
2009, organized by different radial and latitude intervals. 0.25 All shocks 0.25 1 >hocks with detected ICMEs 0.25 1 >hocks with non-detected ICHES -
Radial distance [au] Heliographic latitude [0] 020 == 0201 = 0201 — 2 015
< ‘300‘ ‘300‘ <0 < ‘600| ‘ > 600‘ ED.IS gﬂ.lfm gﬂ.lfm Eﬂ-m
1,25 16 3 A & 0.10 : £ 0.10 £ 0.10 005
25? 4 33 10 0 D.GS—: 0.05 0.05 0.00 __,5.3 ”r = : " p n
4, 5.5] 151 1 0 0.00 - 0.00 A 0.00 - 4|
—60 —40 =20 0 20 40 60 —60 =40 =20 0 20 40 60 —-60 —40 =20 0 20 40 60 0ot [4,5.5] au
Total 220 14 4 238 " " : |
- The low number of ICME shock - For large values of A, between 50° and 60°, 020
detected for small values of A can be there are more shocks without than with 015
explained by the small extension of the ICME behind. This is probably due that when £ o0
- : ctrila it - - hock surface near the apex. So that a spacecraft cross the structures farther from _
Properties distributions of IP shocks, with and without SHOLR . ’ P . .
d pt ted ICME ! there_ls less chance of crossing the shock the apex, the encounter with the following oo
a detecte near its apex that at other parts of the ICME is too near its boundary to detect the oo e 0 @ 0w
sl structure. ICME, or even the crossing can be outside _We do not find a clear evidence that
the ICME. there is a variation of A angle as a

function of the heliocentric distance.

0.05 + 0.05 0.05 0.05 A 0.05 A

Variation of mean (green line) and median (red line) values of the shock ratio properties from 0.3 to

PR AEET Mo emmada Ui e e e 5 au, for shocks with ICMEs (solid line) and shocks without ICMEs (dotted line) detected. - When a spacecraft cross the structures
s ] | os] o] ; o] | farther from the apex, the encounter with
| i _ 225 meomac-ospoiamray R S - The speed jump is the following ICME is likely too near its
o o h o §20] gt T s | decreasing with distance boundary to detect the ICME, or even the
ooo LR oo IS 0. .- s J for both categories. crossing can be outside the ICME. Then,
A 2 100 ] ok 4036 0100 13 _ shocks with large [A] values are expected
o] ] £ - The shock velocity do not to be more associated with no detected
§ el oo show significant evolution ICMES.
" s T e R with distance.
5555555 ooo LMl e | 0. oo LM o oo L ], | M. 2 p0] eI A - The magnetosonic Mach | _
e s T T TS number of both categories - 'ghe res;:lts cri]erlvgd from_thde_ angle i f
- The fact that stronger and faster  _ The similarity of the distribution = |dn_creases_ s(il_ght!y with It?ialsc?rfgtfcggtbsrtiéslg];rl?elrnsggllons e
shocks are associated with a shapes, as well as the proximity in the - : istance Indicating |
detection of an ICME is not values of the maximum values for all the T o] Mma v SEERImT | Stronger shacks Wit
surprising: indeed, faster and parameters indicate that the most typical 501  .% increasing distance. - From Ulysses data, most shocks have no
stronger shocks build up amore  gphocks with and without a detected ICME e e e . - The shock properties detected ICME behind while it is the
Compr_eSSGd S'leath, and c'_sll'e also are similar. £251 ™ G011 82480 R g have a weak evolution with reverse at and below 1 au. A possible
associated with a more intense = T A heliocentric distances. interpretation is that shocks detected by
magneth field within the 00 05 10 15 20 25 30 35 40 45 50 55 U|ysses are most ||ke|y to be C|R/S|R, as
magnetic ejecta. - the interaction between fast and slow

winds needs time, so distance, to build up
In a strong shock.

With observations of PSP or SO it Is

possible to complement this type of - The shock properties have a weak

study to better understand the evolution with heliocentric distances.
propagation of these structures.
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