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Shape and extend of the solar wind
transition surfaces
Solar Alfven and: Sonlc surfaces
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Shape and extend dependence
upon LISM magnetic field direction (~2000)

Xenophon Moussas, Open problems in space physics, 2022
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Y- RS, RH (AU)
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Vovager 1 and 2 inform ation from the web page http://sd-www _.jhuapl.edu/VOYAGER/index.htm|
Voyager 1 crossed the termination shock of the solar wind on 16 Dec. 2004 at 94.0 AU.
Voyager 2 crossed the termination shock several times during 29-31 Aug. 2007 at 83.65 AU.

Both spacecraft are now exploring the shocked solar wind in the inner heliosheath.
T They are headipng toward the heliopause, the boundary that separates plasma of solar origin
140 - from the intersfellar medium.

SVWVW Terminal Shock|Radius

160 —¢

120 (26 days averages ing O ' | daily values)
— VVoyager 1
- -
=< 100l 946 AI l ‘ ‘
S 155 5 adb Iy 1 gy g l ?l __ St i 1 1 1 gl i ‘r il i g Voyager 2
%) Ryt 111 1 I . Al M N At L |2 A ol (e T M
= 804829 AU | > L L Ly
= . : ST
@ i Lol t
= 60 T LISM parameters: i L L L
= T n=0.19 cm™ L bt 2bo7.3
~ 40— u=26.3 km/s E Ly ¢
1l T=6500 K i E2Lp01-9
B=0.29 nT L e L L
20 - E ZOOQ-QL 1
- L L L
- 1999.5 L : L
O T | T - | T | T .I -_' 1 [
1960 1970 1980 1990 2000 2010
YEAR

Xenophon Moussas, University of Athens, 2025



AU

Heliospheric Termination Shock Radius Variations

160 - 6*27 days averages (using omni_01_avg.dat)
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AU

Heliospheric Termination Shock Radius Variations

160 6*27 days averages (using omni_01_avg.dat)
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AU

Heliospheric Termination Shock Radius Variations

160 6*27 days averages (using omni_01_avg.dat)
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AU

Heliospheric Termination Shock Radius Variations

160 - 6*27 days averages (using omni_01_avg.dat)
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CR modulation

Using a simple diffusion-convection "‘ I
model (i.e. Parker 1965) assuming /[~ | A\ g,
that the diffusion coefficient is I -

proportional to 1/B°. + - ae
o ' f :
J = Jo exXp(—=yuswB™)

J(la .]) — (J(l - 15 .]) exp(_ylustg_],j))
+J0 —1,) - l)exp(V2Mstg‘_1,j_1))
+J0—1,]+ 1)exp(_V3MswBg_l,]’+1)))/3-03
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2 days average data from PSP hourly averages
(2018 - 2023)

m Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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2 days average data from PSP hourly averages (2018 - 2023)
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Alfven

surface

2 days average data from PSP hourly averages
(2018 - 2023)

m  Solar Wind Alfven Radius (in Solar radii) - Equatorial plane
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As expected
magnetosonic and Alfven surfaces coinside

2 days average data from PSP hourly :: . - ays average data from PSP hourly averages
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2 days average data from PSP hourly averages (2018-2023)
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2 days average data from PSP hourly averages
(2018 D:307 - 2019 D:88, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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2 days average data from PSP hourly averages
(2019 D:92 - 2019 D:239, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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2 days average data from PSP hourly averages
(2019 D:242 - 2020 D:24, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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2 days average data from PSP hourly averages
(2020 D:26 - 2020 D:153, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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2 days average data from PSP hourly averages
(2020 D:157 - 2020 D:270, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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2 days average data from PSP hourly averages
(2022 D:57 - 2022 D:150, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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2 days average data from PSP hourly averages
(2020 D:273 - 2021 D:14, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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2 days average data from PSP hourly averages
(2021 D:22 - 2021 D:117, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane

25
20
15
- 10
I
(@) 5
?
% I L] L) L] 1) = C L) L] L L} 1 ] 1)
>~i 30 -25 -20 -15 ﬂo -5 R() 5 10 15 20 25 30
g " lam ¥ u u
| 10 -
' i
15 .
20
25
30 -

R—m e-n?)(pk(oaﬁugslag, Oniversity of Athens, 2025




2 days average data from PSP hourly averages
(2021 D:120 - 2021 D:216, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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2 days average data from PSP hourly averages
(2021 D:227 - 2022 D:55, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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2 days average data from PSP hourly averages
(2022 D:155 - 2022 D:248, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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2 days average data from PSP hourly averages
(2022 D:250 - 2022 D:302, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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2 days average data from PSP hourly averages
(2023 D:176 - 2023 D:270, 1 rotation around Sun)

m  Solar Wind Magnetosonic Radius (in Solar radii) - Equatorial plane
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=== -THE LOCATION OF THE HELIOSPHERIC TERMINATION
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From Rankine-Hugoniot shock jump conditions for a
strong oblique termination shock, we get (Barnes 1998)

u, sin f = u, sin o (1)

solar wind flow

— 1
u, Cos p = (Z n 1)u1 COS 0. (2)

Heliospheric

Termination Shock 2
F1G. 1.—Solar wind passing through an oblique termination shock 2 2
Ds = P1 ul( ) CoS™ o, (4)



solar wind flow

Heliospheric
Termination Shock

F1G. 1.—Solar wind passing through an oblique termination shock



Then equation (4), with the help of equations (2) and (5),
becomes

L 2(y + 1) cos® fB
P = P Y Myjy — 1P ] cos? B+ 1

The pressure distribution p, on the termination shock is
obtained applying the Bernoulli equation for the flow
between the termination shock and the heliopause,
assuming that the flow is incompressible (see § 1):

(6)

3PsUz + Py = 3P US + Doy - (7)

Substituting p, from equation (3) and u, from equation (5)
and then solving for p,, we take

I N ML .l
ui

* Tay/ty — 1)*Jcos® B+ 1°

(8)



The solar wind density p, upstream of the termination
shock varies with radial distance r like

p1 = po(ﬁ) , (9)
rS

re\" Py + D{ut + [ui/(y — 1)1}
o 29(Po + 3P o0 U) |




@% We express the velocity potential of the flow after the termination
=¥ shock in the form (Fahr et al. 1993; Nerney & Suess 1995)

where P are the associated Legendre polynomials

®=> (4, + B, v V) cos mpP*(cos 6)
Im

B 1
(I)=Ao+7°+r(Acosqbsin9+BcosB)+r—2(Fcos¢sin9+Acos9)

0b B 2
u,.=—ar=rz"—(Acosf)sinH—I—Bcos9)+ﬁ(Fcos¢sin9+Acos9)
1 00 . 1 :
u9=—;%=—Acos¢cosG+Bsm6—r—3(FcosqbcosB—AsmB)

1 0@ I si
Uy = = A sin ¢ + smqb.

~ rsin 0 8¢ r3



The boundary conditions that we use are the following:
ur > o0)= —u_ z;

r(0 = m/2, ¢ =0) =10 = 7/2, ¢ = 7);

u(r = ry,, 0 =0)=0;

ulr =r(0 =0)] = — 1/(y + u,.

=

From condition 2 we find that A = 0and I' =0..

From condition 1 B=u_.

From condition 3 we have B, =|B — =5 —— [r+(60 = 0)
(0 = 0)_



L@ = D/ + DJuy + uyjri(0 = 0) — us ri(0 = 0).
2{[1/r{0 = 0)] — [1/ry(0 = O]}

the only unknown parameters are
the termination shock radius
and the heliopause radius r_ r,

r (0) can be determined from:

(g)z _ Py + D{ui [uz/(v -1}
r 2'))(p + 2poo )

rh(O) can be determined from the one-dimensional model by
Khabibrakhmanov et al. 1996)

r,(0)- r,(0)=37.6 AU .

A —

o



CR modulation

J = J,exp(—yugyBY)

‘](la .]) — (J(l B 15 .]) exp(_ylustg_],j))
+J@—-1,7—1) eXp(VZ”SU)Bg_l,]‘_l))
Ja@—1,7+1) eXp(—)/gustg-_Lj_H)))/?).O,
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