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Introduction Propagation Model with Constant Speed
» The solar wind is a turbulent flow of weakly collisional charged particles that originates in the > Position of plasma parcel R(t, t;;,,) at every moment t following its crossing of PSP at a
outermost layer of the Sun’s atmosphere, the solar corona, and expands radially into the time t;,,,
heliosphere. t , , _ PSP (0.11 au) . o S0IO(0.88au) o
P R(t, t;,) = Ri(ti) + ftm V(t', t;)dt (1) ssoi_ 4 semvisr 1o meas o The compressibility of the
. . . L e Lo 1 solar  wind turbulence
> Because of the background interplanetary magnetic field, the turbulence in the solar wind is , _ _ _ @ 300 1o : _ . .

: . . : : where V(t', t;;,) is the plasma propagation velocity. 275 Do : continuously increases during
anisotropic. The anisotropic energy cascade leads to the anisotropy of power level and spectral L L EERN I it evolution . the
Index, which is observed in the solar wind turbulence. _ oo | —— B650  — B — 8150 | O[T —TE30 B —— G410 .

> Distance between the plasma parcel and the outer spacecraft, | | o 1+ heliosphere.
. . : .. : ) = — . 2 1 |
» One way to study the radial evolution of solar wind turbulence properties is to consider same d(t, tin) = |R0ut(t) Rparca(t, tm)' (2) | o ' o The power levels
plasma crossing two spacecrafts. T R 550 Mmoo T w0 a0 o0 00 0600 oy stematically  increase as
— 800 ! : Q .
Helos 1 1976  Helios 2 Fast solar wind B L £ a0 decreases by _at least two
0507 RIAUI 0721 © g 600- Lo g - - w orders of magnitude.
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T i ] o Prediction assuming a constant and radial £ - L 3 200- s o} \ | o At PSP, the inertial range
Vo Ay . . RS ] | o \7\2\.55 ] _
- ol propagation velocity e (d) | | | | | spectral index follows -3/2
I B ) — - 0 25 50 75 100 125 150 175 200 225 250 275 300 - o N [T B Il‘beO:@Hﬁ scaling, whereas at SolO
; - o Solar wind’s expansion taken into account th) = 20 S S e ot position, a clear transition to -
s I / \ = - ™\  5/3scaling is observed.
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Structure Function, Flatness and Scaling Exponent derived from Castaing Model

Even though, no matter the considered t € [0, 200] h, the observed proton’s speed at SolO

Is higher than at PSP. This is consistent with results of precedent studies that reported an  Castaing PDF:
acceleration of the slow wind in the inner heliosphere?+4, 8B,* (Inc — w?\do
P,(6B) = 5 j exp o7 exp| — e 3
Propagation Model with Constant Acceleration Where A is a parameter that quantifies the degree_ ofnon-GaUSSIanlty of the distribution and
u is the most probable value of the standard deviation.
> We fII‘Sj[ considered the plasma propagation with an arbl_tr_ary constant acceleration a . Structure function (SF): Scaling Exponent: Flatness:
PARKER SOLAR constrained by measurements, then for every t,,, the positions and speeds of plasma
. A parcel at every time t > t;, following the inner spacecraft crossing are?: S9(1) = C,exp (qz 12+ q,u) 2(q) = q? dAZ 4 q du F(7) = 3¢4%°
—a 2 ~ 2d d int -
(t_tin)z
R(t) = Ri,+(t — tip) Vin + > a (3) where C — _ (2)1 F(1+CI)
Y 2
PSP SolO v
. _ V) =V + +(¢ — t:) a ) N ——— : The whqle s-et of SF based_on
[Flg. 2. Parker Solar Probe and Solar Orbiter. Image courtesy of NASA.] | —— Fitting the derivation of Castaing
: : : distribution fitted very well
Goal: detect and study the same parcel of solar wind at different heliospheric distances from the > After the propagation, this model provides 2 with observational SE at both
Sun (plasma line-up) Rowt = Rn +1Vin + —a (5) location.
e v In the inertial range, the
‘ Characterization of the solar wind radial evolution ! Vo=V +17a (6) N oo scaling exponent ¢(z) shows
o ] | lz?ﬂ;al 82.89s | giﬂal 82.89s non-linear profile at PSP
The r(.ecen.tlly launched missions F_’arker Sola}r_ Probe (PSP; Fox et al. 2016) z?md Solar (_)rbﬂer with 7 the propagation time, R, = R(t = t,,) and V. = V(£ = t,,,.). ost 1.0:_ position, which represents
(SolO; Muller et al. 2020) provide an exciting and unprecedented opportunity to obtain rare y s . | multi-fractal scaling, whereas
measurements of the same plasma parcel through the radial alignment of these two spacecraft can ' T v - .
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] ! _150 ] l / the wavelet spectrogram of o,,,, and bottom panel shows time-averaged o, obtained from
200 - ‘ — 1o - — T T T T PSP SolO : .
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Lol e A _ ] o N L the predicted plasma 1. The density structure was very stable and remained well recognizable from PSP to Solar
1.0 0.5 0(-0) 0.5 1.0 12/03 12/05 12/07 12/0; 1211 1213 12/15 12/17 el N line-up. Density Orbiter despite its journey of ~120 hours in the inner heliosphere.
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Fig. 5. Panel (a) shows the positions (dots) and trajectories (lines) of PSP (blue) and Solar T Y —m | petween tV_VO vertical during its propagation.
Orbiter (orange) in the ecliptic plane from December 3-17, 2022. Panels (b) and (c) display H i @d dashed lines. / 3. The compressibility of the solar wind turbulence continuously increases during its evolution in
the longitude (¢) and latitude () of PSP (blue) and Solar Orbiter (orange). The vertical 10, — 5 —% the heliosphere.
\dashed black line marks the spacecraft coalignment time t,. y ”53 0.5 ‘ ‘ ' 4. The spectral break (f,) shifts to a lower spacecraft frame frequency as the distance increases.
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T profile  over the timescale, which increases to a peak around the break, and then
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= " Fig. 10. Cross-correlation for measurements of the proton density N, (black curves) and slightly reduces/saturates beyond the break.
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g 2 S the magnetic field magnitude B (red curves) for PSP and SolO.
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