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ABSTRACT

Observations from Parker Solar Probe’s first five orbits are used to investigate the helioradial evo-

lution of probability density functions (PDFs) of fluctuations of magnetic field components, between

∼ 28 - 200 R�. Transformation of the magnetic field vector to a local mean-field coordinate system

permits examination of anisotropy relative to the mean magnetic field direction. Attention is given

to effects of averaging-interval size. It is found that PDFs of the perpendicular fluctuations are well

approximated by a Gaussian function, with the parallel fluctuations less so: kurtoses of the latter

are generally larger than 10, and their PDFs indicate increasing skewness with decreasing distance

r from the Sun. The ratio of perpendicular to parallel variances is greater than unity; this variance

anisotropy becomes stronger with decreasing r. The ratio of the total rms fluctuation strength to the

mean field magnitude decreases with decreasing r, with a value ∼ 0.8 near 1 AU and ∼ 0.5 at 0.14

AU; the ratio is well approximated by a r1/4 power law. These findings improve our understanding of

the radial evolution of turbulence in the solar wind, and have implications for related phenomena such

as energetic-particle transport in the inner heliosphere.
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1. INTRODUCTION

The probability density function (PDF) occupies a

fundamental role in statistical treatments of turbulence

(Monin & Yaglom 1971). In hydrodynamics, one is usu-

ally concerned with PDFs of the turbulent velocity. In

the solar wind, the magnetic field, whose measurements

are more readily available, often takes on the role of the

primitive fluctuating field, to the extent that the mag-

netohydrodynamic (MHD) description is valid (Gold-

stein et al. 1995). A Gaussian distribution is a com-

mon reference, and departures from Gaussianity indi-

cate the strength of non-linearity (Zhou et al. 2004).

The degree of non-Gaussianity is also related to theoret-

ical approaches such as the “quasi-normal” hypothesis,

wherein fourth-order moments are assumed to be Gaus-

sian, while third-order moments can depart from the

Gaussian value of zero, giving rise to various turbulence

closure models (Lesieur 2008). In recent years, stochas-

tic approaches have been developed to study energetic
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particle transport within realizations of random mag-

netic fluctuations, which are often assumed be Gaussian

(e.g., Tooprakai et al. 2016). For these reasons, it is im-

portant to establish a firm observational basis for the

PDF of magnetic fluctuations in the solar wind.

One feature of solar wind turbulence that dis-

tinguishes it from hydrodynamic turbulence is the

anisotropy introduced by a mean magnetic field (e.g.,

Oughton et al. 2015). This anisotropy can be of two

types – spectral anisotropy refers to unequal distribu-

tion of power in spectra of a turbulent field when exam-

ined as functions of wavenumbers parallel and perpen-

dicular to the magnetic field. This is a consequence of

the anisotropic transfer of energy in the turbulent cas-

cade. Variance (or component) anisotropy refers to un-

equal energies in the components of a fluctuating field,

and can be related to the relative dominance of various

fluctuating wave modes; for instance, in the solar wind

one usually finds stronger fluctuations transverse to the

mean magnetic field, indicating predominantly Alfvénic

modes and weak compressibility (Belcher & Davis 1971).

By analysing PDFs of the magnetic field in a coordinate

system defined by the mean magnetic field, it becomes
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possible to obtain insights regarding variance anisotropy.

Note that variance anisotropy does not necessarily imply

spectral anisotropy (see Oughton et al. 2015).

Several previous works have used near-Earth obser-

vations to investigate PDFs of the magnetic field and

the related anisotropy (Whang 1977; Feynman & Ruz-

maikin 1994; Padhye et al. 2001). In the Parker Solar

Probe (PSP; Fox et al. 2016) era it has become pos-

sible to extend these studies much closer to the Sun.

The goal of this paper is to use PSP measurements of

the magnetic field, accumulated over its first five orbits,

to investigate PDFs of magnetic fluctuations in the in-

ner heliosphere, and to trace their radial evolution be-

tween ∼ 28 - 200 R� (∼ 0.14 - 0.9 AU). Our focus

will be on PDFs of the primitive fluctuations and not

their increments; the latter are commonly used to study

small-scale intermittency (e.g., Matthaeus et al. 2015).

Further, we restrict ourselves to a study of component

anisotropy. PSP measurements near the Sun have been

used to study spectral (correlation) anisotropy as well

(e.g., Bandyopadhyay & McComas 2021; Cuesta et al.

2022).

In outline, we briefly describe the data set employed in

Section 2 and discuss the transformation to mean-field

coordinates in Section 3.1. The remainder of Section

3 presents our investigation of the radial evolution of

PDFs of the magnetic field and its first four statistical

moments. We conclude with discussion in Section 4.

2. PARKER SOLAR PROBE DATA

We used publicly available magnetic field data from

the fluxgate magnetometer (MAG), part of the FIELDS

instrument suite aboard PSP (Bale et al. 2016), for the

first five orbits covering the period between October

2018 to July 2020. The perihelia were at 35.6 R� for

orbits 1 to 3, and at ∼ 28 R� for orbits 4 and 5. The

spacecraft stayed close to the ecliptic plane in its highly

elliptical orbit (Fox et al. 2016). Level 2 MAG data

were resampled to 1-s cadence using a linear interpola-

tion. Missing or bad data were represented as NaNs.

In the following analyses, data from the five orbits were

aggregated and statistical computations were performed

within radial bins of size 5 R� or 10 R�, as indicated

below. Except for three (5 R�) bins located between

150 - 170 R�, fewer than 50% of data within each bin

were NaNs. All bins at heliocentric distances smaller

than 70 R� had less than 10% of data as NaN.

3. RESULTS

3.1. Transformation to local mean magnetic-field

coordinates

Figure 1. Direction of mean magnetic field B0 as a function
of radial distance, aggregated from PSP orbits 1 to 5, and
averaged in radial bins of size 10 R�. Horizontal axis repre-
sents R coordinate, and vertical direction represents T and N
coordinates for blue and green cases, respectively. The sign
of components of B0 is not taken into account, and length of
arrows is arbitrary. Tail of each arrow is placed at center of
the respective radial bin. At 30 R�, angles made by B0 wrt
to the R direction are 13° and 8° in the RT and RN planes,
respectively, while at 200 R� these angles are 46° and 32°.

The local mean magnetic field is computed as B0 ≡
〈B〉, where 〈·〉 refers to a moving boxcar average over

a 2-hour window centered at each respective instant in

the time series. This interval size is sufficiently longer

than the correlation scale of the turbulence (Chen et al.

2020; Cuesta et al. 2022), while also much shorter than

the solar rotation period (see also Padhye et al. 2001).

This produces a time series of the (local) mean magnetic

field B0 at 1-second cadence. We then specify a local

mean-field coordinate (MFC) system at each point in

the time series, using a standard approach (Belcher &

Davis 1971): The unit vector parallel to B0 is ê‖ ≡
(B0,RêR+B0,T êT+B0,N êN )/B0, where {R, T,N} refers

to heliocentric RTN coordinates (Fränz & Harper 2002),

and B0 is the magnitude of the mean field. We define the

“second” perpendicular direction as ê⊥2 ≡ ê‖×êR/|ê‖×
êR|. The “first” perpendicular direction is then ê⊥1 ≡
ê⊥2 × ê‖/|ê⊥2 × ê‖|.

To provide global context regarding the orientation of

the mean magnetic field, Figure 1 shows the direction

of B0 projected on the R-T and R-N planes. Here B0

is aggregated from all five PSP orbits, and each of its

(unsigned) components are averaged in 10 R� bins of

heliocentric distance.1 One can visualize the formation

of the Parker spiral (e.g., Owens & Forsyth 2013) via

this figure, as the field changes from mostly-radial at

1 This representation of the direction of B0 does not distinguish
between positive and negative polarities. Further, recall that
B0 is a 2-hour averaged quantity, and therefore the so-called
switchbacks, which occur at smaller scales (Dudok de Wit et al.
2020), are not present.
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small helioradii, to displacements from the êR direction

of about 45° and 30° near Earth, in the R-T and R-N

planes, respectively.

Once the MFC system is established, we express the

magnetic field as

B = (B0 + b‖)ê‖ + b⊥1ê⊥1 + b⊥2ê⊥2, (1)

where b‖, b⊥1, and b⊥2 are the orthogonal fluctuations.

Since the mean field is nearly radial at small helioradii

(. 60 R�), b⊥2 and b⊥1 lie approximately in the ±N
and ±T directions, respectively, at these distances.

We remark here that the results obtained (described

in subsequent sections) remain essentially unchanged on

varying the averaging interval for computation of the

mean field to 4 hours or 30 minutes, with one notable

exception, namely, the ratio of rms fluctuation to mean

magnetic field. Note also that the analysis of fluctu-

ation anisotropy may be performed in the minimum

variance coordinate frame instead of the MFCs; how-

ever, the angle between the minimum-variance direction

and the mean-field direction has been shown to be small

(Bavassano et al. 1982).

3.2. Radial evolution of statistical moments of

magnetic fluctuations

The PSP measurements considered in this study cover

heliocentric distances from ∼ 28 - 200 R�, over five com-

plete orbits. Aggregating data accumulated over five or-

bits enables investigation of long-term radial trends (see

also Chhiber et al. 2021b). Note that the measurements

were made during solar minimum conditions near the

ecliptic plane, and therefore the data set is overwhelm-

ingly representative (> 98%; see Chhiber et al. 2021b)

of slow wind conditions.

We first examine broad radial trends seen in the first

four statistical moments of the magnetic fluctuations.

The aggregated magnetic field data (at 1-s resolution)

from the first five orbits are accumulated within 5 R�
bins, and the following quantities are computed for each

fluctuation component (say, x), within each radial bin:

Mean = x̄ =
1

N

j=N∑
j=1

xj , (2)

Std Dev =

√√√√ 1

N

j=N∑
j=1

(xj − x̄)2, (3)

Skewness =
1

N

j=N∑
j=1

(
xj − x̄

Std Dev

)3

, (4)

and

Kurtosis =
1

N

j=N∑
j=1

(
xj − x̄

Std Dev

)4

, (5)

Figure 2. Statistical moments of magnetic fluctuation com-
ponents, computed in radial bins of size 5 R� by aggregating
data from PSP’s first five orbits. Here ‘std dev’ the standard
deviation. Error bars (not shown) are generally smaller than
the symbols.

where N is the number of data points within each bin.

Results shown below were found to not vary significantly

on changing the bin size to 0.5 R� and 20 R�. Here

‘std dev’ refers to the standard deviation, and its square

is the variance. The top panel of Figure 2 shows that

the mean value of the fluctuations remains small for all

distances shown, relative to the mean field magnitude

observed by PSP, which increases from ∼ 5 nT near

1 AU to ∼ 60 nT at 30 R� (see, e.g., Chhiber et al.

2021b). However, the components exhibit differences:

b‖ has a small, non-zero mean, which increases grad-

ually with decreasing helioradius r, while b̄⊥1 begins

to increase below ∼ 60 R�. Since the latter compo-

nent lies approximately in the ±T direction close to the

Sun, the larger mean may be related to strong azimuthal

flows found in that region (Weber & Davis 1967; Kasper

et al. 2019). The second panel from the top of Figure 2

shows the standard deviation of the fluctuations, which

increases (essentially) monotonically as one approaches

the Sun, indicating an order-of-magnitude increase in

fluctuation strength between 1 AU and 0.14 AU. A sys-
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tematic variance anisotropy is observed, discussed fur-

ther below (Figure 3).

The third panel from the top in Figure 2 shows the

radial evolution of skewness, which is a measure of

the asymmetry of a distribution (e.g., Doane & Seward

2011) and is related to the triple correlations that arise

from non-linearities in turbulence theory (e.g., Zhou

et al. 2004). A striking difference is observed between

parallel and transverse fluctuations: the former possess

a (signed) skewness smaller than −1 at 200 R�, which

systematically decreases to about −2.6 at 30 R�. This

trend may be related to the abrupt magnetic-field rever-

sals (termed “switchbacks”; Dudok de Wit et al. 2020)

ubiquitous in PSP observations. In contrast, both trans-

verse components maintain a near-zero skewness for all

distances shown. Note that the larger skewness in b‖
is apparent in Omnitape and Ulysses observations ana-

lyzed by Padhye et al. (2001) (see Figures 1, 4, and 6 of

that paper), although the authors do not comment on

this finding.

Finally, the bottom panel of Figure 2 shows the kur-

tosis of the fluctuations; a Gaussian distribution has a

kurtosis of 3, while larger values indicate wider tails (in-

termittency) and peakedness in the distribution, relative

to the Gaussian (e.g., DeCarlo 1997). There is some

scatter in the values observed above 170 R�, but for

most distances, the kurtosis of the transverse fluctua-

tions stays close to the Gaussian value. The kurtosis

of b‖ is systematically higher (between 10 - 20). This

finding is consistent with previous studies (Marsch &

Tu 1994; Padhye et al. 2001; Bruno et al. 2003), and

may be explained by the fact that transverse fluctua-

tions are associated with stochastic (non-intermittent)

Alfvén waves (see Bruno et al. 2003).

In Figure 3 we move on to an examination of the

strength of magnetic fluctuations relative to the mean

field, and of various measures of fluctuation anisotropy

and axisymmetry. For convenience, we introduce the

following notation in the figure: variances (computed in

radial bins as described above) of the respective flucta-

tion components are denoted as δb2‖, δb
2
⊥1, and δb2⊥2,

so that the total rms magnetic fluctuation is δb ≡
(δb2‖ + δb2⊥1 + δb2⊥2)1/2, while the total transverse vari-

ance is δb2⊥ ≡ δb2⊥1 + δb2⊥2. The mean magnitude of the

(mean) magnetic field within each radial bin is computed

by first computing the magnitude |B0| of the mean field

(see Section 3.1) at each point within the bin, and then

computing the mean of these values to obtain B0 for the

bin.

We first consider radial evolution of δb/B0. While

all other results shown in this work remain essentially

unchanged on changing the averaging interval (say, T )

Figure 3. Top: Ratio of rms magnetic fluctuation to mean
magnitude of the magnetic field. Three cases are shown,
based on different averaging intervals for computation of
mean and fluctuating fields (Section 3.1). Black curve shows
r1/4 power-law scaling (see text). Middle: Measures of vari-
ance anisotropy. Bottom: Test of non-axisymmetry of trans-
verse fluctuations. Here κ refers to the kurtosis. See text
for other definitions. In all panels, statistics are computed
within radial bins of size 5 R�; error bars (not shown) are
smaller than symbols.

used for computation of the mean and fluctuating fields

(Section 3.1), this is not the case for δb/B0. This is not

unexpected, since δb and B0 respond in opposite ways

to changes in T , as discussed by Isaacs et al. (2015):

longer intervals result in decreasing B0, since variations

in the direction of the magnetic field vector B “cancel

out” when the mean field vector B0 ≡ 〈B〉 is computed.

Conversely, increasing T implies larger fluctuation am-

plitude; intuitively, there is an “exchange” between δb

and B0. This effect is evident in Figure 3, where, at any

given r, longer T results in larger δb/B0. Further, as one

approaches the Sun, the ratio shows an increasing trend

for T = 0.5 hr, is nearly constant for T = 2 hr, and is de-

creasing for T = 4 hr. We can get better insight into the

radial evolution of δb/B0 by recalling that the averaging

interval should ideally be several times larger than a cor-

relation time (Matthaeus & Goldstein 1982), which de-

creases from roughly 30-60 minutes at 200 R� to about

5-10 minutes at 30 R� (Chen et al. 2020; Cuesta et al.

2022). Therefore, one should consider the 4-hr case at

larger distances (say, r & 150 R�), the 2-hr case for in-



5

termediate 40 R� . r . 150 R�, and the 0.5-hr case

for r . 40 R�.2 All three cases appear to converge at

small r; future perihelia at smaller r may reveal further

insights. We can conclude from the present analysis that

δb/B0 decreases from ∼ 0.8 to ∼ 0.5 between 200 R�
and 30 R�: the relative fluctuation amplitude is strong

near 1 AU, and remains moderately large down to the

smallest distance considered.

Various models of turbulence transport predict differ-

ent power-law scalings with r for the magnetic variance

δb2 (e.g., Zank et al. 1996, and references therein). By

assuming a radial scaling for the mean magnetic field, it

is possible to compare the observed radial dependence of

δb/B0 with theoretical predictions. For a brief and pre-

liminary investigation, we assume that the mean field is

radial (a good assumption near the Sun, also used near

1 au for simplicity; e.g., Tooprakai et al. 2016), with a

Parker-spiral type 1/r2 scaling (e.g., Owens & Forsyth

2013). We can then write δb/B0 ∝ r2−α/2, where α

defines the power-law scaling δb2 ∝ 1/rα and can take

on different values depending on the turbulence trans-

port model being considered. Here we use asymptotic

values of α given by Zank et al. (1996)3. We specify

δb/B0 = 0.5 at r = 30 R� as a reference value. For

the WKB model without turbulent dissipation or mix-

ing between inward and outward Elsasser modes (see

Zank et al. 1996), α = 3, which produces an excessively

large increase in δb/B0 with distance, compared to the

observations, resulting in a value greater than 1.2 at 1

AU (not shown). When dissipation is present without

mixing, α = 3.5, resulting in δb/B0 ∝ r1/4 as plotted in

Figure 3, which agrees remarkably well with the obser-

vations. Finally, when mixing and dissipation are both

present, α = 4, which produces a constant δb/B0, once

again in disagreement with observations. We end with a

caveat, reminding the reader that a purely radial mean

field was assumed for the present discussion; accounting

for the tangential component, which can be significant at

1 AU, can change the level of agreement between mod-

els and observations. Nevertheless, without reference to

any particular model, the finding that a δb/B0 ∝ r1/4

scaling agrees well with observations would not be af-

fected.

We proceed to discuss the middle panel of Figure 3,

which examines variance anisotropy (e.g., Oughton et al.

2 We acknowledge the unavoidable ambiguity in choosing these
boundaries in r.

3 Values of α used here require assumption of a 1/r2 power law
for density. Further, we only consider undriven models, since
shear-driving introduces additional free parameters, and pickup-
ion driving is not relevant in the inner heliosphere (see Zank et al.
1996).

2015). The ratios δb2⊥1/δb
2
‖ and δb2⊥2/δb

2
‖ are shown sep-

arately, and both indicate a modest but systematic in-

crease as one approaches the Sun. The ratio δb2⊥/δb
2
‖ in-

creases from ∼ 3 to ∼ 6, signifying that the (MHD iner-

tial range) turbulence becomes increasingly anisotropic

in the low plasma-β environment of the solar corona, as

expected (Zank & Matthaeus 1993; Chhiber et al. 2019;

Zank et al. 2021).

Finally, in the bottom panel of Figure 3 we test the

commonly used assumption of axisymmetric turbulence

in the plane transverse to the mean magnetic field, which

would imply δb2⊥1/δb
2
⊥2 ≈ 1 (e.g., Matthaeus et al. 2007;

Chhiber et al. 2021a). The PSP observations clearly in-

dicate that this is not the case for all r. In fact, a clear

trend is observed, wherein δb2⊥2 ∼ 1.7× δb2⊥1 at 200 R�,

and δb2⊥1 increases with decreasing r, so that the ratio

flips near 50 R�, with δb2⊥1 ∼ 1.2×δb2⊥2 at 30 R�. Note

that below ∼ 60 R� the mean field is nearly radial, so

that b⊥1 and b⊥2 represent fluctuations in the T and N

directions, respectively (see Section 3.1). Therefore, the

results indicate that transverse fluctuations in the eclip-

tic plane are slightly larger compared to the out-of-plane

fluctuations, close to the Sun.4 The value of δb2⊥1/δb
2
⊥2

observed by PSP near 200 R� is comparable to the value

of 0.87 reported by Padhye et al. (2001) using Omnitape

data. We note that the observed non-axisymmetry ra-

tio ranges between 0.6-1.2 for the distances considered,

which implies that the two transverse variances are com-

parable, and the assumption of axisymmetry about the

mean magnetic field may therefore be considered ap-

proximately valid in the inner heliosphere. Figure 3 also

shows the ratio of the kurtoses of b⊥1 and b⊥2, which

roughly stays close to unity for nearly all r.

The origin of the observed (modest) non-axisymmetry

and its radial trend is unclear, although we briefly men-

tion two possibilities here. First, the radial trend could

indicate asymmetry between northern and southern so-

lar hemispheres, since PSP’s trajectory crosses from pos-

itive to negative heliolatitudes at a distance of about

60 R� in its first five orbits (e.g., Chhiber et al. 2021b);

these crossings roughly correspond to crossings of the

Heliospheric Current Sheet (HCS) into regions of op-

posite magnetic polarity, since the HCS lies roughly at

0° heliolatitude during solar minimum (e.g., Owens &

Forsyth 2013). A similar north-south asymmetry has

been observed in the winding angle of the interplane-

tary magnetic field spiral, which is more tightly wound

4 At larger helioradii the mean field does not lie in the ecliptic
plane (see Figure 1), and no straightforward association can be
made between the two transverse fluctuations and the ecliptic
plane.
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Figure 4. PDFs of magnetic fluctuations. Fields have been normalized by their respective standard deviations before computing
PDFs. Bins with fewer than 10 counts are discarded. Dashed curve shows the best-fit Gaussian, which is fit to each PDF in the
horizontal range ±3 standard deviations. Skewness of each distribution is indicated. The chi-sqd goodness of fit to a Gaussian
has values (in order of increasing r) 0.003, 0.002, 0.002 for b‖, and a value of 0.001 for b⊥1 and b⊥2, for all r shown.

north of the HCS (Bieber 1988). A second possibility

could be related to the fact that b⊥1 lies approximately

in the ±T direction below 60 R�, and strong azimuthal

flows in this region could produce large fluctuations in

the magnetic field along the T axis. Note that non-

axisymmetry of turbulence has implications for energetic

particle transport (e.g., Ruffolo et al. 2008).

3.3. Radial evolution of PDFs of magnetic fluctuations

We move on to an examination of the radial evolu-

tion of PDFs of the fluctuations. Figure 4 shows these

PDFs at three selected ranges of helioradii – 28 - 38 R�,

88 - 98 R�, and 168 - 178 R�. Each component is nor-

malized by its respective standard deviation within the

respective radial bin before computing the PDF. Bins

with fewer than 10 counts have been discarded. Best-fit

Gaussians to each PDF are also shown; the Gaussians

are computed using a non-linear least-squares fit to each

PDF within ±3 standard deviations. The distributions

of b‖ in the top panels clearly indicate a finite (negative)

skewness, which increases with decreasing r, as was also

seen in Figure 2. Both b⊥1 and b⊥2 have PDFs that

are well approximated by a Gaussian, and do not show

any change with r.5 The chi-squared goodness statis-

tic, listed in the caption of Figure 4, also indicates a

higher degree of Gaussianity for the transverse fluctua-

tions. These results are broadly consistent with those

5 The standard deviation of the fluctuations increases with decreas-
ing r (Figure 2), but this is not seen in the plotted PDFs due to
normalization of each quantity by its respective standard devia-
tion.
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from (Padhye et al. 2001), who used Ulysses and Omni-

tape data.

4. CONCLUSIONS AND DISCUSSION

We have used PSP observations accumulated over the

first five orbits to examine PDFs of magnetic fluctu-

ations in the inner heliosphere, and to trace their ra-

dial evolution between ∼ 0.14 and 1 AU. Expressing the

magnetic field in a (local) mean-field coordinate system

permits an investigation of component anisotropy. Ef-

fects of averaging-interval size are carefully considered.

We find that PDFs of fluctuations transverse to the

mean field are well approximated by a Gaussian, while

parallel fluctuations have non-Gaussian values of skew-

ness and kurtosis. This (negative) skewness increases in

magnitude from ∼ 1 at 200 R� to ∼ 2.6 at 30 R�, while

the kurtosis ranges between 10 and 20, without a clear

radial trend. The turbulence energy increases by more

than an order of magnitude as one approaches the Sun,

from∼ 3 nT2 at 200 R� to∼ 50 nT2 at 30 R�. However,

the ratio of the rms fluctuation to the mean magnetic

field magnitude (“δb/B0”) decreases from ∼ 0.8 to 0.5

between these distances, and is well described by a r1/4

power law. An increasing trend in variance anisotropy

is observed with decreasing r, with stronger fluctuations

perpendicular to the mean field. A modest degree of

non-axisymmetry is observed in the plane transverse to

the mean field, with a radial trend whose origin is un-

clear.

Our results near 1 AU are broadly consistent with

prior studies (Marsch & Tu 1994; Padhye et al. 2001;

Bruno et al. 2003). The increasing skewness in the par-

allel fluctuation as one approaches the Sun indicates

stronger non-linearities (which are related to third-order

moments), and consequently a stronger turbulent cas-

cade (e.g., Zhou et al. 2004). Indeed, Bandyopadhyay

et al. (2020) find that the energy transfer rate near PSP’s

first perihelion is about 100 times larger than the aver-

age value near Earth. At the same time, our findings

raise the question of the origin of the observed skewness

– if fluctuations at the solar source are initially Gaus-

sian, then some in-situ process is required to generate

skewness. While this might be an interesting topic for

future work, we speculate that the orgin of the skewness

may be related to the mechanism that generates switch-

backs (e.g., Ruffolo et al. 2020; Squire et al. 2020; Fisk

& Kasper 2020; Drake et al. 2021; Schwadron & McCo-

mas 2021), which also lead to a skewed distribution of

the radial magnetic field (Ruffolo et al. 2020).

As PSP dives deeper into the corona, it will become

possible to extend this type of study to distances within

and below the trans-Alfvénic region (Kasper et al. 2021;

Chhiber et al. 2022). A preliminary study (Bandyopad-

hyay et al. 2022) has found that sub-Alfvénic plasma

has stronger variance anisotropy compared to super-

Alfvénic plasma. One may expect δb/B0 to keep de-

creasing deeper within the low-β corona as well (Chhiber

et al. 2019). Some models of switchback generation pre-

dict that the occurrence of switchbacks will decrease

below the trans-Alfvénic region (Ruffolo et al. 2020;

Schwadron & McComas 2021; Pecora et al. 2022), and

it will be interesting to examine whether this could be

reflected in the skewness of the parallel fluctuation. Fi-

nally, later PSP orbits during solar maximum are ex-

pected to sample more data intervals with fast wind,

which would provide opportunities to compare the prop-

erties of PDFs of fluctuations in slow and fast wind (Pad-

hye et al. 2001).
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