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Abstract. The solar energetic particle (SEP) events from im- magnetic field (IMF) lines. The classical picture (see refer-
pulsive solar flares are often characterized by short-timescalences inrReames1999 considers two different acceleration
modulations affecting, at the same time, particles with dif- processes.

ferent energies. Several models and simulations suggest At the flare site — the source of explosive events which
that these modulations are observed when SEPs propagatellow sudden changes of magnetic field strength or config-
through magnetic structures with a different connection withuration due to large magnetic loop structures reconnection
the flare site. However, in situ observations rarely showedcaused by the motion of their footpoints on the solar surface
clear magnetic signatures associated with these modulations. particles can be accelerated in a single step (a few tens

In this paper we used the Grad—Shafranov reconstructiorf seconds) via resonant stochastic acceleration. This kind
to perform a detailed analysis of the local magnetic field of event, generated by a localized source (flare), is domi-
topology during the SEP event of 9—10 January 1999, charachated by electrons and it shows1000-fold enhancements
terized by several SEP dropouts. An optimization proceduren 3He/*He and~ 10-fold enhancements in @ (Reames
is used to identify, during this SEP event, the magnetic struc-1994).
tures which better satisfy the Grad—Shafranov assumptions In addition, another possible mechanism to produce an
and to evaluate the direction of their invariant axis. SEP event is based on the interaction between the outward

We found that these two-dimensional structures, which aregpropagating shock front preceding the CME and the solar
flux ropes or current sheets with a more complex field topol-wind, and it is referred to as first-order Fermi acceleration.
ogy, are generally associated with the maxima in the SERn this case, particles repeatedly moving from upstream to
counts. This association suggests that the SEPs propagatlownstream and vice versa through the shock front contin-
within these structures and, since their gyration radii is muchuously gain energy until they have enough energy to escape
smaller than the transverse dimension of these structure, cafirom the shock. This kind of event, generated by an extended
not escape from them. source region (shock in front of the CME), shows the most
intense ion fluxes, the highest energies and an enhanced elec-
trons to protons ratio.

Particles generated by an impulsive solar flare are charac-
terized by a clear velocity dispersion due to the fact that the
acceleration time is much less that the travel time to the ob-
1 Introduction server, in our case 1 AU. The length of the SEPS’ interplan-

etary travel paths can be estimated by studying the arrival
Solar energetic particle (SEP) events originate during the eXtimes when the first particles, at different energies, are mea-
plosive release of magnetic energy in solar flares or ahead e by the detectolasson et al(2012 proposed a new

of coronal mass ejections. These energetic particles, whosgormalized method to perform this analysis, reducing the ef-
energy ranges from 0.1 to 1000 MeV aryand even more  fact of energetic particle background.
once they have been released, propagate along interplanetary
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About half of impulsive SEP events show clear dropouts In particular, according t®Ruffolo et al.(2003, dropouts
(Chollet and Giacalone€008, limited by sharp boundaries, can be identified with topological structures that develop dur-
affecting all energies at the same time. These events aring the evolution of the solar wind turbulence and do not
characterized by a noticeable decrease in flux intensity andlepend on the initial motions at the solar surface. In their
very sharp edges of duration of the order of a few minutes2D+SLAB model, particles are injected from a localized
These features suggest that the origin of these voids shouldource region at the Sun. During the wind expansion into the
be sought in the interplanetary space rather than at the flarmterplanetary space, while some field lines form coherent
site. Although there is unanimous consensus about this conrsmall-scale helical filaments identifiable as 2-D structures,
clusion, there is not an equivalent agreement on the physicabther field lines governed by SLAB turbulence spread aside,
mechanisms at the origin of these dispersionless events.  following a random walk. Since lateral diffusion coefficient

Mazur et al.(2000 analysed different SEP events charac- is much less than parallel coefficient, SEPs remain tightly
terized by clear dropouts, but concluded that these events didonnected to magnetic field lines which diffuse differently
not correlate with large changes in the direction of the localdepending on 2-D or SLAB dominance, and this leads to ob-
interplanetary magnetic field. They proposed a scenario irserve regions of high SEP flux interleaved by extended re-
which, during the wind expansion to 1 AU, the footpoints of gions of very low flux (dropouts).
flux tubes connected to a given active region become mixed An opposite role of 2-D and SLAB turbulence in SEP
with the footpoints of other flux tubes that are magnetically modulation was suggested Bommois et al(2005 and
disconnected from that same region because of the conve&imbardo et al.(2008. In the paper byPommois et al.
tive motion at the solar surface. When the flare occurs, en{2005 these authors modelled the energetic particles’ trans-
ergetic particles will be channelled only along those tubesport in a magnetic field configuration due to the background
magnetically connected to the flare site. Because of the shuffield plus magnetic turbulence. The 3-D simulation box was
fling of these footpoints, flux tubes that are contiguous atfilled with static turbulence (2D+SLAB) whose anisotropy
1 AU might originate from different regions of the Sun. As could be changed from the isotropic case whire= ¢, to
a consequence, contiguous flux tubes at 1 AU could be althe quasi-2-D case with; < ¢,, or to the quasi-slab case
ternatively filled by energetic particles or be empty, depend-¢, > ¢,,, where¢, and¢,, are the perpendicular and parallel
ing on whether or not they are magnetically connected to thecorrelation lengths of the magnetic field turbulence, respec-
flare region. Thus, an observer going through these differentively. In this configuration, particles travel across a number
and contiguous flux tubes would observe the typical signa-of correlation lengths equivalent to the real path between the
ture of SEP dropouts. However, we remark that these authorSun and Earth, and these authors found that transport paral-
did not find any correlation between the local interplanetarylel and perpendicular to the ambient mean field is strongly
magnetic field and the clear dropouts observed in the enerinfluenced by the ratid, /¢,,. They showed that a modu-
getic particles flux intensity. lation of the SEP intensity very similar to the one observed

In order to explain the observations k\azur et al (2000, during dropout events could be recovered for> ¢/, i.e.
Giacalone et al(2000 performed numerical simulations of for a turbulence dominated by the SLAB component. In fact,
the propagation of solar energetic particles in a turbulenthe SEPs would perform most of their interplanetary path in
magnetic field environment, similar to that observed in thea slab-like spectral turbulence, since this kind of turbulence
solar wind. They showed that, if the source region that re-is expected to be dominant in the inner heliosph&weif et
leases impulsively the energetic particles is small comparedl., 2017).
to the field correlation scale, we should expect to observe Chollet and Giacalon€2008 noticed that SEP dropouts
modulations of the intensity flux associated with remarkablyfrom impulsive events most likely arise from the crossing of
steep spatial gradients, very similar to what has been obthe observer through alternating filled and empty tubes of en-
served at 1 AU. The reason resides in the combined effect oérgetic particles arising from the random walk of field lines
random walk of interplanetary magnetic field lines due to tur- directly connected to or disconnected from the source region
bulence and the subdiffusive regime of perpendicular motionat the Sun. These authors found that ACE and WIND space-
with respect to the local magnetic field line. Furthermore, thecraft observed different features in the flux of the energetic
same authors showed that no dropouts are observed when tiparticles when they were separated in heliographic longi-
injection region is rather large, i.e. several magnetic field cor-tude by more than the local turbulence correlation scale, i.e.
relation scales. ~ 10° km. However, they also noticed that these events did

Other authors, likdRuffolo et al.(2003, Pommois et al.  not seem to be systematically associated with changes in the
(2009, Chuychai et al(2007), Qin and Li(2008, Zimbardo  magnetic field, and the possible association was due to ran-
et al.(2008, Droge(2003 andDroge and Kartavykii2009, dom coincidence. However, since some dropouts have been
among others, addressed the specific role of turbulence iassociated bgosling et al(2004) to changes in the intensity
SEP modulation attributing a different role to SLAB and 2-D of the solar wind electron strahl, the same authors suggested
components. to perform further studies in order to better understand the
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role of field line mixing on the modulation of the flux of en- over all energies, vs. time, in about 5 min bins (adapted from
ergetic solar particles. the online plots available &ttp://www.srl.caltech.edu/ACE/
This suggestion was followed in a recent papeifbgnchi  ASC/DATA/level3/uleis).
et al.(2013, where the authors performed a detailed analysis The SEP event starts at about 15:00 UT on 9 January with
of the local magnetic field and plasma parameters measurethe arrival of ions with energy of about 0.4 MeV nucledn
in situ during impulsive SEP events in order to search for afinishes approximately at 05:30 on 10 January and shows a
possible association between clear SEP dispersionless moditear dispersion relation, which suggests that the particles
ulations and changes in the solar wind parameters. These aare accelerated impulsively at the SiMagzur et al, 200Q
thors identified magnetic helicity signatures and found con-Gosling et al. 2004. In fact, for this SEP event, the slope
vincing evidence for their association with the borders of im- of the dispersion relation in the/ Y spectrogram (available
pulsive SEP events or with SEP dropout events. The same awt http://www.srl.caltech.edu/ACE/ASC/DATA/level3/ulgis/
thors suggested the idea that these magnetic coherent strusuggests a length of the interplanetary travel path of about
tures might be thought to be the borders between adjacertt.2 AU, which is similar to the one expected along the Parker
magnetic flux tubesBruno et al, 20021, Li, 2007, 2008 spiral. Moreover, this event is characterized by several SEP
Borovsky, 2008. This conclusion is not in contrast with pre- modulations where the counts change, over timescales of
vious models which suggested the idea of field lines eitherabout an hour, from the background level of about 50 par-
connected to or disconnected from the flare ditlafur et  ticles/bin to more than 200 particles/ bin.
al., 200Q Chollet and Giacalon&003. In the next panels magnetic field and plasma data, ob-
The present paper, which follows at closely behind thetained respectively from MAG §mith et al, 1998 and
paper byTrenchi et al.(2013, is a further study on the SWEPAM McComas et a).1998, are reported. In partic-
magnetic field topology in close association with the pres-ular, in panel (c) we show values of plasmga while in
ence of SEP dropouts. In particular, we attempted to reconpanel (d) we show the azimuthal and polar angles of the mag-
struct the 2-D magnetic topology of coherent magnetic struc-netic field vector orientation in GSE coordinate system. The
tures identified during these events. To do so we adopteédzimuthal angle varies betweerl80° and+180°.
the Grad—Shafranov (GS) reconstruction, first developed by Trenchi et al.(2013 studied the magnetic field topology
Sonnerup and Gu¢l996 to study the structure of magne- during several SEP events by evaluating the magnetic helic-
topause current layer (see Appendix A for details on thisity, which is a physical descriptor that measures the twist of
method), which has been successfully applied to a variety oiagnetic field lines. By adopting the use of the wavelet trans-
coherent magneto-hydrostatic structures observed in the sderm (Bruno et al, 2008 He et al, 2011, Podesta and Gayy
lar wind, such as magnetic cloudsy and SonneruyR002), 2011 Telloni et al, 2012, they studied the time behaviour
small-scale magnetic flux ropeslf and Sonneruyp2001) of reduced magnetic helicity at different timescales. For this
and multiple magnetic flux roped( et al, 2003 2004. event, they found a rather complex field topology during
This technique is particularly useful since it can be applied tothese SEP modulations. Moreover, they noted that some of
any quasi-stationary two-dimensional magnetic field struc-these SEP dropouts are associated with the Bigbgions,
ture, without further assumptions on its magnetic topology.highlighted in Fig. 1 by the yellow-shaded areas.
With data collected by a single spacecraft, the GS recon- In this work we take a step further in refining the analy-
struction produces magnetic field maps which give a directsis of magnetic field topology by using GS reconstruction.
visualization of the magnetic field configuration in extended This technique, described in detail in the Appendix, is used
regions near the spacecraft. In the following section of theto recover the coherent magnetic structures observed during
present paper we will show how this technique is able tothis SEP event. Here, the deHoffmann—Teller (HT) analysis
identify and reconstruct 2-D structures directly connectedgives an excellent constaWit, with a correlation coefficient
to SEP dropout events during the 9-10 January 1999 everamong the electric fields V x B and—Vy1 x B greater than
recorded by ULEIS/ACE. 0.998 (not shown). This suggests that, in this data interval,
magnetic structures approximately in a static equilibrium are
advected with a constant speed through the spacecraft.
2 Data analysis The optimization procedure illustrated Bbyu and Son-
nerup (2002 is used to identify the structures which bet-
Figure 1 illustrates the SEP events detected by ACE duringer satisfy the GS assumptions. This procedure, originally
the 9-10 January 1999 event (adapted from Trenchi et al.developed to study the low-magnetic flux-ropes such as
2013). The energetic ion data, in the energy range from 0.014nagnetic clouds, has been successfully applied to a number
to 1.42 MeV nucleon?, were obtained from the Ultra Low of structures in the solar wind, all characterizedfby < 1
Energy Isotope Spectrometer (ULEISfdson et al.1998. (Hu et al, 2003 20049. Since, to our knowledge, théu and
The spectrogram in panel (a) shows the energy (in units ofSonnerug2002 method has never been tested in the high-
MeV nucleort!) of energetic ions versus their arrival time, structures, we preferred to limit our analysis to the intervals
while panel (b) displays the energetic ion counts, integrated
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Fig. 1. Combined energetic ions and plasma-magnetic field parameters for the 9-10 January 1999 SEP event (adapted from Trenchi et al..
2013). In panela) the energy of ions (in units of MeVnucIeﬁlll) versus their arrival time; in panéb) the ion counts, integrated over

all energies, vs. time, in about 5 min bins. In pa@lthe ratio between plasma and magnetic pressgyesd in pane(d) the azimuthal

and polar angles of the magnetic field vector, in GSE coordinate system, in thel ral®@, +180°] and[—90°, +90°], respectively. The
blue-shaded areas highlight the structures reconstructed with the GS method.

whereg < 1, indicated with the black arrows on the top of structure in the left panels, has been usedihyet al.(2004)
Fig. 1, which cover most of the SEP event. as a quantitative estimation of the deviation from the GS as-
The application of thedu and Sonneru2002 method  sumptionsHu et al.(20049 assessed that the structures with
on a certain data interval gives a residue RES (Eq. Bwf R < 0.14 satisfy well the two-dimensional equilibrium as-
and Sonnerup002), which is proportional to the deviation sumed by the GS equation. Therefore, we can consider that
of the structure from the GS assumptions. By performingthe structures reported in Fig. 2, which all haRe< 0.14,
this method on a sliding window, we identified the seven re-are properly recovered with the GS method.
gions where the method gives the lower values of RES, high- On the right panel, the magnetic field maps obtained with
lighted by blue-shaded areas in Fig. 1. In these regions, théhe GS reconstructions, following the integration scheme il-
small dispersion of the transverse pressijreersus a single-  lustrated byHau and Sonnerugl999, are reported. The
value function of theg component of the vector potential equipotential lines oo, reported with the colour scale, rep-
demonstrates that the observed structure satisfies with goagsent the magnetic field lines in the reconstruction plane.
approximation the GS assumptions, and the cheseris is  The horizontal lines at the centre of the maps show the satel-
close to the real axis of the structure. lite path through these structures, whose dimensions are re-
In Fig. 2 we show the results of the GS reconstruction ported along the axes in km. The black lines along the satel-
for intervals 1 to 3 highlighted in Fig. 1. The left panel of lite path show the projection on they plane of the magnetic
each row shows the behaviour Bf(A) (red line), the black field vectors measured by the spacecraft along its trajectory
line shows the behaviour of the third-order polynomials fits (a scale corresponding to 5nT is reported).
of Py(A) used for the GS reconstruction and the blue lines We performed the reconstructions within a rectangular box
represent the 95% confidence band. The fitting residgal with a small aspect rati()% = %) in order to limit the nu-
(evaluated with Eq. A2 in the Appendix A), reported for each merical instabilities which develop at largerMoreover, the
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Fig. 2. The results of Grad—Shafranov reconstruction for the structures highlighted with blue-shaded areas in Fig. 1. The left panels illustrate
the behaviour ofP;(A) (red line), the black lines report the third-order polynomials fitsPafA) used for the GS reconstruction and the

blue lines represent the 95 % confidence bands of the fit. The fitting restgigb quantitative estimation of the deviation from the model
assumptions. In the right panels, the magnetic field maps obtained with the GS reconstructions are reported. The equipotential lines of
reported with the colour scale, represent the magnetic field lines in the reconstruction plane. The horizontal lines at the centre of the maps
show the satellite path through these structures, whose dimensions are reported along the axes in km. The black lines along the satellite pat

show the projection on the-y plane of the magnetic field vectors measured by the spacecraft along it trajectory (a scale corresponding to
5nT is reported).

reconstruction is completed only in the portion of the recon-unidirectional B, component), and therefore they are sepa-
struction plane magnetically connected to the spacecraft trarated byx points. The structure 3, observed around 23:00 on
jectory; that is, in the region wher is within the A range 9 January (Fig. 2, panel 3), is clearly a flux rope, being char-
obtained along the axis. In this way, we did not perform acterized by several closed field lines in the reconstruction
extrapolations of?;(A), which could introduce uncertainties plane, elongated in thedirection. Toward the centre of this
in the reconstruction maps. structure the axial magnetic field increases, while the plasma
The reconstruction of structure 1, observed around 19:0(pressure decreases (not shown). This configuration results,
on 9 January (Fig. 2, panel 1), shows several open fieldn the three-dimensional space, in nested helical field lines.
lines which are bent upward. The shape of these field linedt can be noted that each of these structures is approximately
would suggest the presence of a magnetic island whose cemverlapped with a peak in the SEP counts (Fig. 1).
tre should be somewhere beyond kén in the positivey di- In Fig. 3 results of the GS reconstruction, for intervals 4
rection. However, since these field lines go beyond the reconto 7 highlighted in Fig. 1, are illustrated. The format is the
struction plane, it is not possible to infer the exact magneticsame as Fig. 2. The structures 4 to 6, which hRye 0.13,
topology of this structure. The structure 2, observed aroundare properly recovered with the GS method. Conversely, the
20:40 on 9 January (Fig. 2, panel 2), seems to be a currerarger value ofR; for the structure 7 could indicate deviations
sheet characterized by a string of magnetic islands separatingom the two-dimensional equilibrium.
two regions of opposite field polarity. These islands have the In structure 4, detected around 00:00 on 10 January (Fig. 3,
same chirality (same sign of vector potential associated withpanel 1), a closed magnetic island is observed along the
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Fig. 3. The results of Grad—Shafranov reconstruction for the structures highlighted with blue-shaded areas in Fig. 1. The format is the same
as Fig. 2.

spacecraft trajectory, on the left of the map. Moreover, an-the increase of SEP counts and structures 5 and 6 during the
other island is partially recovered on the bottom right part of peak of SEP counts.

the map and perhaps another one on the top left corner of In structure 7 (Fig. 3, panel 4), the spacecraft goes across
the map. These islands are well separated, and they are ema- current sheet, where a string of magnetic islands, in
bedded within oppositely oriented magnetic fields. Thereforesome cases inside larger islands, are observed. This struc-
this structure is probably part of a current sheet, extendedure matches the SEP intensification observed after 03:00 on
outside of the reconstruction plane, similar to one recoveredlO January, even if its time duration is shorter. However, it
in structure 2. However, in the structure 5 (Fig. 3, panel 2),should be noted that this GS reconstruction started at 03:51
the two islands recovered at the centre of the structure aren 10 January because of a gap in the plasma data from 03:27
embedded within closed field lines, which are bent towardto 03:50.

the centre of the structure. Therefore this structure could be
considered as a flux rope, or rather as a double flux rope,
similar to the ones observed Iju et al.(2004. A similar 3
topology is recovered for structure 6, observed around 01:45

on 10 January (Fig. 3, panel 3). During these structures, g, this paper we studied the local magnetic field topol-
single SEP intensification is observed — structure 4 duringygy during the SEP dropout events of 9—10 January 1999

Conclusions
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Table 1. The table reports the principal characteristics of the seven structures recovered with GS method. The start and end times, their field
topology (current sheet CS), flux rope (FR) or uncertain topology (?)), their avgragiees and their quality factor for GS assumptidis

are reported in the first four columns. Then, it is reported the direction of the invariant axis of these structures, with the azimuthal and polar
angles, and the average SEP counts measured within these structures.

Structure # Time interval Field topology B Rf Axis orientation  Avg. SEP counts
1 18:31-19:23, 9 Jan ? 0.166 0.089 -8&,48) 271
2 20:13-21:21, 9 Jan CS 0.341 0.14 -8,113) 119
3 22:43-23:31, 9 Jan FR 0.217 0.074 2525) 178
4 23:44 9 Jan—00:20 10 Jan Cs 0.290 0.094 —8°% 123) 140
5 00:26-01:08, 10 Jan FR 0.223 0.13 —-2°, 162) 288
6 01:26-02:03, 10 Jan FR 0.309 0.12 R409) 189
7 03:51-05:11, 10 Jan CS 0.142 0.21 12828) 217

recorded by the ACE/ULEIS experimenMéson et al. aside during the turbulence evolution. Pioneering works by
1998. To do so we adopted the Grad—Shafranov tech-Jokipii (1966 andJokipii and Parkef(1968 and the works
nigue, which allows for the reconstruction of 2-D magneto- by Giacalone and Jokip{il999 andGiacalone et al(2000
hydrostatic structures that are passively advected past the olshowed that the perpendicular transport strongly involves the
server. This techniquespnnerup and Gyd 996 proved to  contribution due to the random walk of the magnetic field
be successful in reconstructing the magnetic field structure idines due to turbulence. As a consequence, given that the par-
a variety of cases, including magnetic clouds, flux ropes andallel diffusion is much larger than the perpendicular one, we
multiple flux ropes Ku and Sonneruf2001, 2002 Hu et al, expect to have higher SEP fluxes during time intervals when
2003 2009. turbulence is dominated by the 2-D component in the hypoth-
The SEP event considered in this paper shows severasis that the field lines are connected to the flare site.
SEP modulations where the counts remarkably change over Whether these 2-D structures are formed during the tur-
timescales of about an hour: the maximum counts are a fevbulence evolution or rather that they are the interplanetary
hundred particles/bin, while the minimum counts are com-counterparts of magnetic structures already present at the
parable with the background level observed before and afflare site, like the magnetic flux tubeBrno et al, 2007),
ter the SEP event, which is approximately 50 particles/bin.cannot be said. As a matter of fact, the hypothesis of flux
In connection with these maxima we found two-dimensionaltubes connected to or disconnected from the flare site be-
magnetic structures, recovered with the GS method, whoség the main mechanism at the basis of SEP dropouts has
main features are reported in Table 1. Some of them, like thébeen claimed in the literatur&@zur et al, 200Q Masson et
events we indicated with numbers 3, 5 and 6, are magnetial., 2012. Furthermore, the possibility that small-scale flux
flux ropes and have characteristics and size similar to th@ubes are fossil structures that originate at the solar surface
small-scale magnetic flux ropes frequently observed in theand that they might survive the dynamical expansion of the
solar wind Moldwin et al, 2000. Other structures, such as solar wind as far as 1 AUThieme et al. 1989 Bavassano
events 2 and 7, have a more complex topology that resemblegnd Brung 1989 Tu and Marsch199Q 1993 Bruno et al,
a sort of current sheet with an embedded string of magneti@007) is supported by an exhaustive data analysis performed
islands with the same chirality. However, the examinationby Borovsky (2009. In particular, this author stressed the
of plasma and magnetic field data suggests that these stru@ea that the inner heliosphere is filled with a network of en-
tures are not related with crossings of the heliospheric curtangled magnetic flux tubes, and argued that the flux tubes do
rent sheet, which occurs a few days before and after this SERot reconnect during the advection time to 1 AU owing to the
event, approximately on 5 and 14 January 1999. Howevergxpansion of the solar wind, during which these flux tubes
in both cases field lines tend to remain in a nested config-are being pulled apart. In contrast, it seems that magnetic re-
uration within each of these magnetic structures. Therefore&connection could occur at the front of the magnetic clouds,
the SEPs, which have a gyration radii much smaller than thevhich are large-scale magnetic flux ropes moving faster than
transverse dimension of these structures, cannot escape frogurrounding solar wind¥asso et a).2006 Ruffenach et aJ.

them Krittinatham and Ruffolp2009). 2012. In this case, particles travelling in magnetic clouds
This might be the key to explaining the enhancement ofcan escape from the eroded parts of these flux ropes.
SEP counts if we adopt the suggestions giverRio§folo et In any case, our results highlight that the small-scale struc-

al. (2003 regarding the opposite role played by 2-D- and tures in the interplanetary medium can play an important role
slab turbulence. As a matter of fact, while 2-D turbulencein the SEP modulations. Further studies are needed to in-
is characterized by field lines forming coherent small-scalevestigate the origin of these structures and to better define
helical filaments, in the slab component, field lines spreadthe physical parameters relevant to this phenomenon. The
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1340 L. Trenchi et al.: Solar energetic particle dropouts

remote sensing observations combined with in situ observaresidualR; (Hu et al, 2004 defined as
tions performed in the future on board the ESAs Solar Or-

biter will be extremely helpful to draw a conclusive picture \/% > [Pr(xi. 0) — P(A(x, 0))]2
of this intriguing heliospheric phenomenon. = e Pi(x.0) —Min(Px.0) (A2)
Appendix A
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