Supplementary Information: Laboratory disruption of scaled astrophysical outflows by
a misaligned magnetic field
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SUPPLEMENTARY NOTE 1: ESTIMATION OF
THE YSO’S AMBIENT MAGNETIC FIELD

In order to infer the ambient magnetic field in the sur-
rounding of the YSO’s outflow, we use the observed value
of the collimation radius: i.e. the radius for which the
YSO jet is not showing a strong divergent expansion any-
more, but displays instead a thermal expansion compat-
ible with the expected radial expansion of a supersonic
collimated jet [1, 2]. In the case of the DG Tau A object
and its associated HH 158 jet for instance, this radius is
R. ~ 15 AU [3], at a distance of 50 AU from the outflow
source.

By equalizing the ram pressure of a YSO expanding
ejecta (Poyt = Mout X Vout /S) with the magnetic pressure
it is subjected to (Pmag = B?/8), it is possible to show
that such collimation radius R. of the jet (i.e. the cavity
border location, where Poyy = Prag), is Rc = (2% Moyt X
Vout) /2B~ [4] ; where B is the magnetic field, My, =
P X Vout X S the ejected mass rate passing through the
sphere surface S = 47 R? and vou; the speed of the ejecta.

This leads in practice, within the distance-from-the-
source region 10 < z < 50 AU, for a flow velocity of
400 km s~ [5] and an ejected mass rate of 108 Mg, yr—1
[3, 5] to a magnetic field of B = 24 mG necessary for
shaping the outflow within the observed collimation ra-
dius of R, ~ 15 AU [3].

SUPPLEMENTARY NOTE 2: X-RAY
SPECTROSCOPY MEASUREMENT

Complementarily to the optically-measured electron
density maps shown in Fig.1 to 3 of the main text, the
electron temperature and dynamics of jet expansion were
also studied by means of X-ray spectroscopy, looking at
the He-like and H-like Fluorine ions.

The 2D X-ray maps presented in Fig.2(d, e, f) of the
main text support the optical interferometry data, in par-
ticular as they show the same phenomenon: the plasma
initially expands normal to the source target, but later
on bends, finally following the magnetic field lines direc-
tion. They also show that the dense part of the plasma
flow, dense enough to yield detectable X-ray emission, is
much shortened when « increases.

In Fig.2(d, e, f), only the images retrieved from the
F He 4p-1s line emission are presented, however we can
state that other observed spectral lines reveal a quite
similar behavior. We note that the overall plasma evo-
lution features and distances of sustained propagation,
as retrieved from the interferometry diagnostic and the
X-ray images, when the jet is observed to be deflected by
the magnetic field, are similar. Thus, both diagnostics
concur to demonstrate that the initial plasma expansion
occurs normal to the target surface and is identical to the
case with no B field. Also, both diagnostics observe that
the final jet propagation direction is imposed by the B
field orientation and not by the initial outflow expansion
axis.

The electron temperature along the plasma jet axis
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Supplementary Figure 1. (top) Fluorine Hey to Hef lines in-
tensity ratio measured along the jet axis for different orienta-
tions of the magnetic field, i.e. 0, 20, 30 and 45 degrees, with
respect to the plane of the target and also in the case when no
magnetic field is applied. The dashed rectangle delimits the
range where the plasma ram pressure dominates the external
B field pressure, and where the line ratios are observed to
be equal for all cases, as expected. (bottom) Corresponding
time-integrated electron temperature of the jet plasma and as
revealed by means of our recombining plasma model method.
The inset corresponds to the region near the target surface
where the temperature is above 50 eV. The error bars shown
for the 0 degrees case apply to all cases; they are shown only
for the 0 degrees case for clarity. Those error bars are due
to intrinsic instrumental x-ray spectrometer resolution limits
as well as the data analysis method used - for precise details
about this analysis method and the error bars definition, the
reader should refer to the following paper [6].

was determined by analyzing the relative intensities of
Hevy to Hef spectral lines. The method [7] is based on
the quasi-steady model of expanding plasmas which also
takes into account a recombining plasma model with a
“frozen” ion charge. The results are shown in Supple-
mentary Figure 1. While the electron temperature 7,
on the laser irradiated target surface is about 300 eV, it
drops down to 20 eV at a 2.5 mm distance from the target
surface. Over this range, the lines intensity ratios and,
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Supplementary Figure 2. Fluctuation of the integrated
plasma density at the location zc.,,. = 5 mm in the absence
of external magnetic field and for different target angles, at
16 ns after the laser interaction. The blue rectangle displays
the standard deviation, o, of the set of points measured for
different angles with respect to the constant defined as the
average of the points (materialized by the dashed horizontal
line).

correspondingly, the temperatures are almost the same
regardless of the direction of the applied external mag-
netic field, or even of the existence of the latest. In the
initial plasma expansion zone, this can be understood as
the ram pressure strongly prevails over the magnetic field
pressure. Beyond this initial expansion, the presence of
the magnetic field allows in a case of perfectly aligned
field and plasma expansion to keep the temperature of
the formed jet almost constant in the range of 10+ 5 eV
at least for 8 mm long, consistently with our previous ob-
servations [7-9]. This is significantly different from the
case without magnetic field, in which the temperature of
the jet rapidly drops below 5 eV, as the density decreases
to values smaller than 10'® cm™3, i.e. beyond a distance
of 4 mm from the target (see Supplementary Figure 1).
In the presence of the magnetic field, our measurements
show that similar temperatures are recorded when we
vary the direction of the applied magnetic field. How-
ever, we have to note that our method is not sensitive
enough in the range of 0 to 10 eV temperatures, due to
very low signal to noise ratio in the spectral line inten-
sity data. Hence, although we can see that the plasma
certainly stays hotter when the magnetic field is applied
than without it, we can not determine with high precision
significant temperature differences in the cases where the
magnetic field orientation is modified.
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Supplementary Figure 3. Experimental integrated density of plasma expansion recorded for different target angles, at 16 ns
after the laser interaction and in the absence of external magnetic field. The black lines follow the contour of the integrated

electron density of 2 x 107 cm™2.

SUPPLEMENTARY NOTE 3: STABILITY OF
THE LASER-SOLID INTERACTION AND
PLASMA EXPANSION REGARDING THE

TARGET ORIENTATION WITH RESPECT TO
THE HIGH-POWER LASER

In order to examine the effect of the target angle on the
plasma expansion, we look at the variation of the plasma
density at the location z.,, = 5 mm for cases without
any magnetic field applied and for different target an-
gles (and so different laser shots). This is summarized
in Supplementary Figure 2. As can be observed, fluctu-
ations around the mean value indicated by the dashed
line are moderate and no increasing or decreasing trend
is observed in the plasma density when varying the target
angle. Thus, a fluctuation around a constant value seems
to adequately describe the density at a given distance in
the unmagnetized case. This fluctuation is defined by one
standard deviation, o, of the distribution of points (blue
circles) which are represented in Supplementary Figure
2. The one standard deviation is materialized by the
blue rectangle in the same figure. This fluctuation is at-

tributed to the laser energy shot-to-shot fluctuations.

In Fig.4(f) of the main text, the full triangles use a sin-
gle value for the cases without magnetic field, whatever
the angles, which is taken as the mean value (marked by
the horizontal dashed line in Supplementary Figure 2);
the empty dots use instead, for each angle, the associ-
ated value for the without-magnetic-field-shot, i.e. the
individual dots in Supplementary Figure 2.

We note here that the standard deviation, o, over the
constant value found here is taken as the typical un-
certainty on the plasma density measurements. Then,
the error bars of Fig.4(f) of the main text are calcu-
lated with this error for both, the density with and
without magnetic field, at z.,. = 5 mm. Explic-
itly, for the data shown in Fig.4(f) of the main text
(i.e. fy Ne dy /fy Neno B dy, which we can define as
a ratio a/b), the error bars are calculated as follows:
o/b + o xalb’

Also, the complete 2D integrated electron density maps
at 16 ns, for different angles, are displayed in Supplemen-
tary Figure 3.
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Supplementary Figure 4. Spatially and temporally averaged
momentum of the plasma along the direction of the magnetic
field as a function of the misalignment angle «, retrieved from
the simulations shown in Fig.5 of the main text. The plasma
momentum is averaged spatially over the full simulation do-
main (6 X 6 x 13 mm) and temporally over the full simulation
duration (100 ns).

SUPPLEMENTARY NOTE 4: ADDITIONAL
DISCUSSION FROM THE GORGON 3D-MHD
SIMULATIONS

As illustrated by the Fig.6 of the main text, in the
case of a large angle between the plasma flow and the
magnetic field, the two components (cavity wall oblique
shocks + cavity tip diamond shock) of the magnetic noz-
zle are unable to efficiently force the flow to align with
the initial magnetic field direction over large scales. The
plasma flow, at the tip of the cavity, is spread instead
along the z—direction instead. This generates a plasma
front, extended in the x—direction, which then actively
reduces the bending of the magnetic field lines. Such a
bending reduction, finally reduces drastically the ability
of the magnetic forces to act against the plasma propa-
gation. The plasma sheet, still quite hot and conductive,
then pushes in the z—direction the magnetic field lines,
frozen-in the plasma, in a much more favourable planar
way. This has to be opposed to the initial plasma redi-
rection at the cavity borders: the advection of the mag-
netic field is limited here, as a strong bending of the lines
is observed, and the plasma is slowed down much more
easily. Finally, the plasma sheet, while growing in size in
the z—direction (reducing further the magnetic field lines
bending), progresses in the z—direction ; as also attested
by the declining trend of the plasma momentum aligned
with the magnetic field lines.

Another observable, bringing to light the lack of colli-
mation of the outflow with increasing the misalignment,
is the momentum parallel to the local magnetic field, Py,
resulting from the whole process. Supplementary Figure
4 displays the evolution of such momentum with the mis-
alignment. One can observe that Pjp stays similar be-
tween the perfectly aligned (0°) case (where the plasma
flow is redirected along the magnetic field lines at best)
and the 10° case, pointing out the efficient redirection of
the plasma flow for such small misalignment. After this
point however, Pp starts to decrease and progressively
reaches zero at an extreme misalignment of a = 90°:
the whole plasma then propagates perpendicularly to the
magnetic field lines, advecting them in a perfectly planar
way.
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