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PhD Topic 
3D	effects	in	relaCon	to	
reconnecCon	–	electron	
acceleraCon.	
	
Cluster	and	MMS.	
	
	

Adapted	from	Tsurutani	and	Rodriguez	1981	JGR	

ReconnecCon	current	sheets	has	
been	observed	in	the	turbulent	
MSH.	
	
Efficient	thermalizaCon	and	
parCcle	acceleraCon	processes.	
	
The	main	processes	not	well	
understood.	
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Outline 

•  Electron	acceleraCon	theory	at	the	bow	shock	

•  ObservaCons	in	MSH	

•  Conclusions	



Shock electron acceleration theory 

Feldman	et	al.	1983	JGR		
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Shock electron acceleration theory 

Beam:	
Low	energy	SW	electrons	
accelerated	across	shock	due	to	
electrostaCc	potenCal	change.	

Feldman	et	al.	1983	JGR		
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MSH jets 

•  Jets	not	related	to	reconnecCon	

•  Possible	mechanism	–	shock	
geometry	

•  decelerates	upstream	velocity	
normal	to	the	shock,	while	tangenCal	
velocity	is	the	same.	Whole	vel.	
deflected.	

	
•  Deflected	flow	causing	local	density	

enhancement.	

34 H. Hietala et al.: Radial IMF, supermagnetosonic jets, and magnetospheric effects

2008) spacecraft (e.g., Retinò et al., 2007). One of these
intriguing phenomena are the “transient flux enhancements”
(Nemecek et al., 1998), or “high kinetic energy jets” (Savin
et al., 2008), that have been interpreted as not being pro-
duced by reconnection. Savin et al. (2008) found more than
140 events of anomalously high kinetic energy density. The
jets seem to occur preferentially during radial IMF (Nemecek
et al., 1998; Shue et al., 2009; Hietala et al., 2009), or behind
a quasi-parallel shock (Amata et al., 2011). When ramming
into the magnetopause, the jets can cause large perturbations
(Hietala et al., 2009; Amata et al., 2011) and even sunward
flows, as the magnetopause recovers from the impact (Shue
et al., 2009).
Hietala et al. (2009) proposed, based on Cluster observa-

tions on 17 March 2007, a general plasma physics mecha-
nism for the formation of fast, even supermagnetosonic jets
behind a rippled high Mach number shock. They pointed out
that such local changes in the curvature of a shock front – in-
trinsic for quasi-parallel shocks – can result in fast bulk flows
on the downstream side. Briefly, in the regions where the lo-
cal shock normal is quasi-perpendicular to the upstream ve-
locity, the shock mainly deflects plasma flow while the speed
stays close to the upstream value. Together with the com-
pression of the plasma, these localised streams can lead to
jets with a kinetic energy density that is several times higher
than the kinetic energy density in the upstream region.
The aim of the present paper is to study the jets of 17

March 2007, in depth and in the magnetospheric context. We
start by describing the mechanism for the jet formation pro-
posed by Hietala et al. (2009), with a new emphasis on the
dynamic pressure of the jets, since their high pressure is the
key factor in their interaction with the magnetosphere. In
Sect. 3, we analyse near-Earth observations from the evening
of 17 March 2007, which was characterised by a long period
of steady solar wind with radial IMF. We first present an ex-
ample of a jet in detail, and then analyse the 3-h period of
Cluster magnetosheath data containing several jets to study
their effects on the magnetopause. In addition, we investigate
how these variations, with a scale that is much smaller than
the global magnetohydrodynamic (MHD) scale but larger
than the kinetic scales (i.e., a “mesoscale” phenomenon), are
transmitted from the magnetosheath into the magnetosphere.
For that purpose, we use observations from the Geostationary
Operational Environmental Satellites (GOES) (Grubb, 1975)
as well as Super Dual Auroral Radar Network (SuperDARN)
(Greenwald et al., 1995; Chisham et al., 2007) measurements
from the same time interval. Discussion and conclusions are
given in Sects. 4 and 5.

2 Mechanism

Let us first consider the plasma flow across a high MA
(Alfvén Mach number) MHD shock wave. The shock pri-
marily decelerates the component of the upstream veloc-
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Fig. 1. Top: Schematic picture of the velocity field across a high Mach number shock that is either planar (a)

or rippled (b). The red line depicts the shock, and the blue area is the downstream side. Bottom: Illustration

of the effect of a bow shock ripple, adapted from Hietala et al. (2009). The variation of the plasma number

density in the downstream region is illustrated by the shading: dark blue indicates density enhancement, light

blue indicates density depletion. The jet perturbs the magnetopause which is depicted by the thick blue line. In

the particular case where the jet is supermagnetosonic in the frame of the magnetopause, an additional, weak

shock forms. The inset details the flow deflection when V1 is not parallel to n. Note that the picture is not to

scale in the horizontal direction.
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Fig. 1. Top: schematic picture of the velocity field across a high
Mach number shock that is either planar (a) or rippled (b). The red
line depicts the shock, and the blue area is the downstream side.
Bottom: illustration of the effect of a bow shock ripple, adapted
from Hietala et al. (2009). The variation of the plasma number den-
sity in the downstream region is illustrated by the shading: dark
blue indicates density enhancement, light blue indicates density de-
pletion. The jet perturbs the magnetopause which is depicted by the
thick blue line. In the particular case where the jet is supermag-
netosonic in the frame of the magnetopause, an additional, weak
shock forms. The inset details the flow deflection when V 1 is not
parallel to n. Note that the picture is not to scale in the horizontal
direction.

ity V 1 that is normal to the shock front, i.e., the Rankine-
Hugoniot jump conditions give V1n = rV2n and V1t ⇡ V2t .
Here r is the shock compression ratio. If the shock is planar,
with an orientation illustrated in Fig. 1a, the density increase
and the flow velocity decrease are ⇢2 = r⇢1, and V2 = 1

r V1.
The dynamic pressure of the plasma flow is thus smaller on
the downstream side of the shock than on the upstream side:

Pdyn2= ⇢2V
2
2 = 1

r
⇢1V

2
1 = 1

r
Pdyn1. (1)

However, if the shock is locally rippled with a geometry
sketched in Fig. 1b, the plasma speed stays close to the up-
stream value V2 ⇡ V1 near the edges of the ripple. Since the
plasma is still compressed, ⇢2 ⇡ r⇢1, the dynamic pressure
can in fact be larger on the downstream side than on the up-
stream side:

Pdyn2⇡ r⇢1V
2
1 = rPdyn1. (2)

Next, let us apply this idea to the quasi-parallel bow shock
between the solar wind and the magnetosphere (Fig. 1c).
Crossing the bow shock leads to efficient compression and

Ann. Geophys., 30, 33–48, 2012 www.ann-geophys.net/30/33/2012/

Hietala	et	al.,	2012	AG.	
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Downstream	
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CS Overview – MSH jets 

Adapted	from	Hietala	
et	al.	2012	AG.	
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•  Plaschke	et	al	2013	AG	criteria	=>	MSH	jets.	

•  v_sw=466	km/s,	n=19	cm-3	=>	highly	
compressed	MSH.	

Adapted	from	Eriksson	et	al.	2016	JGR	
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MSH CS Acceleration 
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•  Ongoing	local	parallel	acceleraCon	or	
forming	elsewhere	and	propagaCng	in.	

CS	 SW-like	

MSH-like	

Thermal	range	

Eriksson	et	al.,	2016	JGR	
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Local parallel acceleration - Electron beam 

Study	electron	distribuCon	funcCon	in	detail.	
	
Beam	in	the	middle	of	the	current	sheet.	
	
Beam	at	80-200	eV	angular	direcCon	of	PA	less	than	about	45	degrees.	
Decrease	in	the	electron	distribuCon	in	parallel	direcCon	compared	to	
other	direcCon	at	higher	energies	=>	loss	cone.	
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Local parallel acceleration - Electron beam 

RaCo	of	local	magneCc	field	magnitude	and	the	peak	magnitude	(CS)	along	the	
electron	path.	
	
Loss	cone	with	PA	close	to	90°	at	the	largest	magneCc	field	magnitude	(CS).	
	
All	observed	high	energy	(MSH)	electrons	from	MSH-like	region	escape	into	SW-like	
region.	
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Local parallel acceleration – acceleration 
mechanism 

	
Observed	beam	and	loss	cone	features	fits	well	with	Feldman	et	al.	1983	JGR	
theory	of	electron	acceleraCon	across	a	shock	due	to	change	in	electrostaCc	
potenCal.		
	
	
	
	
	
Beams	are	locally	generated	in	the	MSH	as	well.	
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Two	reasons.	
1)  Local	parallel	electric	

field.	
2)  More	diffused	beams	at	

other	places	in	the	
interval.	
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Conclusions 

Beams	can	be	locally	accelerated	in	the	MSH	not	just	at	the	
bow	shock.	
	
This	study	can	be	important	when	interpreCng	interplanetary	
shocks	with	Solar	Orbiter.	Larger	region	for	brst	interval.	


