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Coronal hole jets observed by Hinode
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« Hinode XRT: observation of X-Ray jets in coronal holes
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Inverted-Y jet shapes
+ hot coronal loops at the base
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Upward velocity distribution for 101 Jets
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Fig. 4. Histogram distribution of upward jet velocities for 101 jets. Bin
size is 20 kms!,

(Savcheva et al 2007)
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Fig. 8. Histogram distribution of jet durations for 100 jets. The bin
size is 150 s,



Observation of a jet
In an equatorial coronal hole
following flux emergence

Moreno-Insertis, Galsgaard
& Ugarte-Urra, ApJL Feb 08



Simultaneous X-Ray, EUV
and magnetogram observations

1) XRT — geometry, location, duration of the jet
2) EIS — jet speeds, electron density

3) SOHO/MDI —full-disk magnetograms —magnetic topology

The jet appeared quasi-simultaneously with a magnetic bipole
at the photosphere (10'° Mx).
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B. = 0.1 tesla, the rate of release becomes much
larger, namely 0.8 x 10*'' W, which may be com-

B 10 b chatris o Reconnection and jet
preflare heating is - - -
s = b emission following flux

where f.,. is the altitude attained by the current sheet
before tlge ﬂar? is triggered. With h., = 107 m and .
ve = 10° ms~%, say, we have =, & 20 minutes. ' r I

As the emerging flux pushes higher and higher in e e rge n Ce .
the solar atmosphere, eating its way into the overlying

field from the photosphere to the lower corona, so the
dimensions of the central current sheet change. Its

width [ and length L are given at each stage by H eyvae rtS : P I I eSt

[=afve, )

al Preflare Heati L = logun*(vanst), @)
( ) ng approximately, where n = (uyo)~' is the classical & Rust 1977

Spitzer magnetic diffusivity, n, is the particle number
density inside the current sheet, and

o= 154 x 1027 log A mhom?! (3)
TYPE Il BURST @

is the classical electrical conductivity (Spitzer 1962).
Equation (1) follows from a steady balance between
convection and diffusion, while equation (2) is a
result of mass conservation (Sweet 1958), In addition,
the assumption of magnetohydrostatic balance across
the sheet (together with the perfect gas law) may be
used to write the density ratio as

nefne = To|TAl + B0, 4)

where

B =3 x 10-2%0,T, B, "

[b) is the ratio of gas to magnetic pressure outside the
i sheet and has a value of about 10-* for the typical
ImpUlSIVE PhGSE values B, = 0.01tesla, n., = 10"*m-?, and T =
10° K. Also, the electric current density inside the

sheet is

J= Bulp)'. ®)
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Fig. 3.—The emerging flux mechanism for a subflare (or
simple loop flare). (a), Preflare phase. The emerging fux
reconnects with the overlying field, Shock waves (dashed)
radiate from a small current sheet and heat the plasma as it
passes through them into the shaded region. (B), Impulsive
phase, The onset of turbulence in the current sheet (when it has
reached a critical height) causes a rapid expansion. The result-
ing electric field both in and around the sheet accelerates
particles, which then escape along field lines and produce an
impulsive microwave burst as they spiral. Those that move
downward give rise to hard X-rays and visible Mare knots by
collisional excitation, while those that escape upward onto
open field lines produce type 111 radio bursts. (¢), Main phase,
The current sheet reaches a new steady state, with reconnection
based on a marginally turbulent resistivity, It is much bigger

. than before, and both heat and particles are conducted down
(C] Main Phase 10 the lower chromosphere where they produce the Ha flare.
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2D experiment
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(Shibata et al, PASJ 1992,
Yokoyama & Shibata, PASJ 1996)



3D numerical simulation:

hot jet in a coronal hole
following flux emergence

Moreno-Insertis, Galsgaard
& Ugarte-Urra, ApJL Feb 08



The background stratification

* integration domain
= jsothermal corona

= steep temperature rise (T.R.)

= jsothermal photosphere

" upper convection zone

temperature

Pressure contrast: 10°

Density contrast: 2 1010




Background coronal field
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Background coronal field




Magnetic field below the surface
at time t=0

» equations: 3D compressible MHD

 thermodynamics: ideal gas, no heat
conduction, no radiative cooling

 code: Nordlund & Galsgaard

e the field lines are twisted
around the tube axis
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Current distribution
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3D view: current and temperature







Horizontal drift of the 2-chamber + jet structure
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Typical values obtained in the experiment

« Velocity:

— 200 km/s (jet) ------- 400 km/s (reconnection site)
 Temperature:

— 10 MK (jet) -------- 30 MK (reconnection site)

Jet duration: 7 min (main phase) // 22 min (total)

Transverse velocity: 10 km /s




Upward velocity distribution for 101 Jets
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Fig. 4. Histogram distribution of upward jet velocities for 101 jets. Bin
size is 20 kms!,

(Savcheva et al 2007)
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Fig. 8. Histogram distribution of jet durations for 100 jets. The bin
size is 150 s,



- [ransverse velocity distribution for 104 Jets
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Fig. 7. Histogram distribution of the jet transverse velocities for 104

jets. The bin size is 2 kms™'. The peak at 0 kms~" is artificially high,
since the transverse velocities around 0km s~! of many jets have large
uncertainties.

(Savcheva et al 2007)



We have studied a jet-formation event with quasi-simultaneous
Hinode XRT/EIS and SOHO/MDI observations.

A simple force-free extrapolation shows a two-chambered + open
field structure

A 3D flux emergence experiment was done using parameters

adequate to a coronal hole.

The values of temperature, density, velocity, duration and drift speed
match approximately those in the Hinode statistical observations.







Temperature map

(t=22 min)



 physical values adequate to a coronal hole were
used:
—>n~2 10% atoms cm™
— open ambient field lines
— coronal field strength: 10 G
—>T=1.110°K

e Domain: 34 Mm x 38 Mm x 33 Mm

( 4 Mm below photosphere,
29 Mm above photosphere)
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Figure 2: XRT images of three stages in the jet evolution.



Do the actual values obtained in the
experiments fit the Hinode observations?

 Observations: Savcheva etal 2007
 Statistics from 7197 polar jets using Hinode/Soho

« Jet velocity distribution peaks at 150 km /s
 Jet duration between 8 and 25 min

e Transverse (=drift?) velocities between 0 and 20 km / s

=> the overall agreement is good
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The SHINE 2006 workshop, Zermatt



Mo. 53] Polar Jet Parameters 5773

Fig. 1. Image of a polar coronal jet after the instmmental noese and
coamic parlicle hits tad been emoved. The image hes also been
normalized by exposure ime and momted vertically.

Fig. 2. Same image &= shown in the previows Ggure after Ganssian
lowe-pass and Laplacian edge-detection filters had been applied.

(Savcheva et al 2007)



