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What is the magnetic carpet?
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What is the magnetic carpet?

Sanchez Almeida (2003)
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What is the magnetic carpet?

• The “magnetic carpet” is the evolving, multi-scale 
field that results from the continual emergence, 
displacement, coalescence, and eventual 
disappearance of magnetic bipolar regions ranging 
from the subgranular scale to the largest active 
regions (Schrijver, Sept 6, 2004, 2 hours ago)

• More restrictive definitions: 
– … the atmospheric field geometry over quiet Sun
– … the mixed-polarity network field in the solar 

photosphere
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AR vary by a factor of 8 over cycle

ER vary by a factor of 2 over cycle

SB vary by factor of 1.5 over cycle

Distribution function of “all” magnetic features
Network flux renewed every ~10 hours

(Hagenaar, Schrijver & Title, 2003)

What is the magnetic carpet?
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2D simulations confirm that emerging bipoles maintain 
the quiet Sun mixed polarity network 

(Schrijver et al., 1997; Simon, Title, Weiss, 2001; Parnell, 2002)

What is the magnetic carpet?
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How does the carpet influence the corona?

It depends on the internetwork fields!

How much flux is there?
How strong is its field?
How is the field distributed spatially?
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How does the carpet influence the corona?

Schrijver and Title (2003)

• The “intranetwork field” steals flux from the network, so that
• the field geometry is inconsistent with the classical canopy 

concept.

Potential field above unipolar network and 
mixed-polarity intranetwork; side and top 
view

If r
econnectio

n is 
effic

ient!



9/13/2004 9

How does the carpet influence the corona?

• The “intranetwork field” steals flux from the network, so that
• the field geometry is inconsistent with the classical canopy 

concept.

Potential field above unipolar network and 
mixed-polarity intranetwork; side and top 
view

Schrijver and Title (2003)
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• For intranetwork field 
at ~20 Mx/cm2, 
approximately 10-
70% of the network 
flux that reaches into 
the corona may be  
rooted in the 
intranetwork field. 

• Results for mixed-
polarity network are 
very similar.

Very quiet unipolar region

Strong unipolar region

AR

Schrijver and Title (2003)

How does the carpet influence the corona?
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• … but it is sensitive 
to the pattern in the 
intranetwork flux: 
compare bipoles to 
random monopoles.

How does the carpet influence the corona?

Schrijver and Title (2003)
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• “Weak field” away from the network discovered in the mid 
70s  (Livingston and Harvey [1975], Smithson [1975])

• “Canopy” concept to separate “non-magnetic” from 
“magnetic” introduced in early 80s (?) (Giovannelli [1980], 
Giovannelli and Jones [1982])

The internetwork field carpet

Bapp scaled to 
±300 Mx cm-2

Bapp scaled to ±20 
Mx cm-2

(exclude network)

Lin & Rimmele (1999)
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• Whole range: 5-50 Mx/cm2

average ~20 Mx/cm2

(Wang et al. [1995], Stenflo et al. [1998], 
Lin and Rimmele [1999], Faurobert et al. 
[2001], Collados [2001] Domínguez 
Cerdeña et al. [2003], Sánchez Almeida 
et al. [2003])

• All estimates are lower limits, 
depend on seeing, method and 
modelling assumptions
because of complex, mixed 
polarity  topology of 
internetwork field.

How much flux is there?

Sanchez Almeida, Emonet, Cattaneo (2003)

0.5 G

5 G

20 G

(?)

Smoothed to 0.5”
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How much flux is there?

Maybe as high as 130 Mx/cm2 mostly in the intergranular lanes 
(Trujillo-Bueno et al., Nature, 2004)
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How strong is its field?

Strong (> kG) mixed polarity flux tubes seem to emerge on granular scale

Only cover 2% of area, mostly in intergranular lanes: 1016-17Mx compared to 
1018-19Mx (not visible in MDI)

(Domínguez Cerdeña et al. [2003], Sánchez Almeida et al. [2003])

angular resolution ~0.5”
sensitivity ~20 G
Unsigned flux density » 20 G
Dynamic scale ~ 1 min
Mesogranular ~ 17 min 
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What field strengths dominate?

Sanchez Almeida et al. 2003, Socas Navarro & Sanchez Almeida 2003

Observed from Hanle effect

Observed from Zeeman effect

Probably continous spectrum: both 
kG tubes, and sub-kG field often 
(co)occur at the same location (at 
1.5” res) 

Depends on spatial resolution 
(opposite polarities on very small 
scales),  visible/IR lines, etc…
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IR spectral lines Visible spectral lines

Sanchez Almeida et al. 2003

How is it distributed?

Quite mixed: 25% of 1.5” pixels with both IR and visible signal 
(30%) show opposite polarity [previously suggested by Sanchez 
Almeida & Lites (2000) and Lites (2002)].
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How dynamic is it?

HIFs are short-lived (5 min) features 
showing small-scale emerging flux, 
with horizontal fields (often blue-
shifted Q and U profiles): possibly at 
100 times the rate of ephemeral 
regions (Lites et al., 1996)

Recent high-res observations show 
the weak IN field is very dynamic on 
timescales of ~1 min on granular 
scale, with persistent pattern 
(mesogranulation?) >17 min 
(Dominguez Cerdena et al., 2003)

Lites et al. 1996

Significant transverse 
(horizontal) field

Small  vertical field
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Conclusions
� IN total flux larger than AR/network flux

� Range of strengths from a few G to > kG

� Observed flux may be dominated by tail of kG fields

� Hanle signals (B<100 G) ~60% of flux, B>500 G ~ 25% of 
flux (Sanchez-Almeida, 2003), average ~100 G?

� Pervasive mixed polarity on very small scales

� Spatial distribution unclear (mesogranular pattern?)
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Questions

� What are the consequences of the IN carpet for 
connections with the network/corona?

� Can we figure out the probable spatial distribution of the IN 
carpet based on observed TR and coronal heating 
patterns? How much unbalanced flux is there locally?

� Does reconnection in the internetwork play a role for    
coronal heating? Diffuse background heating? TR events?
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How does it impact the atmosphere?
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Moss and coronal issues

Bright reticulated layer of EUV emission consisting of 1 - 3 Mm 
bright elements with dark “holes” (jets): 1 MK upper transition 
region at footpoint of hot 3-5 MK loops above unipolar plage 
(Berger et al., Fletcher & De Pontieu, De Pontieu et al., 1999, Martens et al, 2000)
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Moss and coronal issues

Highly dynamic on timescales of 30 s, caused by presence of 
chromospheric jets/spicules   (De Pontieu, Tarbell, Erdelyi, 2003)

Haaaa -350mÅ Haaaa+350mÅ

TRACE 171Å TRACE 1550Å
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Moss and coronal issues

On large scales (5-10 arcsec), upper TR brightness well 
correlated with Ca II K-line brightness of plage

[De Pontieu, Tarbell, Erdelyi (2003)]
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Moss and coronal issues

Ca II K-line emission 
is a good proxy for 
the photospheric 
magnetic field  

[De Pontieu, Tarbell, Erdelyi (2003)]
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Moss and coronal issues
At 1” resolution, 
you can’t just 
trace a coronal 
loop down to a 
photospheric
magnetic 
element!

Chromospheric
and coronal 
heating 
mechanism not 
spatially (or 
otherwise?) 
related on 1
arcsec scales?

[De Pontieu, Tarbell, Erdelyi (2003)]
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Connectivity studies?

Many observations of intensity 
oscillations in TRACE 171 Å 
loops, identified as propagating 
magneto-acoustic waves in 1 MK 
plasma, mostly with 5 min 
periods for plage related loops 

From De Moortel et al. (2002)

Can we exploit these 
waves to trace 
photospheric-coronal
connectivity?

?

Intensity oscillations
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5 min power in chromosphere

De Pontieu, Erdelyi, de Wijn (2003)

Lots of 5 min periodicity in corona, upper TR 
(moss), and chromosphere (spicules)!
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Moss/Coronal oscillations similar?

De Pontieu, Erdelyi, de Wijn (2003)      De Pontieu, Erdelyi, De Moortel (2004)

Moss Oscillations

P=200-600 s, avg= 349±60 s

P changes with time

ddddI/I = 10 ±3 %

ddddI/I not constant in time

Wave form not sinusoidal 

Wave trains of finite duration

Often at periphery of plage

Limited to 1-2 arcseconds

Coronal Oscillations (Plage)

P=200-600 s, avg= 321±74 s

P changes with time

ddddI/I = 4.1±1.5% (filling factor)

ddddI/I not constant in time

Wave form not sinusoidal

?

Often inclined (~45°)

Limited to ~2-4 arcseconds

=
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How do these evanescent photospheric 
oscillations with 5 min periods get into the atmosphere, 
despite the atmospheric stratification?

Because of changed stratification on inclined flux 
tubes: acoustic cutoff period ~ 1/cosqqqq !

Leakage of photospheric oscillations
Vertical flux tube Inclined flux tube (50°)

Chromospheric dynamics in inclined flux tubes are dominated by 5 
minute periods because of significant leakage of photospheric 
oscillations into the atmosphere

De Pontieu, Erdelyi, James (2004)
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Connectivity studies?

De Pontieu, Erdelyi, De Moortel (2004)

Grid 2” x2”

Vertical velocities 
in photosphere (MDI)

Driving flux tubes at various 
angles from vertical
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Numerical simulations
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Vertical Velocity for qqqq= 40°

� For photospheric location below 
loop of case 16b of De Moortel et 
al. (2002), with MDI driver from 
12-Jun-2001 from 07:25-08:05 UT

� P-mode driven shocks form 
spicules, then propagate into 
corona

� Shocks in corona are weak, 
average Mach number is 1.2±0.1

� Propagation speeds are of order 
145 ±10 km/s (for 0.8 MK corona) 

Numerical Simulations: coronal shocks

De Pontieu, Erdelyi, James (2004)
De Pontieu, Erdelyi, De Moortel (2004)

ti
m

e

height
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� “ Best fit”  solutions for 3 
different loops showing 
running waves reproduce 
phase, amplitude and period
of peaks pretty well for 40°, 
35° and 30°

� All “ best-fit”  locations are 
within 1 arcsec of first guess

Observations/Simulations Comparison

De Pontieu, Erdelyi, De Moortel (2004)

TRACE coronal intensity

Simulated coronal intensity
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The timing and amplitude of coronal shocks is sensitively dependent on the
angle with the vertical. This is caused by interplay between spicule formation 
(low propagation speed) and shock merging.

Connectivity studies?

De Pontieu, Erdelyi, De Moortel (2004)



9/13/2004 36

Is an angle of 40° realistic at the photospheric level?

Noise levels: 
14 G for Bz, 96 G for Bt

Locations with significant 
transverse field at photo-
spheric level are highly 
isolated (spatially), and small
(2-4 arcsec at this 1 arcsec 
resolution)

This may explain the fact that 
not all spicules are periodic, 
and that coronal waves do 
not occur throughout the 
coronal volume, but are 
limited to a few arcsec

Can this really work!?

De Pontieu, Erdelyi, De Moortel (2004)
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� Are these real correlations, or 
random hits? 

� Repeat for oscillations that are 
not as noisy (although most are, 
at 4.5% relative amplitude)

� Include height dependent profile 
of angle with vertical

� Include radiative losses and 
thermal conduction in corona

� Expand into 2D, and check 
coupling into wave-guide and its 
quality

Can this really work?
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The End

1. Magnetic Carpet:
a) What is the carpet?
b) How does the carpet influence the corona?
c) Weak mixed polarity flux in internetwork

2. Upper Transition Region Moss
a) How does it impact coronal issues
b) Surface-to-corona connectivity studies 

(lower atmospheric seismology)
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Flux emergence of small bipoles in anti-phase with cycle?
(Hagenaar, Schrijver & Title, 2003)

What is the magnetic carpet?
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What is the magnetic carpet?

• Collisions and fragmentations lead to quasi-exponential 
distribution of fluxes

• the flux source-spectrum is of little importance;
• fragmentation rates and collision “cross sections” combined 

determine the spectrum.
Schrijver et al.  (1997) ApJ 487, 424
Parnell (2002) MNRAS 35, 389
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How does the carpet influence the corona?
Determines the 
appearance of 
the QS corona, 
and ‘loop’ 
lifetimes <1h.

Geometry may 
determine 
preference for 
heating location

Multitude of 
(bunched) 
separators 
threads the [QS] 
corona, but 
appear not as 
main areas of 
heating. 

Determines the signal pathways 
between surface and corona

(Priest, Heyvaerts, Title, 2002)

Classical canopy concept in trouble?
(Schrijver, Title, 2003)
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How does the carpet influence the corona?

• The fraction of the 
flux connecting 
network to 
intranetwork is 
relatively insensitive 
to the polarity pattern Very quiet unipolar region

Strong unipolar region

AR

Black: monopolar network,
Red: mixed-polarity network

Schrijver and Title (2003)
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Socas-Navarro & Sanchez Almeida 2001

• How mixed is the “weak” field?
The “weak” field carpet

Quite mixed: especially for weaker flux
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Fe I 6302Å MagnetogramHa line center
TRACE 171 Å

How does the carpet influence the corona?

In unipolar network, the flux collar extends on average to 2-4 Mm
In mixed-polarity network, the collar extends to 4-6 Mm (Schrijver & Title, 2003)
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Motivation for 
Study of Active Region Moss

• Shows heating of chromosphere, TR and corona on smallest scales 
observable today!

• Excellent “ laboratory”  to study transport & deposition of magneto-
convective energy from surface to outer atmosphere...

• Some outstanding questions:
- How is the magnetic chromosphere heated? 
- What does the change from b>1 to b<<1 mean for its geometry? 
- What is the major constituent of the TR?  UFS? Classical TR?
- How is heating (mechanism) of these different T-regimes related?
- What role do chromospheric spicules play in energy/momentum

balance of TR (or corona?)
- Can we learn anything about coronal heating from upper TR?

i.e. can we use “moss”  as proxy for coronal heating studies?
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Why look for chromospheric source?
Dynamics of upper TR moss (red contours) are 
determined by dynamics of chromospheric jets (green)

1b. Observations: Chromospheric Source
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Moss and coronal issues

Heating of chromospheric spicules to 100,000 K during 
downflowing phase?
May be related to the lower DEM issue in AR (Athay, 1989)?

[De Pontieu, Tarbell, Erdelyi (2003)]
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Good correlation between H� linecenter 
and TRACE 171Å in center of mossy plage

1b. Observations: Chromospheric Source
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Majority of locations with upper TR moss oscillations
also show clear oscillations in the wings of H�

1b. Observations: Chromospheric Source
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1b. Observations: Chromospheric Source

Best correlation with H� ±350 mÅ summed, with often 
a delay of  > 60 s between blue and red wing signals
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1b. Observations: Chromospheric Source

moss
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moss moss moss

1 2 3 4

H� -350mÅ

H� +350mÅ
TRACE 171Å

How moss oscillations are caused by spicules: obscuration
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Oscillations with 5 minute periodicity are pervasive in H� ±350m�

1b. Observations: Chromospheric Source
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2a. Modelling: p-mode driven spicules
Vertical Velocity for � = 50°

� For different location, at edge of 
plage, where H� shows highly 
inclined fibrils

� Substantially more leakage and 
propagation than for � = 0�

� Shocks merge, usually rebound 
shock (weaker) is caught up by 
driven shock

� Longer periods (~300 s) 
dominate chromospheric 
dynamics
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2a. Modelling: p-mode driven spicules
Vertical Velocity for � = 0° � For location towards center of 

plage

� Some leakage of evanescent 
oscillations, but most leakage 
occurs because the photo-
spheric signal (includes 
granulation) is dominated by 
~200 s periods in this case

� Leaked photospheric signal 
shocks in low chromosphere 
because of density stratification

� Rebound shocks form as a 
result of oscillating wake 
following passage of driven 
shocks

� Chromospheric dynamics 
dominated by 200-250 s
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2a. Modelling: p-mode driven spicules

� = 50°

For both cases the match between predicted spicule occurrence and 
observed spicule occurrence is good, especially considering the 
limitations of the numerical model
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2a. Modelling: p-mode driven spicules

� = 0°

Observed spicule occurrence is given by the negative of the TRACE 
171�  intensity, since EUV brightness changes are dominated by spicule
occurrence. Varying spicule filling factors lead to mismatch in amplitude
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1d. Observations: coronal waves
Average amplitude: 4.1� 1.5%
Amplitude often varies significantly

Period: 172� 32 s for sunspots
321� 74 s for plage

Period often not constant

Propagation speed: 122 � 43 km/s

Oscillations often limited to small
patch of ~2-4 arcseconds in 
direction perpendicular to 
propagation 

Loops often have significant 
inclinations (~45°) from vertical 

From De Moortel et al. (2002)
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2a. Modelling: p-mode driven spicules

How can p-modes reach the chromosphere and upper TR?

Normally their period P >Pc at the temperature minimum
with the acoustic cut-off period Pc=2� /W~

since W=gg/(2c) 
g=g0 cosq
c= 

( )qg cos/T

rg /p

For flux tubes inclined away from the vertical, the acoustic 
cut-off period is increased by 1 / cosqqqq , which allows more 
leakage and subsequent propagation into the
chromosphere and TR.

driver

photospheric
oscillations

40°50°

0°
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� Dominant periods (300-350 s) 
reproduced by simulations

� Irregularity of peak timing well 
reproduced

� Spicule filling factor of 7% (440 km 
diameter for spicule) reproduces  
average brightness change of 2.5%.

� Filling factors for 2 other cases are 8% 
and 15%, with diameters of 460 km and 
640 km, well within the normal range of 
spicules (200-800 km) 

� Shape of peaks well reproduced by 
simulations

� Minima not so well reproduced, probably 
because of lack of radiative losses and 
thermal conduction in corona

Connectivity studies?

De Pontieu, Erdelyi, De Moortel (2004)
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2b. Modelling: p-mode driven coronal waves

Wavelet power for observations

Intensity oscillations from observations

Wavelet power for simulations rebinned 
to emulate resolution of data (30 s, 2 
arcsec)

Intensity oscillations from simulations
(rebinned to emulate resolution of data)
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Many ª fitsº  are bad fits, e.g., case 16b for qqqq = 50°, with both 
timing and amplitude of peaks random compared to the 
observations.

Connectivity studies?
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2c. Modelling: lower atmospheric seismology

Case 16b: plage in non-potential active region
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Is an angle of 40�  realistic at the photospheric level?

Noise levels: 
14 G for Bz, 96 G for Bt

Locations with significant 
transverse field at photo-
spheric level are highly 
isolated (spatially), and small
(2-4 arcsec at this 1 arcsec 
resolution)

This may explain the fact that 
not all spicules are periodic, 
and that coronal waves do 
not occur throughout the 
coronal volume, but are 
limited to a few arcsec

Can this really work!?

De Pontieu, Erdelyi, De Moortel (2004)


