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Goal of this presentation: 

• Review a few observational findings regarding the photospheric magnetic 
field and its influence on chromospheric structure and dynamics 

Overarching Theme: Flux Emergence 

• Emergence fuels the dynamics of magnetic phenomena in the solar 
atmosphere 
• Personal view: submergence on observable scales is very unlikely, but…. 
• Flux submergence may happen at scales that so far are unobservable 



Structure of the Presentation: Increasing levels of 
Magnetic Influence 

Quiet Sun Weak 
Internetwork: 
(fields in equipartition 
with flows) 

Quiet Sun Network:  
(kiloGauss fields in 
photosphere that 
structure the 
atmosphere locally) 

Plage:  
(unipolar kiloGauss 
fields – larger scale 
ordering of 
chromosphere) 

Sunspots:  
(fields that dominate 
and strongly order 
atmospheric 
structure) 

AR Filaments:  
(fields that extend 
into the photosphere) 



Overview: Magnetic Field Structure of the Quiet 
Photosphere 



What Might Be the Chromospheric Field 
Structure Over the Quiet Sun? 

 
1.  The observed structure of photospheric 

internetwork magnetic fields 
2.  The observed structure of photospheric 

network magnetic field 







Hinode Spectro-Polarimeter map of the quiet Sun 

RMS Granular Contrast = 7.5% 





Network Boundary 

Mesogranular 
scale “voids” or 
“dead calm” 
regions 

Internetwork kilo-
Gauss flux 
elements 



Transient, strong 
(100’s of Gauss) 
horizontal flux 

•  Vertical flux 
concentrated in 
intergranular 
lanes 

•  Horizontal flux is 
over granules 
themselves 



What are the Horizontal Internetwork Flux 
Elements? 

 

Most Likely, Emerging Flux in Granules 



Time Sequence of Internetwork Flux Emergence 

R. Centeno et al. 2007 

• Emergence begins as horizontal field in middle of granule (amber 
contour) 

• As emergence proceeds, vertical components strengthen at both ends of 
the horizontal field structure (red and green contours) 

• Horizontal component disappears, vertical components rapidly migrate 
to surrounding dark lanes 

• Sequence very similar to small-scale emergence events in active regions 
described by (Ishikawa et al. 2007) 



Numerical MHD Simulations Help Us to 
Understand the Internetwork Photospheric 

Magnetic Field 

•  Simulations by Rempel (2014) attain a self-sustaining small-scale 
dynamo 

 
•  Higher resolution, larger computational box lead to good 

quantitative agreement with many aspects of observations 
 
•  Allow investigation of role played by very small scale flux 

elements 



Simulation by Rempel 2014 (ApJ 789, p 132) 

Continuum Intensity BZ at τ=1 

<|BZ|> ~ 60 Gauss 



Continuum Intensity BZ at τ=1 

(Contours 
outline 1 kG 
regions) 

Simulation by Rempel 2014 
(ApJ 789, p 132) 

Expanded view of 
simulation: 



Ratio of horizontal to vertical field strength in small-scale dynamo 
simulation 

(Figure from Rempel 2014, ApJ, 789, 132)  



Scan upward into atmosphere 

|Bz| (vertical) Bh=(Bx
2+ Bx

2)1/2 (horizontal) 

Small-scale dynamo simulations, M. Rempel 



β = Pgas/Pmag 
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Small-scale dynamo simulations, M. Rempel 

Vertical slice showing plasma β, vertical velocity vz 
Scan horizontally through atmosphere 

100 

(white èβ = 1) 

•  Internetwork is high beta plasma through photosphere into 
chromosphere 

•  Punctuated by occasional intense flux tubes 



SST/CRISP Movies of Quiet Sun (Coronal Hole) 



CRISP, Swedish Solar Telescope, One Supergranule 
L. Rouppe Van Der Voort 

Coronal Hole  
 
Broadband 
8542 Å 

•  Photospheric 
Evolution 

•  Internetwork kG 
flux elements are 
bright 



CRISP, Swedish Solar Telescope, One Supergranule 
L. Rouppe Van Der Voort 

Coronal Hole  
 
Photospheric 
Stokes V 

•  IN Photospheric 
Field evolves 
slowly with 
granulation 



CRISP, Swedish Solar Telescope, One Supergranule 
L. Rouppe Van Der Voort 

Coronal Hole 
 
Ca II 8542 Å 
Line Center 

•  Chromospheric 
3-min oscillation 
is apparent in 
internetwork 

•  Dynamic 
network canopy 
is visible 



CRISP, Swedish Solar Telescope, One Supergranule 
L. Rouppe Van Der Voort 

Coronal Hole 
 
Hα 
Line Center 

•  Reveals dynamic 
mesogranular 
scale canopy in 
the internetwork 



What Might Be the Chromospheric Field 
Structure Over the Quiet Sun? 

 
1.  The observed structure of photospheric 

internetwork magnetic fields 
2.  The observed structure of photospheric 

network magnetic field 



CRISP, Swedish Solar Telescope, Network Elements 
L. Rouppe Van Der Voort 

Photospheric Stokes V Hα Doppler Hα Line Center 



29-June-2009 SOLIS/VSM    (See Jin, C. L. et al. 2013, ApJ, 765, 79) 

SOLIS Fe I 630.1nm Photospheric 
LOS Magnetogram (North Pole)  

SOLIS Ca II 854.2nm Chromospheric 
LOS Magnetogram  (North Pole)  

Chromospheric Canopy From Polar Magnetic Network 



Spicule dynamics observed in Ca II H with Hinode/SOT 



Implications of Network Fields for Chromospheric 
Field Structure 

•  Network fields are kiloGauss, and unipolar on mesogranular scales 
  
•  Network fields extend outward over internetwork forming a canopy 

in the chromosphere 
 
•  Internetwork flux of opposite polarity is swept to network by 

supergranular flows è reconnection and chromospheric activity 
 
•  Small-scale dynamics at the photosphere è reconnection è large-

scale rearrangement of network field connectivity (“Magnetic 
Carpet”: Title & Schrijver 1998) 

 
•  Spicules are likely a chromospheric manifestation of network fields 

and stronger internetwork flux elements 



What Might Be the Chromospheric Field 
Structure Over Active Regions? 

 
1.  The ever-expanding corona over active 

regions 
2.  Plage: the source of most active region 

chromospheric emission 
3.  Sunspots: strong, ordered fields in the 

chromosphere 
4.  Filaments/Prominences: flux rope structure 

in the photosphere/chromosphere 



•  Flux submergence is difficult via magnetic tension: field curvature must 
be comparable to a scale height 

•  Consequence: active region field evolution dominated by flux emergence 
and expansion into the chromosphere/corona  

Hinode XRT movie, 
CR2055 April 2007 



Continual emergence/expansion might explain the 
chromospheric inverse Evershed effect 

Disk center 



What Might Be the Chromospheric Field 
Structure Over Active Regions? 

 
1.  The ever-expanding corona over active 

regions 
2.  Plage: the source of most active region 

chromospheric emission 
3.  Sunspots: strong, ordered fields in the 

chromosphere 
4.  Filaments/Prominences: flux rope structure 

in the photosphere/chromosphere 
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Strong plage has significant fine structure, but appears unipolar with very 
little or no opposite polarity inclusions: 



But is plage really unipolar? 
  Hinode SOT/SP Milne-Eddington Inversion 

Spatial Deconvolution Inversion (Buehler et al. 2015) 

Leads to anomalous MgII 
profiles near plage elements 
(DePontieu’s talk yesterday)? 



What Might Be the Chromospheric Field 
Structure Over Active Regions? 

 
1.  The ever-expanding corona over active 

regions 
2.  Plage: the source of most active region 

chromospheric emission 
3.  Sunspots: strong, ordered fields in the 

chromosphere 
4.  Filaments/Prominences: flux rope structure 

in the photosphere/chromosphere 



Sunspot magnetic fields: 
•  Strong, (relatively) stable 

umbral fields 
•  Umbra has some fine structure 

in deep photosphere (umbral 
dots) 

•  Stable penumbral fluted 
structure 

•  Return flux in small, isolated 
points in outer penumbra 

•  Always an extensive magnetic 
canopy beyond the outer edge 
of the penumbra  

Sunspot chromospheric magnetic fields: 
•  Simple, low-β plasma (ideal for study of MHD waves) 
•  Fluted penumbral structure survives to chromosphere, leading to 

interesting dynamical effects (e.g., penumbral microjets) 

Swedish Solar Telescope,  23 May 2010, de Jorge 
Henriques  



Simulations show fluted field, return flux in lowest layers 

Quiet Sun 

Penumbra 

Umbra 

(Rempel) 



Disk Center 

µ = 0.5  

Katsukawa et al., 2007 

Chromospheric 
penumbral micro-jets 

 
 
Likely caused by 
reconnection in fluted 
field lines 



What Might Be the Chromospheric Field 
Structure Over Active Regions? 

 
1.  The ever-expanding corona over active 

regions 
2.  Plage: the source of most active region 

chromospheric emission 
3.  Sunspots: strong, ordered fields in the 

chromosphere 
4.  Filaments/Prominences: flux rope structure 

in the photosphere/chromosphere 



•  Some active region filaments are low-lying 
 
•  Influence magnetic structure of the photosphere 
 
•  Field topology at/near photosphere, intensity diagnostics strongly 

suggest flux rope topology 
 
•  Field evolution suggests emergence of flux rope from interior 

Active Region Filaments 



Lites et al. 2010, fig. 2 

TRACE 171Å 

• Filament in 
absorption is visible 
under the arching 
coronal structures in 
emission 
• Structure highly 
suggestive of a flux 
rope magnetic field 
configuration 



Lites et al. 2010, fig. 4 Lites et al. 2010, fig. 5 

|B| 

BT
app 

Indicators that Filament Flux Resides Above the Photosphere 

Low magnetic fill fractions suggest body 
of magnetic structure is above the 
photosphere 

Doppler shift pattern of polarization 
profiles shows pattern distinct from that 
of granulation (vα, vI images) 

Field strength of filament ~500 Gauss.  
Inverse configuration, no adjacent strong 
field plage to hold filament down 

Filament is dominant structure of 
horizontal field.  Filamentary fine 
structure aligned with filament axis 



Summary and Outlook 
•  Extraordinary intermittency of field in deep photosphere probably has 

little influence on chromosphere and above……Except for interactions of 
this structure with stronger kiloGauss flux elements that penetrate 
upward to the chromosphere 

•  Photospheric flux concentrations (network and plage) provide most of the 
structure of the quiet and active chromosphere.  What are the relative 
roles of convective buffeting and reconnection driven by advection of 
opposite polarity from surroundings? 

 
•  Magneto-convection at and below photosphere creates a fluted penumbral 

magnetic field topology. Opposite polarity has now been detected in plage. 
How important is this topology to energetics of the active region 
chromosphere?  

 
•  Filaments (prominences) might hold the key to progression of the solar 

cycle, but questions remain as to their formation mechanism. Future 
observations should strive to establish mechanisms for origin, 
stabilization, and destabilization of filaments 


