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1.  Is there an easy answer?           

2.  Orphan penumbrae: emerging flux ropes 

3.  Orphan penumbrae: regular penumbrae 

4.  Solving the paradigm: synoptic observations 

5.  Conclusions: the tough part 
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Design�goal�Ͳ2

Field�of�view
• Ubiquitous,�elementary�phenomena�(spicule,�flux�elements,,)�can�

be�captured�by�a�few�hour�observing�run�with�a�small�FOV 䠄<50”䠅.��
Æ Excellent�job�should�be�done�by�large�groundͲbased�telescopes.

• SUVIT’s�advantage�is�in�its�uninterrupted��observations�for�days�
with�an�uniform�spatial�resolution.

• With�0.015”�pixel,�a�4kx4k�FG�camera�covers�only�60”x�60”�FOV

• SUVIT�FOV�requirement�>�180”�x�180”
FG�need�dual�modes;�‘high�resolution�mode’�and�‘wide�FOV�mode’!

60”x60”

Do�you�want�a�continuous�
observation�for�days�with�
this�FOV?

1.-‐	  Is	  there	  an	  easy	  answer?	  

•  The	  answer	  to	  this	  ques0on	  depends	  on	  what	  are	  we	  trying	  
to	  inves0gate.	  

•  Fundamental	  physical	  processes:	  flux	  cancella0on,	  forma0on	  
of	  kG	  structures,	  wave	  triggering…	  	  

•  Global	  evolu0on	  of	  magne0c	  fields:	  	  AR	  evolu0on,	  large-‐scale	  
connec0vity,	  polar	  field	  reversal…	  

Yes:	  We	  need	  both	  high	  spa0al	  resolu0on	  and	  large	  FOV	  	  
11/15/13	   Hinode	  7	  Takayama	   3	  
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1.-‐	  Is	  there	  an	  easy	  answer?	  

I	  did	  my	  PhD	  “begging”	  for	  1	  arcsec	  resolu0on…	  	  

•  Isn’t	  SDO	  providing	  some	  of	  that?	  All	  the	  Sun,	  all	  the	  0me	  
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2.-‐	  Orphan	  penumbrae:	  emerging	  flux	  ropes	  

Kuckein	  et	  al.,	  11	  
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2.-‐	  Orphan	  penumbrae:	  emerging	  flux	  ropes	  

This	  orphan	  penumbral	  regions	  is	  the	  photospheric	  
counterpart	  of	  the	  AR	  filament	  !	  



C. Kuckein et al.: Magnetic field strength of active region filaments 1115

Fig. 1. Top left: slit reconstructed continuum intensity map centered at the NL where the pores and penumbral-like formations can be identified.
The location of the slit for the time series map is displayed. Top right: Si I Stokes V map normalized to the continuum intensity. Bottom: Stokes
profiles observed at the slit position indicated in the top images and averaged over the time series (comprising 100 scans). The gray scale bar only
applies to the polarization signals. The Zeeman-like signature of Stokes Q and U are evident in this picture (He I lines are centered at 0 and 1.2 Å
approximately. The zero in the wavelength scale corresponds to 10 829.09 Å). The arrows indicate the position of the presented Stokes profiles in
Figs. 3 and 4.

dominated by atomic level polarization (and its modification
through the Hanle effect). These forward-scattering signatures
(see Fig. 4 of Trujillo Bueno et al. 2002) correspond to one-lobe
profiles that are positive for the red component of the He triplet
and negative for the blue one (in the positive Stokes Q refer-
ence system) due, respectively, to selective emission and absorp-
tion processes induced by the anisotropic illumination of the He
atoms. However, in the present case, the Stokes Q and U sig-
nals of the blue and red components of the multiplet, exhibit the
usual three-lobe profile that is expected from the Zeeman effect
(right panel of Fig. 1). While some influence of atomic polariza-
tion in these profiles cannot be ruled out a priory, it is clear that
an explanation of their shapes should rely mainly on the Zeeman
and Paschen-Back effects. This fact, interesting in itself, will be
briefly discussed below (Sect. 3.3).

The continuum frame in the top panel of Fig. 1 was recon-
structed from the various slit scan positions (thus reflecting the
real spatial resolution of the data) of a map centered at the NL.
This data-set was taken on the 5th of July, 2005. The presence
of pores and penumbral-like structures is evident in this frame
and their location corresponds to the NL. Right after this map,
a time series with the slit fixed over the NL was performed in
order to produce high S/N Stokes profiles. The bottom four pan-
els of Fig. 1 correspond to the Stokes parameters obtained after
averaging over the full time series (100 scans), which resulted
in a S/N of about 4000. The inversions performed later in this
work were carried out on the spectral profiles extracted from this
time-averaged data-set. The location of the NL had to be guessed
in real-time during the observations. The chosen slit position
for the time series is represented by a vertical black line in the
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Zeeman-‐like	  shapes	  

Kuckein	  et	  al,	  	  09	  
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ME	  inversion	  code	  MELANIE	  	  

IAC’s	  full	  (LTE)	  radia0ve	  transfer	  inversion	  code	  SIR	  
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Kuckein et al.: Simultaneous study of the vector magnetic field in an AR filament

Fig. 5. From left to right the four columns show slit-reconstructed images from the Tenerife Infrared Polarimeter (TIP-II) at dif-
ferent times. From top to bottom several wavelengths are presented which represent different layers in the atmosphere, from the
photosphere to the chromosphere: continuum, Si i 10827Å line center and He i 10830Å red core intensities. The panels are located
at different positions to approximately represent the alignment of their respective FOVs. On July 3rd the filament is relatively thin
and no pores appear below it. In contrast, on July 5th big pores, orphan penumbrae and He i dark threads have formed in the upper
half of the map, and the shape of the filament is rather diffuse as compared to the spine. Still, the spine in the lower part of the map is
clearly seen at the same place as detected on July 3rd. The small white arrows indicate the position of the Stokes profiles presented
in Figs. 7, 8 and 9.

3. Spectral line inversion and data analysis

The average signal-to-noise ratio after binning the data is about
2000. Since the polarization signals of the Si i 10827Å line are
much stronger than those of the He i triplet, it is not necessary to
apply the same binning to the Si i Stokes profiles and suffer the

corresponding loss of spatial resolution. However, for a better
comparison between them we use, unless stated otherwise, the
same binning criterion for both. Two different inversion codes
were used to fit the observed Stokes profiles. Both use a non-
linear least-squares Levenberg–Marquardalgorithm to minimize
the differences between the observed and synthetic spectra. For

6

Photosphere	  

Kuckein et al.: Simultaneous study of the vector magnetic field in an AR filament

Fig. 11. The gray-scale images indicate the two components of the magnetic field strength inferred from the ME inversions of
the He i 10830Å triplet. The upper / lower four panels show the vertical (Bvert) / horizontal (Bhor) fields in the local frame of
reference. All images in the same row have the same intensity scale. Vertical and horizontal fields are saturated at ±500G and 800G
respectively. Both polarities are close together and the PIL is only a few arcseconds wide in all panels. The white arrow indicates
the location of the Stokes profiles shown in Fig. 9.

Fig. 12. Same as Fig. 11 but for the SIR inversions of the Si i 10827Å line. On July 5th, the horizontal fields are concentrated at the
pores (better seen when compared to Fig. 5) and reach top values of up to 1100G. Black (negative) and white (positive) polarities
of the top panels are close together indicating a very compact AR.

earlier. Again the chromospheric azimuth angles were larger
than the photospheric ones.
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Fig. 11. The gray-scale images indicate the two components of the magnetic field strength inferred from the ME inversions of
the He i 10830Å triplet. The upper / lower four panels show the vertical (Bvert) / horizontal (Bhor) fields in the local frame of
reference. All images in the same row have the same intensity scale. Vertical and horizontal fields are saturated at ±500G and 800G
respectively. Both polarities are close together and the PIL is only a few arcseconds wide in all panels. The white arrow indicates
the location of the Stokes profiles shown in Fig. 9.

Fig. 12. Same as Fig. 11 but for the SIR inversions of the Si i 10827Å line. On July 5th, the horizontal fields are concentrated at the
pores (better seen when compared to Fig. 5) and reach top values of up to 1100G. Black (negative) and white (positive) polarities
of the top panels are close together indicating a very compact AR.

earlier. Again the chromospheric azimuth angles were larger
than the photospheric ones.
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B┴ ~ 600 G  B┴ ~1100 G  

Shear	  
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NLFF	  Extrapola0ons	  from	  the	  
photosphere	  

(find	  the	  axis	  of	  the	  rope)	  

NLFF	  Extrapola0ons	  from	  the	  
chromosphere	  

(find	  the	  top	  of	  the	  rope)	  

Yelles	  Chaouche	  et	  al.	  2012	  
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Photosphere	  (Si	  I	  10827	  SIR	  “magne0c”	  inversions)	  
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A&A 542, A112 (2012)

Fig. 3. LOS velocities inferred from: the Si I 10 827 Å full Stokes “standard” inversions (top row), the Si I 10 827 Å “magnetic” inversions (with
weights: wI = 0, wQ,U = 1.0 and wV = 0.1) (middle row) and He I 10 830 Å inversions (bottom row) at different times. Note that the color scale is
saturated at [−1, 1] and [−2, 2] km s−1 for silicon and helium respectively. Pixels inside the contours have magnetic field inclinations, with respect
to the LOS, between 75◦ ≤ γ ≤ 105◦. In the July 5 maps, the colored contours distinguish between the orphan penumbrae area (green) and the
spine region (black). On July 3, only the spine of the filament was seen. Negative velocities (blue) indicate upflows while positive velocities (red)
indicate downflows.

ticular inside the orphan penumbrae (green contours). Similarly,
on July 3, there is more of an upward trend in the motions of the
transverse fields.

The velocity maps inferred from the (binned) He I 10 830 Å
inversions are presented in the lower row of Fig. 3. Note that
the color is now scaled between ±2 km s−1. The first striking
result are the ubiquitous red areas (indicative of downflows) that
extend almost everywhere, with the exception of the region near
the PIL. On July 3, an almost perfect correlation between the
transverse field lines inferred from the helium inversions and the
upflow areas can be seen within the black contour in the lower
lefthand panel. Bearing in mind that on July 3 we clearly saw the
filament axis in the helium core absorption map (see Fig. 2), and
in Paper I we found sheared field lines parallel to its axis, one can
easily deduce that the filament axis is rising in the chromosphere.
Typical rising speeds are in the range [0, −1.5] km s−1.

Two days later, on July 5, the spine region (black con-
tours) hardly shows any upflows. The large-scale redshifted
pattern seen elsewhere is, however, weaker. This means that,
even if the filament axis was not moving upward on July 5,
it was still able to interfere with the mechanism that gener-
ates the large scale downflows (see Sect. 4.3). In the diffuse
filament region (above the orphan penumbrae, marked with

green contours), the velocity pattern is fundamentally differ-
ent. Once again, the transverse fields near the PIL harbor clear
signs of upflows. It is thus evident that, while the general trend
observed in He I corresponds to a large scale downflow, the fila-
ment axis (near the PIL) is a place where the downflows are not
as strong and sporadic upflow patches are also present. We will
discuss this issue later, in Sect. 4.3.

To understand the general trends in the velocity maps of
Fig. 3, a statistical study of the average velocities (⟨v⟩) inside
the black and green contours was carried out and compiled in
Table 3. The number of averaged points (#) and the standard
deviation (σ) are also provided in this table. We have found
the following:

1. On July 3, the mean velocities inferred from the Si I in-
versions at the spine (i.e., below the filament axis) show
an obvious blueshift. The magnetic inversions, averaging
⟨vmag

Si ⟩ ∼ −0.150 km s−1, are more blueshifted than the stan-
dard inversions. Upflows are also found in the chromosphere
(⟨vHe⟩ ∼ −0.240 km s−1).

2. For the first four maps of July 5, the spine presents an upward
motion of the photospheric transverse fields (black contours)
as inferred from the magnetic inversions, with typical ve-
locities of ⟨vmag

Si ⟩ = −0.215 km s−1. In the last three maps

A112, page 6 of 14

Kuckein	  et	  al,	  	  11	  

ωI,Q,U,V=0,1,1,0.1	  

2.-‐	  Orphan	  penumbrae:	  emerging	  flux	  ropes	  

   Spine: <vmag> = − 0.142 km/s 
 

Orphan P:  <vmag> = − 0.222 km/s 

The Si I “magnetic” inversions 
indicate upflowing transverse fields 
in the photosphere 

Emerging	  flux	  rope	  	  



Inferred	  configura0on:	  Flux	  Rope	  Emergence	  “a-‐la”	  Okamoto	  et	  al.	  	  
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Okamoto et al. (2008,2009) found:  

•  “Sliding door” effect 

•  Normal to inverse transition 

•  Highly sheared transverse fields  

Evidence for an emerging flux rope 

Okamoto	  et	  al.,	  08,	  09	  

14	  
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Okamoto	  et	  al,	  	  09	   Lites	  et	  al,	  10	  

Observed flows 

•  LCT dominated by moat flows, mesogranulation 

•  LCT Absence of shear flows 

•  Magnetic components shows upflows 

•  No normal oriented fields with downflows 

2.-‐	  Orphan	  penumbrae:	  emerging	  flux	  ropes	  
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Lites	  et	  al,	  95	  

O-loop emergence 

Based on a δ-spot 

(orphan penumbrae)  ASP	  

Low,	  2001	  
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3.-‐	  Orphan	  penumbrae:	  regular	  penumbrae	  
1.  Are all orphan penumbrae emerging flux ropes? 

2.  Recent Hinode observations suggest other possibilities 

3.  Emerging omega-loops (submerging?) 

4.  Emerging fields at equipartition strengths 

Schrijver	  &	  Zwaan,	  2000	  
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10 Zuccarello, Guglielmino & Romano

Figure 8. Top row: Sequence of SOT/SP maps showing the continuum intensity of the WOP. White (black) contours indicate the
magnetic flux concentrations above a threshold of +(−)1200 G. Color contours refer to different values of LOS velocity: −3, −1.5 km s−1

(upward motions, blue colors); +1.5, +3 km s−1 (downward motions, red colors). Bottom row: Simultaneous sequence of cospatial SOT/SP
maps showing the longitudinal magnetic field. Red contours indicate the magnetic PILs; arrows indicate the transversal magnetic field,
above a threshold of 100G. The length of the arrows is proportional to the intensity of Btran, their direction pointing according to the
azimuth angle. (Animations of these figures are available in the online journal.)

G in proximity of the PIL. In the WOP the inclination
of the vector magnetic field is on average close to |60◦|
with respect to the normal to the photosphere, and the
azimuth angle is quite homogeneous, being the standard
deviation ∼ 18◦.
In the SOT/SP maps of LOS velocity shown in Fig. 10

we find a central upflow, with a maximum value of
−4 km s−1, and downflows up to ∼ 6 km s−1 at the edges
of the structure. It is worthy to note that these peculiar
plasma flows are exactly located along the PIL.
Finally, we have also investigated if the upper atmo-

spheric layers were involved in some way by the presence
of orphan penumbrae. Figure 11 shows four maps taken

by AIA in the He II 30.4 nm line, every 24 hours during
four days from July 23 on. The He II 30.4 nm line is one
of the strongest line in the EUV observed in the solar
spectrum providing information on the upper chromo-
sphere or lower transition region (Andretta et al. 2003,
2012). It appears clear by the sequence shown in Fig. 11
that there is not signature of the presence of filaments
in the upper atmosphere during the days that follow the
appearance of orphan penumbrae in photosphere.

4. DISCUSSION AND CONCLUSIONS

We have studied two orphan penumbrae appeared in
AR NOAA 11089 on 2010 July 22. SDO/HMI obser-
vations have allowed us to investigate the evolution of

3.-‐	  Orphan	  penumbrae:	  regular	  penumbrae	  

Zucarello	  et	  al.,	  2013	  

Hinode/SP	  

Hα	  shows	  no	  AR	  
filament	  

B ~1500 G  
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3.-‐	  Orphan	  penumbrae:	  regular	  penumbrae	  
J. Jurčák et al.: Orphan penumbrae - submerging horizontal fields

Fig. 8. Temporal evolution of the orphan penumbra observed in
NOAA 11089 (area no. 2 in Fig. 3c). From left to right we show contin-
uum intensity maps, LOS velocity maps, and maps of the vertical com-
ponent of the magnetic field, with red arrows marking the strength and
orientation of the horizontal component. The black arrows in LOS ve-
locity maps point towards the disc centre.

gions of the orphan penumbrae are faster than those detected in
the regular penumbra. This may point to a different submergence
angle of the filaments in the two types of structures.

Figure 8 shows the temporal evolution of the orphan penum-
bra of NOAA 11089 (area no. 2) over 25 hours. In the contin-
uum intensity maps, the penumbral filaments are observed to get
shorter and the whole structure to decrease in size with time.
In the LOS velocity maps, the patch with oppositely oriented
flow disappears. As the orphan penumbra approaches the central
meridian, the LOS velocities decrease. This fact is not immedi-
ately apparent because the maximum velocities exceed 5 km s−1

in all panels, but there is a decrease of 0.4 km s−1 of the median
LOS velocity in the filaments between the first and last maps.

In the magnetic field panels of Fig. 8, one can see a clear
shear movement of the opposite polarities. The negative polar-
ity patch in the lower part moves westward (to the right) com-
pared to the main positive polarity patch. Therefore, the fila-
ments are oriented in the south/north direction in the first frame,
while in the last frame they are oriented in the south-west/north-

Fig. 9. Co-spatial and co-temporal G-band images and Na I D V/I mag-
netograms showing the temporal evolution of the orphan penumbra ob-
served in active region NOAA 11089 (area no. 2 in Fig. 3c).

east direction. The upper segment of the orphan penumbra dis-
appears as the negative polarity patch originally located around
[10, 20] arcsec diminishes in size. This happens later also for
the lower segment of the orphan penumbra when the negative
polarity region disappears (see Sect. 3.2 below).

3.2. Time evolution from the Na I D V/I magnetograms

We tracked the evolution of the LOS magnetic field in
NOAA 11089 for approximately 35 hours using Hinode
Na I D V/I magnetograms. Using the gravity centres of
sunspots umbrae, we find that the opposite-polarity leader and
follower sunspots of NOAA 11089 separated with an average
velocity of 130 m s−1, which is larger than the mean values
found by Sobotka & Roudier (2007, 80 m s−1) and Švanda et al.
(2009, 45 m s−1). The leading negative polarity region was al-
ways highly structured, while the number density of magnetic
features around the PIL decreased with time.

Figure 9 displays three co-spatial and co-temporal G-band
images and Na I D V/I magnetograms summarizing the evolu-
tion of the orphan penumbra. It is clear that the orphan penum-
bra filaments form between regions of opposite polarity con-
firming the findings presented in Sect. 3.1. The filaments are
located in regions with weaker Na I D V/I magnetogram sig-
nals compared to the nearby regions. The differences between
the Na I D V/I magnetograms of Fig. 9 and the magnetic field
maps of Fig. 8 are caused mainly by the switch from the LOS
frame to the LRF.

Played as a movie (see the electronic version of the journal),
the Na I D V/I magnetograms show how the patches of oppo-
site polarity approach each other and disappear. As there are no
stable structures in the magnetograms, it is difficult to estimate
the approach velocity. Tracking the magnetogram structures and
their evolution manually, we found values around 40 m s−1. We

7

Jurcak	  et	  al.,	  2013	  

Hinode/SP	  
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4.-‐	  Solving	  the	  paradigm:	  synop0c	  observa0ons	  

Only	  leader	  sunspot	  



SOHO/MDI	  

22	  

Here	  by	  
orphan	  we	  
really	  meant	  
orphan	  

4.-‐	  Solving	  the	  paradigm:	  synop0c	  observa0ons	  
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1.  OP:  They are located at AR neutral lines 

2.  OP: Strong (>1kG) horizontal fields: dark 

3.  OP new AR: they show Evershed-like & moat-like flows 

4.  OP new AR:  Field orientation in normal configuration 

5.  OP new AR: No signature of Hα filament 

6.  OP new AR: They are really not that “orphan” 

7.  OP new AR: Emerging flat Ω-loops (able to halt convection) 

8.  OP old AR: Sheared fields (inverse orientation) 

9.  OP old AR: Hα filament 

10.  OP old AR: They are very isolated 

We	  need	  beper	  sta0s0cs	  	  

4.-‐	  Solving	  the	  paradigm:	  synop0c	  observa0ons	  



20 E.N. Parker

Fig. 2 Sketch of the formation of an !-loop from the azimuthal magnetic field presumed to lie in the
tachocline, forming a bipolar magnetic region at the visible surface

at the surface random walk in the convection, exhibiting an effective turbulent diffusion
coefficient of the general order of 6 × 1012 cm2/sec at the same time that the magnetic flux
is transported poleward by the meridional circulation of about 7 m/sec.

At this point we recall Babcock’s (1961) suggestion that the observed inclination of
the bipolar magnetic regions to the east-west direction provides the rotation of magnetic
flux into the meridional plane (the alpha effect), thereby creating the poloidal field (Parker
1955b). If this idea is correct, then the upwelling !-loops provide the necessary genera-
tion of poloidal field, while Sheeley’s surface studies find that the poloidal field is moved
poleward by random walk and meridional circulation.

Now the principal shear (nonuniform rotation) lies in the tachocline at the bottom of
the convection zone. We note that the upward displacement of magnetic field out of the
tachocline to form an !-loop requires an equivalent downward displacement of gas back
into the tachocline, carrying poloidal field down into the intense shear of the tachocline. This
produces azimuthal field in the same location, either strengthening or weakening the existing
azimuthal field at the same location. So the azimuthal field is not dispersed or dissipated by
turbulent diffusion, but rather by the generating and superposition of new azimuthal field.
Locally one would write

∂Bϕ

∂t
= Br

dvϕ

dr

for the generation of east-west field Bϕ from the radial field component Br by the
shear dvϕ/dr . Integrating over r from immediately below to immediately above the thin
tachocline, it follows that the time rate of generation of azimuthal flux $ϕ per unit length
in the north-south direction is Br%vϕ , where %vϕ is the velocity difference across the
tachocline. Across a length a in the north-south direction over a time t , the azimuthal
flux generation is atBr%vϕ . So in a time of three years, 108 sec, a velocity differ-
ence of 104 cm/sec over a north-south band of width 1010 cm, with a radial field of
10 gauss, produces 1023 maxwells of azimuthal flux, comparable to the earlier estimate
of 0.8 × 1023 maxwells, based on the observations of Gaizauskas et al. (1983).

24	  

Parker,	  09	  

“Solar	  Magne0sm:	  The	  State	  of	  Our	  Knowledge	  and	  Ignorance”	  	  
	  	  

4.-‐	  Solving	  the	  paradigm:	  synop0c	  observa0ons	  
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Design�goal�Ͳ2

Field�of�view
• Ubiquitous,�elementary�phenomena�(spicule,�flux�elements,,)�can�

be�captured�by�a�few�hour�observing�run�with�a�small�FOV 䠄<50”䠅.��
Æ Excellent�job�should�be�done�by�large�groundͲbased�telescopes.

• SUVIT’s�advantage�is�in�its�uninterrupted��observations�for�days�
with�an�uniform�spatial�resolution.

• With�0.015”�pixel,�a�4kx4k�FG�camera�covers�only�60”x�60”�FOV

• SUVIT�FOV�requirement�>�180”�x�180”
FG�need�dual�modes;�‘high�resolution�mode’�and�‘wide�FOV�mode’!

60”x60”

Do�you�want�a�continuous�
observation�for�days�with�
this�FOV?

5.-‐	  Conclusions:	  The	  tough	  answer	  	  

•  Yes	  !	  (100	  km	  resolu0on,	  10-‐4	  pol.	  sensi0vity,	  1	  second	  cadence)	  
•  (As	  long	  as	  someone	  provides	  the	  context	  in	  0me	  and	  in	  space)	  

None	  of	  these	  two	  programs	  should	  be	  taken	  for	  granted	  	  
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5.-‐	  Conclusions:	  The	  tough	  answer	  	  
Can	  we	  get	  0.1	  arcsec	  resolu0on	  and	  full	  disk	  imaging?	  

•  LSST	  (Large	  Synop0c	  Survey	  Telescope)	  
•  8.4	  meter,	  3.5	  degree	  FOV:	  high	  throughput	  astronomy	  	  
•  3200	  Megapixels	  every	  10	  seconds:	  Big	  Data	  (30	  TB	  a	  day)	  
•  Processing:	  >100	  PB	  with	  100	  Tflops	  compu0ng	  power.	  
•  Caveats:	  MCAO+spectroscopy+polarimetry	  	  
•  Input	  for	  a	  high	  resolu0on	  WSA-‐Enlil	  model?	  



Thanks ! 
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Evolution and Dynamics of Orphan Penumbrae 11

Figure 9. Same as in Fig. 8, for subsequent times.

these structures since their formation. These orphan
penumbrae show a different origin. The EOP seems to
be formed by the remnants of the penumbral filaments
left behind by the main sunspots of the AR during their
separation, while the AR emerges. The WOP appears on
the west of the EOP as a result of flux emergence. Both
the EOP and the WOP remain on the solar photosphere
during about three days: they fragment and finally dis-
appear.
SDO/HMI measurements of the LOS velocities indi-

cate that persistent peculiar plasma motions were cospa-
tial with these orphan penumbrae. In particular, the
central part of the WOP is characterized by velocities
up to −3 km s−1, while we have found downflows at both
edges of the structure of the same order of magnitude.
These velocities are comparable to those found in the
sunspot penumbrae nearby, with a few exceptions where
they are even larger.

DOT data show that, in the G-band and Hα contin-
uum, the EOP appears to be linked by fibrils with the
southern spot of the AR. A chain of bright points is seen
at the southern border of the WOP. The observed or-
phan penumbrae have no chromospheric counterpart in
the Hα line core, while in the lower chromosphere there
are fibrilar filaments above them. Moreover, the orphan
penumbrae are embedded in a large-scale AFS connect-
ing the main sunspots of the AR. They also show some
peculiar motions at this atmospheric level: there are up-
flows in the central part of the WOP and downflows at
both its sides.
SOT/BFI filtergrams in the G band and in the Ca II

H line show that the extent of the WOP is similar in the
two bands, and that in the upper photosphere are present
fibrilar connections between different parts of the WOP,
which disappear with time.
Spectropolarimetric measurements performed by the

3.-‐	  Orphan	  penumbrae:	  regular	  penumbrae	  

Zucarello	  et	  al.,	  2013	  
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Sliding	  door?	  

2.-‐	  Orphan	  penumbrae:	  emerging	  flux	  ropes	  
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•  CB	  (or	  GF)	  bipoles	  	  resul0ng	  from	  reconnec0on	  submerge	  

•  Shear	  stays	  above	  the	  photosphere	  	  
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	  BTRA	  observa0ons	  of	  the	  Ac0ve	  Sun	  
Filament	  forma0on	  (Ac0ve	  and	  Quiescent)	  
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