
Analyses of Erupting Prominences 
with Emphasis on their Helicity

Olga Panasenco, Helio Research

Co-Investigator: Sara F. Martin (Helio Research)  

Collaborator: Paulett Liewer (JPL)  

Collaborator: Mitchell Berger (Exeter, England)



Project summary: We are proposing to analyze large-scale dynamical forms of erupting filaments and 
prominences observed from Earth, L1 and STEREO. Our focus for this study will be the many filaments 
that acquire helical structure in varying degrees during their eruption. The twisted structure may result 
from a bodily rotation about a horizontal axis (the "roll effect") or around a vertical axis through the apex 
of erupting prominences. High quality H-alpha images provide the essential evidence that these two 
observed forms of large scale twist do not exist prior to eruption. Our goals are to: (1) expand on our 
new knowledge about the nature of these forms of helicity through analyses of existing and new data, (2) 
investigate the possible interrelationship of the two forms, (3) seek relationships between these helical 
motions and other large-scale patterns of motion in erupting filaments seen in SOHO and TRACE, and 
ground-based data (4) test a published hypothesis for the  cause of the roll effect, and (5) search for 
possible causes of the occasional existence of the second dynamical form: rotation about a vertical axis 
passing through the apex of the erupting filament. To accomplish these goals, we propose the use of a 
broad range of available data sources on erupting prominences but will put strong focus on two primary 
sets which most strongly confirm the existence of the roll effect as a newly recognized dynamic form of 
chirality in erupting filaments. These are: (1) 304ﾅ images recorded by the STEREO/SECCHI Extreme 
Ultraviolet Imager (EUVI) and (2) H-alpha Doppler movie sequences of images from Helio Research. The 
two simultaneous views of a prominence provided by the two STEREO spacecraft are unique in 
providing information on the 3-D structure of erupting prominences. The ground-based observations from 
Helio Researchｿs telescope provide information on the velocity of material in the prominences. The 
two complementary data sets from space and from the ground will yield the most significant information 
on the 3-D dynamics of filaments. Our analysis include empirical modeling and theoretical investigations 
to decipher the topology and physics of erupting filaments as completely as possible from observed 
parameters. Our proposed research follows up on the new breakthrough that the roll effect affords us in 
understanding the previously puzzling and complex appearance of erupting prominences and this is 
likely to have a broad impact on related research. Our untangling of the seemingly tangled comple x 
motions in erupting prominences will greatly aid in identifying the forces that create these helical 
motions and this will carry over into possibilities for forecasting properties of erupting prominences. 
Because of the close relationship between prominences eruptions and CMEs, the anticipated results will 
also affect related research on coronal mass ejections (CMEs), and the forecasting of CME helicity that 
is related to the unique forms of helicity in erupting prominence.



Roll effect schematic
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STEREO Ahead EUVI 284 Å



We intersect the 
filament and its 
overlying arcade with 
four planes:  the white 
plane represents the  
photospheric level 
(MDI magnetograms); 
black – the 
chromospheric level 
(H-alpha); red – the 
low corona (304 Å); 
blue – the upper 
corona (171 A, 195 A, 
285 A). These levels 
allow us to understand 
which part of the 
filament or filament 
system (including 
arcade) we observed 
in magnetograms and  
different spectral lines.



More detailed images 
(view from inside) of 
the filament system at 
the different levels: a) 
chromospheric level 
with barbs and low 
part of filament spine 
in H-alpha; b) low 
coronal level  with 
upper part of filament 
spine in 304 A; c) 
coronal level crossing 
the cavity above the 
filament; d) upper 
corona level with 
overlying arcade 
visible in 171 A.
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Zirker at al. 1997         (seven 
patterns of chirality) 

Martin  1998       (relationships 
between these patterns)

Chirality patterns of solar features 
involving filaments. Top: fibrils in 
filament channel; Middle: filaments; 
Bottom: system of coronal loops 
overlying filaments.



Duncan H. Mackay



The shaded sheet represents a filament and the arcs represent the overlying 
arcade field. The two different for a filament ribbon are: (a) dextral with left-
skewed arcade field and (b) sinistral with right-skewed arcade field (observed 
from the positive polarity side of filament). 



Because of the asymmetric placement of the filament with respect to the arcade, 
the top of the filament is pushed downwards and toward the center of the arcade.
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