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• background 

• Part 1: Longitudinal oscillations of an active region prominence                                            

(Zhang et al. 2012 A&A 542, A52) 

• Part 2: Parameter survey of longitudinal prominence oscillation simulations                     

(Zhang et al. 2013 A&A 554, A124) 

• Part 3: Large-amplitude Longitudinal Filament oscillations with Mass Drainage                                                                                               

(Zhang et al. 2017 ApJ 842, 27) 

• Part 4: Simultaneous Transverse and Longitudinal Oscillations in a Quiescent 

Prominence Triggered by a Coronal Jet                                                         
(Zhang et al. 2017 ApJ 851, 47) 

• Part 5: Vertical Oscillation of a Coronal Cavity Triggered by an EUV Wave     

(Zhang & Ji 2018 ApJ 860, 113) 

• summary and outlook

Outline



filament/prominence

thin, dark threads along PIL 
Ca II H, Ha and EUV wavelengths 

QR, AR, Polar crown filament 
suspended by magnetic tension force 
sheared arcade or magnetic flux rope 

normal polarity or inverse polarity 
chirality: sinistral or dextral 

(Mackay et al. 2010;  
Labrosse et al. 2010; Parenti 2014)

T: 0.01 MK

ne: 1.0e+11 cm^(-3)



filament oscillation in different directions
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vertical filament oscillation
Ramsey & Smith 1966

“winking filament”

Eto et al. 2002
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horizontal filament oscillationIsobe & Tripathi 2006

Chen et al. 2008

slow rise and oscillation

SOHO/SUMER



horizontal filament oscillationIsobe & Tripathi 2006
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slow rise and oscillation
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longitudinal filament oscillation

A~24 Mm

P~52 min

tau~133 min





Luna & Karpen 2012

strong damping + weak damping

curvature radius





Part 1 longitudinal oscillations of an active region prominence

Ca II H

coronal loop

Ha











Part 2 parameter survey of longitudinal prominence oscillation simulations

curvature radius

in KU Leuven
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(e.g., mass accretion)









gravity along dip 
pressure gradient



key factor



prom

initial amplitude: 

key factor

prom-cor system







summary

Q Observationally:

• Are there continuous oscillation after mass drainage? 
• What is the difference before & after drainage?



SDO SDO SDO

Part 3 longitudinal oscillations in a solar filament with mass drainage

overlyingS-shaped



Trigger of oscillations — evidence of MR (I): bidirectional flows in the filament channel

time-slice diagram of S0



Trigger of oscillations — evidence of MR (II): brightenings of the fine threads in EUV & SXR

B6 microflare



Trigger of oscillations — evidence of MR (III): magnetic cancellation in the photosphere



filament oscillation

spine



mass drainage



longitudinal

spine



longitudinal

spine



evolution: MR -> oscillations -> mass drainage -> continuous oscillations

Ha



evolution: MR -> oscillations -> mass drainage -> continuous oscillations

171



displacement:

— before mass drainage
— after mass drainage

(mpfit.pro)



v=dy/dtvelocity: ~30 km/s, large-amplitude



Out of phase 
oscillations

not a rigid body

— before mass drainage
— after mass drainage

Damp
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results of fitting
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pendulum

(R)

1. gravity of the filament 
(Luna & Karpen 2012; Luna 
et al. 2012; Zhang et al. 
2012, 2013; Luna et al. 
2016a,b) 

2. gravity+magnetic tension 
(Li & Zhang 2012) 

3. gravity+magnetic pressure 
(Shen et al. 2014) 

4. magnetic pressure gradient 
(Vrsnak et al. 2007)

restoring force of longitudinal oscillation:

dip



thd_1 thd_2

before
mass drainage

passive oscillation 
growing 

longer period

active oscillation 
damping 

shorter period

after 
mass drainage

active oscillation 
damping 

shorter period

passive oscillation 
growing 

longer period

How to interpret the oscillations? thread-thread interactions

mass drainage may play an important role 
in altering the magnetic configuration

Zhou et al. 2017

(S5-S8) (S9-S14)

(S5-S8) (S9-S14)

schematic cartoon
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Part 4 Simultaneous Transverse and Longitudinal Oscillations in a Quiescent Prominence Triggered by a Coronal Jet
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The prominence and AR 12373 in Ha and EUV wavelengths

EP: eastern part of prominence 
WP: western part of prominence

AIA AIA AIA



HMI LOS magnetogram & PFSS magnetic field lines

AR PROMclosed  
field

~255 Mm

WP (short)
EP (long)

flare



AIA base-difference images in 171 A



base-difference images original image

RHESSI

R1, R2: two ribbons 
R3: remote ribbon

(not so hot)



HMI LOS magnetograms

magnetic  
cancellation

light 
curves of 
the flare

flare & jet were possibly triggered by magnetic cancellation

1600 A
lifetime: 
~1 hour



time-slice diagrams along S1

(EP)

(EP)

phase I 
phase II



curve-fitting:

v=ds/dt

transverse oscillation of EP
EP (long)

A       P

V



time-slice diagram along S2
curve-fitting:

transverse oscillation of WP

WP (short)



longitudinal oscillation of horizontal threads

AIA       211



longitudinal oscillation of horizontal threads

curve fitting:



longitudinal oscillation of horizontal threads

curve fitting:



time-line of all activities

bifurcation

(P~27 min)

(P~25 min)
(P~87 min)

(P~99 min)

EP 

WP



How are the prominence oscillations triggered?

1. sub-flare, microflare near 

filament (Jing et al. 2003; 

Vrsnak et al. 2007; Li & 

Zhang 2012; Zhang et al. 

2012; Zhang et al. 2017) 

2. episodic jets (Luna et al. 

2014) 

3. shock (Shen et al. 2014; 

Pant et al. 2016) 

4. EUV wave, Moreton wave

coronal jet from remote flare site

A. right direction 
B. connection 
C. enough power



What is the role of bifurcation? 1. transfer of mass from 
EP to horizontal threads 

2. start of longitudinal 
oscillation 

3. change of magnetic 
configuration 

4. change of period

bifurcation



longitudinal oscillation:

~99 min     ~244 Mm

R

(~1.65 hr)      ~Rs/4

prominence seismology: diagnostic of R, Btr



Part 5 Vertical Oscillation of a Coronal Cavity Triggered by an EUV Wave
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Part 5

What happens when an EUV wave encounters a cavity?

Vertical Oscillation of a Coronal Cavity Triggered by an EUV Wave



horn-like horn-like



Height-time plot of CME and light curves of the flare in AR 11169

h=
h0
+v
0*
t+
0.5
a*
t^2

CME



Ha and EUV images near flare peak time (~21:00 UT)

two-ribbon



partial halo CME observed by LASCO/C2 and STA/COR1

velocity: 682 km/s
central position angle: 268\deg
angular width: 184\deg

three-part structure



Base-differences images in AIA 171 A



Time-slice diagrams along S1



Base-differences images in EUVI 195 A



Time-slice diagrams along S2



Time-slice diagrams along S3



closeup of the time-slice diagrams within the boxes



results of curve fitting





velocity of the oscillation v=ds/dt



time line of the events

How is the oscillation triggered?



What is the difference?

Liu et al. 2012

(fast mode)

.

(horizontal)



schematic cartoon

(~120 km/s) Chen et al. 2002



schematic cartoon

(~120 km/s) Chen et al. 2002



What is the magnetic field strength of the cavity?

cavity: global vertical oscillation of a fast kink mode

0.06-2.9 Rs
(Karna et al. 2015)

(Fuller & Gibson 2009)

~30 min (table 2)

(Zhou et al. 2016)



What is the magnetic field strength of the cavity?

cavity: global vertical oscillation of a fast kink mode

0.06-2.9 Rs
(Karna et al. 2015)

(Fuller & Gibson 2009)

~30 min (table 2)

0.2-10 G

(Zhou et al. 2016)



What is the magnetic field strength of the cavity?

(Hyder 1966)

(Shen et al. 2017)

~30 min (table 2)
25.9 min (table 2)
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What is the magnetic field strength of the cavity?

(Hyder 1966)

(Shen et al. 2017)

~30 min (table 2)
25.9 min (table 2)3.8 G

in brief:  a few G, less than 10 G



key points

           longitudinal oscillation 

• trigger: velocity perturbation, micro-flares, coronal jet (Part 2, 4) 
• restoring force: gravity along the dip, R (Part 2) 
• damping mechanism: radiative loss, A0 (Part 2) 
• mass drainage plays an important role (Part 2, 3)

complex behavior of oscillation 

• growing & damping amplitudes, implying thread-thread interaction (Part 3) 
• simultaneous longitudinal & transverse oscillations (Part 4)

prominence seismology 

• curvature radius of the magnetic dip (Part 3, 4) 
• magnetic field strength of filament (Part 3, 4) 
• magnetic field strength of cavity (Part 5)

EUV wave — filament interaction 

• horizontal oscillation when interacting sideways 
• vertical oscillation when interacting from the top

prom

jet

EUV 
wave

micro 
flares prom



outlook

1. relationship between prominence oscillation and eruption 

2. relationship between magnetic configuration and oscillation mode 

3. relationship between perturbation and oscillation mode 

4. causes of damping & growing amplitudes 

5. prominence seismology: diagnostics with better accuracy 

6. numerical simulations of interaction between filaments and jet, EUV wave 

7. numerical simulations considering partial ionization
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