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On the importance of spatially-resolved observations of QPP sources

[Zaitsev & Stepanov (AL, 1982)

Adopted from 
Priest & Forbes (AAR, 2002)

Vlahos (SSR, 1994)

To select appropriate models!



Dynamics of sources of HXR pulsations in flares: several case studies

Zimovets & Struminsky (SoPh, 2009)

Grigis & Benz (ApJ, 2005)

• It is well known that HXR
footpoint sources are not
stationary in flares – they
move, i.e. change their
location in time [Sakao et
al., 1998; Bogachev et al.,
ApJ, 2005; Yang et al., ApJ,
2009].

• This was found for several
flares with QPPs of HXR
emission and in a few
flares with QPPs of
microwave emission
[Reznikova et al., ApJ,
2010; Kuznetsov et al.,
G&A, 2017, submitted].

• No systematic analysis of
flares with HXR pulsations
was done before.



Generalization of case studies (<10) of HXR QPPs sources

Main Features:

• QPPs are not harmonic

• Different pulsations are emitted from different 

loops of flare arcades

• Primary energy release sites are (most probably) 

near the apex of flaring loops

• Energy release trigger propagates predominantly 

along flare arcade’s axis and PIL

• V~10-100 km/s (V < VA &  V < VS) 

• L~1000-10000 km

• Single loop models don’t satisfy these 

observations

Zimovets (PhD, 2010)



Aim of this research: 

• Systematic analysis of spatio-temporal evolution (dynamics) of 
sources of HXR pulsations for a large sample of flares

Tasks of this research:

1. Flare selection from the RHESSI catalog

2. Selection of significant, real peaks of HXR pulsations

3. Image synthesis of HXR sources 

4. Analysis of HXR sources dynamics (in respect to PILs)

5. Collection of additional information about selected flares

6. Generalization of observational results



Criteria of flare selection

• Existence of at least 4 successive peaks/pulsations in the 
RHESSI 50-100 keV energy channel (4-s resolution)

• Location of the flaring region near the disk center 
(selected 154 events) 

• A signal-to-noise ratio in the 50-100 keV channel is 
sufficiently high to synthesize images

• A level of high-energy charged particles at the RHESSI 
detectors is low

• The RHESSI attenuators do not change too many times 
during a flare impulsive phase

29 events from 2002 to 2015.





1) Definition of the standard
deviation σ(Fbgr) of pre-flare
background in the RHESSI 50-100
keV corrected count rates (CCRs)

2) Identification of all local maxima
and minima in the background-
subtracted CCRs

3) Calculation of amplitudes for all
peaks of CCRs

4) Selection of peaks, which satisfied
condition: Peak Level ≥ 3σ(Fbgr)

5) Definition of time differences P
between all successive significant
peaks, estimation averaged time
differences <P>

Selection of the significant HXR peaks (pulsations) 

Horizontal colored lines indicate boundaries of
time intervals for image synthesis







Definition of HXR sources locations

• Identification of the HXR sources S+

and S- as centroids of contours at 30% 
peak-level on the HXR images

• Overlaying contours of the HXR 
sources S+ (positive polarity) and S-

(negative polarity) on the MDI/HMI 
magnetograms 

• Different colors of contours 
correspond to different significant HXR 
peaks



Separation of flares into 2 groups

Group-1 Group-2

SOHO/MDI 09-Nov-2002 13:16:28 UT SOHO/MDI 20-Aug-2002 08:25:32 UT

• 16 events (55%, two-ribbon flares)

• HXR sources are located in regions of
different magnetic polarities

• Paired HXR sources move mainly along
PIL with simple elongated shape

• 13 events (45% of all events)

• Random dynamics of HXR sources

• Presence of several PILs of
complicated shape in a parent AR



Parameters of dynamics of HXR sources (for group-1 only)

IP – intersection point
between a line segment
connecting S+ and S-

sources and a PIL

Ds – distance between sources S+ и S-

DIP – distance between IP at two successive 
HXR peaks

VIP = DIP  / ΔT – velocity of displacement of 
the IP between two successive HXR peaks

Zoom of active region



Time profiles of the parameters of the HXR pulsations sources

25-50 keV
50-100 keV

<Ds> = 29 Mm
<DIP> = 5 Mm

< VIP >=128 km/s



Quantitative parameters of sources of HXR pulsations for 
the group-1 events





Interesting correlations found

DIP – distance between IPs at two successive HXR pulsations

Ds – distance between paired HXR sources S+ и S- ( loop length)

P’ – corrected time difference between two successive HXR pulsations



Possibly, the most interesting observational result



• More than 85% of the flares studied were associated with CMEs, i.e. were
eruptive events

• 93% of the flares studied were associated with type III radio bursts – an evidence
of escaping energetic electrons from flare regions (via reconnection?)

• 6 out of 7 flares in the SDO epoch (after 2010) were accompanied by low coronal
eruptions/ejections (LCEs) observed by AIA/SDO in the EUV range

• NLFFF reconstructions with HMI/SDO vector magnetograms show the presence of
flux-ropes prior to all these 7 flares



Examples of the NLFFF reconstructions for the SDO epoch flares
(Thanks to Dr. R. Wang, NSSC/CAS)

N23 N24

N25 N26

N27 N28



Working hypothesis: 
Erupting flux-rope as a possible trigger of energy release 

in multiple coronal loops systems

Two-ribbon flares                                    Complex magnetic topology

“Elementary flare bursts” & HXR pulsations are resulted from successive interactions of different 
flux-rope parts with different surrounding loops



Conclusions

• For the first time the systematic analysis of the dynamics of sources of HXR 
(25-100 keV) pulsations in a large sample of solar flares (2002-2015) is done

• It is shown that the location of the sources of HXR pulsations is not 
stationary: the sources move from pulsation to pulsation in all the flares 
studied

• The single-loop models do not satisfy these observations

• Displacement of the HXR sources from pulsation to pulsation can be 
interpreted by successive interaction of different parts of an erupting 
magnetic flux-rope with different surround magnetic flux tubes (loops) 

• What is the reason for the quasi-periodicity (and whether it is 
significant/real) of HXR pulsations is still an interesting question



Possible continuation of this study

• Implementing new techniques of time-series analysis 
(EMD, etc.) to all flares from our catalogue

• More deep analysis of the NLFFF-reconstructed 
magnetic configuration for all available flares + 
analysis of electric currents

• More deep and broad analysis of EUV images/movies 
for all possible flares from the catalogue

• Analysis of the HXR source dynamics relative to 
reconstructed magnetic fields

• Suggestions are welcomed! 

Some new 
knowledge
on flare
energy 
release &
QPPs?



Thank you for attention!

Bon Appetit!


