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S O L A R  F L A R E  S TA N D A R D  M O D E L
Multiple emission mechanisms produce radiation across EM spectrum  

Credit: Laura Hayes

• Cyclotron emission  

• Plasma emission  

• Electron cyclotron maser (ECM) emission 

• Bremsstrahlung  

• Turbulence 

• Shocks
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E L E C T R O N  B E A M S  &  T Y P E  I I I  R A D I O  B U R S T S



Q U A S I - P E R I O D I C  P U L S AT I O N S  I N  F L A R E S
The presence of intensity modulations in solar flare EM radiation 

• Periods of < 1 s to minutes 

• Common feature of EM emission in flares 

• Underlying mechanism remains unknown 

• QPPs are crucial aspect of fully understanding energy release in 
flares

Kane et. al (1983)

• Result of MHD waves/oscillations? 

• Result of intermittent/bursty energy release?



W H AT  T H E O R I E S  A R E  T H E R E ?

1. MHD oscillations triggering magnetic reconnection 

2. Bursty self oscillatory magnetic reconnection

Magnetic reconnection is inherently time-dependent: new insight into this phenomenon



H O W  C O M M O N  A R E  Q P P s ?

• Typically observed as non thermal HXR/radio pulses 

• More recently we see a thermal component 

•~46% of X-class flares in last solar cycle 
contained QPPs

Hayes et al. (2020)



M O T I VAT I O N

• Build complete model of flares 

• Understand nature of energy release in solar/stellar flares 

• Probe properties of distant stellar coronae and solar corona

Cho et al. (2016)

Kazachenko et al. (2017)

Solar Flares

Stellar Flares

Seismological Possibilities



E V E N T  U N D E R  I N V E S T I G AT I O N
Case studies of specific flares are often studied to understand various phenomena 

a.a.

b.
a.a.

b.

• M class flare on disk center with pronounced broadband QPPs 

• Observed by GOES, RHESSI, GBM, AIA, ORFEES, NDA, WIND 



E V E N T  U N D E R  I N V E S T I G AT I O N

Pre-flare phase Impulsive phase Decay phase

a.

b.

1 2 3 4 5 6 7

• 7 distinct pulsations occurring in the impulsive phase of the flare 

• This is signature of intermittent electron acceleration during the flare 

• Bremsstrahlung and heating/cooling occurring at the flare site (surface)

Sequence of type III radio  
bursts observed at same time 

Are they related? 

Can QPPs at solar surface 
result in related radio 
pulsations at > 16 solar radii



M E A S U R I N G  T H E  P E R I O D

~123 s

~137 s

a.

b.

FERMI GBM (25-50 KeV)

GOES Derivative (1-8 Å)

• Measure with and without detrending 

• Measured manually and via wavelet analysis 

• Probe properties of distant stellar coronae and solar corona



C A N  W E  L O C AT E  T H E  Q P P  S O U R C E ?

EUV Emission from K1 EUV Emission from K2
EUV Emission from flare site 
HXRs sources overplotted

HXR emission



C A N  W E  L O C AT E  T H E  Q P P  S O U R C E ?
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• X-ray imaging reveals three sources on the flare ribbons 

• The EUV emission is origination from the source at K1 

• We have localised the QPP source to a specific region of the flare



Q P P s  A C R O S S  T H E  E M  S P E C T R U M
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• Pronounced pulsations across EM spectrum 

• Delay between X-ray and radio and consistent 

• QPPs manifesting via common progenitor at the 
base of the solar surface through to 
interplanetary space

Chromosphere

Interplanetary 
Space

Height

Localised Broad-band



Q P P s  A C R O S S  T H E  E M  S P E C T R U M
a.

1
2

3 4
5

6 7

2.5 MHz
WAVES RAD 2

171 Å
AIA

1600 Å
AIA

1-8 Å
GOES

25-50 keV
FERMI

a.

b.

~ 16.23 R⊙

Time lag for beam 
speed: 0.3 ± 0.2 c

1-8 Å GOES
Derivative

From K1

From K1



M A G N E T I C  F I E L D  G E O M E T R Y

• Magnetic field modelling shows QPP source is associated with region near open field lines 

• Allows for the escape of the radio producing electron beams

QPP source



I N T E R P R E TAT I O N
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• Bursty magnetic (self-oscillatory) reconnection is 
intermittently accelerating electron beams 

• Upward travelling beams produce radio bursts in 
interplanetary space 

• Downward travelling beams produce x-ray and EUV 
emission



S U M M A R Y

1. Unusually broad band QPPs produced via bursty 

magnetic reconnection 

2. Localised to specific regions of flare site 

3. Manifest over vast distances via several emission 

mechanisms 

4. New insight into energy release in flares 


