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OUTLINE

• Introduction,	the	HESPERIA	project
• Microwave	emission	to	study	gamma	ray	emission
• Microwave	emission	to	forecast	energetic	particles				



HESPERIA
High	Energy	Solar	Particle	Events	foRecastIng and Analysis.	
It	is	an	H2020	project,	under	PROTEC-1-2014:	Space	Weather.

• Establish	the	link	between	relativistic	protons	in	the	solar	atmosphere	and	near	Earth	to	elucidate	under	
which	conditions	protons	and	nucleons	are	accelerated	at	the	Sun.

• Constrain	the	relationship	of	gamma-ray	emission	with	other	electromagnetic	signatures	(RADIO,	X-ray).

• Search	for	proxies	of	proton	acceleration	that	can	be	used	for	forecasting	purposes



HESPERIA	Gamma-ray	catalogue

• With the launch of Fermi, it is now possible
to detect >100 MeV γ-rays.

• Large number of solar events with γ-ray
emission above photon energies of 100 MeV

• In some cases the emission persists over
several hours.

• Acceleration	directly	in	the	flare	site	or	by	shock-
wave/CME	?

• How	can	the	Sun	accelerate	particles	above	300	
MeV	for	several	hours	?

• Hard	X-ray	and	microwave	signatures	to	see	if	
long-duration	gamma-ray	are	accompanied	by	
signatures	of	long-duration	electron	acceleration



HESPERIA	Gamma-ray	
catalogue
Sample	of	26	gamma-ray	events

Gamma	ray	emission	lasting	>13	hours Sustained	Phase
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HESPERIA	Gamma-ray	
catalogue
Sample	of	26	gamma-ray	events

Gamma	ray	emission	lasting		<1	hour Sustained	Phase



HESPERIA	Gamma-ray	
catalogue
Sample	of	26	gamma-ray	events
Gamma	ray	emission	lasting		<1	hour

Sustained	Phase
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Microwave	observations	for	
forecasting	the	hardness	of	the	
proton	spectra



Proton	fluxes	with	hard	(flat)	energy	spectra	(	δ ≤	1.5)	

“Hard”	microwave	spectra	(	S	9/	S	15 ≤	1	and	f	m	≥	15	GHz)

Spectral	properties

Chertok	et	al.	2009	



Proton	fluxes	with	soft	(steep)	energy	spectra	(	δ ≥	1.5-2)

“Soft”	microwave	spectra	(	S	9/	S	15 ≥	1.5	and	f	m	≤	5	GHz)	

Spectral	properties

Chertok	et	al.	2009	
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HESPERIA	sample	test	for	Chertok	prediction

𝛿 =	0.60(S9/S15)	+	1.0
Chertok,	2009





HESPERIA	sample	test	for	Chertok	prediction



HESPERIA	sample	test	for	Chertok	prediction



Single	Peak Multi	Peak



Thermal	Events



Multi	Peak	Selection



Multi	Peak	extended	study



Multi	Peak	extended	study


