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Exploratory project 2021-2022

Toward an interdisciplinary approach of Fast Radio Bursts

Coordinator :  Christian Gouiffès, DAp/AIM CEA Saclay
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Outline :

ü A short Introduction to Fast Radio Bursts + The INTEGRAL programme

ü Our proposed exploratory project 
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Fast Radio burst was discovered in 2007 by Duncan Lorimer at Parkes 
during LMC archive searches – 2001 - programme for looking to fast/very 
fast variable objects 
Remarks : D. L. expert in radio pulsars science
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• Radiations	propagating	through	an	ionized	medium	disperse	FRB	pulses	and	delay	the	arrival	time	

Fast Radio Bursts:
• Discovered in 2007 (Lorimer burst)
• Bright, short radio pulses
• High dispersion measure (DM) -> Extragalactic origin
• Cataclysmic event ?
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Effelsberg	telescope

Arecibo	telescope

GBTFAST

NRT : Nançay Radio Telescope



C.	Gouiffès,	LabEx	UnivEarthS,	16/11/2020

Major progress recently thanks to new facilities

Chime

DSA

MeerKAT

ASKAP
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Petroff et al, 2019

Two populations  of FRB’s : repeating and not repeating (often referred as cataclysmic event)
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Update: Sunday 15 Nov 2020, 118 FRBs
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DM	tot	=	DM	MW		+	DM	IGM	+	DM	HG	+	DM	circum

• DM	MW		~	30	cm-3	pc	at	Galactic	latitudes	|b|	>	30deg

						(possible	extra	contribution	of	~15-50	cm-3	pc	from										
									the	Galactic	Halo)

• DM	HG	:	~	50	cm-3	pc	from	the	ISM	of	the	host	galaxy,	possibly	up	
to	~1000	cm-3	pc	if	occurring	in	dense	gaseous	regions	from	the	
inner	parsecs	of	the	host	

• DM	circum	:	very	hard	to	constrain	(progenitor	dependent)

DM	tot	~	100	–	2500	cm-3	pc		

à DM	IGM	is	largely	dominant
à DM	IGM	indicates	distance		(assuming	

homogeneous	IGM	distribution)
à If	known	z,	DMIGM	constrains	IGM	baryons	

FRBs as potential cosmological probe
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(Spitler, private com.)

June2016 February2017

FRB121102, the first repeating FRB
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The	Fast	Radio	Burst	FRB121102	

ü Discovery at Arecibo /PALFA survey, 2012 November 2 (Spitzer et al, 2014)
ü Follow-up Arecibo 10 new bursts detected —> FRB121102 is a repeating burst (Spitler et al, 

2016)
ü Follow-up:  Arecibo, Effelsberg, Green Bank telescope, Lowell telescope, VLA
  è 6 more bursts  (Scholz et al, 2016)    
            N=17 bursts

ü VLA follow up:  83h distributed over 6 months è 9 bursts detected in 2016 
 + Optical identification of the host galaxy (Chatterjee et al, 2017)

•  accurate localization <100 mas
• persistent radio and optical counterpart

          N=26 bursts

ü European VLBI networks + 305m-Arecibo telescope : detects both the bursts (4) and 
persistent radio emission at millisecond angular scale, persistent radio source less 
than 0.7 pc (Marcote at al, 2017)
            N=30 bursts

ü Gemini + GMOS  Optical observation : low-metalicity dwarf galaxy at z=0.192, 
Persitent radio source offset by 200 mas from the galaxy’s center
No optical signatures for AGN activity (Tendulkar et al, 2017)
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Many theoretical models proposed for FRB121102

• Collapses of supra-massive neutron star into black hole (Falcke et al, 2014, Zhang 
et al, 2014)

• Magnetar pulse-wind interactions (Lyubarsky, 2014)
• Charged black hole binary mergers (Zhang et al, 2016)
• Giant pulse emissions from pulsars (Cordes et al, 2016)
• Giant flares from magnetars (Katz at al, 2014, Kulkarni et al, 2014, Pen et al, 

2015)
• Unipolar inductor model (Wang et al, 2016)
• Double neutron stars mergers (Totani et al, 2013)
• Encountering of many asteroids with a highly magnetised pulsar (Dai et al, 2016)
• Radio emissions from pulsar companions (Mottez et al, 2014) 
• Magnetic energy release in magnetar magnetosphere (Katz J.I, 2016)
• Extreme environment : ‘‘An extreme magneto-ionic environment associated with 

fast radio burst source FRB121102.’, Michilli et al, Nature, January 11th, 2018  : 
Polarization (nearly 100%)  à emission close to a massive black hole or within 
a very powerful nebula

• …
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2017 : INTEGRAL ok but troubles with Arecibo and NRT, no burst detected

INTEGRAL programme to look for counterpart
In coordination with NRT, Effelsberg, Arecibo, OHP, etc

20-100 keV



C.	Gouiffès,	LabEx	UnivEarthS,	16/11/2020

Daily monitoring of FRB121102 with the Nançay Radio Telescope
ToO programme in 2019 : strategy successful 
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NRT data indicate periodicity (160days), but complex behavior, mode data needed
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we identify three main topics : 

Ø Observation : 
ü INTEGRAL programmes (past, present and future)
ü Survey	with	NRT	of	short	GRBs	remnants
ü extension to VHE (HESS in particular), best strategies for future observations. 
ü Optical, mm windows (high speed instrument i.e. mini-GASP @ OHP, NIKA2 in 

the mm range)

Ø Data analysis : 
ü comparing and improving tools to study signals in the high time resolution mode
ü Benefit from experience on pulsars data analysis (in HE, VHE, Opt)

Ø Theory
ü How models can help/guide observations?
ü How the different approaches (radiation processes, formation of magnetars) can 

work together to explain the magnetar model?

How will we manage to articulate/organize the 3 main topics adressed in this project  is the first 
step of this exploratory programme

Needless to say : Radio data are crucial at each step 
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Expected results 

ü To increase the interaction/links between observation, data analysis and theory.

ü Confrontation between theories

ü To discuss about the best possible future observing strategies : major coming facilities 
CTA, LSST, SKA, Lofar will emerge in a near future 

ü data analysis challenges in the “high” time domain in the high energy band in view of 
increasing FRBs 

ü From discussions and meetings : to provide opportunities to create new collaborations at 
the national and international levels (invitations of experts for short stays)

ü Encouraging young researchers in the field (invitations, SF2A, etc)
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Conclusion/final word :

A few years ago we decided to explore the possibility to use the 
INTEGRAL satellite to contribute to the FRBs field  with multi 
wavelength campains approaches (especially in the low gamma-ray 
range and optical).

Within this exploratory project and through an interdisciplinary 
approach, we would like to extend the coverage toward VHE and to 
join the effort to better understand the nature of these objects, this 
in synergy with theory and modelling.
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THANK YOU
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Extra slides
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SGR1935+214
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Keane, 2018
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Two possible scenarios to explain the observed periodicity of a fast radio burst (FRB)

B. Zhang, News and Views, Nature, 2020 
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