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W
hat are FR

B
s observationally?
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The “Lorim
er Burst”
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Pulsars versus FR
B

s

Cordes



G
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m
a-ray
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Flare stars
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W
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M
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M
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A
tm

ospheric effects

G
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T
he

U
nknow

n

?

M
agnetars

M
icro-quasars Im

plied rate of 1000s per day, per 

sky... but w
hat are they?

H
essels



W
hy im

portant?

•  Sites of extrem
e energy 

density.  Im
portant probes of 

extrem
e (astro)physics?

•  N
ew

 type of astrophysical 
object?

•  Probes of intervening 
m

aterial.



FR
B

 121102: the A
recibo burst

Spitler, Cordes, H
essels et al. 2014

First non-Parkes FRB

D
M

FR
B  =

 3x D
M

M
ax G

al.



FR
B

 121102: 
First repeating  

Fast R
adio B

urst!

Spitler, Scholz, H
essels et al. 2016

Scholz

O
pen questions: 

•
Can all FRBs repeat?

•
D

o they all have the 
sam

e physical origin?

(and still only know
n)

D
ispersion rem

oved



W
hy im

portant?

versus

O
ne-tim

e-only 
explosion

Pulsar on steroids

Rules out a cataclysm
ic source (at least for this FRB)

Facilitates m
ulti-w

avelength follow
-up



Arecibo(localiza,on(

VLA(localiza,on(

T
he need for localization

Identifying host galaxy is critical

Toy com
parison w

ith 
H

ubble D
eep Field



V
LA

 localization

Chatterjee et al. 2017

10s of radio sources in an ultra-deep 
(10s of hrs) VLA im

age

Arecibo 
localization beam

s



V
LA

 localization

Chatterjee et al. 2017

...and suddenly a burst
(this is a 5-m

s snapshot)
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EVN
 and VLBA show

 that radio source is com
pact

Association w
ith persistent radio & optical sources

Coincident 
optical source
(25th m

ag.)

Coincident 
radio source
(200 m

icroJy)

From
 previously stored 

baseband data



•  25th m
ag., roughly 

100 m
illion tim

es 
fainter than the naked 
eye lim

it.

•  Each burst (briefly) 
outshines all other stars 
in the galaxy!

•  1000x less m
assive 

than the M
ilky W

ay.

M
ilky W

ay!

H
ost galaxy

Relation to long G
RBs and superlum

inous SN
e?

Extragalactic nature confirm
ed: z = 0.193



T
his is a direct localization,  

not an afterglow

Keane et al. 2016

Avoids the am
biguity in localizing a burst based on tim

e 
coincidence w

ith a m
ulti-w

avelength event
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arcote, Paragi, H

essels et al. 2017

A
recibo+EV

N
 

localization

Im
age credit: D
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•  D
o the bursts com

e 
from

 exactly the position 
of the persistent radio 
source?

•  W
hat is their physical 

relation?

•  Are the bursts com
ing 

from
 the center or the 

outskirts of the host 
galaxy?

W
hy zoom

-in even further?
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D
ynam

ic spectrum
 from

 A
recibo 

auto-correlations
A

C
F in the frequency direction.  Show

s 
G

alactic diffractive scintillation?

O
ne bright & 3 w

eak bursts detected 
in a 2-hr observation

M
arcote et al. 2017



A
recibo+EV

N
 localizationM

arcote et al. 2017

Q
uantifying system

atic errors on the position
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Localization to ~10m
as

Bursts and persistent radio source 
are physically related

(coincident to w
ithin < 40 pc at 1G

pc)



FR
B

121102 w
ith H

ST

H
ost galaxy

Star-form
ing region

FR
B121102

Clearly associated w
ith a star-form

ing region

Bassa et al. 2017

EVN
 localization w

ithin galaxy is vital
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otation m
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B
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Rotating radio w
aves point to 

extrem
e m

agnetic environm
ent 

for source of repeating fast 
radio bursts 

TW
ISTED VISTA

THE INTERNATIONAL W
EEKLY JOURNAL OF SCIENCE

Variable rotation m
easure ~ 140,000 rad m

-2 
in the source reference fram

e:
•

Extrem
e and dynam

ic m
agneto-ionic 

environm
ent.

•
Persistent source a m

assive black hole or 
a dense nebula?

(also show
s that bursts are detectable at 5-10 G

H
z)
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Resolve the persistent source?
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Prospects for EV
N

•  D
iscovery rate of FRBs 

expected to increase to several 
per day thanks to CH

IM
E, 

ASKAP, Apertif, U
TM

O
ST, etc.

•  D
iscovery localizations on the 

order of arcm
inutes.

•  EVN
 can be an im

portant 
follow

-up instrum
ent.

•  Can EVN
 also be a 

com
petitive discovery m

achine?

CH
IM

E

ASKAP



FR
B

 follow
-up w

ith EV
N

•  Partly predicated on the 
assum

ption that other FRBs w
ill 

repeat.

•  All FRBs associated w
ith a 

com
pact persistent source?  These 

are relatively rare (e.g. Eftekhari et 
al. 2018).

•  N
eed big dishes (Arecibo, 

Effelsberg, Lovell, G
BT, FAST) and 

lots of sm
aller ones 

(instantaneous uv coverage).

•  Rapid follow
-up is best.

EVN
 can further 

differentiate betw
een 

candidate persistent radio 
sources by finding the 
com

pact sources.
(only ~20%

 of sub-m
Jy 

radio sources are com
pact 

on m
as scales)



FR
B

 follow
-up w

ith EV
N

•  Routinely Buffer baseband data from
 

individual dishes (10s of  TBs) for at 
least a w

eek and ideally save for a year.

•  U
se biggest dish as a burst finder.  

Ideally also use a local broadband pulsar 
recorder w

ith coherent dedispersion.

•  U
se delay m

apping to get from
 

arcm
inute to 10s of m

as before 
correlating at burst tim

e(s).

•  Im
age all  VLA and ATC

A point 
sources in error box to find potential 
persistent radio counterparts.

FRB121102 can be “blindly” 
localized in this w

ay.



FR
B

 discovery w
ith EV

N

•  EVN
 field-of-view

 is too sm
all - 

even for the sm
all dishes and 

even in a “fly’s eye” m
ode.

•  W
ould require a m

ajor 
investm

ent to equip ~10 dishes 
w

ith focal plane arrays and the 
necessary real-tim

e processing 
backends.

•  D
irect, precision localization is 

the goal.  “Just finding” a new
 FRB 

is not so interesting anym
ore.

But w
hat about having 

the sm
all EVN

 dishes 
continuously shadow

 
Effelsberg PAF 
observations in order to 
provide direct 
localizations?



Sum
m

ary
•  FRB 121102 dem

onstrates the 
im

portance of  VLBI for understanding 
FRBs (this w

as a pleasant surprise!).

•  O
btaining m

ore precision 
localizations rem

ains critical.

•  W
ith a m

odest investm
ent, the EVN

 
can be an im

portant follow
-up 

m
achine and enable precision burst 

localizations and identify potential 
persistent radio counterparts.

•  D
iscovering new

 FRBs w
ith EVN

 
w

ould require a m
ajor investm

ent and 
effort.



W
isest short-term

 investm
ents

•  G
reatly expand the capacity for 

buffering individual telescope data and 
im

aging a large fraction of the prim
ary 

field-of-view
 (m

ake EVN
 im

ages 
around all > 0.1 m

Jy point sources).

•  U
se the sm

all dishes to continuously 
shadow

 an instrum
ent capable of 

discovering FRBs at a reasonable rate.

(in m
y opinion)


