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Fast Radio Bursts

First FRB (010724) 
discovered in 2007 
(Lorimer et al.)

ms-duration

Fluence:  a few Jy-ms

Rate ~ 5,000 sky-1 day-1

Lorimer+ (2007)



Fast Radio Bursts
Large dispersion measure (DM, >~ 200pc cm-3)  
 
 
 

It’s about 10 times the Milky Way contribution 

Some or all excess DM may come from inter-Galactic medium. Thus, 
they are likely extragalactic or cosmological sources.

These are strongly supported by the very recently discovered radio counterpart 
& host galaxy (~1 Gpc) of FRB 121102 (Chatterjee et al., Nature, 2017) 



The FRB catalog 
(http://www.astronomy.swin.edu.au/pulsar/frbcat/)

http://www.astronomy.swin.edu.au/pulsar/frbcat/


Proposed models
Collapse of supra-massive neutron stars to black holes (Falcke & Rezzolla 2013; Zhang 2014)

Magnetospheric activity after NS-NS mergers (Totani 2013)

Mergers of binary white dwarfs (Kashiyama et al. 2013)

Magnetar radio bursts (Popov et al. 2007, 2013; Kulkarni et al. 2014; Pen & Connor 2015)

Cosmic sparks from superconducting strings (Vachaspati 2008; Yu et al. 2014)

Evaporation of primordial black holes (Rees 1977; Keane et al. 2012)

White holes (Barrau et al. 2014; Haggard)

Flaring stars (Loeb et al. 2013; Maoz et al. 2015)

Supergiant radio pulses (Cordes & Wasserman 2015; Connor et al. 2015; Pen & Connor 2015)

Axion miniclusters, axion stars (Tkachev 2015; Iwazaki 2015)

NS-Asteroid collisions (Geng & Huang 2015; Dai et al. 2016)

Quark Nova (Shand et al. 2015)

Dark matter-induced collapse of NSs (Fuller & Ott 2015)

Higgs portals to pulsar collapse (Bramante & Elahi 2015)

Soft gamma repeaters (Katz 2016)

Giant pulse from rapid rotating pulsars (Lyutikov et al. 2016)

Compact binary model (Gu et al. 2016)

Mergers of neutron stars (Wang et al. 2016; Zhang 2016)



FRB 150418: first evidence of  a 
(radio) afterglow

Keane et al. (2016, Nature, 530, 453): 
host galaxy, z=0.492±0.008 

this might be an AGN-like  
activity (Williams & Berger 2016)

⾮非常有爭議性



 FRB 131104/
SwJ0644.5-5111

DeLaunay+ (2016)Significance of association~3.2 sigma
FRB



Echoes..
The low-significance event triggers a lot of discussion

It quickly points to something involving relativistic shocks, even to GRBs

The non-detection from radio, optical to X-rays has been used to constrain 
the density of the medium to be very tenuous, i.e., n<~ 10-3 cm-3 (Murase
+2016, Gao&Zhang 2016, Dai+ 2016)

But GeV emission resulting from the synchrotron electrons in the shock is 
independent of the ISM density  
 

This motivated us to search for GeV emission from FRBs (Xi, Tam, Peng, 
Wang, submitted)





Results

No significant detection



What do the upper limits mean?

The Swift/BAT fluence of 4x10-6 erg cm-2 is not weak, 
some GRBs with such fluence emit GeV emission, e.g., 
GRBs 110731A, 120729A, 150512A.

We are able to constrain the kinetic energy of the 
relativistic blast wave to Ek <~ 1052 - 1054 erg.

FRB 131104

GRBs



Spitler et al. 2016
Scholz et al. 2016

FRB 121102: 
17 times!



No counterpart in any other  
wavelengths (Scholz+ 2016)



FRB models based on magnetars
• giant flares from magnetars (Kulkarni et al. 2014),  
• Sudden release of magnetic energy in a neutron star 

magnetosphere (Katz 2016) 
• supergiant pulses from fast rotating young neutron stars or 

magnetars (Lyutikov et al. 2016) 
• Asteroids encountering with highly magnetized pulsar 

(Dai et al. 2016)  

• Magnetars can produce high-energy emission, X-rays, 
gamma-rays..



Searching Gamma Rays With Fermi LAT (He, Tam, in preparation) 
17 Bursts’ Peak time:



H.E.S.S. observation of  
FRB150418

Observations started 14.5 hr after the FRB, lasting for 
1.1 hr

No detection



Multiwavelength 
follow-ups

e.g., SUPERB/Parkes

agreements with a network of 
telescopes

Aim: to provide a follow-up 
trigger within minutes of a 
detection

Search for variable/fading source 
association



FAST & LHAASO
Simultaneous observations of FRBs in the nearby geographical locations!

Sky visibility largely overlaps （发挥地区优势）

Also optical, radio facilities in China

FAST/25-m radio telescope can detect the first FRB!

FRB search strategy can be similar to GRB search (both need external trigger).

2016 
貴州

2017- 
四川



Conclusions

Fast Radio Bursts are cosmological objects

They are likely related to compact objects

At least one FRB is repeating 



A persistent radio source 
found

chance prob. < 1e-5

variable at 10% on day time 
scales

No correlation between 
radio flux & bursts

Arecibo errors



the coincident faint, 
unresolved optical source

archival Keck data 
@2014, mR(AB)=24.9+-0.1

recent Gemini data, 
mr(AB)=25.1+-0.1

undetected in IR, 
ALMA’s 230GHz, nor 
XMM/Chandra



EVN image of bursts & persistent 
source

Red cross - strongest burst 

Gray crosses - other 3 bursts

Black cross - average burst 
position

White contours - persistent 
source at 1.7 GHz

Color scale - persistent source 
at 5 GHz

Burst - persistent source 
separation < 40 pc at 95% CL.

6 Marcote et al.

done, starting with the single-dish PUPPI data), then
the S/N of the detection statistic, i.e. the output of
the correlation, is proportional to ⇠. Localization of the
source in an image (whether in the image or in the uv
domain) will tend to have the same scaling if the uv data
are calculated with a tight gate (time window) around
the pulse so that it also scales as w. Using only flu-
ence as a detection statistic is not appropriate because
a high-fluence, very wide burst can still be buried in the
noise, whereas a narrower burst with equivalent fluence
is more easily discriminated from noise. Burst #2 was
roughly an order-of-magnitude brighter than the other
3 bursts, and shows a detection statistic ⇠ that is also a
factor of > 6 higher than the other bursts. This bright-
est burst is separated by only ⇠ 7 mas from the cen-
troid of the persistent source at the same epoch and is
positionally consistent at the ⇠ 2-� level. We thus find
no convincing evidence that there is a significant o↵-
set between the source of the bursts and the persistent
source. Since Burst #2’s detection statistic, ⇠, is signif-
icantly larger than for any of the other three bursts, its
apparent position is least a↵ected by noise in the image
plane, as we explain in the following section, §3.2. As
such, in principle it provides the most accurate position
of all 4 detected bursts, and the strongest constraint on
the maximum o↵set between bursts and the compact,
persistent radio source.

3.2. Astrometric Accuracy

The astrometric accuracy of full-track (horizon-to-
horizon observations) EVN phase-referencing is usually
limited by systematic errors due to the poorly modeled
troposphere, ionosphere and other factors. These errors
are less than a milliarcsecond in ideal cases (Pradel et al.
2006), but in practice they can be a few milliarcseconds.
Given the short duration of the bursts (a few millisec-
onds), our interferometric EVN data only contain a lim-
ited number of visibilities for each burst, which results
in a limited uv-coverage and thus very strong, nearly
equal-power sidelobes in the image plane (see Figure 3,
bottom panel). In this case we are no longer limited only
by the low-level systematics described above. The errors
in the visibilities, either systematic or due to thermal
noise, may lead to large and non-Gaussian uncertain-
ties in the position, especially for low S/N, because the
response function has many sidelobes. It is not straight-
forward to derive the astrometric errors for data with
just a few-milliseconds integration. Therefore, we con-
ducted the following procedure to verify the validity of
the observed positions and to estimate the errors.
First, we independently estimated the approximate

position of the strongest burst by fringe-fitting the burst
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Figure 1. EVN image of the persistent source at 1.7 GHz
(white contours) together with the localization of the
strongest burst (red cross), the other three observed bursts
(gray crosses), and the position obtained after averaging all
four bursts detected on 2016 Sep 20 (black cross). Contours
start at a 2-� noise level of 10 µJy and increase by factors of
21/2. Dashed contours represent negative levels. The color
scale shows the image at 5.0 GHz from 2016 Sep 21. The
synthesized beam at 5.0 GHz is represented by the gray el-
lipse at the bottom left of the figure and for 1.7 GHz at the
bottom right. The lengths of the crosses represent the 1-
� uncertainty in each direction. Crosses for each individual
burst reflect only the statistical errors derived from their S/N
and the beam size. The size of the cross for the mean po-
sition is determined from the spread of the individual burst
locations, weighted by ⇠ (see text), and is consistent with the
centroid of the persistent source to within < 2�.

data and using only the residual delays (delay mapping;
Huang et al. 2017, in prep.). With this method we
have obtained an approximate position of ↵J2000 =
5h31m58.698s(+0.004

�0.006), �J2000 = 33�8052.58600(+0.040
�0.044),

where the quoted errors are at the 3-� level. This
method provides additional confidence that the image-
plane detection of the bursts is genuine, since the posi-
tions obtained with the two methods are consistent at
the 3-� level.
Next, we carried out an empirical analysis of single-

burst EVN astrometry by imaging 406 pulses recorded
from the pulsar B0525+21, which was used as a test
source in the 2016 Feb 11 session. PSR B0525+21 has
typical pulse widths of roughly 200 ms and peak flux
densities of ⇠ 70–900 mJy. This corresponds to a range
of measured detection statistics ⇠ ⇠ 0.5–27 Jy ms1/2,
compared to the range ⇠ ⇠ 0.2–5 Jy ms1/2 measured
for the 4 detected FRB 121102 bursts. Figure 4 shows





Size and energetics constraints

Burst Source Burst-source 
separation

Angular 
(mas)

~2 ~0.2 <~12

Physical <~7 pc <~0.7 pc <~40 pc

Size from 
variability

<~3x107 
cm

<~3x1015 
cm? —

LRadio (erg/s) ~1043 ~1039 —

LX (erg/s) — <5x1041 —

Bursts and persistent 
source are probably 
physically associated. 

Compare Cassiopeia A: 
brightest radio SNR,   
LRadio~ 4x1034 erg/s, R~5 
pc. 



Possible origins of persistent source

Young (102-3 yr old) SNR 
powered by spin-down of 
a central pulsar. 

Host similarity to SLSNe 
& LGRBs.

Alternative: LL-AGN with 
a compact, loud, radio 
counterpart? 

DM contribution from the 
nebula?

Persistent source: 
synchrotron emission of 
SNR shock-heated ISM + 
PWN

DMSNR ' 10
⇣

MSNR
M�

⌘⇣
RSNR
pc

⌘�2
pc cm�3

Further constraints:



VLA spectrum of persistent source
LETTERRESEARCH

Extended Data Figure 2 | VLA spectrum of the persistent counterpart to FRB 121102. The integrated flux density Fν is plotted for each epoch of 
observation (listed by MJD) over a frequency range ν from 1 GHz to 25 GHz. Error bars represent 1σ uncertainties. The spectrum is non-thermal and 
inconsistent with a single power law.
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(Chatterjee et al. 2017)





z<=0.32, ~1.7 Gpc

faint optical and no-detection at 230GHz => low star 
formation rate host galaxy, ~0.06-19 Msun yr-1

absolute M~-16@z=0.32 similar to SMC, 109 Msun



compactness of radio source implies size<8pc 

Not consistent with extended galaxy or star-forming 
region

Young SNR?

projected distance of the burst source and persistent 
<500 pc

What are their relation?


