Fast radio bursts:
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Radiotransients

' Many different types of transient sources
M are already detected at radio wavelengths.

Fast Radio Bursts . os .~ . AGN/Blazar/QSG -
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GRBsa

However, detection of very short
and non-repeating flares of unknown sources
without identification at other bands

. Pulsar.GF ' '
Pulsar-GRPs _ is a very complicated task.
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Rotating Radio Transients (RRATs) —
} & XiayBinarie millisecond radio bursts from neutron stars, -
. - soad 'f-ﬁSCV"/A'QO's have been identified in 2006.
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Maénetic CV
e .°,,-'¢ In 2007 the first example of a new class
Flare §—t5r's/8rown Dwarves of millisecond radio transients
- have been announced:
the first extragalactic millisecond radio burst.

1507.00729, 1411.1067



Brightness temperature

Black-body radiation

Inverse Compton catastrophe

Brightness Inverse-Compton losses

temperature very strongly cool the relativistic electrons

if the source brightness temperature

exceeds T, ~10!2 K in the rest frame of the source

see astro-ph/0611667
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Lorimer et al.

History of FRBs

2007 Lorimer et al.  The first event announced.
2012 Keane et al. The second event.
2013 Thornton et al. Four events. The story really starts.

2016 Spitler et al. The first repeating source.
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Chatterjee et al. Identification of the host galaxy

Large dispersion measure
points to extragalactic origin.

This is supported by
isotropic sky distribution
and many other considerations.
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FREB 110703

FRB 120127
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Science 318, 777 (2007)

OOHO 13 caMbIX MHTEPECHbLIX OTKPbITUK 2007 T.

B HanpasJieHNn BCriyieCka He ObIin BUAHO

TP T iy
“‘“‘*\‘ i ??M * ] BCMbILLEK B APYrnX Anana3oHax.

Frequency (GHz)

oeHTndmnumpoBaTb MICTOYHUK HE yOanochb.

[O TOM, Kak He nepenyTaTtb RRAT n FRB,
cMm. 1512.02513]

bonbliasa mepa gucnepcun.

Ecnn aucnepcus Habupaetcs

Ha MeXranakTu4yeckou cpeae,

TO CBETUMOCTb B paguno ~1043 apr/c

OTKpbLITHI B 2067 roay.

NMpoucxoxaeHue
HEen3BeCTHO.




1504.00200

M31,
1=121° ,5=-22°

K+
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LMC
. 1=281°,b

http://lwww?2.astro.psu.edu/users/niel/astrol/slideshows/class29/slides-29.html
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Fic. 11. Plot of DM (¢,b), the maximum DM obtained
by integrating the NE2001 model. Heavy solid line: b = 0°. astro-ph/0207156




CpaBHeHWe C Ny/ibCapamm

FRB aBnaoTCA BHEeranaktTMyeCKMMUM UMCTOYHUKAMM.

1000

Galactic Pulsars
Pulsars in SNRs
LMC Pulsars
SMC Pulsars
FHHs=

30
Galactic Latitude b (deg)

1605.05890



[TepBbIv BCMECK

J0045-7042

101117131 o OTKpblT B nache
Lot P g NyHkaHom Jlopumepom u ap.

(125)
\ﬁ : el ~30-40 AH, < 5 mcek.
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Science 318, 777 (2007)
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NcTopua nosTopsaetca? GRB2.0?

B koHue 60 rrT. Oblfin OTKPLITHI
KOCMUYECKMUe raMmma-BCrniecKu.

30 NeT oHM ocTaBanuUcb 3aragKkou, N
T.K. B HAnpaBlieHMN BCrnecka

He yaaBasriocb yBUOETb CUrHan

B JPYrom criekTpasibHoM guarnasoHe.

v JHRRREY

i
11

Tonbko B KoHLe 90-X IT.
yOanocb OQHOBPEMEHHO
YBUOETb BCMIIECKN U B

PEHTIEHOBCKOM AMala3oHe. |,

brighiness of gamma ray burst

OTO NO3BOSINIIO HAaKOHEL-TO - ! - -

noeHTuuumpoBaTtb UX. - 6 seconds ——=|




1206.4135

BTopown cayyam?
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T.K. BCNsieck otnuyarncs ot JIOPUMEPOBCKOIo, TO ACHOCTU
B CUTYyaLUUIO C 6bICprIMl/I pagnoBcrifieCkaMmn 3To He BHECIJIO.

[MnoTesa:
ncnapeHue
YyepHomn Oblpbl!

Pagnoscnnecku

OT ncnapsitoLmxcs
YepHbIX Ablp

ObiNu NpeackasaHsbl
y>Xe OaBHO.

Bonee Toro,

OJHON U3 MOoTMBaALUN
Y4YEHOro, Co3faBLUEro
KITHOYEBYHO TEXHOSOINIO
Wi-Fi, 6bINn0 OTKPbITb

B paguo Takme BCbILLKMW.




1009.5392

Perytons

[TepuUTOHbI HAaYanNu akTMBHO OBCYXAaTb HECKOSbKO feT Hasaga.
x cBomncTBa cpasy roBoOpusiv 0 TOM, YTO 3TO AOSMKHbI ObITb
BCMeCKu rae-T1o B6nmsn (Makcumym — 3eMHasi atmocdoepa).

OpaHako rno HeKOTOpPbIM NapamMeTpam OHU NoXoXxu Ha BPB.

[MoAaBNANNCH OHU TONIbKO B pa6oqme YacCbl 1IN NO BbIXOAHbIM,
YTO YKa3blBa/10 HAa UCKYCCTBEHHOE MNMPOUCXOHKAEHUNE.

Bcero Ha 2015 roa 6b1510 3aperncTpupoBaHo
OKOJO MNOJSTYCOTHU TakKnX CODbITUMN.
Bce Ha Teneckone Parkes.

2015/01/19 00: 39:05 2015/01,/22 00: 28:33 2015/01/23 03:48:31

PelleHne npobnemMbl NEpUTOHOB
OKasarnocb A40BOSbHO
HEOXXNOAHHbIM.

3aoecb nomorna ycrtaHoBKa HOBOW
CucteMbl MOHUTOPUHIA MOMEX.




COMHEeHUA

OTKpbITME NEPUTOHOB 3aCTaBUIO YCOMHUTBLCS B peanbHOCTU cobbiTus Jlopumepa.
BbicTpble paanoBCNNeCKN OTKPbIBANUCh TONMbKO MO apXUBHBLIM AaHHbIM.

[Monck B pa3HbIX apxmBax B TEYEHNE HECKOMNbKNX NET He AaBar pe3ynbraTtoB —
HOBbIX NPUMEPOB ObICTPbIX PAANOBCIIIECKOBB HE ObIno.

[laxe TEOPETUKU MNMPUTUXTIN .....

http://www.onex.in/images/doubts.jpg




MwnnnancekyHaHble paanoBCNAECKM

B 2007 r. 6b1n obHapyxeH nepBbIn BCECK. | | 6 110020
Ho noka oH 6b1n1 oauH — BbI I COMHEHUSA. '
B 2012 — ewe oaAnH, HO COMHEHUSA OCTarnuchb.

B 2013 — comHeHunsa gonowu! Ewe vetbipe! FRE 110627

Temn ~ HECK. TbICAY B IEHb HA BCEM Hebe.

FRB 110703

=
=
>
=
i)
=
T
(o]
x
=
L

ATO ABHO HOBbIW KNnacc COObITUN,
NPOUCXOXOEHNE KOTOPbIX HEN3BECTHO:

FRB 120127

[TosBMNOCH ycTOsAABLLEECHA Ha3BaHWe
Fast Radio Bursts
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1307.1628



1504.02165
1200 139 1400 150

1500

[1epUTOHbI — MMKPOBOJIHOBKM |

E 2015-01-19

2015-01-22 2015-01-23
L E. 3
N ; : :

. oy, S ? ,
RTINS A A i R
:

h

Frequency (MHz)

1200 1300 1400 1500
Frequency (MHz)

1200 1300 1400 1500

- : i 3

Fa-

Dr. Emily Petroff  Dr. Sarah Burke-Spolaor

NccnepgoBaHue nokasano, YTto
NEPUTOHbI BO3HUKAIOT Npu
npexaeBpeMEHHOM OTKPbITUN
ABepPLbl MUKPOBOMMHOBKMN, €CNU
Teneckon HaxoamuTcs B HEKOTOPOM
OCODOOM MOSTIOXKEHUN.
NoeHTudumkayma nctovHnka atux
nomex caenana ewe bonee
HageXHbIM NpeacTaBfieHne O TOM,
4YTO caMu BbICTPbIE PagMOBCMNIIECKN —
9TO pearsibHbIl aCTPOHOMUYECKUIA
doeHOMEH.



1412.0342

[TepBbi BCMAECK B PEa/IbHOM BPEMEHM

B mae 2014 roga Bnepsble yaanoch yBUOETb
ObICTPbIN PAANOBCMIIECK B peanbHOM BPEMEHWN.
T.e., oH BbIN 0OGHapyXeH HenocpeacTBEHHO
npu HabnOeHnsaX, a He HanaeH B apXmBeE.
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Catalogue

32 FRBs
+

one repeater

UTMOST -5

ASKAP -1

GBT -1

Arecibo — 1 (repeater)

Rate: several thousands
per day per sky

FRB Catalogue

This catalogue contains up to date information for the published population of Fast Radio Bursts (FRBs). This site is maintained by the FRBCAT team and is updated as
new sources are published or refined numbers become available. Sources can now be added to the FRBCAT automatically via the VOEvent Network, details of this process
are given in Petroff et al., 2017. FRBs confirmed via publication, or received with a high importance score over the VOEvent Network, are given "Verified' status and are
shown on the default homepage; to see all events (including unverified candidates received via the VOEvent Network) toggle the "Show all/Show verified" button below.

AW
B
-WEEE

Information for each burst is divided into two categories: intrinsic properties measured using the available data, and derived parameters produced using a model.
Cosmological values are obtained using the Cosmology Calculator ( ). The intrinsic parameters should be taken as lower limits, as the position within the
telescope beam may be uncertain. Where multiple fits or measurements of a burst have been made each one is provided as a separate sub-entry for the FRB.

You may use the data presented in this catalogue for publications; however, we ask that you cite the paper ( ) and provide the url (http://www.frbcat.org).

Any issues relating to the use of the catalogue should be addressed to FRBCAT team (primary contact: Emily Petroff).

Visible columns 2 Export to CSV

FRB « Telescope DM

FRB180311 03/ Parkes 1575.6

FRB180309 2 9 Parkes

FRB180301 2 Parkes

FRB171209 2 f Parkes
FRB170922

FRB170827 2 082 U S 00:49:18.66 176.420

1601.03547

//frbcat.org/

http



Camblin ApKun Bernaeck: FRB 150807

120+/-30 AH
ObHapyxeHne B peanbHOM BPEMEHW.

HeT BcnbIWKn nnm TpaH3NEeHTa B ApYyrnx gmnarna3oHax.
HeTt NOBTOPHbIX BCIJ1IECKOB.

Yoanocb n3amMeputb Mepy BpalleHus.
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Mepa gucnepcumn ogHa U3 camMblX HU3KNX ~267.

Uncno apkux (>50 AH) BCnreckoB MOXET ObITb
~150-200 B OeHb.

Nokanusauus > 10 1
9 YrnoBbIX MUHYT RA offset (arcmin)

1611.05758



dnosHC 58 AH Mcek.
O Mepa gucnepcun ~610.
yj'l praﬂ pKM |/| BC"”" eCK [OnntenbHOCTb 2.6 MCEK.
JNlokanusauna 8'x8’.
[MnkoBbIN NOTOK 25-30 AH.

O
m
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0

241: 2111 18]: 15)1 121:
RA (J2000)

Bcnneck 6bin 3aperMcTpupoBaH B HECKOMbKUX BMax.

Freq (MHz)

Temn apknx BCnneckoB cornacyercs ¢ 6bonee paHHNMM
OoLEeHKaMu.

1705.07581



Localization

70
Radius of uncertainty circle ~10 arcmin Small Magellanic Cloud
T
£ 0
74
75° Location of Radio Burst

Usua”y FRBS are Seen just in One beam' 111_1;—)111 |h?3(}m 1511:—)111 ]h()()m (]h-l._)m ob3om
Right Ascension (J2000)




Burst 1

2012-11-02
MJD 56233

[loBTOpPHbIE BCN1eCKU

Obsarvation frequency (MHz)

Brnepsble yoanoch yBuaeTb
NOBTOPHbIe Bcnsieckn ot FRB 121102.

Obsanation frequancy (MHz)

HabntogeHusa Ha Apecubo.

10 cobbITnn.
Temn ~ 3/uac
Bcnnecku cnabble (<0.02-0.3 AH)
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[lepeMeHHbIN CnekTp.

Obsarvation frequency (MHz)

OTO MOXET BObITb YHUKANbHbIN UCTOYHUK,
T.€. OH MOXET He ObITb TUMNYHbIM
npeacraeButenem nonynauum FRBs.

Obsarvation frequancy (MHz)

40 —20 0

1603.00581 o i il




VLA, Arecibo v BCce-BCe-BCe

Temn BCNMecKoB — pa3 B HECKOSbKO YacoB.
Ho oHu MOTYyT AT Navykamu. Arecibo LLLL  LLLL L |Arecibo
OpgHoBpeMeHHasi perncrTpauus
Ha VLA n Apecubo.

VLA L LLLLLLLLTL S555SS 5SS SSS S5SS SS§SS S |VLA

Effelsberg Effelsberg

LWA

Arecibo @@@@@ @ @@ @ Arecibo

(L)
VLA @ S © VLA

Effelsberg Effelsberg

AMI-LA AMI-LA

1705.07553



[anakTnka FRB

[na nosTopHoro ncrtoyHnka FRB 121102 ygoanochb
OTOXOECTBUTb MaTEePUHCKYIO ranakTuKky.

OTO KapriMkoBas ranaktmka ¢ BbICOKMM TEMMOM
3Be3goobpasoBaHus Ha z~0.2 (1 'nk).

De-dispersed Time Series

Declination

+33°08'52.53"”
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Time Offset (s) SNR

1701.01098, 1701.01099, 1701.01100

Right Ascension




1705.04693

N3nydyeHna H-alpha B ranaktmnke FRB 121102

J eiB? s ‘»,5, CoBnageHune nonoxeHust FRB ¢
JE e a7 obnacteio H-alpha roBopuT B nomne3ay

3 4 ~%'¢  Mopgenen c MonoabiMu
AT TR Ly HENTPOHHbLIMWN 3BE34aMW.

e .

.= O6nactb H-alpha moxet nasatb
| OonbLuoW BKNaa
: \ » B Habnogaemyro mepy
‘. 3 - . l‘ ,\-‘ ﬂ: o X J .
! S\ S T AP ncnepcum NCTOYHUKA.
. : R Fs E H P a

. “Foregretnd-star | ¥ " -

%

N306parkeHne Ha Keke.
MpAMOYro/fibHUKM NOKa3biBalOT 06/1aCTH,
Habntoaaswumecs Ha Cybapy.




Obnactb 3Be300006pa3oBaHma M FRB 121102

Gemini, Hubble, Spitzer

1705.07698



Properties of medium around FRB 121102

Arecibo and GBT observations. -
(] FRB 121102
4-5 GHz PSR J1745-2900 @

. . PSR J1746-2856
Detection of 100% polarized bursts. " PSR J1746.2849°

Large and variable rotation measure.

RM = 0.81 [, By(l) - (1) dl

&
|
E
o
o
S
1]

Rotation measure is due to
a structure close to the source.

Rh[“‘”‘ JFRB 150807
- [ ]
% '."." [} ¢
e

= 0.6 mG, 2.4 mG].

Narrow temporal structure.

B —_ T T
I 0.81D My

The source is in extreme and dynamic
magneto-ionic environment.

DM (pccm ™)

1801.03965



[lpepensl AnA MOBTOPHOTO FRB
No AaHHbIM Fermi
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Each down arrow denotes

flux limit for each 6-month time bin;
the short and long dashed lines 500 1000 1500 2000
represent the 4-year and 8-year up-limits. Days Since 2005-01-01

1705.04242



OaHoBpeMeHHble HAbAHAEHUS
B pPaANO N PEHTTeHe

- kT=10 Nu=10" cm * = - I'=0.5 My=10" cm * — - I'=2 Ny=10"cm *
o KT=10 Mp=10" cm ? voen I'=MLG Mp=10"cm ? . I'=2 Ng=10" cm *

2016 September 16

XMM

Chandra

" ~Chandra ACIS. GBI
0w 05-10%eV 7 Fifelsberg
BT T o Arecibo

)
—
=)

-

1

01-00 02:00 D3.00 04-00 05:00 06:00 07.00 08

2016 September 18

]
=
=

XMM
Chandra

GRT _

Declination
Burst energy (erg

Effelsherg S5¢ Upper Limits

ICEL 5 et S E Arecibo ’ — XMM MOS single-burst
LI L ST AL d L = = X0 ACIS single-burst

01 5:32:00 59 59 58 57 31:57 00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08: = — XMM+CX0O Comhbined all bursts

= = Fermi GBM single-burst

nghl ascension 2016 November 26 Fermi GBM (stacked 4 Sept bursts)

i - 10’ 107 10°
T | Photon Energy (keV)
GB1 . ________________________________________J

Effelsberg
Arecibo Model Nu kT/T"  Absorbed 0.5-10 keV  Unabsorbed 0.5-10 keV  Extrapolated 10 keV-1 MeV

02:00  03:00 04:00 0%:00 06:00 07:00 (em™?)  (keV/-) Fluence Limit Encrgy Limit* Energy Limit®

2017 January 11 (10~ erg em™2) (10% erg) (10%7 erg)

CMM Blackbody 1022 5 2
Chandra Blackbody 102 13 30
Eifelsherg | Cutoff PL  10%* X 11

_IHI

Soft PL 1022 1.3
2300 00.00 00100 0200 03:00  04-00 Soft PL 1024 3

1705.0/824 UTC Time

Arecibo




HabntoaeHma FRB 121102 Ha VERITAS

3a >10 4yacoB YMCTOro BpeMeHN HabnogeHnm curHan He obHapyXeH.
CwurHan sbiwe 1 TeV gormkeH oTcyTcTBoBaTh M3-3a EBL.

r 4 3
VERITAS ICRC 2017 VERITAS ICRC 2017
3 f 4 \
f n F i
2 .
1

g "1' 5
& 0 .v
00 wv

J,,

1708.04717



OTcyTcTBME onTudecKknx senbliweK FRB121102

OpgHoBpeMeHHble HabrnogeHus B paguo
(100-m Bdppencbepr) n Ha 2.4-m B ONTUKe.
13 BcnreckoB B paauno. B ontuke - Huyero.

1708.06156



[TOUCK CONYTCTBYIOLLMX rAaMMa-BCM1ECKOB

[Mounck MUITTINCEKYHOHbLIX raMMa-BCrlblLLUEK

B JaHHbIX Fermi-LAT He gan npesbllLeHns — l‘[g‘:*f?ﬁ‘;;‘c“g:}}
Ha[ oXuaaembiM OHOM Ha HU3KUX Obaorvad
ranakTU4ecKuX LUMPOTAaX. (2nd cut)

Ha BbiCOKMX LUMpOTax BCMbILLEK HE HangeHo BoobLLe.
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[lpepensl no AgaHHbIM FERM

Hu ans ogHoro FRB He 6b110 06HapyKeHo
COMYTCTBYIOLLLErO raMma-BCn/iecka.
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Fast Radio Burst
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[loncK T3BHOro n3nyyvyeHus

5 H.E.S.S.

gg FRB 150418
S8

o 2-18°8 HabnoaeHus

yepe3 15-16 yacos.

or f Okono 4aca

FRB150418 YUCTbIX AAHHbIX.

4 e Hu4yero He BuOHO.

07"20m00° 07"15™00° 07"10™00°
Right Ascension (J2000)

1611.09209



Statistical properties of FRBs

Factor 41T
IS not taken
iNto acCoUNtRNN

e
7
=
=

o

e
o
o

e

No.of burst
No. of burst

3 k N &_m

W 0 RN [ -
1000 2000 35.8 371 384 39.7 41.0 42.3

log E_, (ergs)

= (4.4 4 0.4) x 10* F1 18015 gy =1

obs

1602.06099



HoBble OLUeHKWM TemMna BCM/1eCKOoB

Lorimer 2007 —o— Burgay 2012 ~— Ravi 2015 YepHasa nuHua —
Deneva 2009 Petroff 2014 —+— Petroff 2015 “
Keane 2010 —&— Spitler 2014 % Law 2015 HOBbIN pe3yJibTar.

Siemion 2011 —#%— Burke-Spolaor 2014 —#— Champion 2016
[TYyHKTUPHbIE —

HeonpeaerneHHocTb (95%).

Cepast NIMHMA nNocTpoeHa
Npu NPeanosIOXKEHNN, YTO

B Log N — Log S nokasartenb
paBeH 3/2.
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Cwm. Tarkke 1612.00896

1e+00 1e+01 1e+02 587 B AeHb C NOTOKOM Bbille 1 AHCKoro
S=flux sensitivity limit (Jy) HeogHopoadHbIN MyaCCOHOBCKUIA NpOLECC.

1611.00458



HabntoaeHne nonapm3aumm

B pabote Petroff et al. (1412.0342) Gbina obHapyXeHa
KpyroBasi nonsipnsaums
nctovHnka FRB 140514 Ha ypoBHe okoso 20%.

3atem B pabote Masui et al. (2015)
Gblna obHapyXXeHa 1 NMHenHas nonapusauns
Bcnnecka FRB 110523.
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OTW JaHHble HEMJIOXO YKIlaabiBalOTCA B MOOENM,
B KOTOPbIX BCMbIXMBAET HEUTPOHHAaA 3Be3a B
OCTaTKe CBEPXHOBOW U/UNu NNOTHOM NynNbCapHOW TYMaHHOCTM.

Antenna Temperature (K)

OTO Moaenu co CBEPXTUTAHTCKUMW
UMMNyrbCaMn MonoAdblX paaunonyribCcapoB U
Mogesrin ¢ MarHuTapamu.

Masui et al. 1512.00529



Elle oaMH BCM/1IecK € Nonsapu3aLmen

FRB150215

Bcnneck B peanibHOM BpEMEHM.
Opyrux TpaH3neHTOB

He OblNo obHapyXeHo.

B nnockocTtu Nanaktuku
DM~1100

[MoTok ~0.7 Jy

OnntenbHOCTb ~2.8 mSsec
JlnHenHasa nonapusaumna ~43%
RM~O0 (B npegenax owmnbok).

P.A. (deg)
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Bcero nongapusaunsa nsmepeHa
Ons 5 BCMNS1ECKOB.

Time (ms)

1705.02911



FRBs. Different hypotheses

Millisecond extragalactic radio bursts of that intensity without immediate identification with other bursts
have not been predicted by earlier studies.

Since 2007 many hypotheses have been proposed.

A real flow started in late summer of 2013 after the paper by Thornton et al.

« Magnetars  Coalescing NSs » Supramassive NSs * Cosmic strings
e Super radio pulsars  Coalescing WDs « Deconfinement of a NS * Charged BHs
* Evaporating black holes ¢ Coalescing NS+BH * Axion clouds and NSs * NS collapse

bestiary.ca/




HenTpoHHbIe 3Be34bl M SK30TUKA

Y HENTPOHHOW 3BE34bl Macca nopsigka CosIHeYHOW
n paanyc nopsgka 10 km.

3710 paet ckopocTb NageHus v=(2GM/R)¥2 ~0.5 ¢
Bpemsa nageHns t=R/v< 0.1 msec

Kpome Toro, oTcyTCTBME COMYTCTBYHOLLINX [ToaToMy nerko nony4vyarb KOPOTKMUE CODbLITUS.
BCMNbILLEK B APYrMX AnanasoHax, To e camoe anga 4YepHbIX ObIP.

N BOOOLLE HEOOCTATOK AaHHbIX,

NO3BOSISET NpUBreKaTb BeCbMa HeObObIYHbIE
CLeHapnn KOCMUYECKUX TPaH3NEHTOB.

Kpome Toro, y HEMTPOHHbIX 3B€3[ €CTb
CUINbHOE MarHUTHoE nore, U OHN U3BECTHBbI
KaK BCMbIXnBaloLmMe pagnoncToOYHNKN.

[MoaTomy mogenu FRB nerko ceectu K doopmyrne:
KOMMNaKTHbIE OOBLEKTHI UMK 3K30TUKA.




RoCMMYecKme CTPYHbI

CTpyHbI MOryT BeCTu cebsi JOBOSbHO
npuyyannebiM obpasom.

B 4yacTHOCTU, MOryT BO3HUKATb TOYKM CTPYHbI —
Kacrbl, - KOTOPblE Pa3roHAKTCA

[0 OKOJTIOCBETOBOW CKOPOCTMU.

Kacnbl CTaHOBATCA MOLLHBIMW UCTOYHUKaMU
9NEKTPOMarHMTHOro N3ryyYeHus.

MEHHO 3TO 1 NEXUT B OCHOBE MOLENMN.

CeepxnpoBoasLne CTPYHb Takke rmnoresa KOCMUYECKNX CTPYH B NpunoxeHnn K FRB
Vachaspati 0802.0711 paccmarpusanacs B page apyrux pabort: 1110.1631, 1409.5516, ....



[lepBUYHbIE YepHble AblPbl

He nogxoaunT B kKa4yecTBe BHEranakTn4eckoro
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. MoryT conpoBoXaaTbCsi BCMIIECKOM KECTKOrO U3Iy4YeHust
G O I B e (ecnv BCrneck NPoucXoauT AOCTaToOuHO BrN3KO).

Keane et al. 1206.4135



CBepxHOBaA U Nynbcap

/ N YaoapHas BornHa CBepXHOBOM
VNN B MacCUBHOI TECHOW ABOVHON cucTeme
\ VY MOXET MpOB3aMMOAENCTBOBATL C

I N MarHMTocgepon HENTPOHHOW 3BEe3ahl,

Cco34aB MarHUTOCMEpPHbIN XBOCT.
[lepecoennHeHne B XBOCTE MOXET
NPMBECTU B NOABIIEHUIO BCMSIECKA.
(Eropos, lNoctHoB 0810.2219)

T.0., pagnoscnneck BCEIJA gomkeH conpoBoXxaaTbCA BCMbILLKON CBEPXHOBOMN.




CpblB MarHUTOCPEPDI

Mopaenb No3BonsieT caenarb BCNNeck

coBnagarowmm ¢ Apyrmm MOLLHbIM Cosmic Comb
(AGN, GRB, SN, etc)

TpaH3neHTom (AAl, ramma-BCneckom).

1701.04094



http://www.int.washington.edu/PROGRAMS/14-2a/

COMAHNA HENTPOHHbIX 3BE3/,

t=74ms [MpuaymaHoO HecKomnbKo cueHapues,

B KOTOPbIX B pe3yrraTte CrnsHUS
HENTPOHHbIX 3B€3[ BO3HUKAET
pagnoncTtodHuk (JinnyHos, NaH4YeHKo;
Hansen, Lyutikov; lNocTHOB, MNwmnpkoB.).

Ho B npunoxeHmn Kk FRBS ocHOBHOM
aBngetca pabota Totani (1307.4985).

§ o wf B 2/ By
E=—-6.2x10% ( — 012.5 3 ) (m)

i

[ 0.5 msec

Ig(rho)[glem?]

[10BOSIbHO Nerko NONyynTb 6bICTpOG BpaweHne n CUiibHoe MarHUTHoOE rnorie.
Ho no cbm3vu<e €CTb MHOIo BOrpocos, T.K. CUTyaund o4eHb HeCTauMOHapHad
N MJ10X0 N3yHEHHaA.

D,OJ'I)KHbI conpoBoXaaTbCA rpaBUMTalMuoOHHO-BOJTHOBbLIM BCIJ1ECKOM



CavaHusa benbiX Kap/nMKOB

- [~2 Curvature-radiation
/7 4 \ /GHz emitting shell
/ _— -

Coherent patch t“-*. X Neoh

http://cerncourier.com/cws/article/cern/31855

Magnetic energy dissipation
"’ in the polar cap

Kashiyama et al. 1307.7708

. Newly born
white dwarf pulsar

OCHOBHbIE CODObITMA pa3bIrpPbIBAOTCS Ha NOMSAPHONM Wanke, YTo HeobxoanMmMo Ans
cornacoBaHusl XxapakTepHOW ANUTENBbHOCTW BCMNecka ¢ BpeMeHaMun NpoLEeccoB.

ConpoBoXaaeTcs CBEPXHOBOM la 1, BOSMOXHO, PEHTIEHOBCKUM U3JTyHEeHMEM 3a CHET
Bo3BpaTHouM akkpeuuu (fall-back).




http://www.astro.ru.nl/~falcke/PR/blitzar/

CynpamacCuBHblE HEMTPOHHbIE 3Be3/bl

HenTtpoHHaga 3Be3ga MoxXeT bbITb
YCTONYMBOW OTHOCUTESBHO
Konsanca mn3-3a

O4YeHb ObICTPOro BpaLLEeHus.
Takaga cutyauma MoXeT BO3HUKATb
Npu CANSHUAX, MPU akKkpeLun

UK XKe MPAMO NPU POXOEHUN.
Konnanc MoXeT npon3onTu
CNyCTHA ThICAYN NET Nnocrie
obpasoBaHus H3.

MoryT conpoBoXXgaTbCA CBEPXHOBOMN,
KOPOTKUM raMmma BCMJSIECKOM U
BCMJIECKOM rpaBBOJSIH.

MoryT naBaTb ABOMHbIE BCMIIECKM.

0/0,=0.24
0/Q,=0.37
0/0,=0.49

_ /9~0.94

_ 0/0,=0.99

“blitzar”

Falcke, Rezzola 1307.1409



http://www.nature.com/news/quantum-bounce-could-make-black-holes-explode-1.15573

benble abipbl (M3 YEPHbIX)

3HavanbHbIe pacyeTbl HE npeackasbiBanu
nosiBNeHne pagnonsnyyeHud.

Ho aBTopbl 1409.4031 nonarator,

4YTO B MOAENN OOCTAaTOMHO HeonpeaerneHHOCTEWN,
4yTOOLI Npeanonarate U NOABIIEHME PAANOBOJSTH.
[1nnHa BOMHbI COOTBETCTBYET pasmepy
B3pblBatoLLLENCH ObIPbI.

Mbl NNOX0 3HAaeM, Kak MCMapSIOTCS YepHble Ablpbl.

B HekoTOpbIX MOAENsAX 3TO CONPOBOXAETCS
nosieneHnemM 6enon ablpbl (Mpy Konnance KBaHTOBbIE
NETNN Hemnb3s ynakoBaTb OECKOHEYHO MITOTHO).

cnapeHnem YepHbIX Ablp yKe 6biNo Ha3BaHO Kak
BO3MOXHada npuynHa FRBs.

B atom cny4yae ygapHas BornHa B3aMMOLENCTBYET C
BHELLUHMM MarHUTHbLIM MOJSIEM.

Ho u3nydeHne B cny4vyae nosiBrieHnsa 6enbix ablp
MMEET COBCEM ApPYryto npupoay —
9TO y>Xe 3pdeKT KBAHTOBOW rpasBuTaLnu.

1409.4031



AKCMOHDbI

AKCUOHbI — KaHAMaaTbl B YacTULbl TEMHOIO BELLEeCTBa.
AKCUOHHbIE MUHMKNACTEPSI.

Bo3HukaoT B MONoaow BCENEHHOMN.

Macca — KaK y KpynHoro actepowuaa.

Pasmep — kak y 3Be3abl.

Knactep MoXeT cTaHOBUTbLCA Bonee KOMMNakTHbIM

n3-3a obpasoBaHus 0o3e-kKoHOeHcaTa.

Pasmep MoxeT bbITb Nopsiaka COTEH KM, YTO COOTBETCTBYET OXXngaemoun obractu
n3nyyeHnst BLICTPOro paanoscniiecka (4MTENbHOCTb X CKOPOCTb CBETA).

Macca KoMnakTHOro Kriactepa MOXET COCTaBATb NPMMEPHO Maccy 3emnu!

BneTtaHne akCnMoHHOro knactepa B MarHuTocdepy HEUTPOHHOW 3BE3bl
OOMKHO NMPUBOANTL K KOHBEPCUN aKCMOHOB B (POTOHbLI, a 3HAYUT —
K BCMbILLKE 3M1EKTPOMAarHMTHOIO N3ny4YyeHus.

'_".' -\'\‘
.

1411.3900, 1410.4323, 1512.06245, 1/07.04827



http://astrobites.org

[1eKOHPAMHMEHT —
DOXAEHME KBAPKOBOW 3BE3/1bl

Strange Quark Star Neutron Star

Surface
e Hydrogen/Helium plasma
® [ron nuclei

Surface ' / Outer Crust

* Degenerate ® lons
electron layer, ® Electron gas

\ Inner Crust
e Heavy ions
e Relativistic electron gas
| @ Superfluid neutrons

Outer Core
e Neutrons, protons
® Electrons, muons

 Inner Core
"~ e Neutrons
$ e Superconducting protons
Core e Electrons, muons
e Electrons ) ; e Hyperons (2, A, E)
® u,d,s quarks Deltas (A)
(color-superconducting) e Boson (x, K) condensates
e Deconfined (u,d,s) quarks/color-
superconducting quark matter

1.886

B npouecce cBoeun aBonoumnm

HEeUTPOHHas 3Be3aa Unu ee YyacTtb

MOFYT UCNbITaTb JEKOH(PANHMEHT:

0Obl4YHOE BeLLECTBO NPEeBPaTUTCA B KBAPKOBOE.
OTO COMPOBOXOAETCHA SHEProBbIgENEHNEM.

Takke FRB nbiTaloTCcs BOCNPOU3BECTM B MOAENN T.H. «KBapkoBon HoBony (1505.08147).

1506.08645



1502.05171, cm. Takke 1512.06519

[lageHne acTeponaos

Coherent

Accretion“ patch

sheet

Emitting

Neutron
star

[Mocne nageHns MaccuBHOro actepovaa
BO3HMKAET OoTTeKkarwLas obonoyka.

3aTteM 4yacTb BeLLeCcTBa pa3roHsieTcs,

N B pesynesrate reHepupyeTca pagmo UsnyyeHue.

MexaHnam pagnonsriy4yeHnd He CIIMKOM oHeBUEH.

[lomkHa ObITb crnabasa peHTreHoBCcKasi BCrbILLKa.

[na FRB akTMBHO npeanaratoT
MEXaHN3Mbl, KOTOpPblE paHee
npegnaranuce (net 30 Ha3an)
ana oobACHEeHUS
raMmMa-BCrnJ1eCKOB.

BoT ognH 13 Hux.

[leno B Tom, 4YTo Anda H3
XapakTepHoe BpeMs nNageHus
BONM3KN NOBEPXHOCTU
COCTaBndeT MUIITNCEKYHObI.
[MoaTomy nobon oeHoMeH ¢
Takown OSINTENbHOCTbLIO
cobnasHnUTENbHO OOBbSACHUTL TaK.

cMm. 1603.08207

O6 ncnapeHuun acteponaos nynscapamun cMm. 1605.05746.

O MOﬂ,VICbI/IKaLI,I/II/I mMoAdernn C NOBTOPHbIMK BCIJieCKaMu



Magnetar model

1401.6674

The first idea of possible connection between FRBs and magnetars
has been proposed already in 2007 by Popov, Postnov: arXiv 0710.2006.

This hypothesis has been based on rate and energetics considerations, mainly.
FRB bursts might be related to giant flares of magnetars

Later this approach was developed by Lyubarsky (2014).

In the model by Lyubarsky the radio burst happens
due to synchrotron maser emission

after interaction between a magnetic pulse after

a giant flare of a magnetar with surrounding nebula.




1603.08875

Nebula emission

[ Wind zone | a B The model of a nebular emission
froiciniinivg L\ after a huge energy release

Acceleration of
NS or WD pre-existing

§ nomherma!ef “ In a Central Source

was developed by several authors.
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Nebulae around magnetars

e’ There are examples of nebulae
4}{?0[]7\?%3344;2.,6'0??50& -

B . Rotation-powered, B > 4x10” | x5
around magnetars and highly L R sowmed B % it o x
Anomalous X-ray PSRs . i Ap
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magnetized radio pulsars. O Kmpae [0 PSR

" ' T
- i - °
e 2
e 2
: ©
2
=
(]
Post-outburst 2011 - Obs. 2 ©
1E 1547.0-5408 o~ °
e R R £ 3
10 XMMU J183435.3-084443 ‘s =
— N Q a a
A 3
Swift j1834. O? }183442.6-084501 S
Region g
=]
I o
Region B

1206.3330. New results in 1604.06472

—

Pre-outburst 2005 - Obs. 1

1211.0852

Period (sec)

XMMU j183435.3-084443 Q

— @ 00

//faé cx(\?ug?z.s-osuol ('Q
\ T/ ‘ = S About formation of pulsar nebulae

i B T JEr— NPT N ST vl PP N m
s S around magnetars see 1606.01391




Radio flares from M31

Rubio-Herrera et al. (2013)
discovered millisecond radio bursts
from the Andromeda galaxy.

It looks like a scaled version of FRBs.
In the magnetar model such (more frequent) bursts
can be related to weaker flares of magnetars.

5 T S| . R N
1 Note, that Frederiks et al. (2005) 0 02 04 06 08

| proposed a candidate for a Best Pulse Profile (s)

R ciant magnetar flare in M31.

Right ageensiom (J2000}




1004.2803

Radio pulsar model
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In the case of the Crab pulsar
so-called giant pulses are known.

It has been suggested (1501.00753, 1505.05535) that
young pulsars with large Edot can rarely produce
much more energetic events.

Scaling allows to reproduce energetics of FRBs.



FRBs as supergiant pulses

e Jr* . rppd o Estimates are done via scaling of parameters of the Crab.
N == e SR (IR Rather normal magnetic field but rapid rotation

E Crah 17T B NS Hf:,*r g . .
~rab No™ NG formally can explain FRB energetics.
y P

Lap

32 (vF,)FP % g
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m™Ins - With magnetic field and spin period it is possible
o o few years. to estimate the characteristic spin-down time.
d=F,pP-

1603.02891



Dispersion in a dense supernova remnant

J7] Dispersion in a dense SNR
Me €j/ ”Ip /DM = 0.34pc \/me DM3-o might explain observed
DM of FRBs in the model
\/ when they are near-by
- swept at distances ~100-200 Mpc.
M.,

-, 10 —2. — 1.3 .- —1,.""2 -2
r=8x 1072n% 2T = 0.05 DM 375 m- g 1

1603.02891



Burst rate

SN rate ~3 104 yr'! Mpc3 (Dahlen et al. 2012).

This gives ~1 SN per day in 100 Mpc.

Ages and typical lifetime of our sources ~30-100 years.

Thus, we have ~10 000 — 30 000 sources in 100 Mpc.

The observed rate of FRBs ~3 103 per day.

Then, each source might give a flare per few days.

If we increase the distance up to 200 Mpc then we can use just 10% of most energetic neutron stars.

Giant pulses of the Crab with fluence 100-200 kly for Edot increase by factor 100 000
are scaled to flares with the flux ~1 Jy from 100-200 Mpc.

Number of giant pulsars depends on flux as ~S-3.
For FRBs we then obtain that most bright event might be observed once per few months.

1603.02891



1603.02891

Distribution in distance and DM
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Dispersion measure does not correlate
with fluence or peak luminosity.

800 1000 1200 1400 1600 L. _
DM, cm* pc This is in correspondence with the model.




1605.01992

FRB vs. ULX

For a typical FRB with peak flux Speax = 1 Jy we obtain
radio luminosity:

Ly =1.7x 1()"1{'{:.9,,1-_.;* /1Jy)(d/100 Mpec)?ergs™!.

Then, rotational energy losses are:

E = 1.7 x 10" (Speak /1 Jy)(d/100 Mpe)*(/0.01) ' ergs™'.
Using the relation from Possenti et al. we obtain the X-ray
luminosity:

A1

Lx=18x10 1

o V1.3
[..Ibl')('_ﬂ_kilf‘l] ']}r.-l x

x (d/100 Mpe)*®(5/0.01) " ergs 1.

And so, the X-ray flux is:

»] 1.34

fx = 1.5 x 107" (Spear /1 Jy) " x

x(d/100 Mpe)? % (5/0.01) '3 erg em 2 57!
For large distances we obtain higher fx for a given Speak, for
smaller — weaker. If a source with peak flux 1 Jy is at 10
Mpc, then fx = 3.2x 107" erg em 2 :&x_l. Correspondently,
for 200 Mpc we have fx =25 x 10 ™ ergcm * 5!

In the model of supergiant pulses

it is natural to expect that

at distances 100-200 Mpc

young energetic PSRs might be
strong X-ray sources, similar to ULXs.

Lx ~ 2 x 10*2 (E‘;.fln"’l?x erg E_I) -

(Possenti et al. 2002)

Searches for possible counterparts of FRBs
in X-ray in near-by (100-200 Mpc) galaxies
can confirm or falsify the model.



TeKyLWMMN PENTUHT TUMOTES

O6HapyxeHne NOBTOPHbLIX BCMNIECKOB C BbICOKMM TEMIMOM

OAeT aprymMeHTbl B NOSib3y CyrnepruraHTCKMxX MMnyrnbCcoB NynbCapos

NN aKTUBHOCTW MONOAOro MarHuMTapa

NoeHTndumnkauma matepuHCKOMN KapriMkoBOW rafiakTUKU C BbICOKMM TEMIMOM
3Be34006pa3oBaHMNA gaeT apryMeHTbl B MNonb3y monogbix H3

[TOBTOPHbIN BCMECK MOXET OblTb HETUNMUYHBIM

Komnsekc gaHHbIX 4aeT HECKOSTIbKO KOCBEHHbIX apryMeHTOB

B NOMb3y MarHUTapHOM rmMnoTesbl.

BbiBOAbI:

* Ha cerogHAWHUN AeHb eCcTb ABe Xopolwune paboume runotessbl.
* Bo3moXHo, nonynauma bPB He ogHOpPOAHa,
T.e. 06e rmnotesbl MOryT ObITb BEPHbI.



[TpoBepKa NPUHLMMNE SKBUBA/IEHTHOCTU

1512.07670

Cwm. Tarke 1509.00150, 1601.04558

Mpeaenbl Ha pa3HOCTb NOCTHbIOTOHOBCKOrO (PPN)
napameTpa y ANA ABYX Pa3HbIX YacToT
NPY PacnpocTPaHEeHMN B rPaBMTAaLMOHHOM MOTEHUWane MalakTUKM.

&fﬂjhﬁ — &i'int. + ﬂl-'ﬁ'L]"m" + A’*hpc + &LDN{ + -"ﬁi'gru.

. ) G ﬂ-"fM W -1 _ f
11 — Y2 < (Atohs — Atpm) (—, In~'

il

Takke MOXHO NPOBEPATb NOPEHL-MHBAPUAHTHOCTb.
OcobeHHo, ecnn yBnaetb FRB, cosnagatownm ¢ GRB.



YnydlweHue npegena Ha napameTp y

Jlokanusauunsa Bcnnecka u I/I,D,eHTI/ICbI/IKaLI,I/IFl MaTepI/IHCKOI7I rannakTnku
(eCJ'II/I aTa I/IJJ,eHTI/ICbI/IKaLI,I/IFI BepHa) NO3BOJIAKOT YJTYHLLWUTb rnpeges Ha napamMeTp y.

) X _ Particle Energy (eV) ) Particle Energy (eV)
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[Tpeaen Ha maccy POTOH3

Crab Nebula pulsar
v

Flare stars
A J

GRB980703
v

FRB-150418
hd

1964 1969 1999
YEAR OF EXPERIMENT

1602.07835

Afn:- ~7#0 / S

m., = (1.56 x 10747g)

PGBVJ'IbTaT OCHOBAH Ha rmnoTeTn4eCKom otoXaecrteieHNn BCrJieCKa
C I'aJ'IaKTVIKOl‘/JI, YTO OKA3a/10Cb HEBEPHDbIM.

Cwm. Tarke 1602.09135



HoBbIM Npeaen Ha maccy GOTOHA

DM
— a3 5.
105 pc cm 3

Top (green) band represents
the experimental measurement of the total DM.

Middle (blue) band shows the extragalactic contribution.

Bottom (pink) band is obtained
by subtracting also the estimated contribution
from the intergalactic medium (IGM).

m, <22x107" eV ¢™2 (3.9 x 107°° kg)

1701.03097



Future observations

FAST— burst per week i | e SKA — bur‘st per hcsur!
1602.06099 1602.05165, 1501.07535




Near future

Observation at other telescopes,

especially for the repeating source. Observations at Parkes
with a new monitoring system.

Attempts to identify something
at other wavelengths.
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New system ALFABURST at Arecibo.
1511.04132 http://astronomy.swin.edu.au/research/utmost/
Burst per week, see 1601.02444



http://astronomy.swin.edu.au/research/utmost/
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Microstructure and medium properties

FRB170827

UTMOST ~840 MHz

Nearly real-time registration
Lowest DM: ~177 (Galactic ~40)

FRB 170827
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Special projects partly dedicated to FRBs

CHIME

The Canadian Hydrogen Intensity Mapping Experiment

http://chime.phas.ubc.ca/

CHIME — burst per day!
1601.02444

HIRAX.
~ South variant of CHIME

1607.02059




Multi-messenger searches
Parkes

Deeper Wider Faster
http://dwfprogram.altervista.org/ : : AAT
XRT, UVOT . 2dF+AAOmega

REM, Zadko
MLO. ATCA. 392 spectra

IWBWE s others

DWF—Paciﬂc
U Tokyo

XMM-Newton
X

Molonglo

Subaru

Hyper :
SuprimeCam i e SkyMapper

MO |

8 proposad/upcoming/future
¥ opposite side of Earth

T3-3

AS
lceCube AST3-2

1802.01100




Realfast: new system on VLA

New system for rapid analysis Single Dish
of fast transients (not only FRBs).

To be installed in 2018.

Rapid localization.

Ty -1

Interferometer

1802.03084



ASKAP

ASKAP and Apertif

Few bursts per week.

g e K. SN A
1709.02185 . Northern sky. ?

Doubling the number?

Rapid on-line /
identification — follow-up. 7%
FRB per week.

[

L 1709.06104 e

Westerbork



