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FRBs - observational history:
>

¢ ms duredibonyyf iy xadidibubsisststivlbnga digp elispe mieasureediire
(DM)

first discovered only in Parkes archival data
o firstrdiscovered onby it Parkes archival data

(Lorimer+07; Keane+11; Thornton+13; ...)

they ARE astrophysical phenomena

o tifey’ARE astrophysical phenomena
(Petroff+15)

large all-sky rate ~ 103 sky_l d-1 (e.g. Champion+16; Lawrence+17; ...)
0 large all-sky rate (e.g. Champion+16; Lawrence+17; ...)
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FRBs - observational history:
0 FRB 121102 [the ‘repeater’] - a game changer:

0 discovered with Arecibo [also detected since by GBT, VLA,
VLBI] (Spitler+14; Spitler+16; ...)

0 repeats! [no periodicity] hundreds of observed over ~6yr
baseline

o DM has not changed noticeably

0 localized to metal-poor star-forming dwarf galaxy at z=0.2!
(Chatterjee+17; Tendulkar+17)

0 co-located with extremely luminous ‘quiescent radio source’
(Marcote+17; see also Law+18)
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where the observational clues

point:
o host gradaxy = redtéded to SLSWel-I//UGBBBS ?
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where the observational clues

point:
o host gphdayy =  regbdtied to ILHNd-/ LGEBBBS 7

¢ repetitiomn = nonaataalsalysaventvent (aiconabae:17
Nicholl+17)




FRBs as Flaring Magnetars - 1Dl

Einstein Fellow,
Berkeley

where the observational clues
point:
¢ host grddayy =  redbiied to ILHNd-V LGERBS ?

¢ repetition = non@ataaysaljycaventvent NFhbe4 17
Nicholl+17

RM = magnetized electron-ion environment
o RM magnetized electron-ion environment
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where the observational clues
point:
¢ host grddayy =  redbiied to ILHNd-V LGERBS ?

0 repetitiom = nonaataalaalysavenkveni NFhbe¢ 17
Nicholl+17

RM = magnetized electron-ion environment
o RM magnetized electron-ion environment

ms timescales = NS origin ?
0 ms timescales NS origin ?
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where the observational clues
point:
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RM = magnetized electron-ion environment
o RM magnetized electron-ion environment

ms timescales = NS origin ?
0 ms timescales Nﬂorigin ?
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point:

Q

host grddayy =  redbiied to ILHNd-V LGERBS ?

repetitiom = non@ataaysaljycaventvent NFhbe417

Nicholl+17
so, ERB. 121 LRULSLIIUE , Ae.g Law+ ;Qtjwﬂyj

Tallawvws @Ry AN riPurst disfordbuticos. (G go(GOQggu(S:JI_g:g \OO Cjavrn Z:I:;LK aspil1)
Scholz&Kaspill)

RM = magnetized electron-ion environment
RM magnetized electron-ion environment

ms timescales = NS origin ?
ms timescales Nﬂorigin ?

smells like a

mannntr~ar
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a magnetar model:
% schemaids:

% magnebafilpres @scawaitatter
fnadi IS fyanfadeS surface

Hjajdonagaatized electroniton '
plasimaintdnelakila

engine

\ I 1
wind — o
Zone —_—
AN
B shocks
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a magnetar model:

% sehemmatde: 0

% magnebafilpres @scawaitatter
finatt &S fsarfaddS surface |
HjagEcnagaaiized electromiom
plasimainndnelalibla

o én fmetedald prddue ‘Quiescartt’
synctiratooremimss gsionRM RM

engine

\ C»1
wind — -
zone .
.
B shocks
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a magnetar model:
% schemaids:

% magnebafilpres @scawaitatter
fnadi IS fyanfadeS surface

Hjajsonagoeaiized electromimon '
plasimainndnelalibla

o én fmetedald prddue ‘Quiescartt’
syncihraatoore eimss KonRM RM

o SN ejexttappoppgaiédnotontributes
¢oDmi btes tos DM€ onnase-1a; LT \
RleaiderMar P& bGasMeiri@e BM118) wind @.i]]”") iy

B shocks

engine

Piro&Gaenslerl8: BM+18) ZOQe
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a magnetar model:
% schemaids:

% magnebafilpres @scawaitatter
fnadi IS fyanfadeS surface

Hjajsonagoeaiized electromimon '
plasimaintdnelakila

o én fmetedald prddue ‘Quiescartt’
synctiratooremimss gsionRM RM

o SN ejexttappoppgaiédnotontributes engme

¢oDmi btes tos DM€ onnase-1a; r >> 1
Reazder MTr Pt GaeMeiAGe BMETE) wind .
Piro&Gaenslerl8; BM+18) Zone
- bursts posseb-ll produced by RS

0 bWéﬁﬁol@nQﬁﬂﬁék@"ﬂ%Hé@l@%éy
REBROLON-Maserdnshecked

outflow (Lyubarsky14; h
Beloborodovl 7)
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a magnetar model:
% schemaids:

% magnebafilpres @scawaitatter
fnadi IS fyanfadeS surface

Hjajsonagoeaiized electromimon '
plasimainndnelalibla

o én fmetedald prddue ‘Quiescartt’
synctiratooremimss gsionRM RM

o SN gjexttappoppgarédiodontributes
¢o Mmi lbasbes- tos DM (€ avnase-11G;
RleaiderMar P& bGasMeiri@e BM118)

Piro&G lerl8; BM418
o B{Jorstsaggsss%-lly produce)d by

O BiHERPORRTFIRAY P FAGHEEKERY
YRCHROLONMaserdnshecked
outflow (Lyubarsky14;
Beloborodovl 7)

engine

\ I 1
wind - ——
zone -
\
B shocks

A
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ejecta photo-ionization:

° FRBmusspmppeatardugpugpoSN
ejecta |

= firee-free si3soppitioRr tbdaldal\
DM corconstregpeateepeater’s
age

engine

\ r»1
wind — -
zone .
\ hock
B SNOCKS
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ejecta photo-ionization:

% FRB mugthsizaca tartuepusn s~ o
ejecta

= free-free dRsorpbion ltchlcmh
DM  corcoafitregpeateepeater’s
age

- only ionized ejecta contributes.
0 owlyiooinirecd@je contributes.
two ionizing sources: e”g'”e

> shock heating

5 é@gewﬂ@aﬁ&mﬁ, Piro&Gaensler18) ‘:2:: .

(Connor+16; Pirol6; Piro&Gaenslerl8)
0 photo -ionization by engine

o Bhotstaisston 5y engine ™ |

(Metzger+14; Metzger,Berger&BM17;
BN L109)

[‘>>1

shocks
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ejecta photo-ionization:

° FRBmusthbsszagatarbogpugsh SN eMetalcoly O
ejecta 10° ————
= free-free IR6ATHGIOR tbck T |
DM corsorasireapeateepeater’s 10°}
age |
only ionized ejecta contributes. El
o owtyitniired@jeta contributes. & |
two ionizing sources: = 0%
shock heating |
0 é@aegﬂ@aﬁmﬁ, Piro&Gaensler18) 100'_

(Connor+16; Pirol6; Piro&Gaenslerl8)
photo-ionization by engine

etzoer+14; Metzger,Berger&BM17; BM+18) 1 | | : El
0 [.() oto-ioniza |6nEi3y’eng|ne e - Tt S P

(Metzger+14; Metzger,Berger&BM17; t (yr)
BN L109) I
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ejecta photo-ionization:

caleullateephbedaoivinizadnogtastade of BM et al. (2018)
ejecta (w/ CLOUHNYY) 0o medel.10 (t=1.0yr)

_ 107}
fréecfréedransgmrency timeeaadd | o =12x10° |
DM evoblitition 1055— DM =3.8 x 10* pccm ™* :

o 10}
= 10¢

103}

102}

R

193 —

2 10-1;-
f0-13 I I Illc:,lil I I I1I0I,15 I I lc:,lﬁ == lc:,l? I I Illc:,lﬂ I I Illol,lg I I -1-020
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o if we assone) ERBRIBgmeysimailar
s LIgYetby e SiNgrBLpEs
magnetars

= repeater’s t,,. = 30-100 yr
repeater’'s 30-100 yr
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' : BM et al. (2018)
g A
|
1
=1
;,;""103_‘ : ﬂ;—ff
= |[FRB 121102, a8,
S tconstraints | W, -7
& _ _________ | N .____’_f_’ _______
1
2 ......... L o o S T
A 102 ! DM‘ |
__________ W _ NN L Lt e ]
1
E
-HI
101 : : ——
Qs : FRBel2thdD?2
- . — ) & _ Mifee
10° 10! ' 102 '_, 10°

t (yr) tage = 30-100 yr



FRBs as Flaring Magnetars | EleEl

Einstein Fellow,
Berkeley

ejecta photo-ionization:
>

10% | — - —
o if we assuune ERBRBgimRysiteilar | NN M etal. (2018)
spAldYerbyBe INENBERES | |
magnetars S| :
", |FRB 121102, N e
= I’epeatel”S tage 2 30'100 yl' § L constraints : \&j%\’r
&y I . P
repeater’s 30-100 yr S S HAN PR
O 107 f ! DM‘ |
o RIS WEAOMN, dDM/dt F : __________________________
101! : : : —
but'! age can’be much younger :
- , FREBa121H2D2
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e.g. LGRB-type 10° AT . 10 | 103
i age he much ¢ oD Y = 30100y
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magnetized nebula:
" one-zewenodee!:

o, injjeet MagReid RESIOY cteelRSHIORIRFNSRRMRQ IR 7%, N, « E
° peubl@ snaagatat it die kha pdrpietél distdisiridvevanvedolved

IE B 6 Ep )"
ar.B n a . B — - \

—— _—F E. n 3
it R R)
Jd r J . AT Pﬂ AT AT
@i—'\‘l"}z + 8,‘-}, (rjri-'\‘ﬁ:ra) - SRH J.I-\F}f S— J.I-\F}f.
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magnetized nebula:
" one-zewenodee!:

o, injjeet MagReid RESIOY cteelRSHIORIRFNSRRMRQ IR 7%, N, « E
° peubl@ snaagatat it die kha pdrpietél distdisiridvevanvedolved

IE B 6E,|"
adr B n a . B = : = \
:——E E‘.| n 3
it R R)
0 J Ry .
5Nt 52 (YNy) SR—HAT = Ny
dn
N, =| e
avy

0 goall —caataldst® R M synshiratinon tentissioni skienochebtitanebula
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constraints: nebula angular diameter (mas)
10 10 10°

—— T T L L s |

age:

lower limmit fhrombgyolsbsetianadnal |
baseliims, aiféet 0O ppdtotmindraded 103 |

shedjacta '
T
upper limiitffoomeesrgegiesics, S
- 1 |—4
tage < EB*/VLV > Lo? : y
@ 1
£ ¥
|

10" |
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constraints: nebula angular diameter (mas)
10 10 10°

aAge:

lower limit fnom6@yolsbeeatiatnal |

basellims, adféet b pipdtotmniradéed 143

shedjacta 5

upper limitffoome eergediEsics,
tage < EB*/VLV

\

10% }

- EE BN BN EE B B Em ER Em
V§§A<1.6GHZ‘

tage (yr)

nebulkastzze:

lewer limitt flicomidak wfofleteaeiself- .
absapitoninyaidbesaesdgedrce
spectium

upper lirmittffoomy MiBhiaginging
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constraints: nebula angular diameter (mas)
10 10 10°

at a gveengne &,

satigfymng ghdsesmnstraints, —
consteaints)amnbeth RM, ofc
qeiesent sobade [ Rivinosity ~ '
qoudescentuso(jce = v
luminosity and spectrum .2 1€
(!)

only four free parameters

only four free
parameters
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results:

o problem highly constrained
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results:

o problem highly constrained, but there are solutions
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results:
>

o moddl presitinosis:
0, seculardiecsassmiRMRM ¢~ (6+a)/2
O deereasihngtitiReFRRbGREMEeNHBINY LY ¢~ (a*+7a-2)/4
°, SPEELHASESRICRSIRHEM MY 185~ v~ (a-1)/2
Slessta & etk osIRRIPS!

° 3elFaBSHRIPIIHERYSH UPERBGH HRRIKRY MALHBEEWOLEYY
"3 @Béi&{k?c‘ii/\é%WUR@ﬁHEh‘rm'tfafl‘l'%‘flﬂ%@tﬂﬁlﬁ%% RMAB} tREdiRGRYGTE
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summary / take-aways:

>

o fiirst predictiveenmdelsiminiaiemnsousipleiqpigiboth laogh Rargand fits
e@ntitise \rolditior}cnt qdiesoander gand Ko speettamg ofsF8BelAt10%)
of FRB 121102
model is highly constrained by current observations

o model is highly constrained by current observations

solutions for “reasonable” parameters are possible, but require:
o soliamd@ieticarenpRienBR@metepsoare 8955058, RuE gpquire:

. lﬁ'&?@ éﬂ@%@}?ﬂ&ﬁ&%@%E%%&ﬁ‘é?'éé?ly times than at current epoch, but
o e earhergy gddotieley injected at early times than at current epoch,
but not much more! ()

model makes many testable predictions
o model makes many testable predictions
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