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My 1979 Arecibo FRB search… 

0<DM<640cm-3pc 
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GRB lessons 

•  4 types of  GRB 
–  Repeating SGR: Magnetars (10kpc) 

•  e.g. “Prototypical GRB” 5 March 1979 = now SGR 0525-66 in LMC.  
Mazets+ 1981 “A comparison of  the 5 March 1979 event and other 
short gamma-ray bursts reveals considerable similarities in their 
features. This implies their common origin.” 

–  Short-hard burst: NS merger (z < 1) 
–  Long bursts: rotating core collapse/SNae (z<8.2, 9.4) 
–  Jets in Tidal Disruption events (GRB 110328A, aka Swift 

J164449.3+573451, z=0.35) 

•  Maybe we should beware of  forcing a single type of  FRB 
to fit all…. 
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FRB121102 repeater 

•  Persistent radio source 
–  Spectrum, refractive scintillation variability, VLBI size, 

X-ray-to-radio and emission lines-to-radio all are typical 
of  a low-ish luminosity AGN (ADAF w/ strong jet). 
•  Poor statistics on the fraction of  dwarf  galaxies with these.  

3×10-5 Mpc-3 @ 1022 W Hz-1 (FRB121102: 1022.3W Hz-1) –
Ulvestad & Ho 2001.  ~0.002 of  MB=-17 dwarfs. 

–  vs young Mega-Crab with previously unprecedented 
~100% of  luminosity in radio (vs 10-5 for Crab) 

•  My take: either the AGN is the FRB source, or it is 
unrelated to the FRB (requires ~0.3% coincidence). 

6/14/17	   E.S.	  Phinney	  -‐McGill	  FRB	   4	  



Hα vs radio: Fanaroff-Riley type I cores 

Black filled points: 
flat spectrum 
radio cores of  UGC 
galaxies (mr<17) from 
Marcha+ 2005 
astro-ph/0505170 

FRB121102	  

(@5GHz)	  

AGN contribution 
of  FRB121102 
would have 
L(Hα) < 0.1-0.3 
of  star formation 
contribution 
-not significantly 
affect BPT diagram 
 
-low radio power: 
ADAF regime –strong 
jet, but very low  
accretion 
radiation efficiency. 
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=log	  L(Hα)+5	  

FRB121102	  

AGN 
Radio vs Hα 
Falke+ 2001 
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Ulvestad	  &	  Ho	  
2001	  
Palomar	  
Seyfert	  
Galaxies	  
(i.e.	  low	  lum	  
Seyferts.	  
Half	  are	  flat	  
spectrum	  like	  
FRB121102).	  

FRB121102	  

Radio vs [OIII] –low lum Seyferts 
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X-‐ray	  vs	  Radio	  for	  
low	  luminosity	  	  
Seyfert	  galaxies.	  
Panessa+	  2007	  
	  

FRB121102	  

X-ray vs Radio for low Lum Seyferts 
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Repetition rate on AGN hypothesis: 

�(LLAGN) ⇠ 3⇥ 10�5Mpc�3

! N(LLAGN, z < 0.5) ⇠ 106

R(FRB,> 1Jy, z < 0.5) ⇠ 7⇥ 105sky�1y�1

! required repetition rate > 1y

�1

equality if  all AGN participate; higher rates if  only a small fraction do. 

6/14/17	   E.S.	  Phinney	  -‐McGill	  FRB	   9	  



Strong Waves 

eE(c/!) = mec
2 ! cE2/4⇡ = c⇡

⇣mec⌫

e

⌘2

= 1.5⇥ 1014erg cm�2s�1⌫2GHz

Typical FRB: GHz pulse is a strong wave within 1 AU.  

FRB:

1Jy GHz

✓
1Gpc

r

◆2

= 1.5⇥ 1014erg cm�2s�1

✓
2.5⇥ 1013cm

r

◆2

f ⌘ eE

mec2⇡⌫
Infinite plane wave: electron at rest accelerated to γmax ≈f  2 

(not f , due to phase locking). Single pulse: γmax ≈f  if  Bext=0. 
In large Bext get c (E×B/Bext 

2) drift instead. 
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AGN jet 

•  Typical flat-spectrum jet with FRB 121102’s 
persistent radio luminosity Lν ~ 2 × 1022 W Hz-1 has 

•  Ljet~ 1043 erg s-1  (3×1050 erg/y) 
–  Similar to 10-100y old magnetar bubble (1052 erg/100y)  

[cf  Beloborodov 1702.08644] 

•  Projected synchrotron self-absorption size (3 GHz) 
~ 0.1pc ~3×1017cm 
– Also similar to size of  10-100y old magnetar remnant. 
– Deprojected size ~ Γj larger if  jet bulk relativistic 

Lorentz factor Γj . 
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M87	  
0.1pc	  



Magnetar vs AGN jet 

Magnetar	  bubble	  

SN	  ejecta	  

1017	  cm	  
1017	  cm	  

Inner	  scale	  4GM/c2	  ~	  1013	  cm	  

Inner	  scale	  ~NS	  magnetosphere	  ~	  107	  cm	  

Jet	  energy	  ~	  1050.5	  erg/1	  y	  Bubble	  energy	  ~	  1052	  erg/100y	  
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FRBs from AGN jets? 
•  Need ct~c(ms)~107.5 cm = R/(4Γb

2) 
–  R~3×1017cm è Γb ~ 104  

•  Synchrotron maser at transverse internal shock in jet?  
–  (cf  similar R, Γb in magnetar nebula termination shock model of 

Lyubarsky 2014). 
–  Bad problem for repeater: recycle time ~R/c ~ months. 

•  reconnection-powered mini-jets within a Poynting-flux dominated e
+e- jet (cf  models proposed for gamma-ray flares from Crab and 
Blazars: Giannios+ 2009, Yuan+ 2016, Lyutikov+2016), with coherent 
emission from the accelerated particles (current-driven instabilities -> 
maser).  Flopping reconnection sheets also possible. 
–  possible problem: models were tuned to produce GeV-TeV gamma-rays 

via synchrotron.  Perhaps don’t want these for FRBs… 
–  Recycle time ~R/(cΓb

2 ) ~ ms –no problem.  Solid angle ~ 1/Γb
2 

–  Mean repetition time of  randomly beamed events > R/c ~ months -
correct rate!  [actual events will be correlated in time by large-scale 
reconnection structures] 
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New Topic: lensing by cold clumps in 
intervening systems 

•  Line of  sight to objects with z>0.5 typically pass 
through the halos (R<100kpc) of  one (z~0.5) to 
many (z>2) intervening galaxies. 
–   10-2 Mpc-3 × π (0.1Mpc)2 = 1/(3Gpc) 
– mean free path between galactic halos ~ 3Gpc. 

•  Galactic halos have covering factor O(1) in T~104 
K photoionized gas, with Ne ~1020 cm-2 (DM ~ 30 
pc cm-3 ), ne ~ 2 cm-3 . 
– Ne / ne ~ 15 pc.  Unnatural for a 100kpc thin shell or 

galactic wind! 
•  Long-standing mystery… 
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Steidel,	  Sargent	  &	  Boksenberg	  1988	  ApJ	  333,	  L5	  

dN/dz(CIV ) / (1 + z)�1.2

dN/dz(MgII) / (1 + z)1.55
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dN/dz(MgII) / (1 + z)✏

weak	  MgII	  	  lines	  
don’t	  evolve	  
	  
Strong	  Mg	  II	  
lines	  much	  
more	  common	  
at	  z~2	  than	  z~0.	  

Mg	  II	  intervening	  absorpcon	  lines	  in	  quasar	  spectra	  	  (Mathes+	  2017)	  
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Mystery solved? 

arXiv:1610.01164	  
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McCourt+	  2016	  
Rapid	  cooling	  
-‐>	  shahering	  	  
fragmentacon	  

Field	  1965,	  Burkert	  &	  Lin	  2000	  	  

Individual fragments N~1017 cm-3 , size~0.03pc  
Photoionized. Are in pressure equilbrium with hot virial gas. 
Any line of  sight passes through ~1000 to 3000 fragments. 
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McCourt+ 
consider  
shattering, 
entrainment in 
high Mach # 
winds,  
hot/cold temp 
ratios. Very 
little effect. 
 
Issues 
mentioned, but 
not quantitatively 
addressed: 
 
Effect of  
Magnetic 
pressure 
and  
(related) 
thermal 
conduction. 
 



Plasma lensing by cooling fragments in 
intervening systems: for FRB, GRB, AGN 

6/14/17	   E.S.	  Phinney	  -‐McGill	  FRB	   22	  

x	  Ncl	  1/2	  	  	  ~	  100	  μas	  	  

Vedantham	  &	  ESP	  2017	  

Individual	  clump	  
Size	  ~103	  x	  Fresnel	  scale	  

Pass	  through	  
single	  galaccc	  
halo.	  
No	  turbulence	  
in	  clouds.	  

Total phase change though a single fragment 
~ 8×105 (λ/30cm).  Refraction angle given by 

Ncl	  ~	  1000	  



Circumgalactic gas clumps 
•  Lensing by McCourt+photoionized cooling fragments: 
•  Implications 

–  Sources (FRB, GRB radio afterglows, Blazars) at z>1 will pass through one or more 
(or many if  z>2) galactic halos covered by thousands of  fragments 

–  If  gas in the fragments is quiescent, refractive scattering disk ~0.1mas at 1GHz, 
comparable to MW scintillation size limits. 
•  Radio observations may provide powerful test of  McCourt+ model. 

–  Can probably rule out hypothesis that fragments have turbulence with M~1 at outer 
scale=fragment scale, since that would produce 10mas scattering disks and 10s 
scattering times.  Probably ok, since fragments moving relative to hot phase are 
quickly slowed: no large shear around them to excite turbulence. Sound crossing time 
~104 y. 
•  But maybe surprisingly small turbulence limit? 

–  TBD: effects of  magnetic fields on turbulence, conductive lifetimes, RM structure… 
•  In any event, intervening systems clearly exist and have smooth velocity profiles 

that are hard to explain without lots of  fragments.  But >1pc fragments rather 
than McCourt+’s 0.1pc fragments would be less constrained by radio. 
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Berry	  &	  Klein	  1996,	  PNAS	  93,	  2614	  

white	  light	  photo	  pf	  cusp/folds	  causccs	  
	  through	  
rippled	  bathroom	  window	  glass	  

6/14/17	   E.S.	  Phinney	  -‐McGill	  FRB	   24	  

Limits	  to	  causcc	  magnificacon	  due	  
to	  wave	  opccs.	  


