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“radiation”“near field”

For β ≪ 1,  E → q a⊥/R
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1972 Am. J. Phys. 40, 46. [Harvard junior project w/ E.M. Purcell; 2008 Nobel Prize Chemistry for Green Fluorescent Protein
to track gene
expression.

full exact field lines
of charges in simple
harmonic motion, 
of frequency ω,
amplitude a
along y-axis, with
βmax=aω

βmax=0.1 βmax=0.5

βmax=0.9
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Fast Radio Bursts
Papers with “Fast Radio Burst” in abstract

Data collected 2001.
Not noticed until
2007 discovery!
Science 318, 777
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Catalog of
over 4,500 FRBs
released. ~100
localized 
to host galaxies

20252023

(first 
publication 
of an FRB)

1979

First
search
(none
seen)
ESP&Taylor First 

confirmation
of another FRB

First localization
(R1) to a galaxy

Perytons
(microwave ovens)

Timeline of  FRB discoveries
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The localization
problem.
Hubble UDF image
contains about
10,000 galaxies
at all distances
in 3’x3’.

Circle is ~beam of
Parkes or CHIME
telescope (70-100m). 
1’ radius.

Need an interferometer
with >3km (DSA-110,
ASKAP)
baseline to identify
a host galaxy.
>1000 km (EVN, CHIME
outriggers) to say where
in the galaxy it is!
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mean  IGM            large-scale structure                     galaxy halos

Comoving electron density for fully ionized IGM:

Time delay at frequency 𝜈:

Dispersion measure ⟨DMIGM ⟩

( For z<3, He++.
× 0.93 for 3<z<6, He+)
Should subtract 
~7% fraction of  baryons
in stars, neutral gas, etc.
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Ffits & Plot from
Phinney 2016
Good to 1%

⟨DMIGM ⟩
7/13/25 WIPMU, Tokyo. E.S. Phinney 15



7/13/25 WIPMU, Tokyo. E.S. Phinney

• Before FRBs:
• Stars and gas of galaxies are only 7% of  baryons inferred from 

Big Bang Nucleosynthesis and cosmic microwave background.
• Hot X-ray emitting gas in the intergalactic medium of  galaxy 

groups and clusters are ~13% of  baryons.  c.f. Fukugita, Hogan
& Peebles 1998, 2004!

• Where were the remaining ~80% of  baryons ?!
• From FRB dispersion measures: the missing baryons are 

in a rather smoothly distributed ionized gas.
• The baryons near galaxies are less clustered than dark 

matter: feedback from massive stars and AGN must have 
ejected >50% into the intergalactic medium.

M81 starburst galaxy with outflows:
starlight (HST): yellow
H𝛼 (HST): orange
Dust (Spitzer): red
X-ray (Chandra): blue



Connor, Ravi+ 2025 Nature Astronomy (arXiv:2409.16952): 
DSA-110 sample. Evidence that baryons must be expelled from galaxy 
halos, groups and clusters, or DM−z would have more dispersion than 
observed.

Guesstimate (statistically removed host galaxy, halo, Milky way halo, Milky Way DM’s,
Those, plus cluster and group IGM, can only increase DM above the ``cliff’’ of smooth IGM.

`the cliff”
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An ordinary pulsar
at D=5kpc exactly in the
plane of the Milky Way, 
b=−0.2°.
DM =360 cm-3pc.

The first discovered Fast Radio Burst
At high galactic latitude, b=−42°
Other high latitude pulsars have DM<25.
But Lorimer burst had
DM = 375 cm-3pc: extragalactic (z ~0.25)

PSR J1707

Lorimer Burst
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Fast Radio Burst properties

Physical properties
• 0.1-10ms (obs selection). cτ ~3km
• 0.001-1,600Jy (obs selection)
• Some have substructure on 100ns. cΔt=30m.
• mostly part of  0.4 -2GHz.
• High >90% linear polarizations common; PA 

can swing with time during burst.
• A few bursts have high circular polarization 

(91%: FRB 20201124A)
• Scintillation from host galaxies ISM sometimes 

observed →Projected size<100km.

Astrophysical sources
• One FRB from a magnetar in center of  Milky 

Way, associated with one unremarkable of  
hundreds of  X-ray/gamma-ray bursts from 
SGR 1935+2154.

• Most FRBs from non-star-forming regions of  
galaxies similar to Milky-Way.

• A few FRBs from star forming regions (2 in
dwarf starburst galaxies).

• One FRB from a globular cluster (last massive 
star died 13Gyr ago!)

• A few FRBs from outskirts of  elliptical 
galaxies (last massive star died 13Gyr ago)

• Large fraction of  FRBs probably from NS 
formed in late mergers (accretion-induced 
collapse –cf SN Ia), not mostly from young 
supernovae/magnetars.
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𝛾

𝜽~𝛾-1

R⊥~R/𝛾
τobs=(1-v/c)t=t/𝛾

2



Dynamic spectra of  FRBs
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Bursts of rFRB20121102A
Hessels+ 2019

FRB 190711
Kumar+ 2020

“sad 
trombone”
ubiquitous



Dynamic spectra of  FRBs
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Bursts of rFRB20201124A
Zhou+ 2022

4 CHIME FRBs
CHIME/FRB 2019b
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Chandra X-ray images of  
Geminga and B0355+54
Romani+

PSR J0002+6216 4-12GHz radio image
dE/dt~1035erg/s
Kumar+ 2023

Length > 3pc
Standoff and width at head 0.003pc
=1016cm.



7/13/25 WIPMU, Tokyo. E.S. Phinney 25

So for FRBs, two cases of  strong wave propagation are of  interest:
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Hercules laser (U. Michigan), F=2×1022 W cm-2,  λ=0.5μm, f  =40  !!
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What can you do to start? some suggested student projects
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v × B force accelerates electron to 𝛾 ~ f  along direction of  wave propagation.
Currents and filamentation! 

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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Some references to start with:

Particle motion in strong waves:
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Strong wave theory and applications of Chirped Pulse Amplified lasers, wake fields 
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Fast Radio Bursts

arxiv:2103.00470
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FRB observations and cosmology:

https://arxiv.org/pdf/2409.16952

arXiv:2211.06048
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https://arxiv.org/pdf/1912.08150
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Numerical PIC simulations.  Note that these, like laser experiments, have boxes only
a few wavelengths in size. Not directly relevant to FRBs, where region is
~ 105 to 1015 wavelengths in size!
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Historical bonus, on coherent vs incoherent scattering and index of refraction!


