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energy distribution across the band in FRB 110220
is characterized by bright bands ~100 MHz wide
(Fig. 2); the SNRs are too low in the other three
FRBs to quantify this behavior (2). Similar spec-
tral characteristics are commonly observed in the
emission of high-|b| pulsars.

With four FRBs, it is possible to calculate an
approximate event rate. The high-latitude HTRU
survey region is 24% complete, resulting in 4500
square degrees observed for 270 s. This cor-
responds to an FRB rate ofRFRBðF e 3 Jy msÞ ¼
1:0þ0:6

−0:5 % 104sky−1day−1, where the 1-s uncer-
tainty assumes Poissonian statistics. The MW
foreground would reduce this rate, with increased
sky temperature, scattering, and dispersion for
surveys close to the Galactic plane. In the ab-
sence of these conditions, our rate implies that
17þ9

−7 , 7
þ4
−3 , and 12þ6

−5 FRBs should be found in
the completed high- and medium-latitude parts
of the HTRU (1) and Parkes multibeam pulsar
(PMPS) surveys (18).

One candidate FRB with DM > DMMW has
been detected in the PMPS [ jbj < 5○ (5, 19)].
This burst could be explained by neutron star
emission, given a small scale-height error;
however, observations have not detected any
repetition. No excess-DM FRBs were detected in
a burst search of the first 23% of the medium-
latitude HTRU survey [jbj < 15○ (20)].

The event rate originally suggested for
FRB 010724, R010724 ¼ 225 sky−1 day−1 (4), is
consistent with our event rate given a Euclid-
ean universe and a population with distance-
independent intrinsic luminosities (source
count, NºF−3=2) yielding RFRB ðF e 3 Jy msÞ
e 102RFRBðF010724 e 150 Jy msÞ.

There are no known transients detected at
gamma-ray, x-ray, or optical wavelengths or
gravitational wave triggers that can be temporally
associated with any FRBs. In particular there is

Fig. 2. A dynamic spectrum showing the frequency-
dependent delay of FRB 110220. Time is measured relative
to the time of arrival in the highest frequency channel. For clarity
we have integrated 30 time samples, corresponding to the dis-
persion smearing in the lowest frequency channel. (Inset) The
top, middle, and bottom 25-MHz-wide dedispersed subband used
in the pulse-fitting analysis (2); the peaks of the pulses are
aligned to time = 0. The data are shown as solid gray lines and
the best-fit profiles by dashed black lines.

Table 1. Parameters for the four FRBs. The position given is the center of the gain pattern of the beam
in which the FRB was detected (half-power beam width ~ 14 arc min). The UTC corresponds to the arrival
time at 1581.804688MHz. The DM uncertainties depend not only on SNR but also on whether a and b are
assumed (a ¼ −2; no scattering) or fit for; where fitted, a and b are given. The comoving distance was
calculated by using DMHost = 100 cm−3 pc (in the rest frame of the host) and a standard, flat-universe
LCDM cosmology, which describes the expansion of the universe with baryonic and dark matter and dark
energy [H0 = 71 km s−1Mpc−1,WM=0.27,WL =0.73;H0 is the Hubble constant andWM andWL are fractions
of the critical density of matter and dark energy, respectively (29)]. a and b are from a series of fits using
intrinsic pulse widths of 0.87 to 3.5ms; the uncertainties reflect the spread of values obtained (2). The observed
widths are shown; FRBs 110627, 110703, and 120127 are limited by the temporal resolution due to dis-
persion smearing. The energy released is calculated for the observing band in the rest frame of the source (2).

FRB 110220 FRB 110627 FRB 110703 FRB 120127

Beam right
ascension ( J2000)

22h 34m 21h 03m 23h 30m 23h 15m

Beam declination
( J2000)

−12° 24′ −44° 44′ −02° 52′ −18° 25′

Galactic latitude,
b (°)

−54.7 −41.7 −59.0 −66.2

Galactic longitude,
l (°)

+50.8 +355.8 +81.0 +49.2

UTC (dd/mm/yyyy
hh:mm:ss.sss)

20/02/2011
01:55:48.957

27/06/2011
21:33:17.474

03/07/2011
18:59:40.591

27/01/2012
08:11:21.723

DM (cm−3 pc) 944.38 T 0.05 723.0 T 0.3 1103.6 T 0.7 553.3 T 0.3
DME (cm

−3 pc) 910 677 1072 521
Redshift, z (DMHost =

100 cm−3 pc)
0.81 0.61 0.96 0.45

Co-moving distance,
D (Gpc) at z

2.8 2.2 3.2 1.7

Dispersion index, a −2.003 T 0.006 – −2.000 T 0.006 –
Scattering index, b −4.0 T 0.4 – – –
Observed width

at 1.3 GHz, W (ms)
5.6 T 0.1 <1.4 <4.3 <1.1

SNR 49 11 16 11
Minimum peak

flux density Sn(Jy)
1.3 0.4 0.5 0.5

Fluence at 1.3 GHz,
F (Jy ms)

8.0 0.7 1.8 0.6

SnD2 (× 1012 Jy kpc2) 10.2 1.9 5.1 1.4
Energy released, E (J) ~1033 ~1031 ~1032 ~1031
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REPORTS

• A dozen FRBs known (Parkes & Arecibo)
• DM = 100's → 1000, mostly extragalactic → distance 0.5 - 3 Gpc
• 1-5 msec duration, 1 scattering tail
• ~1 Jy level → very high intensity, Eiso ~ 1033 J

• super-energetic scenarii (mini BH annihilation, WD or NS mergers,
! implosion of supra-massive NS…) → isolated events
• giant pulses of young pulsars, close-by flaring stars ? → irregularly repeatabe 
! but inconsistent with DM

[Lorimer et al., 2007] [Thornton et al., 2013]



[Saur et al., 2004 ; Hess et al., 2007]

• Io-Jupiter interaction → Alfvén Waves → J → energetic e-

! → 1012 W dissipation including radio waves near central object

• We propose an explanation requiring modest energy, consistent with observations :
• Interaction Pulsar wind − Companion (WD, planet, asteroid) → intense radio waves ?



• Interaction Pulsar Wind (relativistic) - companion
! → relativistic Io-Jupiter or WD-planet interaction
! → radio waves in Alfvén wings ?

• Same physics for WD-planet interaction

[Willes & Wu, 2004]



• Io-Jupiter → both Alfvén wings to the planet

• Star - exoplanet 
! → 1 Alfvén wing propagates 
! counterflow of the stellar wind,
! &   1 goes to infinity
! [Preusse et al., 2006]

•

• Pulsar : radial relativistic wind
! (γ∼ 101 − 107), 
! Poynting flux dominated, B=BΦ 
! [Mottez & Heyvaerts, 2011]

Chandra! ! ! ! Hubble



• Pulsar companion at 100's rLC 
• Vwind < VA, Vfast, all ~ c → no shock → AW connected to companion

•OE



• Io-Jupiter : E = V x B ~ 0.1 V/m → U ~ 400 kV , I ~ 3x106 A → P ~ 1012 W

[Bagenal, 2007]

• Pulsar : E = 104-6 V/m → U ~ 2RE ~ 1011-13 V, I ~ 109-11 A, P ~ 1020-24 W
! (depending on Bpulsar, Ppulsar, Rcompanion - here 105-8 T, REarth, 1 sec)



• Hypothesis of aligned Pulsar B → angle AW / radial direction = δ+/δ-
! small, symmetrical or not depending on



• Jupiter : radio source ~fixed / Jupiter & Io because unstable e- distribution
! (at f ~ fce) near the planet

θ~60°-80°

θ~85°-90°

[Roux et al., 1993][Su et al., 2008]

• Cyclotron Maser Instability : Resonance condition

! ! ! ! ! ! ! Growth rate

Figure 4. Electron distributions observed in the Alfvénic acceleration region by the FAST satellite during short-burst
events. The time resolution of each distribution is 79 ms. The horizontal and vertical axes represent the parallel and
perpendicular velocities, respectively, where the upward direction away from the Earth’s ionosphere is to the left. The
differential energy flux is represented by the color according to the color bar on the right. (a) A single shell distribution at
2249:51.77 UT, (b) a double shell at 2249:55.50 UT, and (c) a multiple shell distribution at 2249:56.21 UT on 17 February
1997. (d) A ring distribution at 855:45.99 UT, (e) a conic distribution at 0855:46.07 UT, and (f) shell and conic distributions
at 0855:49.86 UT on 15 January 2007. (g) Multiple shells and rings at 0117:07.84 UT on 8 February 1997. (h) A stable
distribution may have resulted from an unstable ring at 0855:46.62 UT on 15 January 1997. The dashed lines indicate the
important feature for each distribution.
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[Treumann, 2006]



• AW to infinity ! → ∃? radio source convected in the wind along AW at Vwind/cosδ ?

! ! ! ! → possible only for δ- wing if x<<1, both δ- & δ+ if x>>1
! ! ! ! !  δ → 1/γ for large γ

• Radio emission fixed in pulsar frame → not detectable at Gpc distances

• In source frame (VSource, Oxyz)
! → significant Vx & B//  (BΦ = BΦo/γ) 
! → large V⊥ = large free energy source for CMI



• Most unstable waves : f ~ fce_source ,  cone θ ~85°-90°
• Plasma distribution non gyrotropic (at given azimuth)
! → growth rate maximum at same azimuth (+ opposite ?)



• Plasma crosses the AW in 
! ~ msec - sec >> saturation time (10ʼs of μsec)

[Pritchett, 1986]



• Relativistic "aberration"
! → radiation from a moving source : half-space "folded" in cone of half-angle ~ 1/γ
 → luminosity in the cone    ×γ2

• γ= 10, a = 0.1 AU, θ = 85° → 2 hot spots separated by several °
• If B tilted, oscillation → several bursts separated by pulsar period, of ≠ intensities

• CMI non isotropic: hollow cone (+ hot spots when plasma distribution non gyrotropic)
! → diagrams in source & observer's frame (z along wind - radial - direction)
! → sweeps observer in angle/360*Porbital



• γ= 103, a = 0.1 AU, θ = 85° 
→ small angle → rare events, up to 4 pulses
    (2 intense) separated by 10ʼs of sec to min

• γ= 106, a = 0.1 AU, θ = 85°
→ 1 emitting wing
→ grey disk crossed in msec
    (in sec for γ=105)



• Frequency  fce_source → fce_observer : 

10ʼs MHz to GHz → sub-mm for large γ(107)
for msec pulsar (B~105 T) up to IR for pulsars with B~108 T



[Zarka et al., 2001 ; Zarka, 2007, 2010]

• Power dissipated in AW → fraction ε ~ 10-2 to 10-4 in Radio power 

[Mottez & Heyvaerts, 2011 ; 
Zarka et al., 2001]



• Flux density (isotropic) :

   → max distance (for S ~ Jy) ≥ 1 Gpc for γ≥ 105-6

• PRadio ~ 1020±2 W ≤ isolated pulsars, but γ2  amplification
! (~BL Lac collimated jets, but synchrotron 105 × weaker than CMI)

× >10 for CMI (anisotropic)
[+ constructive scintillations ?]



• FRB rare bursts (statistics TBD - cf [Hassal et al., 2013])
• Forγ≥ 105-6 , duration 1-5 msec → Porbital ~ 0.1-1 day
! (>70 pulsar companions known with Porbital ≤ 1 day 
!  + possible low mass planets & asteroids)
• Consistent with no re-detection within 1.5 hours of FRBs

[Deneva et al., 2009]

• PSR J1928+15 : three 30 msec peaks
   separated by 403 msec, DM = 242 (galactic)
! → Dormant pulsar accretion from asteroid belt ?
• γ~ 103, 1000 km body @ 0.01 AU 
! around a 0.403 sec pulsar
! → δ- AW traversed in 1.5 sec = 3 pulsar rotations, 
! ! 1 intense = *
• 180 mJy @ 10 kpc!→ small asteroid (km size)
! ! ! ! ! → limited growth ?
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Figure 2. Characteristic plots of FRB 121102. In each panel, the data were smoothed in time and frequency by a factor of 30 and 10, respectively. The top panel
is a dynamic spectrum of the discovery observation showing the 0.7 s during which FRB 121102 swept across the frequency band. The signal is seen to become
significantly dimmer toward the lower part of the band, and some artifacts due to RFI are also visible. The two white curves show the expected sweep for a ν−2

dispersed signal at a DM = 557.4 pc cm−3. The lower left panel shows the dedispersed pulse profile averaged across the bandpass. The lower right panel shows
the on-pulse spectrum (black), and for reference, a curve showing the fitted spectral index (α = 10) is also overplotted (medium gray). The on-pulse spectrum was
calculated by extracting the frequency channels in the dedispersed data corresponding to the peak in the pulse profile. For comparison, the median value (gray line)
and standard deviation (light gray region) of each frequency channel was calculated in an off-pulse region roughly 0.5 s before and after the pulse.

(2013), we henceforth refer to this event as FRB 121102. A
frequency versus time plot of the pulse, a dedispersed pulse
profile, and the spectrum of the pulse are shown in Figure 2.

The DM of the pulse was calculated using a standard analysis
technique also employed in pulsar timing. The data were divided
into 10 frequency subbands and times of arrival were determined
from the five highest frequency subbands. The lower five
subbands were not included because the S/N was too low.
The best-fit DM is 557.4 ± 2.0 pc cm−3. The NE2001 model
predicts a maximum line of sight Galactic DM of 188 pc cm−3,
i.e., roughly one-third of the total observed column density.
For comparison, PSR J0540+3207 has the larger DM of the
two known pulsars within 5◦ of FRB 121102 with a DM of
62 pc cm−3 (Manchester et al. 2005) and a DM-derived distance
of 2.4 kpc.

We also explored the possibility of a sweep in frequency that
deviates from the standard ν−2 expected from dispersion in the
ionized ISM, i.e., νβ , where β is the DM index. The DM-fitting
analysis described above determined a best fit for the DM index
of β = −2.01 ± 0.03. Also, a least-squares fit for deviations
from the ν−2 law verified that a variation in β from −2 of up to
0.05 can be tolerated given the time resolution of the data. We
also note that the value of DM is for β = 2 because the units
are otherwise inappropriate. As such, we report a final value of
DM index of β = −2.01 ± 0.05.

The remaining burst properties were determined by a least-
squares fit of the time-frequency data with a two-dimensional
pulse model doing a grid search over a range of parameters. The
model assumes a Gaussian pulse profile convolved with a one-
sided exponential scattering tail that is parameterized by a 1/e
temporal width τd. The amplitude of the Gaussian is scaled with

a spectral index (S(ν) ∝ να), and the temporal location of the
pulse was modeled as an absolute arrival time plus dispersive
delay. For the least-squares fitting the DM was held constant,
and the spectral index of τd was fixed to be −4.4. The Gaussian
FWHM pulse width, the spectral index, Gaussian amplitude,
absolute arrival time, and pulsar broadening were all fitted. The
Gaussian pulse width (FWHM) is 3.0 ± 0.5 ms, and we found
an upper limit of τd < 1.5 ms at 1 GHz. The residual DM
smearing within a frequency channel is 0.5 ms and 0.9 ms at
the top and bottom of the band, respectively. The best-fit value
of the spectral index was α = 11 but could be as low as α = 7.
We note that the fit for α is highly covariant with the Gaussian
amplitude.

Every PALFA observation yields many single-pulse events
that are not associated with astrophysical signals. A well-
understood source of events is false positives from Gaussian
noise. These events are generally isolated (i.e., no corresponding
event in neighboring trial DMs), have low S/Ns, and narrow
temporal widths. RFI can also generate a large number of events,
some of which mimic the properties of astrophysical signals.
Nonetheless, these can be distinguished from astrophysical
pulses in a number of ways. For example, RFI may peak in
S/N at DM = 0 pc cm−3, whereas astrophysical pulses peak
at a DM > 0 pc cm−3. Although both impulsive RFI and an
astrophysical pulse may span a wide range of trial DMs, the RFI
will likely show no clear correlation of S/N with trial DM, while
the astrophysical pulse will have a fairly symmetric reduction
in S/N for trial DMs just below and above the peak value. RFI
may be seen simultaneously in multiple, non-adjacent beams,
while a bright, astrophysical signal may only be seen in one
beam or multiple, adjacent beams. FRB 121102 exhibited all of

4

• Spectral range (Δf/f ≥25%) 
   → large radial range (B &γvariation)
! or very saturated CMI
   → harmonics → broad spectrum above fce 
! (= LF cutoff) from a localized source

[Spitler et al., 2014]

energy distribution across the band in FRB 110220
is characterized by bright bands ~100 MHz wide
(Fig. 2); the SNRs are too low in the other three
FRBs to quantify this behavior (2). Similar spec-
tral characteristics are commonly observed in the
emission of high-|b| pulsars.

With four FRBs, it is possible to calculate an
approximate event rate. The high-latitude HTRU
survey region is 24% complete, resulting in 4500
square degrees observed for 270 s. This cor-
responds to an FRB rate ofRFRBðF e 3 Jy msÞ ¼
1:0þ0:6

−0:5 % 104sky−1day−1, where the 1-s uncer-
tainty assumes Poissonian statistics. The MW
foreground would reduce this rate, with increased
sky temperature, scattering, and dispersion for
surveys close to the Galactic plane. In the ab-
sence of these conditions, our rate implies that
17þ9

−7 , 7
þ4
−3 , and 12þ6

−5 FRBs should be found in
the completed high- and medium-latitude parts
of the HTRU (1) and Parkes multibeam pulsar
(PMPS) surveys (18).

One candidate FRB with DM > DMMW has
been detected in the PMPS [ jbj < 5○ (5, 19)].
This burst could be explained by neutron star
emission, given a small scale-height error;
however, observations have not detected any
repetition. No excess-DM FRBs were detected in
a burst search of the first 23% of the medium-
latitude HTRU survey [jbj < 15○ (20)].

The event rate originally suggested for
FRB 010724, R010724 ¼ 225 sky−1 day−1 (4), is
consistent with our event rate given a Euclid-
ean universe and a population with distance-
independent intrinsic luminosities (source
count, NºF−3=2) yielding RFRB ðF e 3 Jy msÞ
e 102RFRBðF010724 e 150 Jy msÞ.

There are no known transients detected at
gamma-ray, x-ray, or optical wavelengths or
gravitational wave triggers that can be temporally
associated with any FRBs. In particular there is

Fig. 2. A dynamic spectrum showing the frequency-
dependent delay of FRB 110220. Time is measured relative
to the time of arrival in the highest frequency channel. For clarity
we have integrated 30 time samples, corresponding to the dis-
persion smearing in the lowest frequency channel. (Inset) The
top, middle, and bottom 25-MHz-wide dedispersed subband used
in the pulse-fitting analysis (2); the peaks of the pulses are
aligned to time = 0. The data are shown as solid gray lines and
the best-fit profiles by dashed black lines.

Table 1. Parameters for the four FRBs. The position given is the center of the gain pattern of the beam
in which the FRB was detected (half-power beam width ~ 14 arc min). The UTC corresponds to the arrival
time at 1581.804688MHz. The DM uncertainties depend not only on SNR but also on whether a and b are
assumed (a ¼ −2; no scattering) or fit for; where fitted, a and b are given. The comoving distance was
calculated by using DMHost = 100 cm−3 pc (in the rest frame of the host) and a standard, flat-universe
LCDM cosmology, which describes the expansion of the universe with baryonic and dark matter and dark
energy [H0 = 71 km s−1Mpc−1,WM=0.27,WL =0.73;H0 is the Hubble constant andWM andWL are fractions
of the critical density of matter and dark energy, respectively (29)]. a and b are from a series of fits using
intrinsic pulse widths of 0.87 to 3.5ms; the uncertainties reflect the spread of values obtained (2). The observed
widths are shown; FRBs 110627, 110703, and 120127 are limited by the temporal resolution due to dis-
persion smearing. The energy released is calculated for the observing band in the rest frame of the source (2).

FRB 110220 FRB 110627 FRB 110703 FRB 120127

Beam right
ascension ( J2000)

22h 34m 21h 03m 23h 30m 23h 15m

Beam declination
( J2000)

−12° 24′ −44° 44′ −02° 52′ −18° 25′

Galactic latitude,
b (°)

−54.7 −41.7 −59.0 −66.2

Galactic longitude,
l (°)

+50.8 +355.8 +81.0 +49.2

UTC (dd/mm/yyyy
hh:mm:ss.sss)

20/02/2011
01:55:48.957

27/06/2011
21:33:17.474

03/07/2011
18:59:40.591

27/01/2012
08:11:21.723

DM (cm−3 pc) 944.38 T 0.05 723.0 T 0.3 1103.6 T 0.7 553.3 T 0.3
DME (cm

−3 pc) 910 677 1072 521
Redshift, z (DMHost =

100 cm−3 pc)
0.81 0.61 0.96 0.45

Co-moving distance,
D (Gpc) at z

2.8 2.2 3.2 1.7

Dispersion index, a −2.003 T 0.006 – −2.000 T 0.006 –
Scattering index, b −4.0 T 0.4 – – –
Observed width

at 1.3 GHz, W (ms)
5.6 T 0.1 <1.4 <4.3 <1.1

SNR 49 11 16 11
Minimum peak

flux density Sn(Jy)
1.3 0.4 0.5 0.5

Fluence at 1.3 GHz,
F (Jy ms)

8.0 0.7 1.8 0.6

SnD2 (× 1012 Jy kpc2) 10.2 1.9 5.1 1.4
Energy released, E (J) ~1033 ~1031 ~1032 ~1031
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REPORTS

• FRB 110220 has 100-MHz-wide 
   bright bands
   → B ?

[based on Thornton et al., 2013]



Refutability tests :

• Regular repeatability : 1-5 msec every Porbital (days or more …)

• Predicted burst for edge on system (e.g. PSR J2222-0137 : sin i = 0.9985±0.0005)

• LF cutoff, harmonic bands, circular polarization

! → if confirmed, explanation of FRBs 
!     & unique probes of Pulsar winds, surrounding bodies,γ

[Deller et al., 2013]


