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Figure 1: Waterfall plot showing radio frequency versus time (lower panel) for the original FRB 010724 in the main
beam of the telescope. The upper panel shows the de-dispersed pulse after appropriately delaying the filterbank
channels to account for the inverse frequency squared behaviour seen below. Also evident in these figures is the
o↵set level of the baseline noise prior and following the pulse. This is due to nature of the integrating circuit
employed in the single-bit digitizers by this extremely bright pulse and was not shown in the original discovery
paper [2]. Figure credit: Evan Keane.
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FRB 010724 - Evan Keane from Duncan R. Lorimer 2018

New astrophysical radio transient events

Short radio pulses (≈ms)
Broad frequency band emissions
Highly dispersed in arrival times

Fast Radio Burst (FRB) : what is observed

More than 60 events now (http://www.frbcat.org)

2 Repeaters events : 121102 (Arecibo 
repeater), 180814 (CHIME)

Figure 2: Dispersion measure (DM) versus Galactic latitude (b) showing pulsars (small dots) and Fast Radio
Bursts (larger blobs). The clear 1/ sin(b) dependence of DM with b for pulsars as a result of the finite size of the
electron layer is evident. Also seen are faint excesses of pulsars in the Large and Small Magellanic clouds. For
FRBs, whose DMs are not dominated by Galactic electrons, no such trend is seen.

– the Australian Square Kilometre Array Pathfinder[28, 29] and, most recently the Canadian HI Intensity
Mapping Experiment (CHIME)[30]. As shown in Fig. 2, the anomalously high dispersion of this sample of
FRBs is a defining trait, clearly representative of a di↵erent population compared to Galactic pulsars and
RRATs.

In an analogous way to how distances to pulsars are estimated from their DMs, which make use of a
model for the free electrons in the Galaxy[19], redshifts of FRBs, z, can be estimated from a model of
the distribution of electrons which turns out to be dominated by those spanning intergalactic distances.
As a very crude rule of thumb[31], z ⇠ (DM/1000 cm�3 pc), so for typical FRBs with DMs in the range
200–2600 cm�3 pc, we infer redshifts in the range 0.2 < z < 2.6. We stress that this calculation uses an
estimate of the redshift rather than a direct measurement which has up to now only been possible for one
source, FRB 121102, discussed further below. However, with these caveats in mind, for a canonical FRB
with DM = 1000 cm�3 pc with a peak flux density of a jansky and a width of 5 ms, one can infer a co-moving
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Distinct from giant radio pulses (GP)

DM =

Z d

0
ne dl

<latexit sha1_base64="mSGBsubok68HeRlnEhJZH7AJwtI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxISVRQTdCURduhAr2AU0Mk8m0HTqZhJmJUEL+wI2/4saFIm7duvNvnKZZaOuBC4dz7uXee/yYUaks69sozc0vLC6Vlysrq2vrG+bmVktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vBy7LcfiJA04ndqFBM3RH1OexQjpSXP3E8dEcKrmwyeQ4dy5aVWdp8GGeRe7pDMOYQB88yqVbNywFliF6QKCjQ888sJIpyEhCvMkJRd24qVmyKhKGYkqziJJDHCQ9QnXU05Col00/yfDO5pJYC9SOjiCubq74kUhVKOQl93hkgN5LQ3Fv/zuonqnbkp5XGiCMeTRb2EQRXBcTgwoIJgxUaaICyovhXiARIIKx1hRYdgT788S1pHNfu4Zt+eVOsXRRxlsAN2wQGwwSmog2vQAE2AwSN4Bq/gzXgyXox342PSWjKKmW3wB8bnD02Hm5A=</latexit>

Total delay ≈
can be related to distance

Broader pulse towards lower frequencies
turbulent medium (scattering)

http://www.frbcat.org
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FRB detection at low frequencies

Why going to lower frequencies ? 

• Existence ? 

• Flux, polarization, LF cutoff ? 
→ strong constraints on theoretical mechanism

What can be achieved ? 
•  With DM 190, dispersion delay in 40-80 MHz range ~ 6 min., 10-70 msec 

within 3 kHz channel 
• Minimum observed scattering time ~0.1 msec at 1 GHz → 2 sec at 80 MHz, 

up to 10’s of sec at 40 MHz → limiting factor, but allows for long integration 
time (short integration useless) 
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Best candidate to observe

CHIME repeater 180814 
• Observed down to 400 MHz 
• Low DM ~190 
• Scattering ≤3 msec @ 400 MHz, i.e. ≤2 s @ 80 MHz (≤30s @ 40 MHz) 
• Relatively intense : Fluence ~ 10-60 Jy.msec with duration 10-60 msec 
• R.A. = 04h22m22s, δ = +73°4’ thus circumpolar 
• 6 occurrences in 45 days

→ by far the best candidate for NenuFAR
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Best candidate to observe

CHIME repeater 180814 
• Observed down to 400 MHz 
• Low DM ~190 
• Scattering ≤3 msec @ 400 MHz, i.e. ≤2 s @ 80 MHz (≤30s @ 40 MHz) 
• Relatively intense : Fluence ~ 10-60 Jy.msec with duration 10-60 msec 
• R.A. = 04h22m22s, δ = +73°4’ thus circumpolar 
• 6 occurrences in 45 days

IDL> nenufar_calc,56,0,60,decoh=2,dt=0.1,df=30,/verb
Freq(MHz)= 60.0   Wavelength(m)=  5.0   nMAcore,remote=  56   0
dmax(m)=    400   df(MHz),dt(s)= 30.0     0.100   decoh= 2.0
Aeff dipole,MA,NenuFAR(m^2)=   8.3  158.3   8867.
Theta MA(deg),FoV MA(deg^2)=  11.5    103.   Theta NenuFAR(deg)=  0.72
Tsky,Tamp(K)=    3635.     788.   SEFD MA,NenuFAR(Jy)=    77105.     1377.
SminThermal,Confusion(Jy)=    1.5899    2.6404

→ by far the best candidate for NenuFAR
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Observations parameters + processing

• We propose 30 observations runs of 8 hours each (fractionable in 2h chunks) 

• No constraint on day/night observation 

• UnDySPuTeD-tf (DynSpec mode) 192 beamlets (1 lane)   45-82.5 MHz 

• 20 msec integration time / spectrum
IDL> data_rate_vol, 56,64,0.02,37.5,3600,/BF
Rate=      51.0  Kb/s/SB
Rate=      10.0  Mb/s
Volume=    35.5  Gb   in   3600. sec

• Fast post-processing:  
flattening by sky spectrum + RFI mitigation on the fly     read_nu_spec 
de-dispersion at DM=188-192 (3-5 values) 
smoothing at expected scattering time 
integration over frequency (with variable Fmin) 
testing various time integrations (of resulting time series) 

• If no detection → significant (publishable) constraint 

• If detection → very significant result + motivates systematic blind search 
(N x 8 h   in ~100°2  each).
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Lessons for GRAND

GRAND White Paper, GRAND coll. (VD) arXiv:1810.09994v1 http://grand.cnrs.fr

GRAND concept: 
- 200,000 antennas over 200,000 km2 = 20 spots of 10,000 km2 
- in radio quiet mountainous regions around the world (half in China) 
- autonomous radio detection of inclined air-showers in 50-200 MHz band

I Introduction

Ultra-high-energy cosmic rays (UHECRs) — extraterres-
trial charged particles with energies of EeV ⌘ 1018 eV and
above — have been observed for more than fifty years, yet
their origin is unknown [1]. They are likely extragalactic
in origin and purportedly made in powerful cosmic accel-
erators, though none has been identified. As long as the
sources of UHECRs remain undiscovered, our picture of
the high-energy Universe will be incomplete.

The direct strategy to discover UHECR sources is to look
for localized excesses in the distribution of arrival directions
of detected UHECRs. Yet, identifying sources in this way
is challenging: our incomplete knowledge of the proper-
ties of UHECRs — notably, their mass composition — and
of the e↵ect of Galactic and intergalactic magnetic fields
on their propagation prevents us from precisely retracing
their trajectories back to their sources. The situation is
worse at the highest energies because of decreasing statis-
tics. This is partially due to the opaqueness of the Universe
to UHECRs: their interaction on the cosmic microwave
background (CMB) dampens their energy. As a result, few
UHECRs above 40 EeV reach the Earth from distances be-
yond 100 Mpc — the GZK horizon [2, 3]. Thus, not only
do individual UHECRs not point back at their sources, but
limited statistics at the highest energies hinder studies of
their properties and sources.

The indirect strategy is to look for EeV gamma rays
and neutrinos made by UHECRs. Una↵ected by cosmic
magnetic fields, they point back at their sources. Though
still undetected, their existence is guaranteed: cosmogenic
EeV gamma rays and neutrinos should be produced in the
same interactions on the CMB responsible for the opaque-
ness to UHECRs, and their fluxes echo the properties of
UHECRs and their sources. UHE gamma rays and neutri-
nos may also be produced by UHECRs interacting inside
their sources: detecting a directional excess in their number
would be the smoking gun of a UHECR source.

Yet, like for UHECRs, interactions with the CMB make
the Universe opaque to UHE gamma rays: they do not
reach Earth from beyond 10 Mpc. Instead, they cascade
down to GeV–TeV, where they are more di�cult to disen-
tangle from gamma rays produced in unrelated phenomena.

Only for UHE neutrinos is the Universe transparent:
they travel unimpeded, their energies una↵ected by inter-
actions, on trajectories that point back directly at their
points of production, even if they lie beyond the GZK hori-
zon. Thus, they could reveal the most energetic and distant
UHECR sources. However, predictions of the cosmogenic
neutrino flux are uncertain and allow for tiny fluxes. Thus,
the assured discovery of cosmogenic neutrinos is contingent
on the existence of a detector with exquisite sensitivity.

The Giant Radio Array for Neutrino Detection
(GRAND) is a proposed large-scale observatory designed to
discover and study the sources of UHECRs. It will combine
the direct and indirect strategies, by collecting unprece-
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FIG. 1. The science goals of GRAND, grouped according to the
detector construction stage at which they first become accessible

dented UHECR statistics and looking for UHE gamma rays
and neutrinos, with sensitivity to even pessimistic predic-
tions of their cosmogenic fluxes and angular resolution suf-
ficient to discover point sources.

Upon arriving at Earth, UHE cosmic rays, gamma rays,
and neutrinos initiate large particle showers in the atmo-
sphere — extensive air showers. Their propagation through
the geomagnetic field results in radio emission that can be
detected far from the shower, since it undergoes little at-
tenuation in the atmosphere. In GRAND, a large number
of antennas will autonomously detect the ground footprint
of the radio emission, tens of km in size, in the 50–200 MHz
band. To achieve this, the design of GRAND will be mod-
ular, with up to 20 independent and separate arrays, each
made up of 10 000 radio antennas deployed over 10 000 km2.
The large number of antennas will allow to collect large
cosmic-rays statistics, reach sensitivity to low fluxes of neu-
trinos and gamma rays, and achieve high pointing accuracy.

Figure 1 shows the science goals of GRAND, including
also studies in cosmology and radioastronomy. Some of
them will be achievable already in early and intermediate
construction stages. Later, we examine each one in detail.

It is timely to plan and build GRAND now, following a
stream of discoveries in neutrino physics at progressively
higher energies, culminating in the recent discovery of PeV
astrophysical neutrinos. Further, the multi-messenger de-
tection of neutron-star merger GW170814 [4] has shown
that addressing the challenges of high-energy astronomy
will require combining observations from di↵erent experi-
ments. In the multi-messenger era, UHE neutrinos will be
the key to testing the absolute highest energies.

Sections II and III present the GRAND science goals.
Sections IV and V detail the detection strategy, design, and
construction plans. Section VI summarizes and concludes.
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GRAND could detect FRBs  
by incoherently adding the signals from individual antennas

Allows to infer the DM but not to locate the source

Sensitivity /
p

Nantennas
<latexit sha1_base64="yN91Py2a9YbNc/UjA8TVJpjAZj8=">AAACCHicbVDLSgMxFM34rPU16tKFwSK4KjMq6LLoxpVUsA/oDEMmTdvQTBKTjFCGWbrxV9y4UMStn+DOvzFtZ6GtBwKHc+7l5pxYMqqN5307C4tLyyurpbXy+sbm1ra7s9vUIlWYNLBgQrVjpAmjnDQMNYy0pSIoiRlpxcOrsd96IEpTwe/MSJIwQX1OexQjY6XIPQikEtIIGOh7ZbKbKAtUAhE3hHOk8zxyK17VmwDOE78gFVCgHrlfQVfgNCHcYIa07vieNGGGlKGYkbwcpJpIhIeoTzqWcpQQHWaTIDk8skoX9oSyjxs4UX9vZCjRepTEdjJBZqBnvbH4n9dJTe8izCiXqQ2Gp4d6KYM2+LgV2KWKYMNGliCsqP0rxAOkEDa2u7ItwZ+NPE+aJ1X/tOrfnlVql0UdJbAPDsEx8ME5qIFrUAcNgMEjeAav4M15cl6cd+djOrrgFDt74A+czx/QUpp6</latexit>

FOV as large as for a single antenna

In the best case scenario GRAND could detect FRBs at the rate of a few thousand per day !

Questions : is the FRB spectrum extends to low frequencies ?

NenuFAR can : 
- Answer this question 
- Provide a benchmark for FRBs detection tools at low frequencies 
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FRB : constraints on models 

! Repeater can be a distinct class of FRBs,  
it implies non catastrophic events

z ⇡ 0.192
<latexit sha1_base64="odLS81BLHV5lRPVga6w3NBRlXs4=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCq2GmCuqu6MZlBfuAdiiZNNOGZpKQZMR26Je4caGIWz/FnX9j2s5CWw9cOJxzL/feE0lGtfH9b6ewtr6xuVXcLu3s7u2X3YPDphapwqSBBROqHSFNGOWkYahhpC0VQUnESCsa3c781iNRmgr+YMaShAkacBpTjIyVem55ArtISiWeoO8F19WeW/E9fw64SoKcVECOes/96vYFThPCDW ZI607gSxNmSBmKGZmWuqkmEuERGpCOpRwlRIfZ/PApPLVKH8ZC2eIGztXfExlKtB4nke1MkBnqZW8m/ud1UhNfhRnlMjWE48WiOGXQCDhLAfapItiwsSUIK2pvhXiIFMLGZlWyIQTLL6+SZtULzr3g/qJSu8njKIJjcALOQAAuQQ3cgTpoAAxS8AxewZszcV6cd+dj0Vpw8pkj8AfO5w/lbJHu</latexit>

d ⇡ 972Mpc
<latexit sha1_base64="gtbft6yiJY/QrErSpkYYAqXMSR0=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4kJJUoborunEjVLAPaEKZTCbt0MlkmJmIJRTc+CtuXCji1p9w5984bbPQ1gMXDufcy733BIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpkpSiUkDJyyR7QApwignDU01I20hCYoDRlrB4Grst+6JVDThd3ooiB+jHqcRxUgbqWvvh9BDQsjkAV5UK9A7gZknY3gj8Khrl5yyMwGcJ25OSiBHvWt/eWGC05hwjRlSquM6QvsZkppiRkZFL1VEIDxAPdIxlKOYKD+b/DCCR0YJYZRIU1zDifp7IkOxUsM4MJ0x0n01643F/7xOqqNzP6NcpJpwPF0UpQzqBI4DgSGVBGs2NARhSc2tEPeRRFib2IomBHf25XnSrJTd07J7e1aqXeZxFMABOATHwAVVUAPXoA4aAINH8AxewZv1ZL1Y79bHtHXBymf2wB9Ynz+E4pYp</latexit>

Each burst released ≈ 1037 to 1040 erg (isotropic) 
Located in a low metallicity star forming dwarf galaxy

DM = 557± 2 cm�3 pc
<latexit sha1_base64="kFyiIiVVPrOgGHJOsxwRgI+qC/w=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQ0TLTWupGKOrCjVDBPqAzlkyatqHJzJBkhDLMP7jxV9y4UMStG3f+jWk7C209cOHknHvJvccLGZXKsr6NzMLi0vJKdjW3tr6xuWVu7zRkEAlM6jhggWh5SBJGfVJXVDHSCgVB3GOk6Q0vx37zgQhJA/9OjULictT3aY9ipLTUMY9iR3B4dZPAc1guV6ATcliEzjGc6JjfxyelRD9DnHTMvFWwJoDzxE5JHqSodcwvpxvgiBNfYYakbNtWqNwYCUUxI0nOiSQJER6iPmlr6iNOpBtPbkrggVa6sBcIXb6CE/X3RIy4lCPu6U6O1EDOemPxP68dqd6ZG1M/jBTx8fSjXsSgCuA4INilgmDFRpogLKjeFeIBEggrHWNOh2DPnjxPGsWCXSrYt6f56kUaRxbsgX1wCGxQAVVwDWqgDjB4BM/gFbwZT8aL8W58TFszRjqzC/7A+PwB++ubGw==</latexit>

Almost entirely linearly polarised
Faraday rotation extremely high : 130 000 - 150 000 radians / m2

Coherent non thermal emission mechanism

T 121102
Black�body ⇡ 1033 K

<latexit sha1_base64="iOv/m4DUzktqtNPhXvXbVDKfMcU="></latexit>

Produced by compact objects

More theoretical models than observations

Many models could be ruled out if we knew the distances of FRBs

A study cases : FRB 121102

More observations !  


