
 
Science Case Working Group Summary

I.A Cosmogenic Neutrinos
I.B EeV Neutrino Astronomy
I. C Fundamental Neutrino Physics
I.D UHECR
I.E UHE gamma-rays
I.F Cosmology 
I.G FRB
I.H Giant Radio Pulses

skymaps with sensitivity + observable sources 
spectrum
composition

point-source sensitivity

simulation of FRB signal in GRAND

simulation of GRP signal in GRANDproto300

Plots

sensitivity

fluxes from sources
detecting point sources (angular res-Nev)
skymaps with sensitivity + observable sources

ready
almost done
to do

angular distribution 



 
Section I. A Cosmogenic Neutrinos in GRAND
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• Refine Auger-compatible band
• calculate and add integrated sensitivity

• corresponding number of events
• add steps 10k/200k in text

need energy resolution + differential sensitivity

Kumiko, Mauricio, Rafael



 
Section I. B EeV Neutrino Astronomy

• Double check sensitivity calculation w. 
bad energy resolution 

• Integral limit or differential limit?

• Estimate event number (range) to be 
detected by experiments 

• Include KM3NeT, IceCube-Gen2 
• Explain shape of the contours 

• Estimate number of transient sources that could occur in each instant sky coverage 

Transient Sources

Constraining Source Models

GRAND

ARA

IceCube

Constraining Source Models

Ke, Kohta



 
Section I.C Fundamental Neutrino Physics

New Physics using 3 observables
spectral shape
angular distribution
flavor (if combined with other experiments)
• change text to reduce flavor section
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showers

GRAND

add more lines for 
high energies

Mauricio, Kohta



 
Section I.D UHECRs

+ spectrum plot
+ composition

skymap of sensitivity + observable sources

needed:
What numbers/information do we need from other 
sections? 

• ΔXmax

• Energy range
• Energy resolution
• Angular resolution
• Zenith range / efficiency as function of θ

Practical points 

• text to be written
• 2 plots to be made + 1 refined

Charles, Foteini, Sijbrand, Anne



 
Section I.E UHE Gamma-rays

The Astrophysical Journal, 779:132 (17pp), 2013 December 20 Aartsen et al.

Figure 8. Left: solid-angle-averaged effective area for a mixed flux of an equal number of neutrinos and antineutrinos for the three event selections corresponding to
three IceCube configurations for both the northern and southern skies. Right: the 90% central signal containment region for three different power law neutrino spectra
as a function of declination for the three configurations combined.
(A color version of this figure is available in the online journal.)

Figure 9. Sensitivity for muon neutrino flux for an E−2 spectrum for a 90%
C.L. as a function of declination combining the 3 yr of data averaged over right
ascension. The three different lines indicate three different energy ranges.

in the sensitivity for point sources of neutrinos as a function of
declination shown in Figure 9. The dashed line in Figure 9
represents the expected sensitivity at the 90% confidence level
(C.L.) as a function of declination for an E−2 signal in the
energy range between 10 TeV and 1 PeV, where most of the
signal deposition is expected for this spectrum in the northern
sky (see Figure 8, right). For this energy range, the sensitivity
is best in the northern sky. The dotted and solid lines show
the sensitivity for an E−2 in a higher- and lower-energy range,
respectively. In the higher-energy range, the sensitivity becomes
more symmetrical around the horizon, where IceCube has its
best sensitivity for high-energy events. On the other hand, for
low-energy neutrinos (E ! 10 TeV), IceCube sensitivity is
mostly restricted to the northern sky.

4. THE LIKELIHOOD SEARCH METHOD

The goal of the search for neutrino point sources is to identify
in the data a clustering of events in a particular direction of
the sky that cannot be mimicked by the atmospheric muon

and neutrino background and is therefore incompatible with
the background-only hypothesis. To this end, in IceCube we
use an unbinned maximum likelihood ratio test. This method
follows the one described in Braun et al. (2010) and is extended
to combine different detector geometries. It calculates the
significance of an excess of neutrinos over the atmospheric
background by using both the directional information of the
events and the energy to separate hard-spectrum signals from
the softer spectra of atmospheric neutrinos and muons. The
method models the expected neutrino signal from a point source
in the sky using simulation, and since this search is background
dominated, its estimate is done using real data.

The signal and background probability density functions
(PDFs) are functions of the reconstructed declination and the
reconstructed muon energy.

For a data sample of N total events the PDF of the ith event
in the jth sample (in our case the IC-40, IC-59, or IC-79 data
set) with reconstructed energy Ei located at an angular distance
to the source of |xi − xs | is given by
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where Sj
i and Bj

i are the signal and background PDF, respec-
tively, and n

j
s is the fraction of total number of signal events ns

that is expected from the corresponding jth sample.
For time-integrated searches the signal PDF Sj

i is given by

Sj
i = S

j
i (|xi − xs |, σi)Ej

i (Ei, δi , γ ), (2)

where S
j
i is the space contribution and depends on the angular

uncertainty of the event σi and the angular difference between
the reconstructed direction of the event and the source. We model
this probability as a two-dimensional Gaussian,

S
j
i = 1

2πσ 2
i

e
− |xi−xs |2

2σ2
i . (3)

The energy PDF Ej
i in the case of signal is a function of the

reconstructed energy proxy Ei and the spectral index γ of a
power law spectrum for a given declination (see Figure 10).

8

to be made for GRAND

point-source sensitivity as a function of declination

needed:
What numbers/information do we need from other 
sections? 

• ΔXmax

• Energy range
• Energy resolution
• Angular resolution
• Zenith range / efficiency as function of θ

Practical points 

• text to be written
• 1 plot to be made

Foteini, Sijbrand, Charles



 
Section I.F Cosmology Epoch of Reionization

Go only for Global Signatures (total power)

give a table of integrated power of EoR for various models

need sensitivity for integrated power of EoR
• text to be written

XiangPing, Junhua



 

Update simulations for new frequency band  
+ simulations for GRP

Sections I.G, I.H FRBs, Giant Radio Pulses
14

2. Gamma rays and UHECRs

JA,WC,KV,QG,CM,MT

Same as for neutrinos, with stronger emphasis on na-
ture determination (section III.C.2.d) from X

max

resolu-
tion.

a. Sensitivity

b. Angular resolution

c. Energy resolution

d. Identification

3. Epoch of reionization

4. Fast radio bursts

IC,CTa,PZ

In this section we aim at quantifying the GRAND sen-
sitivity and FRB detection rate potential for the test,
phase 1, and final development stages (with 3.103, 30.103,
and 300.103 antennas respectively). Following ?, and in
order to limit the antenna-to-antenna transfer rate to . 2
MB/s (at 2 bytes float encoding), we consider a dynamic
spectrum domain of [100� 300] MHz⇥ 300 s with a res-
olution of 25 kHz⇥ 10.10�3 s.

A wide variety of FRB have been simulated taking
into account (i) galactic noise5, (ii) dispersion3, and (iii)
scattering6 due to the free electrons on the line-of-sight.
Specifically, we have varied the FRB flux density (from
10 to 1000 Jy), the spectral slope (flat or with spectral
index of �1), the scattering characteristic times (0.2, 2,
20 msec at 300 MHz, corresponding to tails lasting up
to 70/700/7000 msec at 100 MHz) and the number of
antennas of the array. No influence of RFI has been con-
sidered but should be mitigated before detection. Figure
7 shows a representative example of observed values (?)
of a de-dispersed DM = 500 pc.cm�3FRB.

With the full array in single polarization and resolu-
tions of 10 msec x 25 kHz across the 100-300 MHz band,

5 The galactic noise evolves as T
sys

/ 60�2.55.
6 The scattering evolves as ⌫�4 and is due to the fact that the
electron are not homogeneously distributed, therefore the pulse
wave front reaching the observer takes di↵erent optical path, and
the signal is time diluted.

FIG. 7 The top panel (a) shows a (i) dispersed (DM = 500
pc.cm�3) and (ii) di↵used 100 Jy and 5 ms long FRB pulse
(the simulated galactic noise is not shown since its power
largely dominates the signal). The bottom panel (b) shows
the result of a blind search. GRAND would detect that event
with an snr of ⇠ 50. The FRB dispersive drift lasts for ⇠ 185
s (against ⇠ 370 s for DM = 1000 pc.cm�3)

a flat spectrum of 100 Jy is easily detected (at 45 � for
DM=500 or 1000, marginally dependent of DM).

FRB detectability seems thus possible with GRAND
at intensity levels comparable to the ? burst (30 Jy).
The major uncertainty is the FRB spectrum - and even
existence - at low-frequency, i.e. the turnover frequency.
FRB may be detected at a rate between null to a few
thousand per day, and the expected large FoV should
bring sensible constraints to FRB populations if the
turnover is low enough.

5. Giant radio pulses

The detection principle is the same as for FRB. The
parameters are quantitatively di↵erent, with larger signal
amplitudes, and lower DM, and a lower pulse broadening.

make same plot for GRP for GRANDproto300

Cyril, Fabrice, Philippe

?


