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Background
• Many candidate astrophysical neutrino sources associated with transient 

events 
• Space and suborbital Cherenkov expts. detect up-going ντ air showers: 

• ντ enters Earth → charged current interaction → τ emerges from 
ground → τ decays → air shower → Cherenkov signal 

• In space: Torb (~ 95mins.) + slewing → Access to large parts of sky 
➢ Space missions uniquely suited for transient follow-up 

• POEMMA is a proposed space-based mission featuring an optical 
Cherenkov camera for detecting very-high energy neutrinos. 

• EUSO-SPB2 is a balloon-borne experiment and is a pathfinder mission 
for POEMMA. 
• Launch expected in Spring 2023 from Wanaka, New Zealand.

Method

Results

ACh ≃ π (v − s)2 θ2
Ch

Calculations

Scenarios
Long Burst Short Burst

Results (cont.)

Conclusions

Prospects for ToO Detection

60° 240°

Figure 20. Left: POEMMA ToO sensitivities to a long burst shown by the blue band, where the dark
blue band corresponds to source locations between the dashed curves in the sky coverage Figure 18.
Also shown are the IceCube all-flavor upper limits (solid histogram)from a neutrino search within a
14-day time window around the binary neutron star merger GW170817 [105], the projected sensitivity
for GRAND200k at zenith angles 90� and 94� [106], and models from Fang & Metzger [78] of the
all-flavor neutrino fluence produced 105.5�106.5 s and 104.5�105.5 s after a binary neutron star merger
event occurring at a distance of 10 Mpc. Right: Sky plot of the expected number of neutrino events
with POEMMA as a function of galactic coordinates for the Fang & Metzger [78] binary neutron star
merger model, placing the source at 5 Mpc. Point sources are galaxies from the 2MRS catalog [167].

to follow cosmic neutrino sources over the full sky. An in-depth analysis of the best cosmic
neutrino target for POEMMA should optimize repoints during a given observational period
giving priority to the most likely high-energy neutrino sources to be followed-up as ToOs
for di↵erent time windows after each transient.

Figures 19 and 20 provide performance plots for POEMMA ToO observations for both
short- and long-duration astrophysical transient events. The left panel of Figure 19 shows
the sensitivity for short bursts of ⇠1000 s, assuming that POEMMA is in the ToO-dual
configuration and that sources are in the observable part of the sky. The lighter blue band
shows the range of sensitivities achievable by POEMMA depending on the source location
on the sky. The dark blue band corresponds to sky locations between the dashed curves in
the sky coverage plot in Figure 18 left. For comparison, Figure 19 left includes histograms
denoting the IceCube and Auger neutrino fluence upper limits (scaled to 3 flavors) from
neutrino searches within ±500 s around the binary neutron star merger GW170817 [105].
Projected sensitivities of GRAND200k [106] for zenith angles 90� and 94� are shown with the
dashed red lines. Also plotted in Figure 19 left are models taken from Kimura et al. [79] of the
all-flavor neutrino fluence from a short gamma-ray burst during the prompt and extended
emission (EE) phases, assuming on-axis viewing (✓ = 0�) and a source at D = 40 Mpc.
The right panel of Figure 19 shows the corresponding sky plot of the expected number of
neutrino events for this model [83]. In this scenario, POEMMA will be able to detect at least
one neutrino in every region of the sky, provided that the source location is in an observable
region at the time of the event. In the scenario in which corroborating evidence from
multi-messenger observations is not available, POEMMA will exclude models, including
background-only models, predicting less than ⇠ 0.3 neutrinos at the level of ⇠ 5� in ⇠ 50%
of the sky.

The left panel of Figure 20 shows the sensitivity for long bursts, assuming that PO-
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Figure 19. Left: POEMMA ToO sensitivity to a short, 1000 s burst shown by the blue band, where
the dark blue band corresponds to source locations between the dashed curves in the sky coverage
Figure 18. Also shown are all-flavor upper limits from IceCube and Auger (solid histograms) for
neutrino searches within±500 s around the binary neutron star merger GW170817 [105], the projected
sensitivity of GRAND200k at zenith angles 90� and 94� [106], and models taken from Kimura et al.
[79] of the all-flavor neutrino fluence from a short gamma-ray burst during the prompt and extended
emission (EE) phases, assuming on-axis viewing (✓ = 0�) and a source at D = 40 Mpc. Right: Sky plot
of the expected number of neutrino events with POEMMA as a function of galactic coordinates for
the Kimura et al. [79] short gamma-ray burst with moderate EE model, placing the source at 40 Mpc.
Point sources are galaxies from the 2MRS catalog [167]

area at higher energies and the optimal sensitivity being achieved for sources that set below
the horizon during the event [83]. For longer-duration events, POEMMA can monitor the
location of a given transient months after its multi-wavelength discovery, and the satellite
separation can be reduced to around 25 km to allow for observations in the ToO-stereo
configuration, lowering the energy threshold. The Earth’s orbit around the Sun, and the
precession of the satellites’ orbital plane, allow for full-sky coverage over a few-month
timespan, ensuring that long-duration events will come into view regardless of celestial
position [75].

POEMMA’s exposure for cosmic ⌫⌧ sources for one orbital period traces out a band on
the celestial sky defined by the inclination of the orbit and the o↵-orbit angle for the pointing
direction of the telescopes. The left panel of Figure 18 shows the fractional coverage for
positions on the sky (given as right ascension and sine of the declination) over the course
of a given day of the year assuming detector viewing angles of � = 0� to � = 18.3� below
the limb [83]. Some sources are located in sky positions that never set below the horizon
(shown in white in Figure 18 left) and will only be observed when the Earth’s orbit brings
that part of the sky into the detectable regions for ⌫⌧. The majority of the sky positions in the
left panel of Figure 18 are for sources that rise and set at angles close to the orbital plane. A
few areas in the sky have one order of magnitude more fractional exposure because sources
in this region stay just below the horizon during a portion of POEMMA’s orbit: these are
shown in the darker blue colors in the left panel of Figure 18.

The right panel of Figure 18 shows the one-year ⌫⌧ sky coverage, based on a specific
set of defined repoints for each orbital period, demonstrating the ability to cover the full sky
yearly [75]. The figure illustrates the unique capability of POEMMA to adjust its observing
strategy to benefit from the flexibility of space-based observations. This makes it possible
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A (α (t), Eντ) ≃ ∫ dPobs (Eντ
, βv, s) ACh (s)

⟨A (Eντ)⟩
Tobs

=
1

Tobs ∫
t0+Tobs

t0

A (α (t), Eντ) dt

2.44
ln(10)

× (Nfl = 3) Eν

ft ⟨A(Eν)⟩Tobs

Nev = ∫ΔEν

ϕν (Eν, z) ⟨A (Eν)⟩Tobs

dEν ,

Instantaneous Acceptance:

Average over Observ. Time:

All-flavor Sensitivity:

Number Events:

ϕν (Eν, z) = at-Earth ν fluence

• Event duration ≳ 1 day 
• POEMMA satellite separation        

~ 50 km (lower E threshold) 
• duty cycle ( ) determined by Sun 

and Moon constraints
ft

• Event duration ~ 1000 sec. 
• POEMMA satellite separation        

~ 300 km (higher E threshold) 
• Satellites observe indep. 

• Ignoring Sun and Moon (      ) 
• Assume best-case scenario: 

• Source dips below limb at

ft = 1

t0
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• Most promising candidate astrophysical neutrino sources are tidal 
disruption events (TDEs), binary neutron star (BNS) mergers, and 
binary black hole (BBH) mergers. 

• Both POEMMA and EUSO-SPB2 will be able to detect these sources out 
to well beyond the Galaxy. 

• Prospects for detecting a ToO are promising for POEMMA. 
• ToO studies to be included in νSpaceSim neutrino simulation package.
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