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ToO Follow-up with POEMMA
• Designed to detect optical Cherenkov from > 

20 PeV ντ’s 
• Field of View: 30∘ × 9∘ 
• Rapid slewing: ~ 90∘ in 500 s 
• Orbital Characteristics 

• Inclination: 28.5∘ 
• Orbital Period: 95 min. 

• Slew + Orbit + FoV ⟶ ~ 21%/37% of sky 
accessible in 500 s/1000 s 

• Capability to maneuver satellites closer 
together ⟶ improve sensitivity at lower 
energies 
• ~ 40 times over the mission lifetime

POEMMA uniquely suited for ToO follow-up at very-high energies and beyond!
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ντ Detection with POEMMA

Reno, Krizmanic, & TMV 2019

shorter, so there is the possibility for more τ-leptons to
decay at higher altitudes. The accurate calculation of the
Cherenkov signal for this case requires a three-dimensional
particle-cascade simulation, e.g., CORSIKA [113] or Cosmos
[122] but with modifications for the modeling of the
Cherenkov signal for upward-moving EASs. However,
our simulation approach is valid for balloon altitudes
(∼33 km) and for energies below an EeV, where the
τ-lepton decays below ∼5 km.
For space-based observations using an approxi-

mately 0.1° focal plane pixel field of view (FoV), a one-
dimensional treatment of the EAS signal is sufficient. This
can be understood by considering the relevant distance
scales. Assuming the EAS width is defined by a Molière
radius value 8.83 g=cm2 for air at STP1, near sea level the
EAS radius is ∼100 m. From the view of the EAS from
525 km altitude, the 100 m radius is well contained in a
single 0.1° pixel, even for nadir viewing. For viewing a
highly inclined EAS originating near the Earth’s limb, the
distance to shower maximum is > 1000 km (assuming a
525 km orbit) for the Earth-emergence angles (βtr) with
reasonable τ-lepton exit probabilities. This distance scale
includes those > 1 EeV τ-leptons that can decay at
altitudes ∼20 km. While the EAS radius will widen to
∼1 km at an altitude of 20 km (∼10% atmospheric
pressure), the width of the visible portion of the EAS is
still well contained in a 0.1° pixel. In contrast, for
observations on balloon-borne experiments (∼33 km alti-
tude) or on a mountaintop, such as Trinity (∼3 km
altitude) the width of a τ-lepton EAS can be large
compared to the pixel FoV and a three-dimensional
EAS cascade development model is more appropriate.
Thus for the calculation of the Cherenkov signal inten-

sity, spatial extent, and spectrum for low-Earth orbits,
we use a parametric model based on our EAS three-
dimensional Cherenkov approach, which is much more
computationally efficient when sampled in a Monte Carlo.
The Cherenkov intensities and angles as functions of βtr
and EAS decay altitude are tabulated for a fixed, 100 PeV
EAS energy in a library format. A profile function fit is
used, shown in Fig. 15, to describe the beamed Cherenkov
“flattop” signal within the Cherenkov cone, ignoring the
horns. As discussed in Appendix C, we scale the intensity
as a function of τ-lepton energy and use a mathematical
function to account for the increase in the effective
Cherenkov acceptance angle for bright signals that place
portions of the power-law part of the Cherenkov profile
(outside the Cherenkov ring) above the detection threshold
of the instrument. This models the increase in acceptance
solid angle for brighter EASs.
The Cherenkov angle θ0Ch as a function of starting alti-

tude, for 100 PeV showers, is shown by the upper panel

of Fig. 18, based on an evaluation of three-dimensional
EAS Cherenkov simulations. Showers that start at lower
altitudes have a Cherenkov angle between ∼1.2° and 1.3°.
The Cherenkov angle decreases with altitude due to the
reduction of the atmospheric index of refraction. The
detection of the air shower depends on the photon density
at the detector, which in turn depends on the altitude of the
detector, the altitude of the start of the air shower, and the
Earth-emergence angle. For our evaluation of the sensitivity
of instruments with POEMMA performance, we consider a
detector at an altitude of h ¼ 525 km. The photon density

FIG. 18. Upper panel: The Cherenkov angle θ0Ch as a function
of starting altitude for a 100 PeVair shower from a tau decay from
the one-dimensional Cherenkov EAS model. Lower panel:
Cherenkov cone photon distribution as a function of starting
altitude and Earth-emergence angle for a 100 PeVair shower from
the one-dimensional Cherenkov EAS model.

1See Particle Detectors for Non-Accelerator Physics in
Ref. [123].
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and EAS decay altitude are tabulated for a fixed, 100 PeV
EAS energy in a library format. A profile function fit is
used, shown in Fig. 15, to describe the beamed Cherenkov
“flattop” signal within the Cherenkov cone, ignoring the
horns. As discussed in Appendix C, we scale the intensity
as a function of τ-lepton energy and use a mathematical
function to account for the increase in the effective
Cherenkov acceptance angle for bright signals that place
portions of the power-law part of the Cherenkov profile
(outside the Cherenkov ring) above the detection threshold
of the instrument. This models the increase in acceptance
solid angle for brighter EASs.
The Cherenkov angle θ0Ch as a function of starting alti-

tude, for 100 PeV showers, is shown by the upper panel

of Fig. 18, based on an evaluation of three-dimensional
EAS Cherenkov simulations. Showers that start at lower
altitudes have a Cherenkov angle between ∼1.2° and 1.3°.
The Cherenkov angle decreases with altitude due to the
reduction of the atmospheric index of refraction. The
detection of the air shower depends on the photon density
at the detector, which in turn depends on the altitude of the
detector, the altitude of the start of the air shower, and the
Earth-emergence angle. For our evaluation of the sensitivity
of instruments with POEMMA performance, we consider a
detector at an altitude of h ¼ 525 km. The photon density

FIG. 18. Upper panel: The Cherenkov angle θ0Ch as a function
of starting altitude for a 100 PeVair shower from a tau decay from
the one-dimensional Cherenkov EAS model. Lower panel:
Cherenkov cone photon distribution as a function of starting
altitude and Earth-emergence angle for a 100 PeVair shower from
the one-dimensional Cherenkov EAS model.

1See Particle Detectors for Non-Accelerator Physics in
Ref. [123].
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Tau lepton yield

Cherenkov signal characteristics

Limb-viewing Mode

Eventually the atmosphere becomes too rarefied for
complete EAS development at altitudes ≳17 km. The
Cherenkov angle becomes significantly reduced at higher
altitudes and the Cherenkov threshold energy is increased
due to the index of refraction of air (Nair) approaching
unity. These combine to lead to a significant reduction in
the Cherenkov intensity for EAS that have a large fraction
of their development above ∼17 km altitudes. The energy
scale for a τ-lepton to have a non-negligible decay
probability at these high altitudes depends on βtr, but for
βtr ¼ 5° and Eτ ¼ 2.5 EeV, 25% of the τ-leptons will
decay above an altitude of 17 km.
The fact that UHE τ-leptons can decay at altitudes

comparable to that used by balloon-borne experiments is
an interesting phenomena. Initial studies indicate that
instruments on scientific balloons at altitudes a ≃ 33 km
could be in the electromagnetic part of the EAS itself for
τ-lepton energies above ∼EeV for Earth-emergence angles
below βtr ∼ 10°. For βtr ¼ 1° and Eτ ¼ 1010 GeV, at an

altitude of 33 km, the probability for a τ-lepton decay above
that altitude is 0.33, while for βtr ¼ 10° for the same
τ-lepton energy, the decay probability above a ¼ 33 km is
0.70. This is illustrated in Fig. 17, which shows the fraction
of τ-lepton decays at an altitude larger than 33 km as a
function of τ-lepton energy and βtr ¼ 1°–10°, with colored
bands marking increments of 0.1 in the tau decay fraction.
For small βtr, the line of sight distance v is large, so except
for the highest energies, almost all of the τ-leptons decay
below a ¼ 33 km. On the other hand, for larger βtr, v is

FIG. 15. Upper panel: The spatial profile of the Cherenkov
signal (photons=m2) at 525 km altitude for a 100 PeV upward
EAS with a 10° Earth-emergence angle initiated at sea level.
Lower panel: The simulated Cherenkov spectrum observed at
525 km altitude for the EAS.

FIG. 16. The intensity and wavelength dependence of the
Cherenkov signal for 100 PeV upward-moving EASs for a 5°
Earth-emergence angle as a function of EAS starting altitude.

FIG. 17. The fraction of taus that decay at an altitude larger than
33 km, as a function of βtr and log10ðEτ=GeVÞ. The colored
bands show 0.1 increments of the tau decay fraction.
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Dual Monocular Mode

• Event duration: ~ 1000 s  
• Slew time: ~ 500 s 
• Optimal source location; 

no Sun or Moon effects 
• Satellites in Dual Monocular Mode 

• Separation ~ 300 km 
• 20 PE threshold

Long Duration Short Duration

• Event duration: ≳ 1 day  
• Stereo maneuver: ~ 1 day 
• Average Sun or Moon effects 
• Satellites in Stereo Mode 

• Separation ~ 50 km 
• 10 PE threshold



Example Long Duration Scenario

• Per decade all-flavor sensitivity 
• 90% upper limit (2.44 events for background << 1) 
• Muon showers excluded (Bshr ≃ 83%)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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Example Short Burst Scenario

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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• Per decade all-flavor sensitivity 
• 90% upper limit (2.44 events for background << 1) 
• Muon showers excluded (Bshr ≃ 83%)



Potential Backgrounds

• Night-sky Air Glow:                                                                        
≲ 1 × 10-5 events per long ToO obs. 

• Diffuse Astrophysical Neutrino Flux:                                            
≲ 2 × 10-4 events per long ToO obs. (based on IceCube limits) 

• Total: ≲ 2.1 × 10-4 events per long ToO obs. 
• W/ trials factor (100 obs.): ≲ 2.1 × 10-2 events 
• Not counted in estimate:  

• Reflected Cherenkov from UHECRs — 
        Pulse widths ~ hundreds of ns >> 20 ns 

• Above the limb UHECRs —  
      Most significant at angles ≲ 1° below the limb

Need to detect 6 events to rule out background-only model at ≳ 5σ level.

Image Credit: M. Imhoff, C. 
Mayhew, R. Simmon NASA 
GSFC, C. Elvidge NOAA NGDC

Reno, Krizmanic, & TMV 2019



Numbers of  Events
Long Duration Short Duration



Most Promising Source Classes

Poisson probability
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TABLE IV. Average expected numbers of neutrino events above E⌫ > 107 GeV detectable by POEMMA for several
models of transient source classes assuming source locations at the Galactic Center (GC) and at 3 Mpc. The horizon
distance for detecting 1.0 neutrino per ToO event is also provided. Source classes with observed durations > 103 s are
classified as long bursts. Those with observed durations . 103 s are classified as short bursts. Models in boldface type
are those models for which POEMMA has & 10% chance of observing a ToO during the proposed mission lifetime of
3 – 5 years. Models in italics are the same but for a mission lifetime of 10 years.

Long Bursts

Source Class
No. of ⌫’s at

GC
No. of ⌫’s at

3 Mpc
Largest Distance for

1.0 ⌫ per event Model Reference

TDEs 1.4⇥ 105 0.9 3 Mpc Dai and Fang [18] average
TDEs 6.8⇥ 105 4.7 7 Mpc Dai and Fang [18] bright

TDEs 2.7 ⇥ 108 1.7 ⇥ 103 128 Mpc

Lunardini and Winter [19]
MSMBH = 5 ⇥ 106M�
Lumi Scaling Model

TDEs 7 .7 ⇥ 10 7 489 69 Mpc
Lunardini and Winter [19]

Base Scenario

Blazar Flares NA* NA* 47 Mpc

RFGBW [20] – FSRQ
proton-dominated advective escape

model
lGRB Reverse
Shock (ISM) 1.2⇥ 105 0.8 3 Mpc Murase [16]
lGRB Reverse
Shock (wind) 2.5⇥ 107 174 41 Mpc Murase [16]

BBH merger 2.8 ⇥ 107 195 43 Mpc
Kotera and Silk [21] (rescaled)

Low Fluence

BBH merger 2.9 ⇥ 108 2.0 ⇥ 103 137 Mpc
Kotera and Silk [21] (rescaled)

High Fluence
BNS merger 4.3 ⇥ 106 30 16 Mpc Fang and Metzger [22]
BWD merger 25 0 38 kpc XMMD [23]
Newly-born

Crab-like pulsars
(p) 190 0 109 kpc Fang [24]

Newly-born
magnetars (p) 2.5⇥ 104 0.2 1 Mpc Fang [24]
Newly-born

magnetars (Fe) 5.0⇥ 104 0.3 2 Mpc Fang [24]

Short Bursts

Source Class
No. of ⌫’s at

GC
No. of ⌫’s at

3 Mpc
Largest Distance for

1.0 ⌫ per event Model Reference

sGRB Extended
Emission
(moderate) 1.1⇥ 108 800 90 Mpc KMMK [17]

(*) Not applicable due to a lack of known blazars within 100 Mpc.



Summary and Future Work

Space-based platform and rapid slewing capability make POEMMA uniquely suited for 
ToO follow-up at very-high and ultra-high energies. 

Large portion of sky available for short bursts (37% in ≲ 1000 s); quasi-uniform sky 
coverage for long bursts 

Most promising source classes for POEMMA include TDEs, BBH mergers, and BNS 
mergers. 

Monte Carlo simulations provide foundation for end-to-end neutrino simulation package 
for space-based and sub-orbital experiments ➢ νSpaceSim



Additional Details

ToO paper: Venters+ 2020, PRD, 102, 123013 (arXiv: 1906.07209) 

ντ Simulations and POEMMA Diffuse Neutrino Sensitivity: Reno, Krizmanic, TMV 2019, PRD, 100, 
063010 (arXiv:1902.11287) 

POEMMA Exposure: Guépin+ 2019, JCAP, 3, 021 (arXiv:1812.07596) 

POEMMA Design:  

POEMMA short report on https://science.nasa.gov/astrophysics/2020-decadal-survey-planning 

POEMMA Mission paper: Olinto+, submitted to JCAP (arXiv: 2012.07945)

https://science.nasa.gov/astrophysics/2020-decadal-survey-planning
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• Ground: pulse duration ~ 
hundreds ns (expected ντ 
pulse duration ~ 20 ns) 

• Clouds: expect similar 
pulse durations 
• most probable hgts.:         

3 and 15 km 
• shower max: ~ 6 km

Geometry

Pulse  
Width

Potential Backgrounds II
Reflected Cherenkov from UHECRs



• “Zone of Acceptance” for ATL 
UHECRs 
• Below θmin: Cher. signal       

attenuated below thres. 
• Above θmax: rarified atm. ⇏ EASs See Austin Cummings’s Talk

Potential Backgrounds III
Above-the-Limb UHECRs



• ToO “Zone of Avoidance” 
• Atm. refraction: θmin → θmax for 

ToO 
• θmax  ~ 1° below the limb

Potential Backgrounds III

zt

Chu (Applied Optics, 22, 5, 1983)

Above-the-Limb UHECRs



Impact of  Above-the-Limb BackgroundLong bursts
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Backgrounds
• Diffuse Astrophysical Neutrino Flux:               ≲ 3 
× 10-4 events per ToO observation 

• Reflected Cherenkov signals from UHECR EASs 
• Ground: pulse duration ~ hundreds ns 

(expected ντ pulse duration ~ 20 ns) 
• Clouds: real-time atmospheric monitoring will 

allow rejection 
• Direct Cherenkov signals from over-the-horizon 

UHECR EASs — 
• Largest contribution when source is within ~ 

2 × θCh of the Earth’s limb 
• Measurements from EUSO-SPB2 forthcoming 
• Simulation work in progress

B. Sensitivity

The tau neutrino aperture as a function of neutrino energy
permits us to evaluate the sensitivity for POEMMA at
h ¼ 525 km altitude to an isotropic tau neutrino flux.
The sensitivity over a decade in energy for Nν ¼ 3 flavors
is given by

FsensðEντÞ ¼
2.44 × Nν

lnð10Þ × Eντ × hAΩiðEντÞ × tobs
; ð19Þ

where the factor of 2.44 events arises from the unified
confidence upper limit (i.e., the upper edge of the two-
sided interval for which the lower limit is 0) at the
90% confidence level [140]. The unified confidence upper
limit includes all hypothetical Poisson means for which
n ¼ 0 observed events would be a reasonable realization
(i.e., n ¼ 0 is within the 90% acceptance interval of
observed numbers of events) when drawing from a given
Poisson distribution within the unified confidence interval.
As such, for signals that are expected to fluctuate
about their true values, our use of the unified confidence
interval ensures that possible realizations in that observed
number of events will be “covered” to the desired
confidence level, in this case 90% (i.e., “coverage

probability” of 90%).2 For the results shown here, we
take tobs ¼ 0.2 × 5 years assuming a 20% duty cycle
over 5 years. The assumption for the 20% duty cycle is
motivated by the relatively large NPE ≳ 10 threshold
needed to eliminate the effects of the large air glow
background in the 314–900 nm range; e.g., some modest
amount of moonlight can be tolerated.
The resulting three-flavor sensitivity curves E2Fsens are

plotted as black lines in Fig. 21, the dashed curve for Δϕ ¼
360° and solid curve for Δϕ ¼ 30°. The closed circular
markers come from evaluating an integral flux scaling like
E−γ
ν for γ ¼ 2 that yields 2.44 events per neutrino flavor

for a given decade of energy centered (on the log10 scale) at
the energy of the marker for Δϕ ¼ 360°. Thus, we find the
normalization F0 of

FνðEνÞ ¼ F0 ×
!
GeV
Eν

"
γ

ð20Þ

from

10
7

10
8

10
9

10
10

10
11

Eν [GeV]

10
-9

10
-8

10
-7

10
-6

E
2  d

N
/d

E
 [G

eV
 c

m
-2

 s
r-1

 s
-1

]

10
7

10
8

10
9

10
10

10
11

Eν [GeV]

10
-9

10
-8

10
-7

10
-6

E
 d

N
/d

E
 [G

eV
 c

m
 s

r
 s

]

Cosmogenic (Kotera et al. 2010)

Auge
r

IceCube

ANITAARIANNA

ARA-37

POEM
M

A-30

PO
E

M
M

A
-360 GRAND10k

FIG. 21. All-flavor sensitivity scaled by neutrino energy
squared, as a function of neutrino energy, assuming an operating
time of 5 years and a duty cycle of 20%, for showers produced
at all altitudes (black curves and markers). The solid (dashed)
curves follow from Eq. (19) for Δϕ ¼ 30° ð360°Þ. The closed
markers follow from Eq. (21) with Δϕ ¼ 360°. The 90% CL
upper limits from Auger [45] (scaled for sliding decade-wide
neutrino energy bins), IceCube [136], and ANITA [137] are
shown along with projected sensitivities of ARIANNA [138],
ARA-37 [139] and GRAND10k [41], for the all-flavor limits.
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FIG. 22. All-flavor sensitivity scaled by neutrino energy
squared, as a function of neutrino energy, assuming an operating
time of 5 years and a duty cycle of 20%, for showers produced at all
altitudes (black curves), as in Fig. 21. The solid (dashed) black
curves follow from Eq. (19) for Δϕ ¼ 30° ð360°Þ. Curves and
bands for diffuse all-flavor neutrino fluxes are shown for newborn
pulsar sources [8], AGNs [9], galactic clusters with central sources
[10,11], late flares and prompt emission from GRBs [7] and from
UHECR photodisintegration within a source (labeled UFA) [12].
Observational sensitivities are shown as in Fig. 21.

2Note that the value of 2.3 that is often used in the literature
excludes values in the interval [2.3, 2.44] for which n ¼ 0 is a
reasonable realization to within 90% and hence, does not fully
cover the 90% confidence region. In this case, the coverage
probability would in fact be less than 90%. For more in-depth
discussions, we refer the reader to Refs. [123,140].

RENO, KRIZMANIC, and VENTERS PHYS. REV. D 100, 063010 (2019)

063010-16

Reno, Krizmanic, & TMV 2019



ToO Sensitivity
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ToO Sensitivity Sky Plots
Long Duration Short Duration



Numbers of  Events
Long Duration Short Duration

• Model: Fang & Metzger (2017) BNS Merger 
• Source distance: 5 Mpc

• Model: Kimura+ (2017) sGRB w/ Mod. EE 
• Source distance: 40 Mpc



Most Promising Source Classes
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TABLE IV. Average expected numbers of neutrino events above E⌫ > 107 GeV detectable by POEMMA for several
models of transient source classes assuming source locations at the Galactic Center (GC) and at 3 Mpc. The horizon
distance for detecting 1.0 neutrino per ToO event is also provided. Source classes with observed durations > 103 s
are classified as long bursts. Those with observed durations . 103 s are classified as short bursts. Models in boldface
type are those models for which POEMMA has ⇠ 10% of observing a ToO during the proposed mission lifetime of
3 – 5 years. Models in italics are the same but for a mission lifetime of 10 years.

Long Bursts

Source Class
No. of ⌫’s at

GC
No. of ⌫’s at

3 Mpc
Largest Distance for

1.0 ⌫ per event
Model Reference

TDEs 1.1⇥ 105 0.8 3 Mpc Dai and Fang [17] average
TDEs 5.6⇥ 105 3.9 6 Mpc Dai and Fang [17] bright

TDEs 2.2 ⇥ 108 1.4 ⇥ 103 115 Mpc
Lunardini and Winter [18]

MSMBH = 5 ⇥ 106M�
Lumi Scaling Model

TDEs 6 .3 ⇥ 10 7 396 62 Mpc
Lunardini and Winter [18]

Base Scenario

Blazar Flares NA* NA* 43 Mpc
RFGBW [19] – FSRQ

proton-dominated advective escape
model

lGRB Reverse
Shock (ISM)

9.9⇥ 104 0.7 2 Mpc Murase [15]

lGRB Reverse
Shock (wind)

2.0⇥ 107 144 37 Mpc Murase [15]

BH-BH
merger

2.3 ⇥ 107 160 39 Mpc
Kotera and Silk [20] (rescaled)

Low Fluence
BH-BH
merger

2.4 ⇥ 108 1.7 ⇥ 103 119 Mpc
Kotera and Silk [20] (rescaled)

High Fluence
NS-NS merger 3.6 ⇥ 106 24.8 13 Mpc Fang and Metzger [21]
WD-WD merger 20.0 0 33 kpc XMMD [22]

Newly-born
Crab-like pulsars

(p)
1.6⇥ 102 1.1⇥ 10�3 98 kpc Fang [23]

Newly-born
magnetars (p)

2.1⇥ 104 0.1 1 Mpc Fang [23]

Newly-born
magnetars (Fe)

4.1⇥ 104 0.3 2 Mpc Fang [23]

Short Bursts

Source Class
No. of ⌫’s at

GC
No. of ⌫’s at

3 Mpc
Largest Distance for

1.0 ⌫ per event
Model Reference

sGRB Extended
Emission
(moderate)

9.0⇥ 107 6.5⇥ 102 81 Mpc KMMK [16]

(*) Not applicable due to a lack of known blazars within 100 Mpc.Poisson probability


